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Foreword

Contrary to still-popular impressions, much of sub
Saharan Afri ca is semi -ari d and is dependent on the
highly variable flows of major rivers. Aridity and flow
variability early indicated the utility of large-scale
water storage and i rri gat ion proj ects. In the post
World War II period, the results of bilateral and
multilateral aid for irrigation have been spotty at
best, rang i ng from a few successes to several maj or
cata st rophes. Yet any hope for su s ta i ned econom i c
growth depends on wise water management and some form of
irrigation.

The present vol ume descri bes a si gni fi cant subset
of the African irrigation experience, from traditional
flood recess i on systems to 1arge proj ects 1ike Gezi ra
(Sudan) and Bura (Kenya). The authors analyze the key
technical, socio-economic and institutional factions
that have helped fashion success or failure and draw
lessons for donors and host countries al ike regarding
future directions for irrigation assistance.

Irrigation Development in Africa: Lessons of
Experlence is a veritable encyclopedia of lnformation on
African irrigation and will serve as a valuable
reference work for all researchers and policymakers
seriously interested in the subject.

Charles W. Howe
General Editor
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1
Introduction

The need for i rri gat ion is common 1y judged in
relation to a country's climate: the adoption of
irrigation being seen as a necessary (or "privileged")
technological response to permit crop production under
conditions of increasing aridity. Irrigation potential
is, on the other hand, determined by the availability of
water near sui tab1e soil s. The two need not coi nci de.
A maj or observation about tropi ca1 Afri ca is that here
they often do not; the nations with the greatest
potential for future irrigation development are not
necessarily the countries with the greatest present
needs. Where irrigation need and potential coincide--as
along the Senegal and Niger rivers in West Africa or the
Nile in the Sudan--a substantial development of
irrigated agriculture has already occurred.

Based on crude estimates of food sel f-sufficiency
in relation to climate, a rec~nt FAD study (1986)
identifies eight sub-Saharan countries where further
development of irrigation should take priority:
Senegal, Mauritania, Mali, Burkina Faso, Niger, Somalia,
Kenya and Botswana (to whi ch we woul d add Chad). The
criterion employed to derive this listing was that more
than 85 percent of a country's area would have less than
a 200 day growing period--which explains the inclusion
of Kenya, though the large semiarid northeastern zone is
only thinly populated. In dry periods, such as in 1973
74 and again 19R3-84, Sudan, Ethiopia and Tanzania might
be added. The proportion of the population living in
the eight most affected countries is roughly 14 percent
of the sub-Saharan Afri can total (FAD, 1986). If,
however, we add the countries where drought is a
persistent concern, this percentage would probably

1
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doub1e. Reg i ona1 droughts have aff1 icted the northern
sections of all the countries bordering upon the Sahel
zone of West Africa, with Nigeria and Ghana providing
particularly good examples (Shepherd, 1981). They are
also significant in the horn of Africa and in the
southern African countries of Angola, Zimbabwe,
Mozambi que, and in parts of Madagascar. Even in other
countries with ample total water resources there are
localized dry zones requiring irrigation, e.g., northern
Cameroon or southern Malawi. Thus, active consideration
of irrigation as a policy option occurs in many African
countries, typically reaching a peak intensity during
and after major droughts.

Three objectives predominate in national
discussions of irrigation policy within sub-Saharan
Africa: (1) alleviating the impacts of drought; (2)
stabilizing internal food supplies; and (3) saving the
hard currency whi ch otherwi se wou1 d be spent on food
imports. In add it ion, proponents of i rri gat i on often
add the creation of rural employment as a subsidiary
goa1• When coupled wi th the notion that i rri gat ion is
"modern ll and technologically lI efficient,1I these
objectives have often been sufficient to insure a
privileged position for irrigation projects within
national programs for agricultural development-
part i cu1 ar1 y wi thi n the Sahel and the Sudan (Afri ca 's
largest single country). This association is
significant, since irrigation in the form typically
adopted by African governments tends to be extremely
expensive. The cost-effectiveness of irrigation
investments in an Afri can setting wi 11 emerge as a key
issue at many poi nts throughout thi s report. Here we
would point out simply that a concern over the economics
of i rri gat i on has ari sen rna in1y from externa1 donors,
who have questioned the appropri ateness of i rri gat ion
investments in poor countries at early stages of
commercialization (Carruthers, 1983). To African policy
makers i rri gat ion reta ins the aura of bei ng the best
technology for insuring food sufficiency and for
stab'ilizing rural development within the continent's
large, semiarid zone.

Thi s study presents an overvi ew of these issues,
oriented toward broad policy concerns. In this volume
we attempt to show that the views of donors and/or
reci pi ent governments are both overs impl i fi ed. Afri ca
has greater need for i rri gat i on than most donors wi 11
admit, but the achievements to date have been
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disappointing and the constraints are severe. If
African countries are determined to continue subsidizing
their irrigation projects, at least they should learn
from the mistakes made in the first and second
generation projects of the colonial and immediate post
independence periods. 1

Types of African Irrigation

Some of the confusi on whi ch ari ses in tryi ng to
wei gh the arguments for and agai nst Afri can i rri gati on
is a consequence of confl i cti ng and contradi ctory
definitions. Donors interested in assisting Africa come
with their own national traditions which define what
irrigation is. They are likely to forget that the
larger systems in Africa were designed by colonial
engineers to meet local needs, which over time have
evol ved into di st i ncti ve systems rather di fferent from
those found in developed nations. Also, Africa's
i ndi genous small-scal e systems are an amal gam of
ancient, mid-eastern or north African technology and
farmers I own adj ustments to a tropi cal envi ronment.
Despite the fact these spontaneously evolved
technologies feed more people than do the introduced
systems, they were not taken seriously by engineers
because of their apparently crude construction
techniques.

The types of i rri gat i on found in Afri ca today can
be best outlined by a brief reference to the contrasting
descri ptors al ready used in thi s chapter when
introducing our topic. The key distinctions are:

irrigation versus drainage
farmers versus operators
total versus supplemental
full control versus partial
large-scale versus small-scale
formal versus nonformal
introduced versus traditional

lAmong published sources dealing with general
issues or providing comparative documentation on African
irrigation are Steinberg, (1983); Carruthers, (1983);
Blackie, (1984); Adams and Grove, (1984); Biswas (1986),
Conac et al., (1985), and FAD (1986, 1987) and Rangely
(1985).
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Textbook definitions of irrigation emphasize it
consists of technologies designed to supply plants with
water, whereas drainage consists of measures intended to
remove excess water. We prefer to say that i rri gat ion
exists when by human intervention plants are enabled to
meet their moisture requirements. However water is
applied, retained, or removed, the key. fact is that at
least some increase of control over natural conditions
is achieved. By highlighting the agronomic objective of
regulating the moisture available to plants, we are
intentionally blurring the usual distinction drawn
between lIirrigation ll and IIdrainage. 1I Under tropical
conditions, both are usually necessary and interrelated
components in the operation of actual systems (see the
discussion of drainage in Chapter Four). Traditional
forms of i rri gat i on in Afri ca 's wetter 1ands usually
incorporate both elements, with the farmer at first
tryi ng to drai n waterlogged fi el ds and 1ater retai ni ng
or adding water to extend the moisture regime.

The word IIfarmer ll is al so a source of confusion.
In PO"j nt of fact, the person supplyi ng the water to
pl ants is an operator who mayor may not own the 1and
being cultivated. Often, in Africa's larger schemes,
those doi ng i rri gat i on are tenants, not farmers: they
hold their rights to land and water under a legal
arrangement wi th a 1arger organi zat ion, the i rri gat ion
scheme. Schemes vary in the degree of autonomy whi ch
they permit to their tenants. Irrigation projects
designed by outsiders frequently assume that people will
show the interest and mot i vat i on one woul d expect from
farmers, when in reality these conditions are not found
within actual schemes. This has been an in'lportant
reason for the low performance often seen on Afri ca •s
formal irrigation schemes (a topic addressed in chapters
six and seven).

While all forms of irrigation are based on a desire
to increase the water available when needed, the amounts
of water requi red and the degrees of control achieved
di ffer. "Total i rri gati on" descri bes regimes where the
operator supplies most of the plants' water needs,
whereas "supplemental irrigation" refers to situations
where rainfed cultivation is augmented by the irrigator.
The importance of supplemental irrigation in the Tropics
arises because potential evaporation is so high, greatly
i ncreasi ng pl ants' water stress, and because water
retention is very poor in some situations (e.g. in sandy
soils). In much of Africa, engineering solutions to
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increase water avai 1abi 1i ty have been concentrated on
"total irrigation" even in those environments where
there is substantial natural rainfall (e.g., Kenya's
Mwea Scheme at the foot of Mt. Kenyal. However, in
parts of the Sahel where farmers' i ndi genous techni ques
utilized recessional (d~crue) cultivation following an
annual flood, French engineers devised polders and dikes
to assist in retaining the river's water. Since such
systems do not control the ultimate supply (which may
fail in dry years), they have been termed "partial
control II systems in contrast to IIfull control II

irrigation.
Whi 1e Afri ca 's 1arge proj ects such as Mal i 's Offi ce

du Ni ger or Sudan's Gezi ra Scheme are 1arge by most
standards (the combined Gezira-Managil schemes cover
approximately two million acres, making them one. of the
largest irrigation complexes in the world), Africa's
irrigation projects are as a rule considerably smaller
than some of those found in South Asia. FAO has
proposed four size categories for describing African
systems: 1

very large-scale schemes (over 10,000
hal ;
large-scale schemes (from 1,000 to 10,000
hal;
medium-scale schemes (from 100 to 1,000
hal; and
small-scale schemes (from 1 to 100 hal.

To these we would add II micro-irrigation ll (less than 1
hal for certain very small traditional systems, such as
the cal abash watered gardens of Mal i' s Bandiagara
pl ateau (Mori s, Thorn and Norman, 1984). The cutoff
points in this categorization imply that size
distinctions are more crucial at the lower end of the
continuum. This seems to be the case in real systems:
small-and medium-scale projects appear to require
proportionately more management and technical attention
than do equivalent sized units within large-scale
schemes, where standardi zed water control devi ces are
usually encountered throughout the system.

1FAO (1986) IIState of Irrigation--Facts and
Fi gures, II Background Paper for the Consul tat i on on
Irrigation in Africa (Lome, Togo, 21-25 April, 1986),
p. 14.
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Because the adoption of irrigation has tended to be
in response to governmental initiatives--with the
notable exceptions of Sudan's private pump schemes and
some estate producers in East and Southern Africa--water
engi neers may be requested to desi gn and assi st very
small projects. In developed countries, a pump system
serving, say, 40 hectares would probablY fall within a
single farm and might be arranged by the owner without
external assistance. In Africa, to the contrary, where
farmers rely on hand cultivation, a similar project
would involve perhaps some 30-50 separate households.
The sites being irrigated often exhibit a high degree of
local variability in soils and terrain. The agronomic
and hydrological problems they pose can be just as
demanding of technical skill as would a much larger
proj ect.

The absence of medium-sized, c0l1l11ercia1 operators
means that in many African countries, irrigation systems
are polarized between a few, larger-scale government
schemes and a number of very small independent
irrigators. The latter practice various "traditiona1 11

techniques, employed with hardly any outside assistance.
These days they are incorporating some modern (or
"introduced ll

) equipment, notably small pumps, but their
whole mode of financing and operation is very different
from that employed on the large-scale, official schemes.
The designation of "scheme ll here has genuine
significance. Such projects are designed from outSide,
externally financed (in many instances), and usually
employ salaried staff. As a consequence, governmentally
initiated projects tend to be larger, to have a formal
organ i zat i ona1 structure, and to depend upon introduced
irrigation technologies. The project documentation
which one finds in donor's files tends to represent
these official schemes, which are analyzed in chapters
four, five, eight and nine of this study.

It is harder to describe what happens in the sma11
sca1e , non-formal systems dev i sed by Afri can farmers
themse1 ves. Farmers' own efforts to control water are
usually on a very small scale. The purchase of a single
pump may represent the culmination of a major effort
among subsistence farmers. Production objectives are
more likely to be oriented toward securing farmers' own
food supp1 i es. Wi thout mechani zat ion, the production
system resembles horticulture as much as it does arable
field farming, down to the extreme of one meter square
lIboxesll into which calabash-carried water is poured.



Frequently, indigenous technology was adaptive rather
than mani pul ative (Richards, 1985). In the d~crue

cultivation widely seen along the Senegal and Nlger
Rivers (sometimes called II recessional irrigation"),
farmers would plant crops in sequence down the slope as
the river's flood retreated. 'Peasants in East and
Central Africa learned to plant crops on raised beds in
the valley bottoms, adding tie ridges and in-furrow
checks to extend the moisture regime. At this extreme,
few expatriate engineers would consider such water
management practices as "irrigation." Nonetheless, they
achi eve the same obj ect i ve as the much more expensi ve,
imported technologies used on official schemes.

Awareness of water as a common resource shared
between various production systems is fa"irly recent in
Afri can p1anni ng. The tremendous di fferences between
the two main types of irrigation (as just outlined) has
inhibited any sharing of experience or assistance
between them. It has proven very difficult for
government agenci es and external donors to work with
Afri ca I s small-scale systems, though there are a few
instances of partial success (in Senegal and Tanzania).
The extreme dual i ty whi ch characteri zes the i rri gat ion
sector in most sub-Saharan countries is unfortunate. It
makes it unlikely that successful smaller projects will
evolve into medium-scale operations which might combine
high farmer involvement with economies of scale in water
management.

Perhaps this explains why there are so few adequate
reviews of the sector-wide experience with irrigation in
Afri ca contexts. Instead, each speci a1ty has developed
its own classification schemes and notions about how
irrigation should be practiced. Engineers working in
Africa tend to categorize irrigation technologies by
thei r water supply and conveyance mechani sms:
recognizing dams, run-of-the-river gravity systems,
pumps, and polders. Irrigation specialists outside
Af rica dis tin guish sYstemsinstead by the i r wa t e r
application devices: categorizing them into sprinkler,
border, basin, furrow, trickle, or water spreading
types.

A moment's reflection will indicate why it is not
practical to impose a single, unified typology upon
Afri can i rri gat i on systems. Any categori zat ion carri es
with it implicit suppositions about the universe being
classified--a prime reason why classification schemes
derived elsewhere may require modification when used in

7
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Africa. Even in the USA, civil engineers use the Bureau
of Rec1amation's "unified" soil taxonomy when evaluating
construct i on costs, whereas agronomi st •s employ USDA IS
soil taxonomy when evaluating agricultural potential.
In regard to irrigation technologies, while polders and
water spreading are uncommon within the U.S.A. (and so
receive scant attention from most U.S. authorities),
they are significant in Africa. Again, because supply
difficulties bulk large in decision-making about African
irrigation systems, those working on the continent tend
to make the nature of the supply a central feature of
their classification systems. Furthermore, while modern
systems are easily separated according to the type of
technology they employ, traditional systems are not. It
is often more productive to review traditional
irrigation in relation to the site characteristics where
it has evolved (e.g., oases, swamps, depressions, flood
recession, market gardens, and mountain furrows). .

The diversity of classifications and types
necessary for describing African irrigation becomes more
comprehensible if one studies Figure 1 derived from
Dkigbo's important (1984) FAD study on the stabilization
of shifting cultivation in Africa. What this diagram
makes c1 ear is that i rri gated farmi ng cross-cuts
envi ronmenta1 zones along a broad cont i nuum, from moi st
climates with only 1-2 dry months to very dry ones with
perhaps only 1 humi d month in each year. Much of the
writing on African irrigation is phrased as if the main
opportunities are concentrated in semiarid countries
1ike Somal ia or Mauritania. This is most certainly not
the case. The"l imits of aridity" are different for
animal producers than for crop producers, and they
differ from crop to crop. In addition, the high
potential evapotranspiration experienced in the tropics
means that while a city l;ike Nairobi has roughly the
same rainfall as London, Nairobi appears (to tourists
and farmers a1'i ke) a much dri er pl ace. Coffee estates
outsi de Na i robi employ supp1 ementa1 i rri gat ion
routinely, as do also tea growers in parts of highland
Malawi. Necessarily, the potential for obtaining higher
crop yields by irrigating exists over a wide spectrum of
African environments.
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FIGURE 1

FARMING SYSTEMS IN RELATION TO ARIDITY

~: 8ede CJtigbo, -!JIproved Pe,..nen~ Production SysteDIs as an
Alternative to Shifting I"te,.itten~ Cultivation,- In: FAO.
I.proved Production Systems as an Al ternative to ~f ft1 ng
Cultivation. Role: fAO, 1984.
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The Case for African Irrigation Development

The case for increasing irrigation development
within tropical Africa rests upon a number of
interrelated arguments:

The buildup of human populations within
Africa's drier lands, exceeding the
carrying capacity of rainfed farming;
The potential role of irrigation in
relieving the long dry season, which is
characteristic of much of tropical
Afri ca;
The critical importance of supplemental
irrigation to insure adequate returns
from key export crops (particul arly
coffee);
The large potential impact of
supplemental irrigation within " ra infed"
cropping systems;
The possibil ity of employing irrigation
to relieve nutritional constraints in
African livestock production;
Avai 1abi 1ity of special envi ronments
particularly suited to irrigation
production; and
Long-run prospects for tappi ng Afri ca' s
large hydropower potential as the source
of water and energy for i rri gated
agriculture.

Relieving Drought

We begin with the semiarid countries which have
1i ttl e choi ce but to i rri gate if they wi sh to support
their present populations. Basically, these consist of
the Sahel countries of West Africa, the drier portions
of northeast Africa and the borderlands of the Kalahari
Desert in southern Africa. From Mauritania and Senegal
eastward to the Ethiopian plateau, all the countries
along the southern fri nges of the Sahara straddl e the
transition zone from true desert in the north to
savanna-like parklands (the " sudanic zone") in the
south. This is what is termed the "Sahel," being a zone
demarcated roughly by the rainfall isohyets of 100 Il111 in
the north and between 500 and 600 mm in the south
(Figure 2). A similar but less geographically uniform
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ECOZONES OF WEST AFRICA
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gradation occurs running along a north-south axis on the
eastern edge of the Rift Valley highlands (incorporating
large portions of Ethiopia. Somalia and Kenya). In both
zones the concentration of human populations already
exceed what can be supported from rainfed agriculture--a
food deficit which emerges most sharply in the drier
years, such as occurred in 1973-74 and again in 1983-84.
Another similarity is the prominence' of transhumant
livestock production as the traditional basis of
economic activities on rangelands with less than 400 mm
of rainfall per annum.

It has often been alleged that human misuse of the
environment in such settings is the underlying cause of
the misfortunes people experience in dry years (Katz and
Glantz, 1977), with the blame apportioned among several
interrelated trends. Overstocking of fragile rangelands
during the higher rainfall years can lead to a "tragedY
of the commons" scenario in the drier periods.
Improvements in health servi ces may have lowered death
rates wi thi n human popul at ions, so that there are more
peop1e to feed (a 1arger proport ion of whi ch are young
ch"ildren). Within the wetter half of the Sahel zone,
hi gh ri sk arable farmi ng has become establ i shed. Plow
farming accentuates land degradation in bad years,
leaving entire communities to rely upon governmentally
provided famine relief. From this perspective, donor
sponsored fami ne rel i ef proj ects--whether of a short ..
term, food relief nature or with a longer term
agricultural assistance bias--only exacerbate the
fundamental problem of land misuse within already
overpopulated lands. It is also sometimes claimed that
there is no empirical evidence of an actual long-run
decline in rainfall. A series of two or three dry years
in each decade is a "normal" feature which local systems
have often encountered in the past. What has changed is
the decreasing effectiveness of accommodative
mechanisms, triggered by an unprecedented buildup of
human and animal populations. That is indeed a powerful
1ine of argument. Many technical experts accept it as
an accurate di agnosi s of the reasons for emergent food
deficits in the semiarid parts of Africa.

The contrary view accepted by many African
governments runs as follows. Fi rst, while seasonal and
local droughts of 1973-74· and again 1983-84 were
continent-wide, they far exceeded what might be
attributed to human causation. For example, the 1983
and 1984 low water levels on the Niger River matched the
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hundred year mlnlma; and again, satellite imagery
documented decreased vegetati ve growth over the who1 e
continent--even in densely forested areas far from human
occupation (Tucker, et a1., 1985). Second, there has
been a real expansion of the Sahara southward, and
archaeological excavations reveal similar fluctuations
at several peri ods in the di stant past. Thi rd, the
shortfall in food production occurs in part because
peop1 e must grow export crops (1 i ke cotton or peanuts)
in p1 aces where otherwi se they once grew drought
resistant indigenous grains (millet and sorghum). The
buildup of export crop production within the Sahel
before the 1973-74 drought took valuable forage reserves
out of the pastoral system at the same time as it 1eft
peop1 e wi th i nsuffi c i ent food once the dry years
.returned (Franke and Chasin, 1980). A fourth
consideration in West Africa at least is that areas of
present population concentration reflect the incidence
of tsetse flies (carrying human and animal forms of
sleeping sickness) and other flies which carry the
dreaded " r iver blindness" (onchocerciasis). Whole
sect ions of the Sudani c zone in West Afri ca have been
abandoned when the outbreaks of onchocerc i as is became
too severe. Instead, the medieval African kingdoms were
actually located farther north, either in the Sahel or
on its borders. With certain exceptions (such as
Nigeria, which is densely settled), much of the West
African forest zone is still thinly populated; the
present concentrations of people farther north thus
reflect an ancient pattern (Figure 2).

Whichever view one espouses, the success of
irrigated agriculture must be seen as a key ingredient
e ssent i a 1 for the 10 ng- run de vel 0 pm en t 0 f Af ric a I s
semiarid lands. Even the most convinced proponents of
the overpopu1at ion thes is wi 11 adm i t that the atypi ca1
occurrence of maj or ri vers and thei r associ ated i n1 and
deltas within the dry zones represents a significant
opportunity. Rivers like the Nile, the Niger, the
Senega1 and the Juba make i rr i gat ion techn i ca 11 y
feasible over a large area which is already populated
and where rainfall alone cannot support re1 iab1e crop
production. To African leaders within the affected
count ri es , fu rthe r attent i on to i rri gat i on seems
unavoidable. The traditional systems for migratory
pastoralism which once constituted the pr.incipa1
alternative are breaking down; irrigated production
seems the main technical option which might stabilize
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food suppl ies within the region. This viewpoint is
taken for granted within the Sudan, already heavily
dependent on Afri ca 's 1argest i rri gat i on sector. It
also underlies Somalia's intense desire to develop
irrigation along the Juba, and is the basis of much of
the pl anning conducted within the CILSS/Cl ub du Sahel
organization (established in West Afric~ after the 1973
74 drought).

To date, much of the development of Afri can
irrigation has taken place in countries without
sufficient rainfall, either in the Sahel zone or in the
"lowveld" of southern Africa. By FAD's current
est imates, there are ten sub-Saharan Afri can countri es
with approximately one hundred thousand acres (40,000
hal or more of modern irrigation. Listed in decreasing
order, these include (see Table 1): Sudan (1,700,000
hal, Madagascar (160,000 hal, Zimbabwe (127,000 hal,
Mali (100,000 hal, Ethiopia (82,000 hal, Mozambique
(66,000 hal, Swaziland (55,000 hal, ~igeria (50,000 hal,
Ivory Coast (42,000 hal, and Somalia (40,000 hal. Some
of these same countries have substantial areas of small
scale or traditional irrigation. If the small-scale and
traditional sector is included, in eight of these ten
countries over 40 percent of their total irrigation
potential has already been developed (FAD 1986).
Senega.l, with by FAO's reckoning 30,000 ha of modern
irrigation comes in an intermediate position, with five
percent of its total potential exploited. However,
there are other countries which are afflicted by drought
but have a relatively small degree of modern irrigation
development: Botswana (none), Kenya (21,000 hal,
Mauritania (3,000 ha), Chad (10,000 ha), Niger (10,000
hal, Burkina Faso (9,000 hal, the Gambia (6,000 hal and
Tanzania (25,000 hal.

The importance of irrigation for Africa's semiarid
lands should not be misconstrued to suggest that further
investments in new schemes are necessarily what the
region requires. For one thing, many of the easier
options have already been exploited: witness the large
commitment of water to irrigation along the Senegal
River, the Office du Niger in Mali on the Niger River,
and Sudan's heavy exploitation of its share of the Nile
waters. Another reason for moving cautiously is the
likelihood of adverse impacts in some of the areas
scheduled for large-scale development, e.g., within
Mali's already intensively utilized inland delta or
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TABLE 1

SUB-SAHARAN AFRICA: ESTIMATES OF IRRIGA"rED AREAS, 198~,

IN RELATION TO IRRIGATION POTENTIAL

Area Developed 1982 (1000 hal

Irrigation Sr.1all-Scale or lJeveloped as
Country Potential Modern Traditional Total ~ of Potential

('000 hal

Angola 6,700 0 10 10 ·1
Benin 86 7 15 22. 26
Botswana 100 0 12 12 12
Burkina Faso 350 9 20 29 8
Burundi 52 2 50 52 100
Cameroon 240 11 9 20 8
Central African 1,900 0 4 4 ·1

RepUblic
Chad 1,200 10 40 50 4
Congo 40 3 5 B 2
Ethiopia 670 82 5 87 13
Gabon 440 I) 1 1 ·1
Gambia 72 6 20 26 36
Ghana 120 5 5 10 8
Guinea 150 15 30 45 30
Guinea Bissau 70 n.a. n.a. n.a. n.a.
Ivory Coast 130 42 10 52 40
Kenya 350 21 28 49 14
Lesotho 8 0 1 1 13
Liberia n.a. 3 16 19 n.a.
Madagascar 1,200 160 800 960 80
Malawi 290 16 4 20 7
Mali 340 100 60 160 47
Mauritania 39 3 20 23 59
Mauritius n.a. 9 5 14 n.a.
Mozambique 2,400 66 4 70 '3
Niger 100 10 20 30 30
Nigeria 2,000 50 800 850 43
Rwanda 44 0 15 15 34
Senegal 180 30 70 100 56
Sierra Leone 100 5 50 55 55
Somalia 87 40 40 80 92
SUdan 3,300 1,700 50 1,750 53
Swazil and 7 55 5 60 "100
Tanzani a 2,300 25 115 140 6
Togo 86 3 10 13 15
Uganda 410 9 3 12 3
Zaire 4,000 4 20 24 1
Zambia 3,500 10 6 16 ·1
Zimbabwe ~ ---.ill. __3

~ ~

ill!!. 33,641 2,638 2,391 5,019 14.9

~: FAO internal statistics, presented in FAO, (1986:14).
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downstream projects depending on Sudan's Jong1ei canal.
Even at fairly attractive sites (such as along Somalia's
Juba River or Tanzania's Rufiji) there are often other
reasons for moving slowly when dramatic, large projects
are being planned. The priority at this juncture should
be to improve water management within existing projects
and to strengthen the institutional base so that future
projects achieve a better record than those now in
operat i on--a theme to whi ch we wi 11 return at many
points in this report.

Supplementing Rainfall

The focus on drought in recent ana 1yses of Afri can
agriculture can leave the impression that water deficits
principally limit crop output at times when seasonal
failures occur. In actuality, the years of severe
drought (like 1983-84 in Ethiopia) are only the extreme
expression of moi sture deficits which occur more
conmon1y over much of the continent. In any farmi ng
system dependent on ra i nfa11 where the mean total 1i es
near the boundary required for successful cultivation,
minor deficits still can have a dramatic impact on crop
yields. Even when crops survive, moisture deficits at
critical periods like germination or tasselling may
greatly depress the total output.

In this respect, it is often the distribution of
rainfall in each growing season which can be critical
for crop survival. An initial difficulty is that by the
end of each dry season the moisture in the root zone
will be totally depleted. The combination of a high
potential evapotranspiration and rapid runoff greatly
reduces the effectiveness of earl y ra ins. When the
pattern is irregular, with interspersed dry periods,
farmers can easily lose the germinated plants.
Sometimes two or even three seedings are required to
establish a crop. Again, in a large area of south
central Africa which has an extended, unimodal rainfall
season of from four to fi ve months, farmers may yet
encounter a three-week dry spell at mi d-season in
January or February. If this comes at maize tasselling,
it can also severely depress eventual crop yields.
However, perhaps the cruelest moisture deficiencies are
those which occur from an early termination of the rainy
season, kill i ng crops upon whi ch farmers have expended
most of the effort required for a normal harvest.
Statistical analysis has shown that in many parts of
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Africa, drought years are characterized by an abrupt and
early termination of rainfall. When this happens,
farmers are left with neither food for the coming dry
season nor the seed for rep1 anti ng when the rai ns
return.

The hydrological background to irrigation in Africa
is dealt with in the next chapter. In policy terms,
what is important is to realize that the potential
benefits from irrigation may be just as great in
supplementing rainfed cultivation as in supplying all
plant water requi rements under IItota1" i rri gat i on ina
semi ari d envi ronment. Indeed, the numbers of farmers
who commonly experience within-season water deficits and
the amount of food production lost from this cause
probably greatly outweigh what is gained from Africa's
expensive, "full contro1 11 irrigation schemes. The need
is clear enough: what African farmers have lacked has
been a cost-effective technology for delivering
supplemental irrigation to field crops.

More attention to the moisture needs of II ra infed ll

crops is a1 so i ndi cated by consi derati on of p1 ant
responses to improved nutrients. It is sometimes
forgotten that the Asian "green revo1ution" achieved in
high yielding varieties of wheat and rice depended upon
simultaneous improvements in irrigation. Unless
supplied with adequate moisture, plants cannot take full
advantage of chemical fertil i zers--a main reason
fertilizers remain less popular in parts of Africa
subject to unreliable rainfall. The high yields
sometimes claimed for "improved agricu1ture" in Africa
(see Table 2) a1 so assume adequate moisture
ava il ab il i ty: wi thout better water mana gement ,
including perhaps some form of supplemental irrigation,
they cannot be achieved by many farmers.

Providing Forage

Observers of African 1ivestock production are
generally agreed that the marked seasonality in nutrient
uptake whi ch Afri can 1i vestock experi ence is probably
the primary constraint upon the continent's livestock
product iv i ty. It is obv i ous that the long dry season
which inhibits crop production has a similar effect on
natural vegetation. Measurements taken in central Mali
of the biomass fluctuations over the season show that a
drop in biomass is especially marked in the savanna and
production is a traditional way of life and where the
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TABLE 2

COMPARATIVE YIELDS FOR TRAOITIONAL AND IMPROVED
METHODS OF CROP PRODUCTION

Crop

Traditional
Varieties and
Manag~ent

kg/ha

Traditional
Varieties and

Improved
Management

kg/ha

Improved
Varieties

and
Management

kg/ha

1980
710
970
670

1500/865
920/390

Maize
Mill et
Sorghum
Soybean
Maize/Sorghum
Sorghum/Soybean

*Orought at planting

Source: FAO (1983), p. 38.

900
2750

865/415

2650

1835*
1525

2135/1030
1305/750

land otherwise would have relatively good carrying
capacity (de Ridder, et al., 1982). The low forage
product i vi ty duri ng the two months at the end of each
dry season, in a setting where cormnercial feed supplies
are not found and where silage is not kept, constitutes
a serious limitation on livestock production.

This nutritional constraint has far-reaching
effects upon the production system. For years, outside
analysts have misunderstood traditional, semi-nomadic
pastoralism in Africa. A main source of the low opinion
held of the technical efficiency of traditional systems
was the employment of individual animal production
coefficients (weight gains, milk yields, etc.) when
mak i ng compa ri sons between systems. These seem to
indicate very low levels of efficiency for traditional
systems in contrast to what could be obtained in lightly
stocked, "improved ll systems. The contrast is, of
course, artificial: it is obvious that animals carried
at very low stocking densities and with thei r
physiological needs externally assisted will perform
better individually (Behnke, 1985). If instead one
compares the tota1 bi omass sustai ned per hectare under
existing production constraints (heat stress, water and
forage shortages, disease challenge, etc.), recent
measurements from the Sahel suggest the indigenolJs
systems out perform the II imp roved II pract ices be i ng
promoted by anima.l scientists (Penning de Vries, 1983).



Energy-flow measurements from di fferent parts of
Africa give similar values for pastoral populations to
those obtained by wildlife, when one controls for the
levels of environmental stress (Coughenour, et al.,
1985) • It seems that the systemi c adj ustments adopted
by Afri can pastoral i sts are simi 1ar to those used by
wild species when confronted with a highly seasonal food
supply. Light, hardy animals which gain condition
rapi dl y duri ng the short growi ng season but whi ch can
survive extended periods with minimum fodder and water
are preferred (Price, 1981). By keeping several species
which graze different plants and by utilizing the driest
areas duri ng the short ra i ny season, Afri can
pastoralists make a relatively efficient use of a harsh
environment.

If, then, lt is desirable to increase animal
productivity, this transformation will not occur simply
by lowering stocking rates or introducing "improved"
breeds. The forage constraint must itsel f be relaxed.
Options for doing so have been reviewed by de Ridder, et
al. (1982). They find that despite its higher costs a
combination of irrigation and fertilizers for forage
crops are economically competitive because of the
tremendous increases in output per hectare which can
result (1982, vol. 2, p. 84).

The i ncorporat i on of i rri gated forage into Afri can
livestock systems could have two added benefits. First,
much of Africa's forage, even when abundant, is of
relatively low nutritive quality. Even a fairly small
addition of irrigated forage could be quite significant
because of its higher nutritive quality. Second, in
areas where rainfed arable farming is practiced, the
poor condition of work oxen at the time when needed for
plowing is another source of low productivity.
Irri gated forage coul d be used to bui 1d up the work
animals' strength before plowing begins. Indeed, a
stri king feature of Afri can 1i vestock production is the
low degree of integration between the animal and crop
components in the farmi ng system (FAD, 1983). In other
semiarid areas, such as in the American West, irrigated
fodder production sometimes plays a large role in
supporting commercialized livestock production.

Stabilizing Export Crops

For the reasons already noted, Africa's large-scale
estate producers of export crops 1ike coffee, tea, or
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sugar have often found it advantageous to install
supp1ementa1 i r ri gat ion. The prom i nence of pub1i c
investments in "official" schemes can gi~e the
misleading impression that these are the only
significant irrigation projects meriting external
attention. In fact, however, Africa's most efficient
irrigation systems may be in the privately owned, estate
sector (e.g., Zimbabwe's Hippo Valley and Triangle
estates).

As our exampl e, 1et us take Kenya I s estate-grown
coffee. Kenya rema ins Afri ca I s second most important
producer of arabi ca coffee, wi th about 40 percent of
nati ona1 production comi ng from the estate sector (de
Graaf, 1986). Of this, much comes from farms located in
the lower and drier parts of the Kenya highlands, where
supplemental irrigation is essential to insure a good
crop in each season (Roe and Whitaker, 1985). As in
much of southern Africa, the technology was ,usually
based on overhead sprinklers (Wright, Rain, 1962). It
is estimated there are about 16,000 ha of irrigation on
Kenya's estates and large-farms, in sum total almost
twice what the better known National Irrigation Board
operates within its official schemes (Fleuret, 1985).

Private-sector development of estate irrigation has
been underway for several decades in Kenya, Malawi, and
Zimbabwe. Initially, the results indicated irrigation
was not cost-effective (Wallis, 1962), but more recent
experience has been positive (Muller, 1973, 1975; Clowes
and Wilson, 1974; Pilditch and Wilson, 1978; Fisher and
Browning, 1979; Kumar, 1981), though estimation of plant
water needs remains a complex task (Palmer-Jones, 1977).
In coffee, supplemental irrigation is critical to induce
plant flowering at times of minimal pest challenge and
to prevent IIdie back ll during droughts. The full
benefits are usually observed in the yield obtained in
seasons folloWing irrigation. The stabil ization this
permits in high quality export crop production has
become even more important during recent years when many
African economies were experiencing severe shortfalls in
their external earnings.

1A useful early source describing the use of
spri nk1er i rri gat ion in Southern Afri ca is by Wri ght
Rain, Ltd. (1962) Africa and Irrigation.



Exploiting Resource Potentials

In the longer run, a major reason for continuing
the development of African irrigation systems must be
the likelihood that Africa's major hydroelectric
resources will be exploited. These provide an
opportunity for irrigation in three ways: 1)
downstream deve1oprnent of i rri gat i on perimeters us i ng
water re1 eased from a darn; 2) run-of-the-river schemes
using electric pumping; and 3) increased utilization of
lands along the reservoir's margin.

Africa's four largest rivers, the Nile, Congo,
Ni ger, and Zambezi, are contrasted wi th the wor1 d's
other ma~or river systems in Table 3 (derived from
Waterbury s exce11 ent study of the Nil e) • The Nil e was
the first to receive sustained attention, bl(t despite
its length has a relatively modest annual discharge.
From Sudan northwards its power and irrigation
potent1a1s have been thoroughly exploited. However,
major unexp10ited potential for hydropower generation
remains on the two main tributaries of the Nile. Where
the White Nile leaves Lake Victoria it is at an
elevation of 1,136 m, in contrast to 370 m at Khartoum
at its conf1 uence wi th the B1 ue Nil e; the Blue Nil e
originates from Lake Tana in Ethiopia at '1,800 m
(Waterbury, 1979). There are at least four potential
damsites on the White Nile'S tributaries in southern
Sudan, several more in Uganda. and a further unexploited
potential along Ethiopia's tributaries (on the Atbara

TABLE 3

AFRICAN RIVERS IN WORLDWIDE COMPARISON

Drainage Annual Annual
Length area disCharg§ sediment load

River (kin) (sq. Ian) (billions m ) (millions tons)

Nile 6,825 3,100,000 84 110
~azon 6,700 7,050,000 3,000 900
Congo 4,700 3,700,000 1,400 70
Hwang Ho 4,630 770,000 200 2,000
Mekong 4,200 795,000 400 800
Niger 4,100 1,890,000 180 40
Mississippi 3,970 3,220,000 600 600
Danube 2,900 1,165,000 200 80
Zambezi 2,700 1,300,000 500 100
Rhine 1,320 162,000 80 3

Source: Sudanese Government Sources, cited in John Waterbury (1979),
p:-n:
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and Blue Nile rivers). The concern of Egypt and Sudan
with conserving irrigation water predominates in most
discussions of the Nile's potential--and understandably
so, since both countries are nearing the limits of
available water if a run of dry years should be
experi enced (Waterbury, 1979) • However, most of thi s
water originates upstream in Ethiopia .and in the Lake
Victoria basin, giving Uganda and Ethiopia substantial
potent i a1 for future hydropower development. In West
Africa, the Niger River, has a number of potential
damsites awaiting should the regional economies ever
develop to a poi nt where the energy is requi red (Smi 1
and Knowland, 1900:278).

The fi rst generation of major dams in sub-Saharan
Africa began with the Owen Falls dam at the outlet of
Lake Victoria. Subsequent major dams creating their own
"inland lakes (Table 4) were built on the Volta River
(Akosombo dam), the Zambezi (the Kariba and Cabora-Bassa
dams), the Niger (Kainji dam), the Bandama (Kossou dam),
and the Kafue (Kafue Gorge dam). At the time, these
seemed large projects, but all are dwarfed by Zaire's
massive hydroelectric developments on the lower Congo
near Inga Falls. The upper reaches of the Congo contain
further sites. The Congo River's combined power
potential far exc~eds What Zaire might require 'in the
immediate future. The point to realize when viewing a
map of Africa's drainage (Figure 3) is that the
continent's physical geography with geography, with its
hard rock escarpments in East and Southern Afri ca and
with highlands around its periphery, presents many
opportunities for hydroelectric development despite the
aridity of much of the landscape. Geographers estimate
that Africa has greater hydroelectric potential than any
other continent except Asia (Which it very nearly
matches), almost a third more than either South America
or the U.S.S.R. and well over double that of a.ll North
America (Pritchard, 1979). Yet only a tiny proportion
(the least of any continental area) has been developed.
Most countries have their own pet schemes awaiting
implementation, on medium-sized rivers largely unknown
to the outside world (e.g., Somalia's proposed Bardhere
Dam on the Juba Ri ver or Tanzani a's 5tei gl er' s Gorge
Project on the Rufiji). If the rest of Africa were to
develop its water resources to anywhere near the extent
50 ut h Af rica has on its sma 11 Va a1 Ri ve r , i mm ense
hydroelectric energy reserves could be tapped.



The existence of an attractive damsite can act as
the spur to irrigation development. This happens not so
much because of percei ved food needs--though these are
1ike1y to fig urep rom i nent 1yin sub seque nt pro j ec t
documentation--as because of technical opportunities
associated with the dam itself. Any large engineering
project in a remote site becomes difficult to justify
economically, particularly when located in a poor,
agricultural country. It seems that the addition of an
irrigation component, with inflated estimates of
eventual production, can sometimes tip the balance
towards obtaining external financing. In such
instances, one must remember it is the Site rather than
the need which was crucial. A good example would be

TABLE 4

CHARACTERISTICS OF AFRICA'S HAN-MADE LAKES

Dam. Date Hydro- Name Vol- Surface of Nw:lber
River & Dam Power of (:3) Reser~oir People
Country Closed (MW) Lake (kin ) Resettled

Akosomba: 1964 768 Volta 140- 8.730 88.000
Volta. 165
Ghana

Kariba: 1958 800 Kariba 147 5.000 57.000
Zambezi.
Zimbabwe

Cabora-Bassa: 1974 2.000 Cabora- 70 3.700 n.d.
Zambezi. Bassa
Mozambique

Kainj i : 1968 960 Kainji 11.5 1.280 50.000
Niger.
Nigeria

Aswan High D.: 1964 107 Nasser- 132 5.000 120.000
Nile. Nubia
Egypt

Kossou: 1971 175 Kossou 29.5 1.fiOO 100.000
Bandama.
Ivory COast

Kafue Gorge: 1970 500 Kafue n.d. 3.iOO n.d.
Kafue. Gorge
Zambia Reservoi r

~: Adeniji, H. A. et al. (1981) -Man-made Lakes,- in, J. Syrnoens.
et al, p. 126.
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Mali's Mananta1i Dam, built by the OMVS as part of
larger plans to improve navigation and power
gene rat i on from the Senegal Ri ver. USAIO has ass i sted
in planning the resettlement of farmers onto irrigated
perimeters below the dam, but it is already apparent a
substantial effort will be required merely to offset the
downstream production which will be lost because of the
gradual phasing out of the annual flood (utilized for
traditional d~crue cultivation along the river banks).

When justlfYlng large dams, proponents typically
claim that large areas will be opened for irrigated
production. USDA has itemized some African claims ·in
its review of the food prospects for sub-Saharan Africa
(1980:114-119). Notable among these projects are the
Massengir (90-341,000 hal and Cabora Bassa (up to 1
million hal dams in Mozambique; the Mananta1i (100
340,000 hal, Tossaye (up to 800,000 hal and the Se1ingu~

(up to 62,000 hal dams in Mal i; a dam on the Logone
River (16-27,000 hal in Chad, another at Gor~ (95,000
hal, and one at Kounbam on the Vina River (120,000 hal.
Possible sites on the various branches of the Volta
River might and 50-65,000 ha, with up to 652,000 ha
additional if the Niger waters were to be fully
exploited. To these we would add Somalia's plans for up
to 223,000 ha on the Juba River, various underexp10ited
drainages in Ethiopia and Tanzania, a large (but
unneeded) potential in Zaire, and further prospects in
Angola.

An even more seduct i ve prospect ari ses when
engineers review the overall disposition of Africa's
soil and water resources. Much of Afri ca cons i sts of ~

the remnants of an anci ent, pre-Cambri an rock shi e1 d.
Major rivers for long periods flowed inwards into
irmlense, internal drainage basins. The five largest,
each crossed by present-day ri vers, are the OJ ouf Basin
(Niger River); the Chad Basin (the Logoni and Chari
Rivers); the Sudd Basin (the Nile River); Za're Basin
(the Congo Ri ver); and the Kalahari Basin (the Zambezi
Ri ver) (see Fi gure 4). Because of the f1 atness and
size of these internal basins, incoming rivers dropped
their sediment load, building up over time a series of
inland deltas without the complications of seawater
intrusion. Such sediments are deep and comparatively
fertile, constituting even today special environments
with unique soils and hydrologic characteristics.
Mali's inland delta crossed by the Niger River
constitutes one such zone; the deep sediments underlying
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Lake Chad another; the enormous Sudd in Southern Sudan
still another; and the Okavango swamps on the borders of
Botswana, Nami bi a and Angol a, yet another. However,
these are only the best known exampl es: numerous
smaller systems with similar hydrogeological origins are
found elsewhere, particularly in Zambia and Tanzania.

Two of Afri ca I s bi ggest water development schemes,
Sudan IS Jongl ei Canal and Ni geri a I s South Chad
Irrigation Project, are located where inland swamps mark
the site of ancient lakes. The Sudd, in Sudan1s
southern Jongl ei provi nee, is the remai ns of a huge
prehistoric lake thought to have covered 230,000 square
kilometers (four times the size of Lake Victoria).
Today the seasonally inundated marshl ands fed by the
vari ous tri butari es of the White Nil e cover over 6,000
square kilometers (2,600 square miles). They constitute
an enormous evaporating pan, from whi ch the i ncomi ng
Albert Nile (known in Sudan as the Behr el-Jebel) loses
over half its discharge, i.e., a loss of around 14
billion cubic meters (Waterbury, 1979). For many years,
engineers eyed the possibility of constructing a north
south bypass canal to divert the White Nil e I s water
before it enters the Sudd1s marshlands. Such a
diversion would increase the flow at Malakal on the
northern (downstream) side of the Sudd by 4.6 bi 11 ion
cubic meters. A huge project was drawn up to this
effect, based on a 217 mi 1e long canal whi ch woul d
perm i t i r rig at ion 0 f some 200 , 000 aeresalong its
western side during the dry season; a parallel highway
would connect Juba in the South with Malakal in the
North (Mohamed, 1979). Because of the hi gh cost and
concern over the envi ronmenta1 impact, the proj ect was
scaled down to provide drainage of only about 19 percent
of the Sudd1s area, and was divided into two stages.
Stage one was planned for completion in 1982, but the
project has ground to a complete standstill in recent
years because of military insurrection in the South.
Meanwh i 1e, unt il 1983-84, the wetter than norma 1
rainfalls which persisted over the Lake Victoria bas'in
where the White Nile originates made the canal
unnecessary from the standpoint of the downstream water
consumption. At the same time, Nigeria1s development of
large-scale irrigation on the plains south of Lake Chad
has been hampered by pers i stent drought, 1eav i ng
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i nsufp ci ent water to i rri gate more than one crop a
year.

It is unlikely that the failure of these two
projects will deter future projects of a similar nature.
In a cont i nent where much of the 1and surface cons i sts
of exposed hardrock format ions, the presence of ri ch
soil and nearby water will continue to attract
engineering attention. The technical possibility of
producing much of Africa's food from large-scale
irrigation exists, particularly if one assumes that at
some future date the continent's large but
underexp10ited hydroelectric potential can be tapped.
FAO estimates there are five sub-Saharan countries with
each more than two million hectares of potentially
irrigab1e land: Angola (with 6,700,000 ha), Mozambique
(2,400,000), Tanzania (2,300,000), Zaire (4,000,000),
and Zambia (3,500,000). While we regard these estimates
as being quite optimistic, they do at least support the
notion that southern Africa in particular could support
more irrigation than it does presently.

Absorbing Population

Perhaps the most compe11 i ng reason for i ntroduci ng
some type of i rri gat i on wi thi n Afri ca over the longer
run is because of the greatly increased rural and urban
populations which these non-industrialized economies
must support. It is well known that several of the
poorer African nations are experiencing around three
percent population growth per annum, ~ith urban centers
growing at more than twice this rate. For example, in
example, in Kenya \'1here the larger part of the country
is semiarid rangeland, the growth of population over the
decade from 1973-83 was three percent per annum (Wor1 d
Bank, 1985). It is estimated that even a decade ago, 54
percent of Kenya's farmers (in 1976-77) had holdings of
less than one hectare (de Wilde, 1984).

lAs noted in a brief article, "Drought Wrecks
Africa's Biggest Water Schemes," New Scientist (8
November 1984), p. 8.

2Afri can countri es whose 1973-83 annua,l popu1 at ion
growth was between 2.8 and 3.4 percent included Malawi,
Uganda, Niger, Tanzania, Somalia, Rwanda, Ghana, Sudan,
Senegal, Uberia, Zambia, Zimbabwe, Cameroon, and the
Democratic Republic of Congo (World Bank, 1985).
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In many African countries, there has been a
relative decline in food self-sufficiency (Table 5).
Thus, in a continent plagued by seasonalities and
variable rainfall--as already outlined above--a dramatic
stabilization and intensification of agricultural
production must occur simply to keep pace with
population growth. The emerging gap between rising food
needs and almost stagnant cereal production figures
prominently in FAO's justification for further
irrigation investments (FAO, 1986). It also continues
as a main motivation underlying the interest shown by
national governments.

Beyond the general question of how Africa's· future
population will be fed, there arises specific concern
over an impending "population crisis" within Africa's
densely settled highland areas (though indeed less well
endowed ,areas may be experiencing equally severe strain
because of thei r poorer resource base). Parts of
highland Rwanda, western Kenya, or northeastern Tanzania
are so densely settled that outside observers have
difficulty envisaging any farming system capable of
successfully absorbing the anticipated population
growth. As one review of Rwanda puts it:

Rwanda's farmland will be entirely
saturated by the year 1995, with a farming
population of about 5.7 million people. To
achieve economic take off, farm size should be
increased to 1.8 ha. Under these conditions,
Rwanda's farmland is already saturated by the
year 1977 at a farming population of about 3.8
million ••• With every passing year, Rwanda's
expanding population limits the possibilities
for healthy economic growth and increases the
potent i a1 for loss of env i ronmenta1 qual i ty.
(Arid Lands Information Center, 1981:84
quoting Pr~fol and Delepierre, 1975)

Once the average size of family farms approaches 1.0
hectare (2.5 acres), peasants are forced to move into
hi gh den sity, mu1t i - story farm i ng 0 f a kind qui t e
different from the usual model. The farming systems
employed by people like the Chagga of Tanzania, the Meru
or Maragol i of Kenya, or in the highl ands of Rwanda
involve intercropping of legumes and maize, as well as
multi-story cropping with bananas or coffee and
sometimes fodder crops for small stock. The density of
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TABLE 5

FOOD SELF-SUFFICIENCY RATIOS

1964-66 1978-80 1980
Average Average Population

% % (millions)

Low Income Sub-Saharan Africa

Benin 95 89 3.4
Bu rk i na Faso 99 94 6.1
Burundi 98 95 4.1
Cape Verde 58 8 0.3
Central African Republic 92 90 2.3
Chad 100 97 4.5
Comoros 56 50 0.4
Ethiopia 99 93 31.1
Gdmbia 39 56 1).6
Ghana 83 71 11.5
Guinea 91 85 5.4
Guinea-Bissau 88 60 0.8
r~adagascar 98 91 8.7
Malawi 101 97 6.1
Mali 99 96 7.0
Mozambique 90 64 12.1
Niger 104 98 5.5
Rwanda 99 96 5.2
Si erra Leone 91 87 3.5
Somal ia 81 54 4.3
Sudan 96 98 18.7
Tanzania 96 93 18.1
Togo 96 89 2.5
Uganda 98 99 12.6
Zaire 68 66 28.9

Middle Income Sub-Saharan Africa

Angola 110 64 7.6
Botswana 25 37 1).9
Cameroon 95 87 8.4
Congo. P.R. 26 21 1.6
Gabon 23 24 0.7
Ivory Coast 73 71 8.3
Kenya 97 96 16.6
Lesotho 93 77 1.3
Liberia 79 73 1.9
Mauritania 69 ~O 1.5
Namibia 100 100 1.0
Nigeria 98 84 84.7
Senegal 73 68 5.7
Swaziland 86 85 1).6
Zambia 97 79 5.6
Zimbabwe 96 113 6.9

aSelf-sufficiency •
Production of cereals

----------------------------------------- X 100Production + imports - exports of cereals

Source: World Bank. Economic Analysis and Projections Department. Cited
in Singh. S•• 1Q83. Sub-Saharan Aariculture. World Bank Staff
Working Paper No. 608. Tables 1 an 6.



human population exceeds 250/km2, and where there is a
bimodal rainfa1 regime the yearly croppi·ng intensity
may exceed 200 percent--about 90 percent in each rainy
season p1 us some use of the "d ry" season for forage
production (Jones and Eg1i, 1984). .

All the scenarios for further "improvi ng" these
already intensively utilized systems involve changes in
water and land management. One option would be to take
the "1abor invo1ution" route of Asian rice farmers,
developing wet-rice cultivation on terraced lands.
Thi sis. indeed, what hi 11 farmers in Madagascar have
been doing with the densely settled highlands where
rice is already the staple crop. It might be feasible
also in the areas of western Uganda where terracing is
long established. A second option (really just a
parastatal vari ant of the fi rst) is to aim for 1abor
intensive "granary" schemes: perhaps a major wet-rice
i rri gat i on scheme operating at a 200 percent croppi ng
intensity for each division or district. A third
option would be to assist farmers in irrigating their
own, high-value perennial crops (bananas. cassava.
sugar cane. and coffee). The resource base would stay
as it is. but the cropping intensity and yield might be
raised. Indeed, this is what Chagga farmers in
Tanzania's densely settled Ki1imanjaro Region have done
at their own initiative.

A fourth option would be to reclaim the valley
bottom .. swamps" whi ch const i tute the 1ast reserve of
underuti1ized land within much of the highlands zone.
Here, too. farmers at their own initiative have been
moving downwards:

••• to clear, develop and farm the swamps.
This process began not too long ago, and
continues. Papyrus or other cover is cleared.
Soil is worked into ri dges and d ra i nage
ditches with hoes. Crops are planted in the
dry season ••• when they cannot be grown
elsewhere, but not in the rainy seasons ••••
Beans and sweet potatoes are the principal
marsh crops. While marsh cultivation is
physically demanding, the results are
impressive. (Jones and Eg1i, 1984:23).
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Because the all uvial soil s capture nutrients deposited
from the upper slopes and enjoy an extended moi sture
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regime, the output from these marshes is II muc h greater
than their proportion of cultivated lands would
suggest. 1I For western Kenya, Toksoz (1981) notes there
are about 800,000 hectares of land with impeded
drainage, of which he thinks at a IIconservative
estimate ll 600,000 hectares could be reclaimed by a
combination of drainage and flood protection measures.

There remain serious difficulties in applying
conventional drainage and irrigation technology within
these kinds of farming systems, most notably the dangers
of an increase in soil acidity (bringing with it
heightened levels of iron and aluminum toxicity), and
destruction of the water holding capacity of the natural
system. However, to proponents of technological
intervention it still seems reasonable to assume that an
intensification of crop production commensurate with
population growth wi llrequi re some form of improved
water management. The speci fi c detai 1s of a modern
sector equivalent to farmers' own spontaneous
adaptations remain unclear, but the case for further
experimentation remains strong (Turner, 1986). .

We conclude from this review of arguments for
increased irrigation investment in Africa by noting that
they are based in large degree on theoretical
advantages. The technological promise offered by
irrigation is one more example of the gap between
present performance and ultimate potential within
Africa. On the other hand, if African countries could
be developed in ways that-exploit their existing
resource potentials, irrigation is likely to become
increasingly important. Those willing to act upon this
premise (which include several African governments)
would see Africa at a stage in its irrigation
deve1opment compa rab1e to where As i an count ri es were in
the 1950s. The priority would then lie in strengthening
the weak institutional and technological base, as a
preparation for increased reliance on irrigated
production in the future.

If, on the other hand, one exami nes present
performance and economic constraints (impinging on
producers and national economic institutions alike),
i rri gati on appears to be an i nappropri ate investment.
Poor countries adopting irrigation will find themselves
locked into supporting high-cost, subsidized production
of commodities they do not really need.
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The Case Against African Irrigation

Steinberg's world~wide overview of irrigation notes
there are certain circumstances where irrigation
investment represents an "inappropriate" policy
response. The specific constraints warned against
include (Steinberg, 1983:37-38):

when there is an unresol ved presence of
irrigation failure in the past;
if irrigation intrudes into a fragile
environment (ecological or social);
when' economic policies or institutions
are weak;
where there are poor agricultural pricing
policies, ineffective marketing facili
ti es, hi gh transport costs, or the
unavailability of required agricultural
materials;
if irrigation involves massive
dislocation of peoples;
if it will exacerbate social tensions;
if the institutional capacity to manage
i rri gati on has not been demonstrated or
if overall management is weak;
if a 1ong-te rm donor comm i tment is
unl i kel y or if the donor 1acks the
required disciplinary skills and
monitoring capability.
if required socioculture knowledge is
lacking,
if the legal basis is clouded or if
dispute resolution is likely to be
faul ty.

As it happens, a majority of Africa's formal
irrigation projects have been implemented under circum
stances where several of the above contraindications
were present. In Africa's more remote environments one
typically finds that many earlier projects failed, that
the environment itself is fragile, that transport costs
are high, that implementation of an externally designed
project will exacerbate social tensions, that marketing
is poorly organized, and that the institutional capacity
to manage i rri gat ion is almost nonexistent. In a few
extreme instances, such as in Nigeria's ill-fated Baka
lori project or Kenya's Bura Settlement, nearly all the
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above indicators would have warned against proceeding.
Do we then conclude that any further financing of major
irrigation projects at this stage in African development
should be avoided?

Those opposed to fu rthe r ca pi ta 1 investment in
African irrigation generally rest their case on three
lines of argument: 1) the low performance of many
existing schemes; 2) the higher returns from investments
in rainfed agricultural projects; and'3) the question of
the appropriateness of the technology itself under
African economic circumstances.

Weak Irrigation Performance

Technical experts working in Africa widely believe
that irrigation projects have a poor record of
performance. An article in Engineering News for January
of 1985 mirrors these opinions:

None of the water experts contacted could
point to any large agricultural project built
over the past 10 years in bl ack Afri ca that
have made a dent in the current famine.
II Africa has borne the brunt of a lot of bad
advice, bad engineering and bad intentions and
they are paying the price for it now,1I says a
U.S. engineer who is the area manager for
Africa at a major international water
resources consulting firm. (Engineering News,
1985:10)

Such vi e ws are ba sed upon actual pro j ec t
experi ence, not on the pUb1i shed record. Tak i ng the
published figures at face value, irrigation, while
expensive, seems to have been justified in many
instances. The largest donor supporting African
irrigation has been the World Bank. It claims to have
substantially achieved appraisal targets on several of
its larger African projects, as evidenced in data
published by the FAO Investment Centre (partly funded by
the World Bank). In an Africa-wide consul tation on
irrigation held in April of 1986, FAD made further use
of the Bank I s data. A background paper on irrigation
economics showed economic internal rates of return for
the Bank IS Afri can proj ects as follows: SEMRY I (23
percent), SEMRY II (20 percent), Lake Alaotra (22
percent), Morondava (llextremely lowll ), Mopti Rice (17
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percent)t Rahad (19.5 percent)t and Senegal IS river
polders (8 percent). It concluded that with the
except i on of Morondava and Senegal IS ri ce pol ders t the
Bankls other African irrigation projects "pass the test
successfully" (FAO t 1986:17).

Less sympathetic observers might draw different
conclusions. The FAO economics paper itself noted the
20 percent rate of return for SEMRY II claimed yields of
9.5 tons of paddy/ha/year t based on double cycle
cropping t and queried whether such yields "could be
easily maintained or rep1 icated under African
conditions." While the Bank has done sUbsequent eva1ua
tions t the figures it is willing to release are those
obtained at project completion "when projects were still
benefi tt i n9 from very intense support and superv is ion t
and considerable pressure on the part of the donor"
(FAO t 1986:18).

The extrapolation of aggregate yields from a
sampling of plots to derive official production
statistics tends to yield upwardly biased estimates of
i rri gated production. In the case of Senega1 1 s sma11
scale rice perimeters t the agency responsible (SAEO)
claims its field surveys document relatively homogeneous
yields of about 5.2 t/ha t with intraperimeter variances
simi 1ar to those seen between perimeters. An
independent analysis of some of these same perimeters by
Fresson gave a rather di fferent pi cture. For examp1 e t
on the Thia1y perimeter while SAED recorded mean yields
of 5 t/ha t with a standard deviation of Q.685 t Fressonls
larger sample gave mean yields of either 3.6 t/ha (under
optimistic assumptions) or 2.9 t/ha (under pessimistic
assumptions)t with a standard deviation of 1.814. Even
under the optimistic case t the modal value obtained by
the 1argest number of farmers was barely over 2 t/ha
(Fresson t 1978). Fresson exp1 ai ns the di screpancy as
follows. It seems that under SAEDls multi-stage
sampling design t each perimeter was represented b~ only
six plots. From these two square plots of 10 m were
"randomly" drawn.

Observers who actually attended the samp1i ng
for the last winter harvest season (1977)
report that the choice was made on the basi s
of the ripeness of the crop at the time. The
selected plots were those which ripened first t
correspond i n9 therefore to those havi ng had
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the best watering and attention. (Fresson,
1978:29)

In extending such results to a perimeter as a whole,
agency staff typically overlook areas given over to
roads and drains, waterlogged or sa1inized fields, and
1a rge sect ion s wh i ch for some rea son cou 1d not be
irrigated in a given season. It is not unusual in
Africa to find that farmers' effective yields may be
about half of what ;s claimed by the parent lrrlgatl0n
agency.

Even if one accepts the Wor1 d Bank's rates of
return on its irrigation projects, one can question what
such estimates really mean. Take as an example Sudan's
Rahad project, shown as having achieved a 19.5 percent
economic internal rate of return. USAID was a minor co
financer in this project, and thus provides an
independent evaluation (Benedict, et a1., 1982) carried
out when the project had been in operation for four
years. The USAID report cites IBRD sources indicating
the original cost estimate of 99 million dollars was
revised in 1975 to 240 million and again in 1979 to 400
million dollars--a 404 percent increase. While IDA's
contr'i but i on rose from 42 to 67 mi 11 i on doll ars, the
Sudanese Government's went from 25 to 235 mi 11 ion. The
Rahad Corporation established to implement the project
ran current account losses of between 7-12 million
Sudanese pounds in each year between 1979 and 1982, not
i nc1 udi ng any loan· amorti zat ion. The project desi gn
aimed at nearly total mechanization of groundnut and
cotton production. In the two years prior to
evaluation, production costs on these two official crops
exceeded revenues and over 80 percent of the production
costs were paid directly to the Corporation without
passing under tenant's discretion. Cotton yields had
been estimated at 6 kantara/feddan; in 1980-81, they
appear to have been about 2.5 kantara/feddan. Rising
labor costs meant that farmers' profitability was
deteriorating even more rapidly than yields. Heavy use
of imported insecticides--with eleven sprayings of
cotton per season--had brought about an emergence of
resistant strains of major cotton pests as well as of
malaria carrying mosquitos. Public sanitation on the
scheme was descri bed as II appa 11 i ng. II The new vi 11 ages
being built in the South lacked even the few amenities
provided to the older northern villages before the
Corporation got into such financial difficulty. In
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short, the problems inherited by the Rahad scheme after
it went into operation were just as severe as any being
experienced in the local environment before its
creation.

In poi nt of fact, Sudan lsi rri gat ion proj ects are
among the better ones in sub-Saharan Afri ca. Here,
"successful" agricultural projects are the exception
rather than the rule. Gray and Martens found that among
thirteen Sahel ian development projects they studied, at
best only two or three were viable (1980:64). Of the
seven i rri gat i on schemes operated by Kenya I s Nat i ona1
Irrigation Board in 1982, only one (the Mwea Scheme) was
operating at a profit (Fitter 1983, F1euret 1984). In
Niger, of the 9,000 ha of irrigated perimeters
estab1 ished since independence, only about 5,500 were
still in production by 1982 (Za11a, et a1. 1984)
estimate that despite donor-financed new projects, about
12 percent of Niger's irrigated land has been going out
of production in each year. The problem is long
standing: even the French colonial government found it
had to subsidize Senegal's irrigated Richard-Toll
perimeter by amounts between 8-50 million CFAs annually
every year between 1946 and 1960 (USDA 1980). Similarly,
the French financed Office du Niger required annual
subsidies every year during its first two decades of
operation (de Wilde 1967).

Perhaps the best documented recent attempts by an
African government to develop large-scale irrigation
come from Nigeria, where the high oil prices in the late
1970s coincided with a political decision to accelerate
"development" in the country's semiarid North. Ajao
(1980) describes how the Yobe Irrigation Scheme near
Lake Chad which was begun in 1959 became the basi s for
ambitious plans to establish four major irrigation
projects totaling 10,000 acres along the Yobe valley.
Yet, as of his writing, only 2,500 acres were
effectively under irrigation. Because of problems of
weed infestation, salinity, and mismanagement, the Bornu
State Government continues to operate the scheme at a
loss, for political rather than economic reasons. Other
authors make it clear that this has been a general
pattern inmost of Ni geri a I s formal i rri gat ion proj ects
(Palmer-Jones, 1981; Ejiga, 1979; Adams, 1983, 1984;
Igozurike and Diatchavbe, 1982; Andrae and Beckman,
1985).

The contrast between anti ci pated and real i zed
performance in i rri gat ion is sharpest for poor, ari d
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countries like Mauritania or Somalia which can least
afford mi staken investments. Faci ng the prospect of
massive food imports, the Somalia government in its 1983
National Plan states that the II ma in thrust ll for
developing agriculture will be achieved IIby expanding
the area under irrigation as rapidly as may be possible"
(Somali Democratic Republic 1983:17). The plan lists
irrigation projects totaling over 40,000 ha, not
count i ng the proposed Bardhere Dam on the Juba Ri ver
whi ch mi ght eventually i rri gate 223,000 ha. In several
instances, the projects are directed at rehabilitating
earlier schemes which subsequently failed.

Somalia's actual performance in establishing
irrigation can be ~udged from the history of the Afgoi
Mordile project. The project was one of several
originating from a 1967 preinvestment survey undertaken
by British consultants under United Nations Development
Program (UNDP) financing. The project plans drawn up by
the consultants were submitted to the African
Development Bank (ABO) group for financing in 1972. A
joint company (LIBSOMA) was set up to act as the
implementing agency. The whole of the 3,000 ha intended
for the schemes was cleared in 1973, but only half was
leveled (of which some 540 ha needed releveling by
1981). The 1973-74 oil price increases led to iJnmediate
cost overruns, made worse when in the same year drought
caused a diversion of scheme equipment to resettle
starving people. When the rains returned, those settled
in the schemes preferred to do thei r ow'n cul t i vat ion.
Machi nery on the scheme was operated by a parastatal
company, which was unable to get sufficient spare parts
to keep the Russian tractors working. A different
parastatal was made responsible under the Ministry of
Agriculture for crop marketing, but was forced to buy at
low controlled prices. Shortages of labor continued.
Meanwhi 1e, the drought caused a loss of cover in the
catchment and the river began carrying a huge volume of
silt. This clogged irrigation pumps and distributory
canals, leading to rapid weed growth. Yields were
reported as hav i ng been "very much lower" than those
used in the initial appraisal. The areas actually
cropped began at 254 ha in 1974, rising to a peak of
1,656 ha in 1976 but thereafter declining back to 252 ha
in 1980. Equipment problems have intensified, with some

1All informatfon on the Afgoi-Mordile project
derived from an African Development Fund report (1981).
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,dIe I
units left idel f09three or more years awaiting spares.
The ADF appraisal report recommending a fresh injection
of capital concludes:

•••the present staff are clearly unable to
cope with the problems of adequately
maintaining a large fleet of tractors and
associated equipment... (African Development
Fund, 1981:15)

Space precludes itemizing more case histories like
the one just described, which could be duplicated from
many other Afri can i rri gat ion proj ects. The research
for this study did not permit field visits to a cross
section of African schemes, but there are several other
comparative reviews on record: A Wageningan study of
EEC financed African projects (van Steeklenburg and
Zijlstra, 1985), as well as a CILSS/Club du Sahel
Working Group (1980) and Brondolo (1985) on Sahel ian
irrigation projects. In Montgomery1s comparison of
i rri gat i on system performance (1983), the Mwea Scheme
was the only African example which was rated even
moderately successful. In general, it seems that many
Afri can i rri gat i on proj ects are characteri zed by poor
design, cost overruns, incomplete implementation,
numerous agronomic and technical problems, low rates of
return on capital, and a high degree of alienation by
farmers (see Chapter Four).

There are a few exceptions. The World Bank1s claim
to having mostly successful African projects remains a
testament to one donor1s faith in irrigation technology.
However, the Afri can experts drawn upon in formul at i ng
this report did not share the Bank1s optimism. From
their own field visits and personal experience, most
regard African irrigation as a source of continuing
economi c and technolog i ca1 problems far outwei ghi ng the
meager benefits which participating farmers have
obtained to date.

Returns to Alternative Investments

The second main line of argument against African
irrigation is quite simply that the returns to investing
in rainfed agriculture, or perhaps nonformal small-scale
irrigation, are higher. The issue arises partly because
formal irrigation projects in Africa have been so
capital intensive, but also because in a number of
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countries a large share of the irrigated production
comes from the nonformal or "traditional ll sector (Table
6) • Investment in expensive new schemes is seen as a
doubl e mi stake: fi rst, because the ra i nfed agri cul ture
which presently produces most of Africa's food is
starved for capital; and second, because where
irrigation is important the significant output
comes from producers who do not receive assistance under
official schemes. ---

Of course, invistigation of comparative returns
would normally come under irrigation economics (Chapter
Eight). It is dealt with here because it is so central
to African policy choices when deciding whether to
persist in funding irrigation projects. The key
research examining this question was carried out by
Stanford's Food Research Institute under AID funding in
the late 1970s, reported in a (1981) book by Pearson,
Stryker and Humphreys (among others), Rice in West
Africa and in various individual papers (see especially
Stryker, 1978).

Rice in West Africa was a pivotal study in several
respects. It grew out of AID's concern following the
1972-73 Sahel ian drought whether to support the kinds of
capital-intensive irrigation projects being proposed, or
whether to assist instead the rainfed and nonformal
subsectors--an issue which has come back to center stage
following the 1983-84 drought. To our knowl edge, it
remains the only sophisticated, in-depth treatment of
the economics of a major African crop which expl icitly
analyzes the returns from an array of technological
options, including several forms of irrigation. Rice is
Africa's most important irrigated crop, and (except for
Madagascar) West Africa is the main center of local
consumption. The study draws a crucial distinction
between private and social profitability, essential for
analyzing policy choice in settings where various
aspects of production and marketing are heavily
subsidized. It includes chapters on the drier, Sahel ian
nations (Senegal and Mal i) as well as the wetter
countries (Ivory Coast, Liberia, and Sierra Leone). For
non-economists, it includes useful methodological
appendices on shadow prices estimation.

What emerges cl earl y is the fact that much of the
larger share of Africa's existing rice production comes
from upland and "swamp-rice" systems developed by
farmers themselves with minimal public assistance. FAD



TABLE 6

IRRIGATED RICE PRODUCTION IN MAJOR PRODUCING COUNTRIES

(1982)

Modern
Total Modern Irrigation

Production Upland Wetland Irrigation as Percent
of Total

-------------------'000 t---------------------

Madagascar 2,000 400 1,000 600 30
Nigeria 1,400 350 910 140 10
Sierra Leone 550 300 250 0 0
Ivory Coast 500 425 75 0 0
Guinea 275 180 95 n.a. n.a.
Liberia 241 229 12 0 0
Zai re 255 243 12 O· 0
Tanzani a 200 90 100 10 5
Mali 250 13 87 150 60
Senegal 100 25 65 10 10
Ghana 90 67 4 19 21
Mozambique 62 3 12 47 76
Cameroon 60 15 15 30 50
Niger 29 2 19 8 28
Chad 47 3 41 3 6
Kenya 43 11 n.a. 32 74
Burkina Faso 40 2 30 8 20
Gambia 35 2 29 4 11
Guinea Bissau 30 15 15 0 10

TOTAL 6,207a 2,375 2,771 1,061 17

aTotal production of rice·in all sub-Saharan Afr~ca is estimated to be
6.45 million tons.

Source: FAO Investment Centre, (1986), p. 120.
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statistics indicates that this continues to be the case
despi te a decade's further investment in medi um- and
large-scale irrigation schemes (Table 6). Close
examination of these figures supports the conclusion
that whil e i rri gated production of ri ce is important,
the proportion grown on officially-assisted "modern"
schemes is low in all but a few countries (notably in
Kenya and Mozambique and to a lesser extent in Mali and
Cameroon) •

Technical Appropriateness

The thi rd reason for avoi ding i rri gat ion in Afri ca
is simply because in their contemporary form, irrigation
technologies are inappropriate. A farmer choosing to
irrigate is moving into an intensification of crop
production by increasing the capital invested in farm
equipment, designed to move water from a reliable source
to growing plants. For a commercial operator trying to
maximi ze profits despite uncertain rai nfall, this
transition can be highly rewarding. The literature
provides many examples from dry lands in Israel,
Australia, and the western United States which shows
that when the right conditions exist, a demand-led
diffusion of irrigation technologies will occur.

However, it is not difficult to specify a range of
situations where the adoption of irrigation would not
constitute a sensible production strategy. It obviously
may not pay if crop returns are low, setting a ceiling
on the amount of capital farmers will invest in the
production process. Irrigation also does not provide
much advantage if the water supplies are themselves
1ikely to fail. It may not be feasible if the other
inputs required for intensified crop yields are not
readily available. It doesn't become attractive if
farmers lack secure claim to their land, inhibiting on
farm capital improvements and shortening the time frame
for recouping investments. And, finally, irrigation is
an unlikely choice in settings where poor farmers face
heavy demands upon scarce capital.

In all of the above aspects, African small hol ders
differ from the 1arger-sca1e, mi xed fanners who have
adopted irrigation in places like Texas or Idaho.
Without security, attractive prices, available inputs,
access to credit, and reliable water supplies,
i rri gat ion i tsel f ceases to be an attractive techni cal
option. The spread of demand-led irrigation
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technologies has occurred tropical only under special
circumstances, e.g., among Kenya's coffee estates.
Otherwise, it has not yet become a general feature of
African fanning. This observation should constitute a
warning that usually a suitable match between farmers'
needs, capabilities, and the introduced technology
remains to be achieved.

Many of the proj ects revi ewed in thi s report were
introduced at government initiative. In virtually every
case, the choice of technologies to be installed, and
even in many instances the crops to be grown, are made
at a di stance by those wi thout detai 1ed knowl edge of
local conditions and constraints. Typically, design
consultants determine the physical layout, perhaps
following broad guidelines established by an earlier
FAO/UNDP survey. Donors often dictate the choice of
machinery (pumps, gates, etc.), or else this may be done
under ministerial procurement. Economists doing the
project appraisal specify the crops to be grown and the
targeted cropping intensity. In this extended process-
which has grown even more convoluted as multi-donor
financing becomes common--farmers and local extension
agents do not become i nvo1ved unt i 1 after most key
deci s ions have been taken on thei r behalf. Afri can
irrigation presents many examples of bureaucracy-led and
donor-led technology choice.

Perhaps this explains why one sees so many examples
of ina ppro priat e i r rig at ion equi pment duri ng site
visits. Sometimes the problems arise because of a
failure to consider local contexts. Wire gabions may
be installed at remote sites where the wire is likely to
be "borrowed" by nomads, or metal gates used wi thout
1oc ks to protect them from theft and tamperi ng.
Sometimes the equipment is simply too sophisticated:
self-leveling water control devices, which become easily
clogged, or types of plastic pipe subject to degrading
in intense sunlight and to termite attack. But much the
largest source of difficulty (which we discuss in
Chapter Four) has been imported "orphan" equipment,
which cannot be served and repaired locally. In
countries without an established irrigation industry,
the maintenance of imported equipment becomes a
continuing administrative burden, exceeding the support
capacities of both the private and the public sectors.
The effect is to greatly shorten equipment life, which
in turn further raises irrigation costs. All across
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Afri ca, one fi nds broken down pumps whi ch donors
installed to provide household and irrigation water.

A less obvious form of technological mismatch
ari ses in respect to the choi ce of crops i rri gated. On
Africa's official schemes, by far the most common crops
grown are rice, sugarcane, and cotton, with wheat and
vegetables making up most of the balance. The usual way
of representing production statistics under the heading
of Icerea1s" and "fiber crops" disguises the extent to
whi ch just these four crops--paddy, sugarcane, cotton,
and (i n West Afri ca) wheat--predomi nate. (For deta i1 s
on the agronomy of sugar, rice, and cotton, see Chapter
Five.) Outside experts may see this concentration upon
a few crops as being a positive feature. After all, it
has been the irrigated production of rice and wheat
which made possible the I mirac1e" high yielding
varieties which revolutionized agricultural output in
places like northern India or northern Mexico.

As it happens, however, these four crops are
SUbject to economic and agronomic difficulties in
tropi ca1 Afri ca, to such an extent that they have made
irrigation itself unattractive. In regard to sugarcane,
the difficulties are economic. Tropical producers find
themselves in competition against heavily subsidized EEC
sugarbeet production. Even .re1ative1y efficient African
producers are unable to compete in world export markets.
This particularly affects irrigated cane-growing,
because of its necessarily higher production costs.

For cotton, the difficulties are related to the
ceiling on prices set by the competition from cheap
synthetics, and to the rapid emergence of serious pest
prob1ems. Afri can cotton growers often also produce
sorghum, mi 11 et, 1egumes, and pu1 ses for thei r food.
These crops can act as hosts to many cotton pests,
provi di ng a nearby refuge whenever sprayi ng of cotton
commences. Cotton is an input and labor intensive crop,
competing directly with food crops for household
resources throughout the product ion cyc1 e. Un1 ess all
recommended measures are effective, the yield obtained
falls off dramatically. The involvement of intermediary
agencies to provide spraying and to handle the crop can
a1 so mean that farmers are paid only about hal f of the
already low international price.

Britain's desire for cheap cotton was the original
motivation for the Gezira Scheme, Africa's largest
single irrigation project (Barnett, 1977). Calculations
by Faki (1982) show that in fact by the late 1970s of
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the four main crops tenants grew, cotton was the least
profitable both .per man day and per unit of water
consumed (Table 7). Simmons obtai ned much the same
results for irrigated cotton in Niger, where the returns
per day were 1ess than half those from rai nfed cowpeas
i ntercropped wi th mi 11 et, and one-fourth those farmers
could obtain from their own, small-scale irrigated onion
growing (Zalla, et al., 1984). We discuss this issue
further in Chapter Eight on irrigation economics;
suffice it to note here that cotton and rice are among
the 1east profi tab1e of the i rri gated crops Afri can
farmers might choose to grow. One cannot hel p but to
agree with Fak;' s concl usion that these crops are
emphasized on official irrigation schemes to serve
overriding national interests, irrespective of the
returns fanners actually obtain.

TABLE 7

CROP RETURNS TO TENANT FARMERS IN GEZIRA, 1977/78
(Sudanese £/teddan)

~: Y!u1: Eamn: RlD:

Grosa AeturN (Ia,Fed) 24.5 41.6 21.6 17.4
Total varf8ble coata (UFed) 12.4 28.4 12.6 10.4
Gron _rtfna (UFed) 12.0 13.2 9.0 7.0
Lebour fr¥lUt (_.-,Fed 14.0 5.0 S.S S.S
Grosa -.rglna,_~ (Ua) 0.9 2.6 1.6 1.2
water CClNUIIptfon ( 'Fed) 3SSZ 223a 2030 1224
Grosa -.rgfna/ooo WIIter (Ia) 3.4 5.9 4.4 5.7
Groa~ to ..ter 6.9 1a.6 10.6 14.2
(181'000 )

Source: Hamid Faki (1982), p. 55.

Rice, when grown in Africa,· has its own problems.
The outstanding success of dwarf, high yielding
varieties in Asia led many observers to hope the same
"miracle" might be repeated within African wet-rice
cultivation. But the situation on the African continent
is different in a number of key respects:

Only about 11 percent of sub-Saharan
Africa's rice acreage is irrigated,
lowland rice (IITA, 1985). Except in
Madagascar, there is little possibility
that high yielding wet-rice varieties
coul d be adopted di rectly or even
added as a second cycle crop in
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the manner achieved in much of Asia.
When introduced into Africa, IRRI's
Asian-derived cultivars have encountered
different pests and diseases for which
they lacked resistance (Zan et al.,
in Hawksworth, 1984:64-70). Iron
toxicity has been a problem, as has
also rice blast (Pyricul.aria oryzae).
Vi e1d reduct ions ·caused'bi ··-C-om"pefftl0n
from weeds have been severe. Here the
problem is that because African rice
(Oryza glaberrima) was domesticated
from the annual wild rice (Oryza
barthi i), anyone growing new varieties
or---~an rice faces immediate jproblems
of hybridization and competition from
already established varieties which then
become weeds in the farmers' fields
(Harlan, 1975). Weed growth becomes so
vigorous in some forms of swamp-rice
cultivation that farmers traditionally
abandoned fields after only a few seasons
(Owen 1973).
On modern schemes, weed seed tends to
become incorporated with the paddy and
spreads thereby to other projects.
Rice planted on well-drained, upland
soils has proven very sensitive to the
short dry spells so characteristic of
African rainfall regimes. Introduced
varieties often show relatively poor
tolerance of drought.
Economic circumstances in Africa differ
from those found in the maj or ri ce
producing countries of Asia. The water
itsel f may be more expensive (if from a
pumped source) and its supply more
problematic (because of seasonality, a
high silt load, and salinity). Many
countri es cannot afford to import
ferti 1i zers and insecticides. Adequate
engineering support cannot be obtained
locally, and support services are
missing. The farmers themselves do not
live in tightly integrated households
capable of supplying extra labor required
for intensified production.
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For all of these reasons, whi 1e breedi ng of superi or
varieties continues at IITA in Ibadan and through WARDA
in Monrovia (the main sources of rice improvement in
West Africa), imminent breakthroughs are not
anticipated. 1

Even wheat, which requires little labor when
mechanized and has been re1at.ive1y trouble free when
grown under irrigation;~at hfgher' altitudes, has been
much 1ess successful when g'rown 1n Afri ca (Byer1 ee and
Longmire 1986). Production costs have a1ways been high;
Eicher and Baker report FAO figures showing that in 1966
i rri gated wheat in Ni geri a cost 168 per ton to produce
as compared to the landed cost of imported wheat at 84 a
ton (1982:135). By 1982, Northern Nigerian wheat cost
about 1,200 dollars per tonne to produce, exclusive of
any capital repaYment charges, at a time when the c.i.f.
pri ce in Lagos for North Ameri can wheat was under 200
dollars per tonne (Andrae and Beckman, 1985). The
factors behind this dramatic difference are detailed by
Andrae and Beckman in an angry presentation of Beckman's
research on the appalling performance of Nigeria's
larger schemes. Aside from many errors of judgement,
the basic fact remains that wheat is poorly suited to
production in the hot tropics, and performs least well
under highly mechanized attempts to grow it on variable
and difficult soils such as one finds in most of lowland
Africa., Whether grown in Nigeria, Mali (Moris, Thorn and
Norman, 1984), or Sudan (Pearson, 1980), mean yields
r em a instub b0 r n1y below 1.5 ton ne s / ha, gi vi ng
insufficient returns to cover production costs let alone
scheme repaYment charges.

The issue of the import content of production
becomes of overwhelming importance when countries are
experiencing acute ba1ance-of-paYment difficulties. We
have just seen that the noti on a country "saves" hard
currency by resorting to irrigated production of cereals
is very misleading. Tractorized farming in Africa tends
to have a hi gh import content, as do a1 so truck
t ran s po r tand the em p10 ym e nt 0 f fer til i ze r s ,
insecticides, and herbicides. Until recently, because
of the strong association between high input farming and
"modern" or "scientific" agriculture, policy makers in
Afri ca were slow to recogni ze that some types of

--'--rrh";- key sources on African rice production are
Buddenhagen and Persley (1979), Are (1981), and Pearson
et a1. (1981) •
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husbandry are inappropriate economically even when
desirable technically. .

Under Africa's present economic difficulties,
large-scale irrigation is economically inappropriate in
five respects: 1) it usually requires a large injection
of hard currency during initial construction: 2) the
machinery installed (pumps, grain dryers, etc.) will
requi re conti nuing hard currency support throughout the
lifetime of the project; 3) high "input farming needed to
achieve high yields has a high import content; 4) those
projects located at remote sites will incur high
transport costs, whi ch al so have a hi dden forei gn
exchange content (fuel, vehicles, and spare parts); and
5) most large-scale schemes are provided with expatriate
staff, generating further losses of hard currency. When
poorly managed, these schemes evidence such low
productivity and rapid deterioration of physical plant
that countries are unable even to repay the loans under
which they were constructed.

The Policy Context

African countries are conspicuous for not having
policies towards irrigation, with the exception of those
few like Egypt or Somalia with no real choice but to
embrace i rri gat ion if they intend to develop the
agricul tural sector. One samet imes suspects •pol i ci es'
are invented by economi sts to gi ve after-the-fact
coherence and direction to the description of aggregate
national behavior. In this instance, however, the
presence of two competing viewpoints about whether or
not to invest in irrigation does make the issue a matter
of choice. If African countries prefer to see
irrigation as a necessary form of agricultural
modernization, the high costs of the technology mean
that this preference is in effect a policy decision even
though 1eaders may evade faci ng up to the opportuni ty
costs. I rri gat ion in sub-Saharan Afri ca is, as we have
made c1 ear throughout thi s chapter, a demandi ng, ri sky
and expen s i ve opt ion. Any count ry choosing to fund
irrigation projects should only do so if the advantages
and disadvantages have been carefully weighed.

Institutional machinery for making sector-level
decisions is often poorly developed in Africa. To the
extent that informed decision-making occurs, it is
likely to be vested in ministries of planning and
finance. The decline in the overall rate of investment
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in irrigation in recent years can be attributed to the
aggregate balance-of-payment problems many African
cou,ntries have experienced, so that an increasing
proportion of incoming capitaJ is used in debt servicing
rather than for the fi nanc i ng of maj or new proj ects.
Thus, there has been a de facto curtailment of
commitment to new irrigation projects, but it results
from generalized economic problems rather than from a
considered review of technological options within the
agricultural sector.

The choice of technologies within the agricultural
sector is, as already noted, a matter decided above the
level of the individual farm. The nature of irrigation
in the case of large volume supplies derived from dams
or major pumping stations puts it beyond the reach of
unaided smallholders. Thus, countries cannot wait for
demand-led technology choice. Instead, investment
decisions will occur because irrigation agencies and
donors act as pressure groups, promoting the development
of particular projects and sites, or because planners
at the ministry level have decided irrigation is
necessary for promoting national agricultural
development.

The capacity of irrigation agencies, donors, and
planners to make sensible decisions about African
irrigation is still only weakly developed. A major
purpose of this study is, then, to provide descriptive
and analytical information which will highlight the
issues at stake. In Chapter Nine, on irrigation
management, we return to the question how a planning
function might be institutionalized so that better
quality investment decisions will occur in the future.
At present, there are only a few African countries which
have a nucleus of technical staff (economists,
engineers, and agronomists) assigned to carry out
irrigation planning. The lack of systematic information
on present performance and the many contradictions
embodied within existing programs have made it difficult
for African ministries of agriculture to formulate
sensible pollcies.

There are five basic questions we feel ought to be
addressed in order to put the choice of irrigation
technologies on a firmer base within sub-Saharan Africa:

1. Are the present field difficulties simply
a natural consequence of "fi rst
generation" technological interventions
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within poorly developed economic systems?
If they are, more investment to provide
adequate infrastructure and support is
justified, particularly in view of
Africa's underexploited irrigation
potential. If they are not, a larger
volume of activity will only increase
losses.

2. How serious are the various environ
mental limitations--natural, economic,
social, administrative and political-
and what is their varying influence in
different settings or with regard to
alternative irrigation technologies? Past
programs paid scant attention to either
the setting or the choice of irrigation
technology. It now seems obvious
that both are critical dimensions in
African contexts. Furthermore, the
highly variable situations encountered
in many countries suggest that no
single type of irrigation will suit
all conditions.

3. Is some form of irrigation essential in
order to safeguard African food security
over the longer run? Here one's atten
tion shifts toward evaluating the
long-run population carrying capacity
of Africa's agricultural lands. The
central role of improved water manage
ment as a precondition for the adoption
of higher yielding varieties in Asia
raises the possibility that a similar
transformation may be necessary to
increase the productivity of African
agriculture.

4. Can less expensive and more sustainable
types of irrigation be devised which are
suited to smallholders and which can be
applied for growing lower value crops?
It 1S plain that if irrigation remains
a high cost, high import content tech
nology, it will be confined to schemes
of an agro-industrial character
("estates"), or their parastatal
equivalent (the Gezira/Mwea model).
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5. If the absence of middle-sized, operator
controlled units makes it unlikely that
technology choice will be demand-led,
what institutional alternatives can be
developed as surrogates for farmers' own
initiatives? How do African governments
get the bureaucratic parastatals and
multinational corporations which
predominate within the irrigation
subsector to behave responsibly,
cost-effectively, and irinovatively? Who
should do the planning and supervision
of irrigation development?

These are fundamentally "meta-issues," which will
remain unresolved if attention is directed primarily at
the project level. A principal conclusion of this study
is that many African countries need to evolve a sector
wi se approach towards i rri gat ion development (see
chapters eight and nine). We are not for a moment
proposing that countries require a uniform, all-purpose
institutional or technological model, nor are we
endorsing the kind of simplistic, long-run demand
projections some have used to support an
undifferentiated commitment to expansion of irrigation.
But we do claim that the design of effective individual
projects is difficult if no institutional mechanism for
1earni ng from i r rigat ion ex per i ence ex i st s • In
addition, a country's leadership must examine basic
issues about the costs and 1ocat i on of food product ion
before specialists are called in to undertake irrigation
planning. The policy issues which we feel should be
addressed are presented in Table a, arranged so that the
most basic ones are listed first. Indeed, the
deteriorating economic situatiqn in many sub-Saharan
countries makes a reassessment of investment priorities
for ag ri cul tu ra1 deve1opment mandatory. The ve ry
unsatisfactory information base on African irrigation
means that this study cannot answer all of the questions
we have raised, but at least certain clear warnings
emerge in regard to why Afri ca •s i rri gat i on performance
has been largely unsatisfactory to date.
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TABLE 8

KEY IRRIGATION POLICY QUESTIONS

A. Food Policy
Consumption trends. Which staples?
Produce at home Or buy from abroad?
What fluctuations tolerable?
Pricing policy?
What urban/rural subsidies?

B. Balance between Irrigated versus Rainfed Farming
Comparatlve costs of productl0n by zone.
What import content in production?
Compar!tive transport costs.
What technical opportunities for each?
What role in supporting population intensification?
What complementarities?

C. What Kinds of Irrigation
Large-scale versus small-scale, formal versus nonformal.
Full versus partial, total versus supplemental.
Authority managed versus locally managed.
Supply and conveyance options. .

o. What Crops
Present yields, irrigated versus non-irrigated.
Cost/price trends, internal and external.
Available technical packages, input iaplications.
Foreign exchan~e implications.
Food security lmplications.
Integration between enterprises.

E. Where, When and With Whom
phases 1n development.
Location of projects.
Acquisition of right?
Infrastructural costs.
Cost recovery mechanisms.
Is settlement included?
Sources of staff, expertise.
Supervisory structures.
Farmer participation.

Source: Adapted from Moris, Thom and Nonman (1984), p. 3.
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Hydrological Environments
Linden F. Vincent

The objective of this chapter is to review the
climatic resources. surface water resources. groundwater
development. and research needs of the continent of
Afri ca for i rri gat ion development. Because of the
complexity of African rivers. and the important
traditional agricultural systems they support. the
" r iver basin" approach of many development agencies
seems i nappropri ate. What is emphas i zed is the
distinctiveness of a number of different environments
within the basins. Wh"ile they may appear to need
similar technological solutions. thiir problems and
prospects -are actually very di fferent.

Climatic Resources

Literature Review

A great deal is known about the characteristics of
African weather. even if we are still uncertain of the
overall atmospheric mechanisms that control it.
Gri ffi ths (1972) provi des a comprehensi ve overvi ew of
climatic characteristics. their cases and links to
agricultural production in the various regions of
Africa. Thompson (1965) has compiled an atlas of all
basic cl imatic data. In addition. we now have many
compilations of basic averages of rainfall. temperature.

lAdditional references useful for understanding
African hydrology include Farmer (1986). Castelina and
Khamala (1979). Edwards et al. (1983). Nicholson (1981).
and Walling et al. (1984).

53



54

sunshine duration, and potential evapotranspiration (for
example, East African Meteorological Department [1981];
Meteorological Office [1983]; Pearce and Smith [1984];
Thornthwaite [1962]; and van Wambeke [1982]).

Among more general texts Nieuwo1t (1977) gives an
excellent sUl1I11ary of current meteorological knowledge of
tropical climatology and provides a good description of
the atmospheric features .inf1uencingo African weather
systems, especi all y the West Afri can monsoon. Other
useful general texts include World Meteorological
Organization (1976); Jackson (1977); and Ayoade (1983).
Texts concentrating specifically on West African and
Sahe1ian countries include Davy (1974, 1976); and Ojo
(1977).

Gri ffi ths (1972) di scusses the c1 imates of Afri ca
in relation to his own zonations, based on a synthesis
of climate classifications developed by Koppen and
Thornthwaite--c1assifications which are still in general
use because of their simplicity. Koppen's
classification, which was essentially based on
vegetation, was developed by Strahler to show vegetation
regions under key weather systems (Barry andChorl ey,
1976). This classification has been useful in
identifying areas that could be considered to have
similar regions of climatic variability and
fluctuations.

With increased interest in agricultural
development, several new classifications have emerged
looking at agroc1imatic zones. These have been used in
several ways--to defi ne areas of simil ar prob1 ems; to
see the possibilities for new crops and to identify
similar regions between which it could be possible to
transfer local varieties. The impetus to find new
genet i c materi a1 for pastu re improvement has been
influential in a lot of agroc1imatic classification
research. Good summaries of current trends can be found
in ICRISAT (1979, 1980).

Zoning to look at the agroc1imatic potential for
new crops began with the innovative but complicated work
of Papadakis (1975), but the main system now being
developed on a worldwide basis is the Agroeco1ogica1
Zones approach of FAO (1978). This develops a technique
of matching water balance, temperature, and day length
requirements, soils and levels of input, to examine the
feasibility of certain staple rainfed foodstuffs. This
approach has also been used to develop a regional atlas
for West Africa (Kowal and Knabe, 1972).
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The droughts of recent years have also been a source
of interest, as have been the disruption and famine in
societies no longer able to survive droughts. Pearce
(1981) presents a set of papers looking at
climatological techniques for assessing drought risk.
Joyce (1977) provides a bibl iography on socioeconomic
aspects -of drought and famine.

Climate, Climatic Change and Agriculture

A full review of the 1inks between cl imate and
agriculture is beyond the scope of this review. Good
general reviews exist in Ruthenberg (1990) and Webster
and Wi 1son (1980) • Galla i sand Sid 'j k0 u (1978) ,
Pelissier and Oiarra (1978) and Sautter and Mondjannagni
(1978) give more insight in the detailed social
development that takes place in these environments under
different economic and demographic stresses. We would
like instead to emphasize three points:

- The relationship between climate and
staple foodstuffs;

- The need to understand adaptat i on to
climatic variability in subsistence
production, and the problems created when
food security systems break down; and

- That rai nfall alone is often not a key
envi ronmental control of when and where
crops are grown • Most soil zones are a
key habi tat for the product ion of many
foodstuffs wi thi n the di et , and often,
pl ant i ng dates may be i nfl uenced by
photoperiod influences, or the need to
harvest during a dry period.

The prevai 1i ng wi sdom of many cl imatol ogi sts is
that the climate of Africa has not changed substantially
within this century or recent centuries, although there
have certainly been wetter phases within this century.
Thi s has been estab1i shed for desert areas (Bowden et
al., 1981; Rasool, 1984), for North Africa (Shaw, 1981)
and for Central and Southern Africa (Nicholson, 1981).
The most immediate risks of real climatic change may in
fact come from industrial pollution, especially levels
of carbon di oxi de in the atmosphere (Schware and
Kell ogg, 1982).
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Grove (1982) asserts that a study of the 1ast 200
years of climate in African countries probably does not
give us a representative series of data. However, a key
feature to understand is the tendency of persistence of
wetter or drier conditions over several years. Much
research is now taking place on the way small shifts in
atmospheric features like the meteorological equator can
change rainfall patterns, which in turn encourage
vegetational changes and albedo changes, which cause the
shifts to stabilize for a period. This gives an option
of using ei ther atmospheri c features of representative

. surface features as a "drought indicator" for certain
areas (Butzer, 1971). ".

Thus, where we have instability in food production,
and populations now settled in land that is marginal for
crop production, we need to see this is in relation to
economic and political disruption of traditional food
producing systems, or forces keeping population
densities above the carrying capacity of the land.

~limatic Data Analysis

Worki ng from the premi se that c1 imate has not
changed significantly, three main areas of curren~

research will be discussed. The first .is the general
problem of collecting representative spatial and
temporal data series to use for monitoring rainfall
variability. The second is appreciation of the range of
environmental variables that can influence definition of
agroeco10gica1 zones and growing periods. The third is
improving the calculation of crop water requirements.

The statistical reliability of point or areal
estimates of time series of rainfall measurements has
long been a topi c of concern for c1 imato1 ogi sts and
hydrologists. In tropical rainfall areas, difficulties
of ma i ntai ni ng adequate density of rai n gauge networks
are compounded by the areas "spottiness" of the
convective rainstorms which bring precipitation. Most
areal assessment techniques still depend on either
estimates from Theissen polygon techniques or from
regression formulae which link areal rainfall to a
number of relief and climatic features. Good overviews
of these techniques can be found in World Meteorological
Organization (1972), UNESCO (1973), and Rodda (1971).

The extent to which time series of data is seen as a
problem depends on the analyst. In most areas of Africa
we have very short peri ods of rai nfall records, but
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Nichol son (1981) documents many sources of qual itative
data that can be used to extend these data, and obtain a
measure of the range of extremes. However, in the data
sets of most semiarid rainfall areas, we not only have
to consider extremes of high and low rainfall, but also
the tendency to missing dry years in the record.

The whole question of how to analyze rainfall in
relation to II r isks" to agricultural production is very
important. Manning (1956) first developed the idea of
considering what likelihood of rainfall failure small
farmer production would be adjusted to. He considered
that a small farmer would always cultivate a staple
foodstuff that survived in most years. He chose to use
a rainfall total which a farmer would experience 19
years in 20, i.e., only fail once in his economic
lifetime. Small farmers might gamble and plant other
groups requi ri ng more rai nfa 11 than thi s, and 1arger
farmers would be certain to gamble with crops requiring
higher rainfall, if the profits received could be
invested to tide over a year of rainfall failure.

This is a very crude perception of farmer
adjustment to risk of crop fail ure. Most farmers have
strategies that enable them to survive one year of
failure. The key problem is several years in succession
of drought, especially if the intervening spell of good
years is short. In the past traditional systems had
mechani sms of survi vi ng spells of bad weather, whi ch
were recognized as part of the climatic risk, but these
mechanisms have largely broken down under economic
change (Morris, 1974).

The problem for the analyst dealing with a short
period of records not extended by qualitative records is
to reconstruct information on these spells. It is
particu1a~y crucial if new cropping practices are being
encouraged. One article dealing with the problem is
Riise (1971)--just one of the excellent series of
analytical papers put out by the Bureau of Resource
Assessment and Land Use Planning (BRALUP) in Tanzania.
Riisels paper deals specifically with the problems of
data series begun in the 1960s, which was known to be a
wetter period over much of Africa (Nicholson, 1981), and
also copes with missing data in the series. Riise does
not attempt to develop any abstract theoretical
statistical techniques, but simply uses a running-mean
smoothing technique to look at periodic fluctuations at
stations with both short and long periods of data. He
then extrapolates the probabilities of runs of dry
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periods from the longer time series. Riise shows that
there is no climatic change, but cautions against using
short time data records from the 1960s. In many African
countries the lower rainfall of the 1970s may have
helped develop a statistical time series more
representative of the climatic variability. However,
corre1at i on studies between stations of long and short
periods of data is a useful technique, especially for
the problems of identifying runs of dry years.

In certain areas it may be feasible to identify a
rainfall site or water body whose fluctuations are
representative of climatic fluctuations over a wide
area. The long records of fluctuations of the levels of
Lake Vi ctori a have been used in the reconstructi on of
Tanzanian climates (Morth, 1967). Butzer (1971)
investigates climatic fluctuations over Lake Rudolf,
Ethiopia, whose shape makes level fluctuations from
rainfall variation conspicuous. He suggests that
f1 uctuat ions moni tored here cou1 d be representat i ve of
variabi1 ity over other areas of the northern Rift Valley
and the Ethiopian Nile catchment.

Recent progress in the definition of agroeco10gica1
zones has gi ven us a much wi der appreci at i on of the
prospects for rainfall agricultural production in Africa
(Higgens et a1., 1981). Before the mid-1970s our
appreciation of the growing season was made mainly
through comparisons of evapotranspiration and rainfall,
looking at ratios of these phenomena after criteria used
to defi ne the onset of the rai ns. A good summary of
these 01 der empi ri cal techni ques is given by Jackson
(1977) and by Gerbier in Pearce (1981). While these
techniques still form the main core of analytical
studies, refinements in environmental assessment are
being made as more data becomes available (ICRISAT,
1979). The inclusion of temperature and daylight
information has helped considerably in helping
understand why crops--or certa in vari et i es of crops-
thrive better in certain areas, or why farmers plant
when they do. Information on humidity and waterlogging
has helped in understanding desirable harvest periods,
and vulnerability to pest attack (Dancett and Hall,
1979). Many of these features are relevant for
irrigation development also. Irrigation may provide
water for a dry period, but it is a1 so important to
understand day length and temperature regimes of the dry
period in selecting a second crop.
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Calculations of crop water requirements still also
depend heavily upon the traditional models of
measurement and calculation. While some areas have
sufficient meteorological data to enable the Penman
calculation to be used, many areas are still dependent
on·the cruder Thornthwaite formula (Van Wambeke, 1982)
or a diversity of equipment, which are not always easy
to compare. Ojo (1977) notes that the Piche
evaporimeter is still the main measurement technique in
West Africa, whose relationship with the class 'A' pan
is often unpredictable. Some ex-British sites still use
the sunken square Symons pan. Where data are scarce,
the prevailing wisdom is to use pan, Thornthwaite or
Blaney-Criddle calculations to calculate potential
evaporat ion (Doorenbos and Prui tt, 1977; Legoupi 1 ,
1972).

A1 though we now have evi dence that frequent water
app1 ications that keep soil near field capacity is an
important influence on yields (Farah, 1983; Hutcheon et
a1 ., 197 3 ; Las soudie r e, 1978 ; Om a rand Az i z, 1983;
Tawadros, 1982), most irrigation schemes do now allow
for this regular frequent irrigation, and are designed
to apply water at intervals which optimize the number of
irrigators using water against any crop yield reductions
produced by water stress. Doorenbos and Kassam (1979)
have devised a technique for assessing potential yield
reduction caused by limited soil moisture availability.
The actual amount of water in the soil is most
frequently calculated by simply abstracting potential
evapotranspiration from available soil moisture (FAO,
1978).

On smaller schemes most irrigation schedules are
still worked out from evaporation pan data (Charoy,
1978; Jad inand Sn0 ec k, 1982). Mo s t Af ric an sit e s
simply do not have the detailed soil moisture
information required for more detailed studies. It is
only very occasionally that one finds reference to the
availability of a neutron probe (Langelier, 1980), a
1ysimeter or sufficient soil moisture data for computer
modeling (Prashar, 1981). For a survey of some of the
problems in calculating appropriate crop water
requirements, see Vincent (1980b) and Doorenbos and
Pruitt (1977).
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Climate and Rivers

As di scussed in the subsequent secti on, most
African river basins show a very complex relationship
with the climate of the areas they drain. Balek (1977)
discusses how the hydrological regimes of water bodies
in Africa are controlled by three main groups of
features:

Inputs of water--primari ly rainfall, but
also baseflow from groundwater;

- Physiographic characteristics of the
catchment area; and

- Vegetation.

The difficulties of runoff analysis are compounded
by the fact that many African drainage systems are
affected by several climatic regimes. However, some of
the key problems in monitoring hydrological regimes stem
not from di ffi cul ti es in understandi ng the effects of
topography and vegetation. Balek (1977) devotes an
entire chapter to the rol e of vegetation in African
hydrology because of its importance.

The long time sCill e over whi ch most Afri can
drainage systems have developed has resulted in vast,
complex low-gradient systems, where interference in one
part of the catchment has unpredictable effects on
runoff in other sections. Slight changes in the pattern
of rainfall ,can result in large changes in the direction
of runoff and which river system benefits from it
(Debenham, 1948). The intervening effects of terrain
and vegetation mean that the hydrological regimes of the
1arger ri vers only respond s1owl Y to ra i nfa 11 inputs.
Ledger (1969) gives a good description on the complexity
of fluctuations in runoff of West African rivers, and in
his 1961 article tries to study the effects of
vegetation changes on runoff in the Rima Basin, Nigeria.
For many African rivers the empirical rainfall-runoff
studies which typify much of Western hydrology are
inapplicable.

Rodier (1963, 1964) gives an excellent study of the
regimes of tropical African rivers. He develops a
classification system linked to climatic zones for
"smaller" rivers or tributaries where the majority of
the catchment is under one climatic zone. This
classification shows the differences in the shape of the
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annual hydrograph that can be anticipated under
di fferent c1 imati c regimes, interns of the magnitude
and number of flood peaks, and duration of flow. Within
each hydrological regime, however, he distinguishes the
hydrographs of small and large streams in order to show
the effect of vegetation and flood plain storage in
reducing and delaying flood peaks, and extending the
duration of river flow. However, Rodier (1964), like
Ba1ek (1977) and Ledger (1969), puts the flow
characteri st i cs of maj or ri vers 1ike the Ni ger, the
Congo, the Zambezi and the Nile in individual, unique
categories.

In the next sect i on reference is made to the few
works that exist on modeling relationships between
ra i nfa 11 and runoff for Afri can ri vers. We prefer to
emphasize, however, that the relationship should not be
simp1 ified. A great deal more geographical research is
needed before one can really understand the
relationships between rainfall inputs and river outputs
of African drainage basins •

.Surface Water Resources

The Relevance of the River Basin Concept in Africa

A review of African hydrological environments means
discussion of some of the most unique and difficult
hydrological monitoring problems of the world. While
Africa contains some of the largest rivers, lakes,
deltas and swamps of the world, paradoxically the
availability of water per unit area is the lowest in the
world (United Nations, 1977). However, as Scudder
(1980) points out, it is precisely this paradox which
emphas i zes the importance of ri vers and 1ake basins,
with their associated floodplains and swamps, for
African populations, especially in the dry savanna
regions. The major drainage systems of Africa can be
easily distinguished, but it is vital to appreciate the
diversity of hydrological environments within them, and
their interrelationships (Figure 3). There are 15 main
drainage systems in Africa (Ba1ek, 1977), some of them
draining enormous areas, and geomorpho10gically they are
very different from the smaller, younger ri vers of the
temperate world. It is easy to regard the smaller
rivers and tributaries as similar in nature to western
ri vers, and amenable to the same resource management
concepts, but they are not, for two fundamental reasons.
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The ancient eroded river basins of Africa, with
their shallow gradients, are not only involved in the
distribution of water, but also the distribution of
sediment (Faniran and Jeje, 1983). All the natural
Af r i can hyd r 01 0 g i cal en vir0 nment s, e s pec i all y the
floodplains and swamps, are means for the river to
adjust its load and energy to the gradient.
Conventional ideas of river regulation to control these
ri vers whi ch ignore the needs for these mechani sms are
1ike1y to have very adverse effects. If they are too
alien to the hydraulic regime, river works will fill up,
get washed away, or be left stranded.

Secondly, the way people use these drainage systems
is very different. To the many people using the diverse
hydrological environments of Africa, floods are not the
danger--they are the resource, a1 though extreme floods
or droughts can cause food stress. Drainage systems in
Africa are the basis of many traditional irrigation or
recession cultivation societies, and grazing activities.
Often only very careful intervention can produce an
i rri gat i on system whi ch wi 11 produce more food than the
tradi ti ona1 system it may have destroyed (Scudder,
1980).

There are two dangerous views of the "potential" of
African water resources to support irrigation
development that need to be corrected. The first is the
idea that flood water is "wasted" water (Heindl, 1974).
Flood waters actually form the basi s of many key food
production and high population density areas of the
continent.

The second mi sconcept i on for Afri ca is that it is
the water alone that controls irrigation potential,
i.e., that all that is necessary is to be able to
coordinate the water technically. It is water, in
combination with good soils and peopl e ,that creates
potential. As is shown later, however, it is often
pedological and social data that are weakest in
irrigation survey.

The hydrological literature is littered with
surveys of "irrigation potential" assessed primarily on
water availability, with no real economic presentation
of their practicality. Thus, we have the example for
Zambi a gi ven by Edwards and Vi ncent (1981). Zambi a is
seen to have a potential irrigab1e area anywhere between
one and ten million hectares, of which 150,000 hectares
are developable at reasonable cost. The irrigated area
project for food needs is only 80,000 hectares, the



63

majority of which is wheat or cash crops whose
production is considered beyond the scope of small
farmers. There is only a requirement of 8,000 hectares
that could be easily produced by small farmers, and
there is pressure that even that small acreage should be
cul t i vated by. 1arger farmers because of the ease of
marketing.

The ri ver basi n concept of demarcat i ng an
interrelated system is absolutely right when it helps us
to organize the international cooperation necessary for
research and development of Africa's many international
rivers and lakes (United Nations, 1966, 1977; Platon,
1981) • However, the Western concept of assess i ng a
ri ver bas in as a means to assess the ent oj re amount of
ava il ab1e water that shoul d be apportioned out for the
most "essential" uses is likely to have disastrous
consequences for many Afri can ri vers. Control methods
to make "wasted" water available may not only end up
citing regulation works completely out of keeping with
the geomorphological requirements of the catchment. The
price of storing the "wasted" water may be disruption of
the few remaining stable and dynamic food producing
areas.

We wi sh, therefore, to keep the idea of the ri ver
basin as an overall planning unit, but to stress the
diversity of environments within the river basin whose
dynamics the planner must stay aware of. River
regul at i on and dra i nage may be necessary for power and
food suppl i es, but these should be desi gned with much
greater awareness of the adverse effects they can have.

Scudder (1980) outlines how these schemes could be
designed with much greater sympathy for downstream
users, wi thout enormous loss of power generat i on and
water, and much more attention given to promoting the
advantages of improved grazi ng and fi shi ng that wi 11
result upstream. Far too few African dams are
IilU 1t i pu rpose. We need to i ncl ude the concept of
irrigation more often, and think of irrigation in terms
of downstream traditional uses as much as for new
schemes. Both the food and supply situation, and the
geomorphological complexity of African rivers, gives a
strong case for keeping the traditional diversity of
hydrological environments that exist, and examining
their potential for intensification. Even small
irrigation projects take seven to ten years to attain
reasonable production levels (Boodhoo, 1981). Most
Afri can count ri es coul d not cope wi th the fu rther
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breakdown of food supp1 i es that might resu1 t from
implementing a project unlikely to yield the equivalent
food production for seven to ten years--except, of
course, through further indebtedness (Adams, 1981).

Thus, in the next section, a classification of
hydro1ogi ca1 env i ronments is proposed. In subsequent
se~tions the key hydrological features which control
these environments are described, which must be
recogni zed in data coll ecti on and understandi ng thei r
traditional uses. The results of current attempts to
intensify them are also reported.

Classification of Hydrological Environments

The droughts of recent years, combi ned with the
fundamental importance of rainfall-runoff relationships
in Western hydrological methodology, has led many
workers to emphasize research on water inputs, but in
fact, most of the key problems in modeling African
hydrological regimes comes from our lack of
understanding of the last two features.

A full review of the way geology and geomorphology
i nf1 uences the i n1 and waters of Afri ca is beyond the
scope of thi s chapter, but a good sUl11l1ary can be found
in Beadle (1974). Three points are important. The
fi rst is the extreme age of rocks and catchments over
large areas of West and Central Africa, features which
not only influence the shallowness of flow gradients but
are also responsible for the inherently low fertility of
many African soils, and often of river sediments. The
marine transgressions of various geological epochs,
which inundated the depressed areas of the ancient
shield, left sediments over most of North Africa, parts
of Guinea and Senegal, Cameroon, Angola, Somalia and
much of the eastern part of Central and Southern Africa,
and have been crucial in influencing groundwater
availability. Outside these areas, however, river
systems have been evolving over 600 million years. The
lack of definitive relief features is an important
influence on the development of flood plains and swamps.

Mountain building has only influenced the northeast
and southern tip of the continent, and the only real
significant feature is the faulting, uplifting,
associated subsidence and volcanic activity linked with
the Great Ri ft Vall ey, whi ch i nf1 uences hydrology from
Ethiopia to Zambia, and where lakes are a key feature of
the hydrology. The patterns of uplift and subsidence
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and vast periods ofgeo1 ogica1 time have he1 ped to
create other important influences, especially the number
of rivers flowing into inland depressions, with either
no outlet or restricted outlets to the seas. Here we
can include the Chad, Kalahari, Djouf, Congo and Sudan
basins (Figure 4).

Finally, p1uvia1s and glacial periods have caused
fluctuations in the long history of the sedimentation of
these great basins and lakes, in floodplain sediments
and del tas. These zones are not only important for
water spreading, but are often key zones for groundwater
recharge.

To ill ust rate the divers i ty of su rface water
environments that can occur within one river basin,
ideas from Balek (1977), Rodler (1964) and Debenham
(1952) have been combined to provide a classification
which is linked with rainfall, vegetation and
physiographic features, but which is also linked to
existing human use and development possibilities. This
is shown in Table 9.

Bibliographies of Water Resources Data and Surveys

A number of bib1 iographies and data tables exist
for the hydrology of Afrfca. Van der Leeden (1975)
gives a good sunnary of resources by country throughout
Africa, ORSTOM (1966, 1969) and Dubreuil (1972) give
information for Francophone countries and Davy et a1.,
(1976) gives information for Sahel ian countries. UNESCO
(1969, 1974) gives information on major African gauging
stations and selected discharge characteristics.
Information on hydrological surveys funded by the Food
and Agriculture Organization (FAO) can be obtained
through thei r annual bi b1 i ography--the FAO Current
Documentat ion Seri es. The 1i st of FAO reports is
extensive and is not included in the bibliography, as
the reader can fi nd topi cs and countri es of interest
easily through this annual document. Gisch1er (1979)
summarizes the water resources of North Africa, and
Ba1ek (1977) provides a key book for the study of
tropical hydrology.

Hydrometric Methods and Surveys

A full discussion of advances in hydrological
techni ques is beyond the scope of thi s chapter, so a
brief, general summary of available literature and



TABLE 9

DERIVATION OF HYDROLOGICAL ENVIRONMENTS

Cl imate

Perenni ally
Well-Watered
Regions

Seasonally
Well-Watered
Regions

Perennially
Ill-Watered
Regions

Vegetation

Rainforest

Savanna

Mediterranean

Desert and
Semi-desert

Physiographic Influences

Internal Drainage System

Drainage to Sea

Perennial Drainage

Intermittent Drainage

Hydrological Environments

Swamps
Lakes
Rivers and Floodplains

Rivers and Floodplains
Wet Coastal Environments

Rivers and Floodplains
Inland Deltas

Dambos

Rivers and Floodplains

Empheral Streams and
Pans
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advances is made. Then, for each hydrological
environment discussed a representative surveyor
document to which the reader can refer is suggested.

The importance of understand i ng why water behaves
as it does in African river basins is emphasized, as
well as simply looking at the total water resources that
can be mobil ized. The difficulties in co1lect"jng data
on vegetation and geomorphology may force us to use
rainfall-runoff relationships, but there should be more
research promoted on the ra i nfall-sed iment-vegetat i on
runoff links. In practice, most recent documentation
sti 11 emphasi zes the earl ier approach. There are now
many more regionally specific rainfall-runoff equations

'to plan with than ten years ago, but there is little in
the way of new ideas for modeling.

Literature on hydrometric surveys in developing
countri es is now becomi ng more extensi vee The Worl d
Meteorological Organization (1972) is an excellent
overview of techniques and approaches used in Africa.
USAIO (1973) and Taylor (1971) summarize measurement
technologies that have been particularly useful, while
UNESCO (1973) deals specifically with techniques useful
to assess runoff characteristics in areas with
inadequate data. Two specia,l reports focusing on data
collection in arid areas are the International
Association of Scientific HYdrology (1979) and Jones
(1981).

The basic problems emphasized in the collection of
weather data are:

- Physical difficulties in measuring
riverf10w and sediment data on rivers
with great variation in flow, and where
high flows spread over floodplains can.
only be very crudely measured by
recording levels;

- The limited number of measurement points
on which to base work;

- Limited time series of data; and
- Non-existence of extensiNe quality data.

Barrett and Martin (1981) give a good discussion of
the potential of satellite data in water resource
assessment, which could make a contribution to flow
monitoring, if countries can bear the cost of what is
still an expensive and constantly developing technology
(National Academy of Science, 1977).
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Key techniques for the regionalization of known
information on flow regimes still rely heavily on
dev~loping envelop curves around rainfall-runoff
relationships (or with river levels). Key techniques
for extending time series still rely on extrapol ating
probability series, or the generation of synthetic data,
although Nicholson (1981) emphasizes strongly the
potential of qualitative, local, historical information
to extend under-standing. Studies on sediment load
still rely on making limited surveys and 1inking these
with other known features of the flow duration curve.

There are constant complaints about the
restrictions that limited flow data--either on low flows
or floods--puts on adequate design. We do not agree
with this view. We feel that statistical techniques are
adequate enough now to construct val uable working
information. The problem is much more what designers
fail to do with the data collected.
-- Even where des i gners can cal cul ate extremes, they
rarely use them in design, because they make a scheme
too expensive. In virtually every scheme we have
analyzed, statistical risk levels have been fixed by
scheme economics, e.g., construction cost or
maximization of irrigated area, and have nothing to do
with the risks experienced by the farmer. Vincent
(1980) discusses an irrigation scheme designed against a
failure of adequate water of one year in five, and later
the project in the Tana River (Appel, 1982) is
discussed, where major embankments are being constructed
against a flood return period of only 50 years.

Problems with Irrigation Surveys and Implementation

Several workers have investigated reasons for the
gap between potent i al and reali zed benefi ts on
irrigation schemes--for example, Carruthers (1978);
J ur r i ens eta1 • ( 1984 ); H0 rs t (1 983); and Tiffen
(1984). One key technical area has been emphasized on
improved cal cul at ions of water requi rements and losses
in the distribution of water, to ensure that water gets
to the farmer (Jurriens et al. 1984) and that more
flexible access is available to farmers (Horst 1983,
Tiffen 1985). Vincent (1980) shows the problems that
resulted from extraordinarily high efficiencies expected
of farmers--factors requi red to maximi ze the area
irrigable rather than distribute scarce water. Problems
of access to water were compounded by the expectation
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that farmers would undertake night irrigation, and the
large number of farmers sharing a water channel.

However, some of the worst techni ca1 problems are
now seen as sterrmi ng from poor soil survey assessment.
We have many examples of soils being wrongly classified
and proving to be sa1"ine (Adams, 1981) or unsuited to
the use specified (Savonnet, 1983). However, much worse
is the problem of the schemes implemented where the
majority of soils are known to be in marginal categories
and have difficulties in management. Failure to execute
leveling requirements (Adams, 1981) or adequate drainage
installations (Azim Abu1-Ata, 1977) in order to cut
development costs are more C0111110n causes of salinization
than poor water use by farmers.

The typical range of measurements for an
irrigabi1ity classification are given in FAO (1979) and
Mitchell (1976). However, Dent and Aitken (1983) is
sharply critical of the way that most soil survey data
presents i nformat ion ina useless way. He thi nks that
soil surveys may have become a ritual recording of
limited information that is all too rarely transformed
into management guidelines. Very often limited
resources mean a survey based on survey features with
limited field sampling.

Dent also points out several important features
which are difficult for soil surveys to locate-
including impeding interfaces at depth, and the presence
of certain chemicals. Very little is understood about
the behavior and potential of waterlogged soils before
they are drained.

This poor initial survey before farmers are settled
in areas can be compounded by 1imi ted research on crop
yields on various soils, or on field trials to establish
optimum water application techniques and likely
efficiencies. FAO (1973) provides an example of the
discovery of limited soil knowledge in an area being
proposed for irrigation. Only the most fertile soils
had been studied extensively. Vincent (1980) provides
an an example 'where field trials for irrigation
techniques have been made, but they are adapted to
levels of mechanization and labor availability that the
farmer cannot achieve.

A scheme with a high incidence of poorly drained
and saline soils is likely to present particular
problems. Carruthers (1983) emphasizes the way drainage
investigations are often inadequate, or not carried out
because of the cost. Egypt provides excellent examples.
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Azim Abul-Ata (1977) descri bes the way a deli berate
decision was taken not to install drainage works before
irrigation started (actually, before releases from the
Aswan Dam began would be a more correct view) because of
the cost. Soil deterioration in previously fertile and
stable traditional basin irrigation areas was immediate.
Drainage is now a priority, but the disruption has been
considerable.

We rei terate the poi nt that we do not thi nk the
methodology for data collection is use1ess--it is the
way in whi ch it is used. The frequent prob 1em of
reconnaissance, pilot surveys and actual development
bei ng done by di fferent groups often exacerbates thi s
problem.

The real problem is the way irrigation surveys
always try to maximize potential, in the hope of further
work. How many i rri gat i on surveys have sai d fi rm1 y
there is no potential, as opposed to judging realities
with economic possibilities or detached studies of
inputs and outputs? Carruthers (1978) makes some good
comments on the unreal perceptions of economics. The
problems mentioned come from the insistence of trying to
introduce the maximum area immediately, instead of
developing a project in stages, only developing further
areas when initial areas are shown to work. iiome key
hydraulic structures may have to be installed with
reference to the maximum des i rab1e area, but the vast
majority of construction and excavation work could be
spread over a much longer time periods. Engineers and
governments need to be aware of the alternatives to the
"all systems go" approach.

To end this section, there is one other key
technical problem--the disruption to farmers of major
land use changes introduced through irrigation. Often
land leveling, drainage and canal excavation work
interrupt croppi ng for three to four years, yet
governments rarely take responsibility for this problem.
Engi neers comment on the del ays caused by farmers who
refuse to stop cultivating land; this is hardly
surprising if compensation is not paid immediately.
Dinham and Hines (1983) note the way work on the Kano
project in Nigeria forced many farmers to mortgage their
lands to banks or urban interests, so they de facto
became tenant farmers. On other schemes thi s probl em
has caused vi 01 ence to erupt, with government forces
killing protesting farmers, (the Baka10ri -Scheme,
Nigeria, for example).
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The emphas is now shoul d swi tch to improvi ng the
i nterpretat i on of su rvey data for its management
implications, including many of the flexible design
options discussed by Horst (1983), Tiffen (1983) and
Jurriens et al. (1984). There should be more sensitive
phasing of project introduction and much greater
protect i on of the ri ghts of small fa rmers i nvo1ved in
the areas affected by schemes.

Rivers and Floodplains

Ment ion ha s been made of the camp1exi ty of the 15
main river basins of Africa, and this chapter has
stressed the need for a conceptualization based on
r i ve r s as ge om 0 r phi c age nt sand a gric u1t u r a1 f 0 c i ,
rather than just water. The vast quanti ties of water
and sediment carried by most African rivers have
necessitated the natural development of vast
floodplains. Yirtually all major floodplain zones are
also important areas of groundwater recharge.

The easiest way to discuss the diversity of African
rivers is to consider the way they present development
potential (or problems) in relation to groups of people.
Three catchment types will be discussed:

- River draining hydrologically complex
catchment with low population densities
overall, either because of disease,
remoteness or agricultural limitations,
but where pockets of high rural and urban
population densities exist, e.g., the
Zambezi, the Yolta, the Congo (complex,
remote) ;

- Large rivers draining hydrologically
complex catchments but with quite high
rural population densities along much of
the river, as well as major urban
centers, e.g., the Niger (complex,
populous); and

- Smaller rivers or tributaries following
more conventional geomorphic profiles and
recognizable drainage nets, with high
rural populations along the rivers, e.g.,
the Senegal, the Tana, the Sabi, the
Hadejia, the Cunene and tributaries like
the Sokoto and the Kana rivers
(apparently conventional, populous).
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All of these have been submitted to the resource
management concept of assessing water potential, then
budgeting this out to various needs. It is the failure
to see the existing agricultural water use as a "need,"
however, which has caused such extensive disruption by
projects in the last two categories of river basins.

Indigenous use of rivers in Africa is widespread in
all categori es of ri vers. Flood recess ion agri cul tu re
is widespread throughout Africa, where vegetables or
cereal s are grown on moi st soi 1 zones exposed by
receding floods. Small gardens are irrigated by lifting
water, and in regularly inundated zones rice has been
domesticated indigenously. In some sites irrigation
furrows were developed, although these were more widely
developed by white settler farmers. These uses are
documented in Azim Abul-Ata (1977), Beyer (1980),
Kjekshus (1977), Mbawala (1980), Scudder (1980), Upton
(1969) and Vincent (1981). Floodplains also support
important grazing land.

Several of these irrigation societies have
intensified spontaneously, as market opportunities for
vegetables has increased (Marchal, 1970), Deitchman and
Boulet (1979) and Vincent (1981), or new varieties of
rice introduced (Waterworth, 1964, 1967). However,
there has been very 1imi ted effort to expand the
activities of these crops by aid agencies, usually
because of the efforts required for collection and
marketing of surplus. Vincent (1981) discusses the
development of vegetable production which took place
while a State collection system was in operation in
Mumbwa district, Zambia. Waterworth (1967) investigated
the introduction of new floating rice varieties for
inundated floodplain zones--which locals did not
cultivate despite a wide range of local varieties
adapted to all other habitats. Interestingly,
Waterworth found it impossible to select a variety that
could cope with the variability of inundation depth and
local photoperi od i nfl uences. Hi s work is useful,
however, in discussing some analyses for floodplain
inundation prediction from gauging records.

To look at the effects of development in the three
categories of rivers, one needs to distinguish
~evelopments for power and water supply, which
invariably means dams, from developments to intensify
agriculture. These may mean dams, but one can also look
at prospects for small er scal eli ft schemes and
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i rri gation fu rrows, and at i ntens i fi cati on of existing
irrigation which may need little new technology.

In the first category--"comp1ex-remote" catch
ments--there have been few interventions, except for
power development. The approach here has been simple-
to see all upstream resources of a feasible dam site as
available for regulation. The impact of some of these
dams has been considerable, since they show no concern
at all for agriculture. Chambers (1970) notes the
extraordinary resettlement experience of the Volta Lake.
Scudder (1980) di scusses the di srupt i on of the Kari ba
Dam, noting that by regulating the flow of the Zambezi
it caused the destruction of a recessional agriculture
society with the densest population in Africa.
Conversely, planners have made no attempt to assist the
greatly improved grazing that now exists in the
immediate catchment of the Kariba Dam, which could be
some substitute for destroyed food resources.

In the second category--"comp1ex-popu10us" river
systems--dams or barrages for power have again been the
main reason for intervention, although the existence of
established agricultural societies downstream has meant
that more attention to agriculture is essential.

The Aswan High Dam of Egypt is the best example of
this, where it is the dam releases which have converted
a stable seasonal irrigation system into a pennanent
system currently unable to cope with the attendant
waterlogging and salinization (Azim Abu1-Ata, 1977).
Zi kri and El-Sawaby (1979) al so di scuss the way ri ver
regulation has reduced the fertility of soils previously
regularly inundated by silt. It is the existence of
pennanent1y inundated channels which has caused the
substantial increase in bilharzia (Pmin, 1977). Daget
(1977) discusses the general effects of pesticides on
prospects for fish production. Shaheen (1983) and
Temarak (1983) discuss the increased pest i nfestat ions
following intensification of agriculture. Most
disturbing of all, Worthington (1977) discusses the
general deterioration of the ecosystem along the Nile,
wi th permanent i rri gat ion bri ngi ng rats much more
strongly into the domestic habitat than previously.

The barrages for the Gezira and Office du Niger did
have irrigation more specifically as a project focus,
although their location in less populated areas of the
catchment has made them a vehi c1 e for extensi ve
sett1ement programs. The sett1ers on the enormous
schemes have suffered from identical problems as the
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i nd i genous fedayeen of the Ni 1e (de Wil de. 1967;
Barnett, 1975. 1979). Despite the 50 years of technical
progress between the constructi on of the Gezi ra/Offi ce
du Ni ger projects and the Aswan Dam, the impacts have
been almost exactly the same. Once agai n, it is not
really lack of knowledge which is the problem. it is the
failure of planners to consider paying for the features
which would give a farmer easy, flexible production.
Perhaps it is the belief, also, that whatever the
effects of a project, an appropriate technical solution
must ex i st • If the sol ut i on does not work, one can
always blame the farmers (Azim Abul-Ata, 1977).

However, it is in the thi rd category. the
"apparently conventional-populous" rivers, that the
greatest intervention of aid is observed. This is
partly because we are dealing with rivers of smaller
flow, which are much more easily controlled, but it is
also because these rivers characterized much of the
areas of West and Central Africa recently hit by
drought, and thus have been the focus of great aid
effort (St ryker and Got sh, 1982). Thus, it is in thes~

ri vers that the really negat i ve impact of the "water
resource mobilization approach" of western hydrology is
seen.

In the deba~e about the developments of these
rivers we are usually dealing with technical solutions.
There are some locations where small-scale technologies
alone are the focus ·of development (Gillet, 1973;
Ardayfio-Schandorf, 1982). These options include
irrigation furrows, small earth dams and pump lift
schemes, whi ch may be i nd i vi dua1 or communal. The
environmental impacts of such schemes are small, and the
hydrological data requi red for thei r desi gn quite
simple. Their problems have come either from technology
(Cruz, 1981; and Keller et al., 1982), organization of
settlers (Clayton, 1~78; Weir, 1978), or the labor
constraints of proposed crop production (Vincent, 1981).

More commonly, however, the sol ution has been to
promote dam schemes which may not only supply water for
new·irrigation developments (see the summary for Nigeria
by Ogutoyi nbo, 1970), but can also regul ate ri ver flow
and thereby make small pump-lift schemes installed along
the river valleys easier to operate, and support a
bigger settlement. It sounds simple, until the loss of
production from existing societies are considered.

The key point is the effect regulation of flow has
on the water regime on downstream floodplains which are
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in use for irrigated or recessional cropping. Evidence
on thi s comes not only from the 1arge number of dams
being built for urban water supply (Olofin, 1982), but
also from those built for irrigation (Adams, 1983).
010fin compares the effects of a number of small dams in
upper st reams on tri buta ri es of the Kano Ri ver (whi ch
are actually nearer the many urban settlements) and the
impact of the much bi gger Ti ga Dam. Water storage at
the smaller dams did not greatly affect the amount of
water reaching the main river, but caused considerable
disruption to agricultural activity. Releases from the
Tiga Dam have converted a wide seasonal alluvial channel
with a regular lateral shift to a more stable perennial
channel with a well-defined new floodplain (fadama),
which 010fin considers larger and more fertile than the
dispersed alluvial patches of the old floodplain, and
says that the new floodplain is actively grazed.

Olofin notes this as a fortuitous resu1t~ since
there was no investigation of optimum flow releases to
achieve a desired geomorphological result. However, it
is not actually known whether the new fadama is
supporting the same families, a larger number of animals
or is still providing any food crops. These doubts are
confi rmed by Adams (1983) on the effect of the Bako10ri
Dam on downstream floodplain villages of the Sokoto
River, Nigeria.

One further prob1 em is that dams are not an easy
solution on the sandy soils of floodplains, and many of
the existing dams show very high seepage levels. Even
siting of smaller projects faces this problem.
Bajsarowicz and Welton (1979) discuss an investigation
for the construction of a storage reservoir by blocking
an abandoned flood channel. The geotechni cal
exploration revealed underlying sands which would
require costly seepage control measures so that
development options focused strongly on groundwater use.
There is a considerable transition to the use of
groundwater sources where seepage ensures a regular
recharge.

These effects happen throughout Africa, but the
disruption is most starkly observed in the countries
where the uptake of ai d, or the avail abil ity of oil
capital, has meant the use of foreign consultants still
using the inappropriate concepts of water resource
mobilization described. While it is known the same
prob1ems are happeni ng on the Tana Ri ver in Kenya, and
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many Nigerian rivers, it is the Senegal River which has
generated the most literature.

Fears about the impact of the Senegal Project are
give in Adams (1981), Fauchon (1981), Bessis (1982), and
Scudder (1980). The fundamental question is the real
feasibil ity of grafting an entirely new set of crops
onto what will eventually be a new pattern of
settlements, with farmers very dependent on a government
parastata1 responsible for supply of inputs. The scheme
for the Senegal River is not purely concerned with
agricultural performance; it is also concerned about
easy extraction of bauxite and iron from the interior.
The scheme has two dams--the Mananta1i on an upper
tributary, which regulates the flow of water in the main
ri ver but also prov ides power for the mi ni ng area, and
the Diama upstream of the delta. It also envisages the
digging of a navigable channel between the two dams.
The project is not about the production of traditional
crops like r.lillet or local varieties of rice--it is
actually concerned with producing rice and wheat for the
towns. Scudder (1980) doubts whether the new area
i rri gated wi 11 produce an equal amount of food as the
habitat it has disrupted, even after the long
implementation period is completed.

Bessis (1982) and Adams (1981) both comment on the
difficulties small farmers have in producing enough to
eat on the plots of land allocated in settlement
schemes. Requ i rements to produce wheat, ri ce and
tomatoes for market have interfered wi th the role of
women in producing supplementary foodstuffs for a
balanced diet. River regulation will halve the supply
of fish, the main source of protein. Even if the
projects produce enough for the towns, the settlers may
suffer poorer nutrition and become further marginalized.
Scudder (1980) describes the traditional yields obtained
for maize, rice and fish in parts of the Senegal River
and doubts if the new proj ects wi 11 yi e1 d thi s
equivalent even if the projects stabilize after seven to
ten years. The food deficit during the gap is
unthinkable.

One further prob1 em beyond the types of croppi ng
dates bei ng introduced is that of the sett1 ements
themse1 ves. Both Adams and Bess; s doubt whether they
can be grafted onto the villages or smaller schemes that
have developed over the 1ast hal f century. In 1i ght of
settlement experience from Zambia [(Weir, 1978) and
Clayton (1978)], this is also doubted. The failure of
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the government to involve local people in planning, and
reduction of independence, in cropping has caused
considerable animosity. Clearly the new scheme will
produce food, but can it be afforded? Bessi s thi nks
that the oil requirements for pumping stations will put
up a staggering petroleum bill.

In conclusion, a note of caution is sounded in the
rapi d resou rce mobil i zat i on of Afri can ri vers. Much
greater investigation of aspects of food security is
needed--the current and potential production of existing
production should be clearly stated against the yields
of ·i rri gated production, and careful anal ys is made of
the sources of foodstuffs in the interim peri od where
construction and development of projects interrupts
supplies.

Dams for power and water supply are necessary, but
the need to protect the interests of downstream users
have to be more carefully understood. Where river
regulation is encouraging the development of floodplains
by groundwater pumps, greater concern over which farmers
are obta i ni ng the pumps and the 1and ri ghts is needed.
There is a far greater case for deve1opi ng exist i ng
rainfed agriculture in the settled floodplains than aid
projects have considered to date.

Ephemeral Streams and Pans

Intermi ttent runoff occurs over much of ari d and
semiarid Africa. The drainage that occurs from heavy
storms with rainfall close to or in excess of soil
infiltration capacity, so there is a rapid, flash runoff
response to ra i nfa11 • Thi s drainage is di fferent from
dambos, where the drai nage is from i nterf1 ow and soi 1
saturat ion. Good summari es of the characteri st i cs of
arid zone hydrology and data collection techniques are
given in Jones (1981) and by the International
Association of Scientific Hydrology (1979).

In some areas ephemeral streams follow old drainage
lines developed in wtter periods andhave clay beds which
make htem useful for agri cu1 ture despi te low rai nfall
examples of these are the dallo1s of north and West
Afri ca. These can be important for food crops, or to
produce pasture or forage crops for grazing. More
typically, however, there are wadis or dry stream
coursees. Some drain naturally to the sea, as with some
of the Namibian systems (Stengel, 1964). Others focus
into pans. Because of the evaporation that takes place
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over these pans, there is a buildup of saline deposits
which in turn contaminate the water that co11 ects in
them (Robertson, 1950). Many of these pans have
important links with groundwater recharge (UNESCO,
1980). The main technical developments for ephemeral
streams are the building of small dams or excavation of
cisterns to catch runoff. Examples of traditional
"hafi rs" to store water come from the Sudan and several
North African countries. The construction of temporary
dams with trees and earth is also known in several parts
of tropical Africa (UNDP, 1968). However, these runoff
catchments are now bei ng developed much more
systematically (Intermediate Technology Group, 1969),
ei ther to provi de water for cattle (Fortmann and Roe,
1980) or for crop and pasture irrigation (Wenner, 1970;
Upton, 1969; Pascon, 1983).

Prospects for crop production or intensive
livestock production depend on the reliability of annual
runoff and transport links. Where these are reasonable,
as 'in parts of North Africa, specialization and early
production can help settlers to corner part of t~e

market (Pascon, 1983) • However, el sewhere they can
prove uneconomic for crop production against the cost of
production (Upton, 1969).

Where a natu ra1 pan is the focus of development,
water quality may restrict activities into grazing.
Ephemeral streams carry a high sediment load which can
make dams difficult to develop. One solution is to
develop a "runoff" plot on a laterite surface, or even a
surface covered with concrete. These tanks and cisterns
have been the basis for some very small (micro
irrigation) but successful developments in Tunisia and
Botswana (Intermediate Technology Group, 1969). Where
set t 1ementand mar ketingpossib i 1i tiesex i st, the
development of ephemeral streams may be worth
considering.

Lakes, Lakeside Marshes and Inland Deltas

Natural lakes are an important feature in the
hydrology of East and Central Afri ca, bei ng found from
Ethiopia to Mozambique in association with the Rift
Valley. However, one needs also to mention the internal
drainage of Lake Chad, the lakes associated with the old
"inland delta" of the Niger, and Lake Aloatra in
Madagascar. Afri ca has 15 1akes wi th an area of over
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10,000 km 2, many of which form the boundary of more than
one country.

In addition, there are now a number of manmade
lakes resulting from dams for hydroelectric power, e.g.,
Lake Volta, Lake Kariba, Lake Kossou, Lake Kainji and
Lake Nasser. Problems with the impact of these projects
have al ready been discussed in the section on
hydrometric methods and surveys. Many of these natura,l
lakes already have traditional rice growing societies or
societies using the wetlands under recessional
cultivation. Most of these societies produce rice,
except for the drier zones where rainfed farming already
produces a food staple. Thus, at Lake Zwai, Ethiopia,
small irrigated plots produced vegetables and used
recessional cultivation for maize, which is also the
main rainfed crop (Makin, 1976). Lakeside marshes have
been distinguished from swamps precisely because they
are so often used for cultivation under traditional
pract ices,' and they have attracted attent i on from _,
developers because further small-sca,le reclamation is
seen to be economically feasible. Most irrigation
investigations have concentrated on lakes where there is
already irrigation, and have concentrated either on
intensifying production or reclaiming further land by
controlling lake levels and constructing embankments.

The traditional rice producing lake societies are
quite well documented. They have usually developed
dynamically under population pressure, and their fine
appreciation of water control and appropriate crop
varieties has attracted attention. Bouquet (1983)
describes the rice cultivation around Lake Chad, Gallais
and Sidikou (1978) the Inland Delta of the Niger, and
Ramamonjisoa (1983) the rice cultivation in reclaimed
marshes around Lake A10atra, Madagascar. In the
vegetable production around Lake Zwai ~ more limited
cultivation seemed to reflect fewer local markets and
the incidence of marginal soils if reclamation was
extended further--precisely the two problems which
weakened the final prospects for the scheme.

The report by Gallais and Sidikou (1978) outlines
the adaptation of traditional rice production to two
sets of risk--the arrival of the rains on the one hand,
with sufficient but not excess water. Many land facets
are distinguished according to soil fertility, which is
very low away from flooded lands. They comment on the
extraordinary variety of rice strains used locally for
different planting dates and sites, and that resist



80

different types of pests. What is particularly
interesting is that village fields are constantly
changed by a collective rotation t which is adjusted to
what villagers believe is a four to seven year cycle in
maximum and minimum flood levels. This cyclic variation
and persistence over several years of high or low flows
is noted independently by Waterworth (1964). Villagers
cul ti vate a vari ety of other flood crops as a security
against flood failure t and the system is accustomed to
shifting over wide areas.

Intensification has been pursued both through
attempts to introduce new high yielding varieties and to
introduce floating rice varieties. However, it appears
to be difficult to select ~ floating rice variety which
can incorporate a variable inundation date with
photoperiodic influences (Waterworth, 1967). The
problem with the high yielding varieties is that
villagers find the specific weedings and watering of
these crops di ffi cul t to crop, gi ven the demands on
their time from other food crops. Equally important,
however, has been the poor performance of the local rice
mill in collecting surplus yields of rice. This ·is
partly due to difficulties in processing such a wide
variety of seed types, but poor management has also been
influential.

Further development in these lands is by lake-level
control and embankments which require careful siting
(Tricart, 1960). These schemes have formed the basis
for further developments on Lake Faguibine (Niger Inland
Delta) t Lake Victoria (Gibb, 1956) and the Lake Zwai
proj ect. Apart from the costs, the proj ects may well
face di ffi cul t soil cond i ti ons once the waterlogged
sediments are drained. This will be discussed further
in the section on deltas. The most detrimental feature t

however, is the increase in schi stosomi as is once 1ake
levels have been stabilized (Gol1, 1982).

The new polders developed for lakes t like those
developed for deltas, may seem attractive because of the
potential surplus of one single rice variety produced t

which can be easily milled. In practice t however t it
has proved difficult for new settlers or estate workers
to organize themselves under the external management
involved to maintain the works. Perhaps the combined
effects of easy marketing and milling t full control and
minimum costs are the real reason why state farms are
being considered. However, there may be very real soil
and disease risk problems in their development.
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More effort could go into intensifying the
traditional systems. Sustained research' into better
genotypes, combined with harder attempts to collect the
surplus rice, are needed. There could also be
experimentation with the extension of village size
polders, with settlers organized in traditional
patterns, without the emphasis on large polders which
will produce only one rice variety.

Techniques and survey methods for lake
investigation can be found in Makin (1976) and Kramer
and Stegemann (1966). Several attempts have been made
to monitor the water balance of lakes and their
fluctuations in water level (Morth, 1976; De Bau1r'lY,
1970). These often involve models correlating rainfall
over the entire basin or parts of it, direct rainfall on
the lake, evapotranspiration and lake levels.

Wet Coastal Environments and Deltas

Traditional irrigation societies and development
prospects need careful distinction between these two
environments, although the technical solutions may
appear to be the same, i.e., the need for land
reclamation and flood control. The driving force for
investigation of deltas, lagoons and tidal creeks is
their potential to produce rice on a large scale.
A1 though in some stretches of the West Afri can coast,
irrigation is used for the intensification of oil palm.

Some of the best examples of traditional irrigation
societies exist in wet coastal environments along the
coasts of 'Senegambi a, Gui nea-Bi ssau and Gui nea-Conakry
(Pelissier and l)iarra, 1978; and Oosterbahn, 19B2), a
zone characterized by lowlands sinking under coastal
muds interwoven by a dense network of streams, deeply
penetrated by estuari es and surrounded by forests. By
bunding tidal creeks against the sea, dry land is
created that can be cleared and used for cultivation,
and in this stretch ofcoast1 i ne rice is the staple
crop. Considerable attention has focused on
intensifying production in this area. It is essential
to real i ze that the mai n source of water for the
t r ad i t ion a1 a gric u1t urei s de r i ved from r a i nfa 11 •
Equally important is the nature of cultivation within
the embanked areas, with rice seedlings planted out on
ridges. Oosterbahn (19~2) explains how this ridging
offers a crucial control over salinity and also over the



82

deter; orat; on of the aci d su1 phate so; 1s whi ch typi fy
this coastal area.

Similar environments in Ghana, within the Volta
del ta area, but not part of the active del ta, support
the i ntens i ve vegetable production of the Ewe (Grove "et
a1., 1983). Interestingly, in the slightly drier
environment of this zone the staple food is yams; hence,
the selection of this lucrative cash crop.

Other areas along the coast between Li beri a, and
Beni n, a1 so dependent on root crops as stap1 e
foodstuffs, show little evidence of traditional
i rri gat ion development, but there has been government
interest in increasing production of oil palm under
irrigated plantations from lagoon reclamation (Oissou,
1983). Other examples available include traditional
rice growing on similar areas within (but not in the
active part of) the Tana River delta in Kenya (Appel and
Vi erhout, 1982), and a1so the coast of Madaga scar
(Ramamonjisoa, 1983).

Intensification of these environments can take
p1 ace ina number of ways (Horst, 1983). Attempts can
be made to i ntens i fy ex i st i ng production, or can be
extended on a small-scale by small new local embankments
(Oosterbahn, 1982), or new large-scale polders can be
attempted in delta areas previously uncultivated.
Large-scale polders can be cultivated either through
resettlement or run as state farms. Examples of
extensive delta development schemes in existence or
planned are the Senegal River (Adams, 1981), the Nile
(Oiab, 1982), and the Tana (Appel and Vierhout, 1982).

Pelissier and Diarra (1978) give a good summary of
the problems faced in simple intensification of
production of rice. It is actually difficult to improve
on the 1arge vari et i es of ri ce adj usted to the wi de
range of habitats, although any suitable new strains
introduced have been adopted immediately. The polders
have sluices to control water level and are carefully
monitored. However, extraction of any surplus is
subject to the same marketing constraints that have been
discussed for the Niger system (Gallais and Sidikou,
1978). Ironically, this system has begun to break down
under the combined effects of outmigration (particularly
for cheap labor in France in the 1960s) and the inroads
of other cash crops like oil palm.

Oosterbahn (1982) makes a stUdy of the difficulties
of the next option--new small-scale polders. One
prob1 em is the di ffi cu1 ty of organi zi ng 1and use for
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areas given to new settlers, or combining villages where
labor constraints are already extensive. Many of the
older embanked areas are cultivated as a unit by one
village. In his study for the introduction of an oil
palm plantation in a newly reclaimed lagoon Dissou
(1983) reaches the same conclusion. While there were
still some serious technical problems which a1 ienated
sett1ers from the management, the settlers were also
virtually the equivalent of estate laborers and felt
they were not paid enough for the work undertaken and
yields produced.

Th e c r ucia1 diff i c u1t yin extend i ng em ban ked
polders in these areas is, however, the soil complexity,
especially the presence of acid sulphate soil s. These
are waterlogged sediments contai ni ng i ron and a1 umi num
su1phates in reduced forms which oxidize rapidly to
yield iron and aluminum ions and sulphuric acid and, not
surprisingly, extremely acid soils. Oosterbahn notes
that there are currently no easy field identification
techniques for acid sulphate soils. He speculates that
the reasonable pH of the old polders is probably due to
careful improvement over time by drai nage control, or
that local cu1 tivators have thei r own methods for
recognizing potential acid zones. Any rapid development
of new embankments on aci d su1 phate soi 1s wi 11 have
di sastrous consequences, not only because of the
difficulties soil acidity will present to cultivation
for several years, but a1 so the aci d that wi 11 be
released into other waters by drainage.

Like Oosterbahn (1982) and Horst (1982), it is
ag reed that the best sol ut ion is to attempt
intensification of production in existing small polders
by further research that might suggest small water
engineering improvements, but above all by
i nfrastructura1 improvements to improve market i ng and
social facilities that might stem outmigration.
However, pressure for import substitution of staple
foodstuffs for the urban population has led to the
launching of extensive reclamation of the Senegal, Tana
and Nil e del tas.

This large-scale po1derization has some crucial
implications that the small schemes show up. The first
is the uncertainty of soil fertility after it is
drained, so that accurate soil survey is difficult.
Small t r ad i t ion a1 pol de r s ut il i zera i nfall, whi ch
leaches out salts. However, the large polder schemes
will be producing two crops a year by using river water
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to flood the fields, so salnity risks increase,
especially if land leveling is poor. The ridging
techniques used for rice production in traditional
systems offers an additional protection against salinity
and poor water control that cannot be constructed by
mechanized techniques. These points should be borne in
mind when actual experiences in the Senegal delta are
reviewed (Adams, 1981). Above all, however, there is
the extraordinary cost of this reclamation work.

A compari son of proposed work for the Tana del ta
(Appel and Vierhout, 1982) with actual experiences in
the Senega1 del ta (Adams, 1977) enables us to compare
technical expectations and planning with the
socioeconomic impl ications. The Tana scheme envisages
complete flood protection and adequate internal drainage
for 10,000 hectares, whi ch wi 11 be i rri gated by ri ver
water conveyed from a di versi on wei r. The pol der area
is actually scheduled as a state farm, envisaging the
employment of estate workers and outgrowers. The
capi ta,l cost in 1982 for flood protection and dra i nage
works alone were estimated at over $5,000 per hectare.,
and almost $7,000 when storage, milling and compound
fac"il ities are added. Apart from repayments of this
capital, annual running costs of $970 per hectare.

At top yields, which are probably unlikely on a
highly mechanized state farm, production per hectare
will only be equivalent in value to about $1,500 a year.
Any increase in capita,l and running costs, or low
yields, is starting to make the project look perilously
uneconomi c. Whi 1e thi s proj ect shoul d produce 50
percent of Kenya IS ri ce requi rement, it seems that thi s
project will have to be subsidized, presumably, a cut in
government expenditure in welfare spending to subsidize
further the urban food supply.

This plan should be seen in the light of Senegalese
experience. Adams (1981) concentrates on the
difficulties faced by local population and settlers not
only in relating to management, but coping with the
indebtedness superimposed on them. Large-scale rice
cultivation has been considered for the delta for 125
years. Adams notes the unmitigated financial disaster
of the first attempt to develop 10,000 hectares "in the
1950s, although this area did produce about 10 percent
of Senengal's rice requirement. In the 1960s an
ambitious attempt to develop 30,000 hectares was
1aunched, al though it was di scovered subsequently that
19,000 hectares were too sal i ne to be used, and poor
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leveling on remalnlng areas gave poor water control and
very low yields. In 1968 crop failure due to lack of
river water led the authorities to insta.ll pumps, while
at the same time halting all further settlement and
project development.

The Senegal delta project in theory has small
settler farmers rather than estate workers, but the
scal e of intervent i on by management has made them very
little different in practice, with requirements of
mechani zati on and ins i stence on fert i 1i zer use 1eadi ng
to substanti al indebtedness. Indeed, it now appears
that, as in Kenya, state farms are being considered, as
they offer the widest margin in covering costs and
repaying loans, since labor need only be paid by the
working day.

Adams (1981) links the delta developments with
river regulation projects upstream to show that the plan
is for a vast area increasingly under double cropping to
produce rice and wheat, phasing out traditional staples
of millet and sorghum. While on the one hand the
potential food output might be commendable, river
regulation will halve the yearly catch of fish, the main
source of protein, and will also increase the incidence
of malaria, river blindness, and bilhazia. Adams· data
for the costs of projects and the scale of local
indebtedness to the delta authority gives disturbing
implications for persistent indebtedness at both the
national and local level.

Returning now to the technical design of the Tana
scheme in the light of this study. The first problem is
the existence of a considerable area of imperfectly
drained and saline soils. The second question is the
re1i abi 1i ty of est imates of expected ri ver flows, and
the stability and geomorphic effects of works to control
these flows. Appel tells us that the protection works,
already extremely expensive, are designed against floods
with a return flood period of 50 years. Even fairly
ordi nary urban floodworks are desi gned agai nst a flood
return period of 100 years. Simple probability analysis
tells us that there is a 13 percent chance of a flood of
thi s or greater magnitude occurri ng withi n the seven
year implementation period of the project. There is a
22 percent chance of such an event occurring in the next
20 years. These calculations were not based on local
gauge levels. Levels from a station upstream were
adapted using the Muskingham flood routing procedure,
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something that may not be that reliable in a delta
stream.

This methodology is not criticized. since it is the
best available with limited data. The flood risk level
is criticized, taken in the light of the uncertainty of
the data. It appears as a classic example of the
economics for cost benefit analysis controlling the
scheme des i gned. A 50-year flood protection scheme is
a11 that can be afforded--i tis not what the scheme
requires. The article tells us nothing about the
frequency of low flows, or the effects on flows of any
further regulation of the Tana River, but the SA ED
experience tells us that this is an essential component
to study. So too would be a search for the tendency to
spells of high and low discharges in the river regime.

Finally, essential in any study is a genuine
attempt to model the geomorphological effect of any
diversion work to lead river flows onto a plot of land.
and of spi 11 ways to carry excess flood water. Ri ver
training works are notorious for their unpredictable
effects on siltation and scour, and diversion works ar~

notorious for the extensive seepage and local i zed
waterlogging created. As important for salinity control
are the real difficulties in controlling water
distribution across large fields. The cooperation of
small farmers will probably achieve better yields.

The Nile Delta is not mentioned extensively here
because it is an essentially unique environment relevant
to North African experience. However. experiences there
have many parallels with the Senegal experience. The
Nil e Delta is a 1arge-sca1e rec1amation proj ect. made
feasible by water releases from the Aswan Dam. with
adverse soi 1 cond it ion s compounded by poo r qua 1i ty
water. Diab (1982) gives a summary of the technical
problems and the high costs. Articles by Dayem, et a1.
(1978) give practical insight into the very real
difficulties of controlling salinity in these areas. as
well as discussing hydraulic models developed to design
the optimum drainage network.

Swamps

Definitions of swamps are often quite specific to
countries (UNESCO, 1975). Balek (1977) notes that no
classification of African swamps has been made. He
makes a review of existing definitions in order to
descr"i be the uni queness of the Afri can swamp



87

environment, as distinct from that of seasonably
inundated floodplains and dambos. In this review dambos
are distinguished from swamps because they appear to
have different hydrological origins which must be
understood in their development.

Swamps are distinguished from seasonally inundated
fl oodpl ai ns primarily on the degree of marshi ness and
unique vegetation regimes-features which give them a
very different role in traditional irrigation systems.
The distinction also shows up differences in technical
development difficulties, as swamps will require a high
degree of impoldering and drainage which, as Horst
(1982) points out, can be extremely expensive and carry
many adverse social consequences. Waterlogged areas may
seem as amenabl e to the same technical sol utions, but
certain environmental differences, together with the
differences in societies that use these wetlands, give
us very different development problems.

The frequent general use of the word "floodplains"
in techni calli terature overlooks thi s poi nt. A good
examp1e of thi sis the Kafue fl ats whi ch, although de
Groot and Marchand (1982) refer to them as a floodplain,
we consider them a swamp. The scale of development
costs and completely different intensity of current
usage makes them very di fferent from, for exampl e, the
floodplains of the Hadejia River in Nigeria (Brouwer,
1982).

Within the various types of marshy areas one finds
swamps linked to both rivers and lakes (Gibb and
Partners, 19S6). We have chosen to discuss lakeside
swamps and marshes together with lake water bodies
themselves, as these are integrated areas both in their
traditional uses and development prospects.

Thus, in this section the perennial swamps fed by
ri ver water are di scussed. They are frequently 1inked
to topographi c depress ions, from whi ch outflow mayor
may not occur regul arl y, and act as natural reservoi rs
and erosion regulators. It is the pattern of inflow and
outflow which makes swamps unique, as outflow is usually
only a tiny fraction of inflow, with enormous
evapotranspi rat ion losses. Wi thi n thi s general pattern
of behavior, each swamp is also unique.

Individual swamps vary in their ratio of inflow to
outflow, their groundwater recharge and their over-year
storage. For example, there is little over-year storage
in the Okovango because of the huge evaporation over a
water sheet less than 2 meters deep. However, water may
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take several years to move through the deeper and
slower-moving Kafue and Sudd. There are few pUblished
studies of models of African swamps. Ba1ek (1977)
reports some studies on water flow through swamps that
use the Muskingham flood routing technique. He a1 so
reports the difficulties in measuring evaporation
because of the unique interplay of moist soil,
vegetation and water surfaces which changes anyway
across the year. Most evapotranspi rat ion losses are
estimated indirectly after comparing inflow and outflow.
Sutcliffe (1976) thinks that hydrological models of
swamps can only be qualitative.

Africa h~s 17 major swamps covering areas greater
than 2,500 km. The best known of these are the Sudd of
the Sudan, the Middle Congo (Zaire), the Okovango
(Botswana) and the Kafue and Lukanga flats of Zambia.

Swamps often have unique ecologies, and aquatic
vegetation plays .an important role in the water budget
through transpiration. Vegetation was originally
consi dered to i nf1 uence the flow of water through a
swamp (Debenham, 1948), but this is no longer considered
true (Bot swana Soc i ety, 1976). It is vegetat ion,
however, together with di sease hazards, which are key
determinants of traditional use of swamps.

An excellent summary of the previously balanced use
of the Kafue f1 ats is gi ven by de Groot and Marchand
(1982). They go on to suggest that improved livestock,
fishing and tourism may be much better development
options than embankments and drail1age. Impo1dering is
not only dubious economically, it will leave soils which
will be difficult to work. It will require a plantation
cultivation system because of technical management needs
and the low population density of Zambia. This will
destroy the activities of the existing population and
create·a dependent labor force. Reclamation will also
a1 ter the outflow in the Kafue Ri ver downstream of the
faults and eventually the Zambezi, although the
agricultural impact of this is not discussed. Wh"ile
there has been a great deal of di scussi on about the
"potential" of the Kafue Basin, in fact the whole
reclamation plan has developed because of hydroelectric
potential, not because of the real interests of food
production.

The same motives and the same problems behind
discussion of the potential of the Okovango can be seen.
The Okovango is even more comp1 ex, as sei smi c movements
are now known to affect the balance of the i nf1 ow and
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outflow, as much as rainfall variability. Depending on
the rainfall and the area flooded, water from the
Okovango can send water to the Zambezi via the Chobe, or
itself receive water from the Chobe (Botswana Society,
1976; Debenham, 1948).

Pilot investigations in the Okovango also show soil
development problems. The speed of water movement in
the Okovango, whi ch is also cha racteri zed by shallow
depth of water, is such that the bedload is
considerable, but suspended load is rare (Botswana
Society, 1976). Thus, drainage would expose large areas
of sandy soils of low fertility and high risks of wind
eros; on. Experiments wi th sprink1 er i rri gat i on--hard1y
a small farmer technology, but necessary because of the
sandy soi 1, were defeated by the low soil fertility.
One site where all uvial ·soi1 s did exist, however, was
too isolated to make large-scale developments feasible
unless communications were improved.

Drai nage of the II Sudd ll swamp in Sudan is 1i kewi se
associated with power development. Incoming water from
one of the inflowing rivers, the White Nile, is diverted
into the Jongl ei Canal before enteri ng the swamp and
bei ng conveyed to the Aswan Hi gh Dam. The Sudd waters
are requi red to balance the enormous evapotransp; rat ion
losses over the dam, and thus maintain the flow of water
for power generation. Despite the enormous areas of the
swamp, the water will meet onl y 50 percent of the
evaporation losses from the dam (Fauchon, 1981). The
Jonglei scheme has received a variable press. Scudder
(1980) discusses the impact on the Dinka and Nuer
pastoralists who graze animals around the fringes of the
swamp supplies by the White Nile. Fauchon (1981),
however, thinks that grazing improvement could occur in
areas crossed by the 'Jongl ei Canal, and efforts shoul d
be put into promoting this.

Overa11, the prospects for maj or development of
swamps are not encouraging. We agree with Horst (1982)
that the major need is research on improving existing
agricultural economic activities in these areas. Much
greate r geomorpho log i ca1 unde rs tand i ng is requ ired
before impoldering should even be considered as a
technical solution. Planners. should stop seeing the
flooding and evapotranspiration of swamps as a IIloss ,1I
and see instead the extraordinary wealth of wildlife,
grazing potential, and fish that is often a feature of
these areas.
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Dambos

Dambos are intermittent swamps. By combining
several definitions given in Balek (1977), Russell
(1971), Debenham (1952) and Telford (1950), dambos can
be described as streamless, periodically inundated
grassy depressions, usually treeless, and at the head of
a dra i nage system, ina regi on of dry forest or bush
vegetation. While some dambos may not carry water, the
water table is usually within a meter of the surface
throughout the year. .

Dambos are important zones for grazi ng, vegetable
gardens and even rice production in local agricultural
systems in Malawi, Zambi a, Zi mbabwe and Botswana, and
have received attention for their potential development
for small-scale irrigated production of vegetables and
rice (Vincent and Elling, 1981; Telford, 1950). Small
scale lifting of water from hand-dug wells has been used
to intensify vegetable production already taking place
in moist soil zones and drainage canals, pumps and small
earth dams have been installed in wetter dambos to
develop them for rice production.
. Dambos usually offer significant grazing land and
may be the subject of complex rules of access and rights
of use (Russell, 1971) •. They can deteriorate rapidly
from overgrazing and from unrestrained cultivation.
Prior to any planned intensification, a careful analysis
of their often complex soils is required (Telford,
1950). Typical features of the soil are that they are
poorly drained, slowly permeable, deep, and strongly
acidic (Balek, 1977).

Dambos differ from swamps because of the nature of
thei r recharge. As dambos are a feature of the upper
catchment drai nage, the rocks are 1ess weathered and
more easily saturated by subsurface drainage, although
in the inner parts of the dambos weathered deposits may
be deeper. Inside the dambos the depth of weathered
rock, and hence the storage potential is variable,
depending on geomorphological evolution under subsurface
drainage, or during wetter times, and usually dambos
show an asymmetric pattern of drainage.

Thus, un 1ike swam ps, whie h are r ec ha r ged by
streams, dambos are recharged by rainfall. Vincent and
Elling (1981) point out how a market transition in the
wetness of dambos and thei ruses occu rs wi th the
increasing annual rainfall as one moves east-west across
Zambia.
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Monitoring dambos and their development potential
is difficult because of the complex relationship between
rainfall, vegetation, and runoff. Infrared aerial
photos have assisted in demarcation of the dambn areas.
Ba1ek (1977) reports hydrograph studi es moni tori ng the
balance of surface and subsurface outflows and notes how
vegetation studies can assist in the delineation of
moi stu re zones and thei r changes across the year. He
al so reports on attempts to recreate si ze and shape of
dambos wi th the pattern of runoff, and reports on
studies of the interesting pattern of evapotranspiration
over dambos areas.

Groundwater Resources

Groundwater development has supported many
traditional irrigation systems across North Africa,
where its development is still an important focus for
developing the arid areas. Over most of tropical Africa
there is little development of social systems oriented
around groundwater, although hand-dug wells on
floodplains and dambos have allowed small-scale
development for vegetable production. There are areas,
however, where groundwater resources offer prospects for
both large- and small-scale projects.

An excell ent summary of the groundwater resources
of Africa can be found in United Nations (1973, 1977).
These works give the geological background to
groundwater resources, the yiel ds that can be
anticipated from borewells and data collection
techniques. Gischler (1979) and Schliephake (1972) give
a good overview of groundwater prospects in North
Afri ca, and the Comi t~ Interafri ca in d I Etudes
Hydrauliques (1976) has produced some good working maps
of resources for sub-Saharan Afri ca. Because of the
limited development of groundwater for irrigation, most
information is found in reports for rural water supply
development. Stow, et al., (1976) provides a good
bibliography up to the mid-1970s, which can be extended
by a literature search in journals such as Groundwater
and Journal of Hydrology. Bibliographies by ORSTOM
(1966, 1969) glve detalls of French work, and the work
by Hopkinson and Beavington (1979) gives groundwater
information on British Commonwealth territories. FAO
and UNDP have also 'undertaken geohydrological surveys
for development prospects in many areas of Africa (for
example, UNDP, 1968).
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In the section on the "river basin concept," a
brief overview of the geological evolution of the
Afri can continent is presented. The core of Afri ca is
still the ancient, pre-Cambrian "Basement" complex of
metamorphic schists, gneisses, and quartzites. Where
these rocks are exposed, groundwater resources depend on
the depth of weathered materi al and the cl imat i c
recharge to them. Faulting by tectonic movements, or
buried drainage channels of old rivers, can create
favorable resources for development, but yields are
usually very low, and will rarely support an irrigated
area of more than two hectares. They are not feasible
deve 1opment sites for borewe 11 s, but they can be
important for supporting small irrigated areas based on
hand -dug well s. These can be seen in 1arge parts of
West and Central Africa (Vincent, 1978; Vincent and
Ell ing, 1981).

Over the remaining areas of Africa there are quite
complex geological cross-sections of sedimentary rocks,
created by a series of marine transgressions over much
of Nor t h Af rica and the coas tal z0 ne s, and / 0 r by
riverine deposition over millions of years. In some
locations orogenic movements have resulted in volcanic
deposits.

The rocks of the complex sedimentary basin that
exists over much of North Africa, Mauritania, Chad, and
the Congo Basin are generally referred to collectively
as the "Conti nenta1 Interca1a ire. " In northeast Afri ca
Mountain building and faulting has caused uplift of
these rocks. Over old coastal areas like Mauritania,
Senegal, Cameroon, Angola, Somalia, Mozambique, and
Madagascar are found the aquifers frequently referred to
as the IIContinental Terminal,1I in which clay materials
are more common. In central Africa there is no generic
term to cover the cross -sect ions, but important areas
are the Katanga, the Karoo, and Kalahari deposits.

Many areas of these pre-Quaternary basins have been
covered by riverine and deltaic deposits laid down in
the wetter II pl uv ials ll over Africa since the start of the
Quarternary period. These have shaped the groundwater
matrix of many African deltas, floodplains and deserts,
and are often referred to as Plio-Quaternary deposits.

Prospects for dug well s depend on the water tabl e
behavior in the uppermost stratum, but borewells may
collect yields from several strata. Since many of these
strata were 1aid down in wetter peri ods, one important
concern is whether tapped reserves are currently
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recharged s or whether they are fossil reserves. Where
fossil reserves exists water quality is also a major
concern.

Ori 11 i ng down through these strata wi 11 show a
great mixture of 1imestones s sandstones s and shales
which yield waters and they have been widely developed
for water supply. However s the higher yields that would
make groundwater economic to develop are only found in
certain sandstone or very speci fic 1imestone strata.
While limestone deposits exist in several regions across
Africa s it is only where solution channels have
developed under the influence of the wet pluvial periods
that high yields are obtained. Thus s prospecting for
groundwater reserves at depths that cou1 d susta in
irrigation development is a .skilled job.

Borewe11s have been developed by individual 1arge
sca1 e farmers and util i zed subsequently for spri nk1 er
production, but there are few smallholder projects based
on them. However, the recent sediments laid down in
floodplains and deltas are increasingly seen as a
groundwater resource and there are now areas where
pump1ift systems are developing very quickly.

While national and international assistance has'
gone in to developing boreholes in North Africa, little
interest has been shown in tropical Africa, although
there is one example in the Mpongwe Project in Zambia.
However, quite a lot of funding for training of
geohydro10gists has taken place (Heind1e, 1974; Berger,
1975), whose skills could be more specifically directed
to prospecting water table and artesian aquifers for
groundwater i rri gati on prospects. The key prob1 em, as
with surface water, is to encourage the idea that small
di ffuse programs are equal in importance to major
projects.

Groundwater Assessment

An extensive discussion of techniques will not be
made here because of the wi de range of geohydrology
books that exist. Revi ews of techni ques for Afri ca
exist in United Nations (1960, 1973), Schoeller (1959),
the World Meteorological Organization (1972b) and DHV
(1979).

Techniques for assessment relevant to African
conditions have centered around:
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- Remote senslng techniques (Barrett, 1981;
Comit~ Interafricain d'Etudes ~draul

iques, 1976);
- Ground survey of water tabl e conditions

in existing wells combined with
exploratory borewell s used for
resistivity survey and pumping tests
(Mohammed et al., 1979; Sedwale and Farr,
1980);
Isotope studies of current and fossil
recharge (Foster, 1978); and

- Assessment of the rol e of fl oodpl ai n
inundation in groundwater recharge
(UNESCO, 1980).

Groundwater Development

The best known examples of African groundwater
development are the oases of northern Africa. These tap
water table conditions created by a variety of
geological circumstances through a wide range oJ
techniques, including wells and qanats. An excellent
overvi ew of vari ous types of Saharan oases is gi ven by
Nesson et al. (1973). However, oases have never been
the basis of independent self-contained production'
systems. Their production, excavation, and maintenance
can only be understood in terms of trans-Saharan nomadic
groups, who not only used the products but al so
controlled the slaves who ran them. Oases were as much
commercial service centers as suppliers of food. With
the breakdown of nomadism, so too has come the breakdown
of the economic viability of the oasis (Wilkinson,
1978). Poor water quality has made date production the
main product of many oases and limited demand for these,
together wi th the hi gh transport costs, have 1eft most
oases as foss i 1 settl ements, far removed from favored
coastal settlement zones.

Many oases have been further damaged by fall ing
water tabl es (Manger, 1981). Coll apse of the soci al
systems which excavated and maintained water sources has
al so been an important infl uence. Thus, most oases
still functioning depend on pumps, access to which has
been the sUbject of many disputes (Fauchon, 1980), as
new forms of water distribution may not match old tenure
organi zations (Nesson et al., 1973). Attempts to
resurrect the agri cul tural potenti al of oases have as
much to do with political concern, to maintain a presence
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in what are now remote and backward areas as with thei r
real economic potential. Old oases sites are thus now
in the same economi c category as the many small desert
farms developed on the basis of borewe11s. Depending on
water quality, they can supply vegetables and livestock
to urban coastal markets if adequate transport is
organized. Prospects for sustained settlement and
agricultural production in the desert do appear to be
l"j nked to the degree of government ass i stance and
control and the abi 1ity of sett1 ers to survive the
general i sol at ion.

Within the prospects for water table development
over the rest of Afri ca there is a need to di st i ngui sh
the environment of the large river floodplains and
inland lakes from the more generalized prospects across
the weathered surfaces of Afri ca. The mai n
opportunities for water table development do exist only
along minor or major drainage lines, and in some areas
developments have already been considerable, even if the
scale of transported surplus is small. In areas close
to ri vers or 1akes, i rri gators wi 11 1i ft water from the
ri ver or hand-dug well s, accordi ng to the di stance of
thei r plots from the water source. Deitchmann-Bou1 et
(1979) gi ves an interesting account of the i rri gators
around N1Djamena, Chad, and Vincent (1981) discuss the
small producers in the Mumbwa district, Zambia. Dupriez
(1979) contains a case study from the Badeguicheri
Valley, Niger where sinking of wells for domestic use
led to a doubling of irrigated production.

Whi 1e much of the well i r rig at i on inAf ric a i s
still primarily domestic and marketed very locally,
irrigated production can develop rapidly where there are
good marketing prospects. While some of the existing
production is still dependent on hand lifting, which
limits the area that can be irrigated, pumps are making
a rapid impact. All the papers presented at the Second
Fadama Seminar (1984) concern the development of water
in floodplain zones by pumps. A paper by Chapman
presented at thi s semi nar gi ves an ill ustrat i on of a
specific program to develop fadamas across northern
Nigeria using individual groundwater pumps, a project
likely to produce over 50,000 tons of vegetables.

Labor availability and access to technology are the
key development issues in promoting equitable
development of groundwater. Most small farmers will not
take up i rri gated production unl ess they have enough
resources to ensure their subsistence production. Thus,
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many of the famil i es i nvo1ved in i rri gated production
are already the established ones. However, farmers
performing hand lifting techniques can only irrigate
half a hectare or less, although the financial return
can be considerable. The real impact on the area
irrigated develops with the introduction of pumps
(Vincent, 1981b).

The introduction of pumps also intrQduces the
question of who gets the technology. Vincent (1981)
showed that banks were extremely unwi 11 ing to extend
money to small cu1 tivators for the purchase of pumps,
and those cu1 t i vators who had pumps were either the
1arger farmers favored by banks, or those who had got
the financial resources together privately to purchase
pumps.

The quest i on of who wi 11 control access to the
1andsi tes favorab1 e for pump development is a1 so
important. In India the introduction of pump technology
has led to the "buying out" of smaller farmers and
tenants to enable a1 arger area to be cu1 ti vated under
one pump. As yet there are have been no studies whi ch
tell us whether this trend is starting to happen in the
floodplains being developed in Africa.

Turni ng now to borewell development. Across the
settler country of Central and Southern Africa there are
many examples of individual large farmers (which are now
black as well as white) sinking borewells on which to
base sprinkler irrigation for wheat, vegetables, and
fruit. Occasionally there are examples of small farmers
combining together as a cooperative and exploiting
political opportunities to obtain a borehole.

The promotion of settlements based on high-yielding
borewe1l s are rare in Afri ca, and where they have
developed, there have been few encouraging prospects for
the small farmers. The Mpongwe Project of Zambia serves
as a good example. Here, high-yielding limestones mean
the possibility of developing a considerable area.
While the project zone is close to Copperbelt markets
and could have been the focus of a smallholder
sett1ement wi th good market i ng prospects, the dec is ion
has been made that the project should contribute to the
wheat needs of the towns, and thus appropriate sprinkler
systems have been designed. These high infrastructura1
costs have necessi tated choi ce of a cash crop as the
second crop, whi ch al so has to be appropri ate to soi 1
fertility needs, so soybeans have been selected (Landell
Mi 11 s, 1979).
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The hi gh mechan i zat ion requ i rement s mean that
small hol ders are not considered at all for the project
and land is being distr;ibuted in 40-hectare blocks to
interested settlers, who are mainly wealthy retiring
civil servants from the towns. However, uncertainties
about real profitabil ity of the proposed cropping
rout i ne because of hi gh capi ta1 and runn i ng costs ha s
meant hesitation from even these settlers. Production
of vegetables could be an equally lucrative crop, but if
it develops it w"il 1 interfere wi th the prospects of
promoting vegetable production by smallholders. The
consultants involved in the project, Landell Mills, have
pointed out many of the technical difficulties and
uncertainties of the project.

In conclusion, there are considerable prospects for
groundwater development across Africa, Qut for small
farmers these have so far been restricted to the use of
water table sources for vegetable production. There is
borewell potential, but so far this has been kept as the
preserve of larger farmers and has been more linked with
the promotion of irrigated cereals.

Prospects for the future coul d i ncl ude i ncreasi ng
the use of water table sources near river and lake
areas, although care is required to ensure that smaller
farmers get fair access. Key issues include the way
technology is promoted and marketing facilities are
organized.

Training of hydrogeologists to help in the location
of such small developments is al so needed. Technical
personnel need to be encouraged to see small programs as
"projects" that are just as important as the larger
schemes that usually get their attention.

The prospects for development of borewells for
sma11 farmers need much more attention. It is hoped
that borewells will not remain in the preserve of large
farmers, but could also be used through the organization
of cooperatives or as the basis of settlement schemes.
There is strong evi dence that in areas close to sound
markets farmers are prepared to form a cooperative that
not only manages the water but pays for part or all of
the cost. It is hoped that borewells will be considered
for other food crops as well as cereal crops.

Research Needs

Recent droughts and famines in Africa have
emphasized the issue of food security in Africa. On the
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one hand there is a diffuse rural community that needs
better nutrition, but that must also produce the food
requi rements for the other group, the urban consumer,
which is given much greater attention. It is a paradox
that the food staples being promoted by aid agencies are
alien to Africa and can only be developed extensively
through irrigation. Like Higgens et al. (1981), we
thi nk that rai nfed agri cul ture coul d produce much more
if it systematically attracted the attention that
irrigation projects have.

There should be more emphasis on maintaining
traditional staples such as urban foodstuffs, especially
where it is clear that expansive irrigation projects
will require government subsidies which will distort the
prospects of expenditure on other aspects of
development. Irri gat i on does have an important rol e to
play, especially for promoting the livestock and
vegetable foodstuffs that will improve nutrition.
However, much greater attention needs to be paid to the
real economics of production, both for the national
government and the producer, if irrigation development
is not to be synonymous with increased indebtedness.

There is also concern at the interim disruption of
important areas of food supply that can be caused by
ri ver regul at i on schemes. Where dams for water supply
or power are constructed, thei r rel eases should show a
greater awareness of existing downstream floodplain
producers. I rri gat ion proj ects developed by ri ver
regulation should show greater sympathy for existing
food production patterns in the area being drastically
changed by the new organization of access to water.

Li ke Carruthers (1983), we thi nk there are many
issues in the poor technical and economic design of
irrigation projects that need more research before a new
era of 1arge i rri gat i on schemes is 1aunched. Some of
the most crucial are to ensure that possibil ities to
minimize the disease and salinity hazards are fully
considered and costed in the financing of schemes.
Better i nformat i on on soi 1sand thei r management
problems is needed in order to design appropriate crop
strategies that will give the small farmer a financial
incentive as well as keeping him/her properly fed.

Labor supply and returns to labor remain the
strongest influences on how a farmer becomes involved in
irrigated rather than rainfed production. Unless
mechanization can be overseen by an efficient management
at economic costs, it is still not a solution. With the
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current unreliability of food supplies that can be
purchased with cash, it is 'inevitab1e that farmers will
ensure thei r subsi stence needs fi rst. Better
appreciation of the issues of labor supply and the
returns to labor, and more recognition of the unreality
of the cash economy in many parts of Africa would make a
big contribution to improved planning for irrigation
schemes.

In thi s chapter we have tri ed to stress the
diversity of African hydrological environments in which
irrigation could be implemented. It is felt that much
of the current "river basin" approach gives an
oversimplified view of the resources available for
irrigation. The ideas of river regulation that it
promotes are often out of keeping with the geomorphology
of many African drainage systems. Like Horst (1982), we
feel failure to recognize this could lead to adverse
changes in hydrological environments which could further
jeopardize the food supplies of the rural areas.

The diversity of environments and their hydrology
so that the real difficulties of mobilizing them can be
understood has been stressed. Most large-scale
developments will be extremely expensive to develop and
will not be able to run without subsidies. In this
respect, therefore, the attent i on of agenc i es to the
IIfood security" problem is fail ing to answer the much
larger questions about how African countries can
generate more income for themse1 ves, both to subsi di ze
food production or for other development needs. The
only answers may lie in fairer prospects for exports and
industrialization.

Irrigation does have a contribution to make, both
in nutrition and cash crops, if developers make sure
that it is a fair alternative for the farmers or estate
workers who are in the end respons i b1e for production.
Without this no amount of aid for irrigation will alter
the food shortages currently experienced in Africa.
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Agronomy and Irrigation
in Africa
Donald S. Humpal

This interpretative review of the agronomic issues
on irrigation in Africa examines the literature of
Fr-ancophone and Anglophone West Afri ca, Central Afri ca ,
and to a more limited extent, the southern tier of
African nations. The literature review is combined with
observations from the author's experience in ten African
countries.

The chapter is organi zed in fi ve sect ions. The
first section gives some general considerations on water
and agri cul ture in Afri ca. The second sect ion provi des
an outline of the diverse irrigation and drainage
methods used. The thi rd, fourth and fi fth sections
discuss the agronomic issues of rice, sugarcane and
cotton production in the region.

The selection of these themes is partly an attempt
to examine important agronomic assumptions or assertions
made in economic and policy studies of irrigation in
Africa, partly an initial effort to place the
development of agronomi c technology for i rri gated
agriculture in a broader context than individual scheme
or country efforts, and partly a function of available
documentation.

Water and Agriculture in Africa

Water, either in amount or interannual variability
of rainfall and surface flows, has been generally held
to be the major natural limiting factor to primary
productivity and crop production in Africa. This
rationale has been used to make the case for investment
in irrigation as a way of improving the security of food
production in the Sahel and other dry areas or of
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sustainab1y boosting yields and introducing new crops
and double-cropping in more humid environments.
However, recent work carri ed out by Dutch researchers
indicates that for important areas of the Sahel, the
major limiting factor to primary productivity is soil
fertility, not water (de Ridder et a1., 1983).
Supplemental irrigation doubled primary productivity.
Nitrogen and phosphate additions increased nearly
fourfold the primary productivity of native rangelands.
This work was done in pastoral areas, but it has
important implications for study of the issue of
relative returns from investment in rainfed or irrigated
agriculture in the Sahel. However, even though the
nitrogen and phosphate fertilization strategies
advocated would raise mean yields, the problem of 1a~ge

year-to-year variations in production and the potential
for large-scale crop failure due to drought would
remain. In the more humid areas greater water control
has been sought to increase yields and the reliability
of production of sugarcane and rice and, occasionally,
perenni a1 t r ee c r 0 psand veget ab1e"s (Ba r nes, 1974.;
Grist, 1975; Goffinet, 1964; Drachousoff, 1959).

Across both wet and dry environments greater water
control has had two primary objectives:

1. To increase yields to a designed or potential
1eve1; and

2. To reduce interannual yield variation to a
designed level.

In dry environments irrigation has also had the
objective to permit the introduction of crops which
could not otherwise be grown.

General expectations from irrigation projects are
that yields will increase substantially up to a designed
level. Economic cost and benefit studies assume that no
downward dips in yields and production will occur.
However, there are a series of factors that intervene to
make actual yield and production fluctuate much more
widely than project designers plan. Among the more
important ones are:

Climatic conditions which are more
variable or severe than available short
term records would indicate, especially
in regards to rainfall, surface flows,
temperature and wind velocity;
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- Soil variability across a project site
that has minor importance for structural
work but major importance for operations,
water demand and crop adaptability;
Increasing weed infestation;
Complex shifts in the insect pest,
disease and virus complex as greater
water control provi des more uni form
stands of vegetation and good conditions
for pest multiplication;

- Creation of attractive feeding sites for
vertebrate pests;

- Unexpected or ignored prob1 ems of
salinity and compaction that increase
with age of the project; and
Exacerbation of some of the above by poor
main system management, operations and
maintenance.

This listing of agronomic problems confronting
irrigated agriculture leads one to ask about the
comparison of this experience with rainfed agriculture.
Mean yields are lower and interannual variation greater
in rai nfed agri cu1 ture. But in economi c terms, rai nfed
techniques may provide the greatest net addition to
nat iona1 income, even for a crop such as ri ce, whi ch
produces high yields only with high water availability
(Pearson et a1., 1981). Arguments can and shou1 d be
made that greater effort should be devoted to rainfed
agriculture. At the same time, there are areas in
Africa where improved water control has resulted in
.fairly impressive production increases. Also, many of
the i rri gat ion proj ects shou1 d probably be consi dered
pilot or exploratory exercises. There have been
attempts to introduce a new and complex technology into
different environments. A reasonable conclusion might
be that future emphasis in the irrigation sector should
be on improvements to the performance and stabi 1ity of
production from existing schemes and those in the
financing pipeline.

Irrigation Methods and Agronomic
Productlon Alternatlves

Debate about what is and is not i rri gat ion in
Afri ca has gone on for some time. Most observers
include systems based on water application structures or
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dra i nage works as i rri gat ion. Severa1 recent authors
have pointed out the need, particularly for Africa, to
maintain a broad definition of irrigation. This is
because a wide variety of local water control
adaptations border on what is commonly called
irrigation; and fully developed irrigation is relatively
scarce in Africa, where water development is costly and
often poorly done.

Des Bouvrie and Rydzewski's definition is one to be
noted:

Irrigation can be broadly defined as the
artificial control of soil moisture for
agricultural purposes with the aim of
increasing crop production (Des Bouvrie and
Rydzewski 1977:162).

Still other authors (Moris, Thom and Norman, 1984) favor
a definition of irrigation which includes systems with
only little control of either water application or
drainage. .

Screening of sub-Saharan production systems with a
broad definition of irrigation yields a long list of
i rri gat i on and dra i nage methods. Ni ne c1 asses based
upon source of water, means of water control, drainage
provisions and chief crops have been identified as
follows:

1. Groundwater Use wi th Dra i nage and Mi nor
Extracti on

2. Groundwater Use with Intensive
Extracti on

3. Rainwater Harvesting
4. Capture of Seasonal Surface Flows
5. Supp1y from Perenn i a1 Flows, Run-of-the-

River
6. Dam and Reservoir River Regulation
7. Riverine Grasslands
8. Inland Valleys and Swamps
9. Surface Flow Exclusion

These ni ne c1 asses gi ve some idea of the scope of
irrigation systems that exist in sub-Saharan Africa.
They show the dominance of low water control techniques
adapted to low "intensity crop production. Most of the
irrigation techniques are tightly linked to rainfed
product; on ; n that they are parts of farm; ng systems
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that occupy primarily freely drained upland fields with
a smaller lowland component. Only in arid zones is
dependency on irrigated crop production dominant, but in
these cases households are supported by a diverse set of
economic activities including livestock and crop
pro duc t ion i n wet t e r z 0 ne s , t r ad i ng 0 r 0 f f - farm
emp1oyment •

Rice Agronomy in Africa

Classification of Rice Production Systems

Among the maj or food crops of the wor1 d, the ri ce
plant is adapted to the widest range of hydrologic and
soil conditions. Its adaptive range and the human
capacity to push cultivated crops into ordinarily
unfavorable areas through modification of the landscape,
soils and water availability has led to the evolution of
a highly complex set of production systems. The efforts
of many to cl assi fy these ri ce systems have generally
been based on the type and degree of water supply and
control. Two major divisions are usually recognized-
irrigated with full water control and rainfed.

To a certain extent, the use of full water control
as a criterion to distinguish irrigated from rainfed
rice systems is not a useful one. Some areas which are
irrigated for one growing season in Asia are subject to
natural, regular flooding and use for a second season
deep water rice crop under essentially uncontrolled
wa t e r sup ply ( Mo 0 rm a nand Van Br em en, 1978). In
floating rice areas of Mal i, the construction of d"ikes
and gat e s has perm itted s ucc e s s f u1 flo at i ng ric e
production in nine years out of ten (Martin, 1976).
These systems do not penni t water app1i cat i on before
ri ver flood i ng occurs and wou1 d be excl uded from the
irrigated category on this basis. However, production
from these schemes has been more reliable than that from
many run-of-the-river pumping schemes on the Niger and
Senegal rivers which have been engineered to provide
full water control, but in practice have failed to
de 1i ver the water wi th the same degree of regu1 ari ty
because of a series of institutional constraints. In
parts of Asia, IRRI (1982) recognizes a category of
rainfed distribution and cultivation in humid areas
where rainfall distribution and bunding and leveling
occur to the point that water control is close to full.
These areas use varieties and production techniques



106

developed in full control settings. Irrigation does not
always guarantee full water control for rice (Moris
et a1., 1984). Rainfed cultivation does not always mean
the lack of water control.

As evidenced by the classification of rice system
hydrologies used by IRRI (1982), it may be more useful
fo r ri ce resea rch and deve10 pment to be based on
hydrologic regimes that occur during a given growing
period than it is to develop varieties and growing
practices for irrigation as opposed to rainfed
conditions.

For agronomic purposes the IRRI classification is
most useful when combined with a knowledge of site
factors of topography, soil conditions, major production
practices and water control structures. Despite IRR1 1 s
best efforts, a great deal of terminological confusion
ex i sts about ri ce product i on systems around the wor1 d.
Africa is no exception. Table 10 attempts to correlate
the different classification systems most commonly used
in Africa.

Hydrology is the main distinguishing characteristic
used "in these classification systems. No one of them
provides an approach that can be applied worldwide
without modification. The IITA and WARDA systems
ref1 ect West Afri can soi 1 and water concerns. Moorman
and Van Breemen I s system is based on natu ra1
hydrological cycles with many further subdivisions not
shown in Table 10. Their subdivisions are based on
physiographic types, man-made alterations of hydrology
such as bunding and leveling, and flooding regimes. The
French classification uses terms based on water supply
and depth of standing water. The IRRI system is
strong1 y wei ghted toward the As ian experi ence in whi ch
most II ra infed ll landscapes have undergone so much
transformation through bunding, leveling, pUddling,
flood control, etc. that there are substantial problems
in making direct parallels to the rice growing areas in
Africa or Latin America.

As indicated previously, this chapter adopts a
broad usage of the term i rri gat ion. Most Afri can ri ce
production systems with partial control of water
application or drainage would be excluded from the
irrigated category "in all classifications. They are
included in the discussions which follow to illustrate
the range of options for intensification that should be
consi dered for Afri can envi ronments. The reason that
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less than full control systems should be considered is
that there are few instances in Africa where irrigation
affords full water control. Therefore, one approach is

TABLE 10

CORRELATION OF ~ICE PRODUCTION CLASSIFICATION SYSTEMS

ITTA l100RlWI I
(9uGdenll.geft 'IAN '3IlEE."" FaEMCH/IRAT IIMDA Iltltl

1978) (978) ($egu1 .c .1 •• 1971) (Lewts, 1983) !l9~2)

[r"igated Irrigated l/'rique F...slt waUl', Irrigated
Full Control

UDlind "luvl.l, Upllnd R.I"fed
~. Oryl ..nd Pluyl.1 Rlz d' lIIOIIugne Strlctl, Upllnd Ralnf~ Oryllnd

Itlz pluyt.I" dr.lne

B. '4ydroe-orlllll c ;tI\....tlc/Fluxl.1 ~lz ~, bas-fond GroundwaUr Q.lnfeCI Si'llI ow
iltz ;J1,r'.tlqul Culthatlon Ol"Ougllt .."a 501"'''·
~Il h "IPIII 'J."c, ;»ron,

[nl.na 5_0 FI ulllll/P"re,tlc iUzlcultu... d'l"on- Lowlind R., "fe-3 5.Inll "w-l)'!eP
d.tlon Culth.tlo"

~. !lon-tOlllc Fluxl.I/PII....tlc iUz1cultu... d'1"OII- Fr"sllwatlr R.I"fed 511.110'1,
"Itton Culth.tlon sulIIII,r9'''c, !)l'On.

il. Toxic Fluxhl/Pll....tlc R1z d. a.r.1s F",sllwlt,r R.t"fees ~1ua-Deep,

Culthat10n lIIurloggeCI

~ Flux1ll iltz1cultu... d'1non- F...sllwltlr RI1 nfeel 511I11 C*-
dlt1on/notUntl Cultiv.tlon FI"at1ng

,\, iUYlr1"1 Fluxlll Itl z1 cuI tu... d'I nOll- F...sllwltar It.lnfeel 5".1104
dation CuI thlt1 on

II. ~h.rill' Deep Fluxhl Qlz1cultul'l d'inon- FrlSllwlt.r RI1nf" oe'II'HIUf'
I1It1on/notUntl CuI that1ron

C. 801 Hind Flux1II/"'....t1c lt1z1cultu... d'1nO/l- F...sllwlur It. I"feel 5111110-
~atiOll Cult1Y1t1on ItIclhlll DIIp

O. :4angl'OYl Fluxhl iUzlcultu... d'inon-
:~%'t:11dltion 1. Rllnf" ,,"hl~-OHP.
control Ttdll 5W1111l

Z. W!out tld.1
control

IIlz1cultu... flottantl Float1ftCJ IUC.

1Ilz1cultu... .,. clfcl'Vl

to consider even areas with rudimentary water control as
"irrigated." This approach is -especially valid when the
trend in land use is to greater water control over time.

African rice production systems can be contrasted
wi th those of Asi a by exami ni ng the general underlyi ng
complex of climate, soil, biological and human factors
which determine productivity potentia.l at a given
location. In Africa the types of rice culture, soil



108

conditions and perhaps more importantly, the biological
evolution and low technological level of agriculture,
have gi ven ri ce to ri ce ecosystems very di fferent from
their Asian counterparts. Distinguishing traits
include:

- The dominance of rainfed production over
80 percent of the ri ce surface area. In
Asia there is a closer balance between
the 49 percent of rice land which is
termed "irrigated" and the 51 percent
which is not (IRRI, 1982).
Over half of the total rice area in
Africa is dryland in IRRI terminology.
In Asia this type of rice culture
accounts for only a little over 8 percent
of the rice area (IRRI, 1982).
Afri ~a has a much hi gher proport i on of
strongl y 1eached and weathered soi 1sand
almost none of the volcanic derived soils
found in Asia (Sanchez, 1976). Soils in
Africa are low in fertility and very
permeable. Asian soils have a greater
proportionate area of more fertile and
heavier-textured soils conducive to
puddling.
Africa lacks the extensive high mountain
zones which in Asia sustain stronger
perennial flows and provide significant
amounts of weathered mi neral s to
downstream soils.
Africa is a site of origin of a different
rice species o. glaberrima, cultivated
for 3,000 years. WhlJe the Asian O.
Sativa varieties have been in Malagasy
for over a thousand years and in West
Afri ca for 400 years, a di fferent weed,
insect and di sease compl ex has evol ved.
Asian concerns of bacterial blight,
tungro virus, leaf hoppers and
pl anthoppers are absent or not yet
damaging (Buddenhagen, 1978).
The technological level of rice
production in Africa is generally much
lower than in Asia. Population density
is low; land use is extensive. Rice
fields are part of medium to long fallow
land rotations. The fairly well-defined



classes of rainfed shallow and deep water
systems wi th hi gh to moderate water
control common to Asia have not yet been
established in Africa to any real extent.

- The i ntermedi ate input mi x in Afri ca is
very different from Asia. Missing from
most of Africa are the cheap sources of
motive force, water buffalos, which
facilitate many of the key tillage
operations in humid, lowland Asia.
Tryponosomiasis prevent their
introduction. Puddling and transplanting
pl ay a mi nor rol e in Afri can ri ce
systems. Seed, fertilizer, pesticides
and machinery are in short and costly
supply in Africa. Rice growing areas are
generall y remote from the sources of
input supply and main markets. Transport
networks are poorly maintained and
operated and expensive to use (Pearson et
al ., 1981).
Lowland African production environments
are often disease and parasite infested,
reducing both human and livestock ability
to live and work in them.
Trypanosomiasis, onchocerciasis and
schistosomiasis, for example, have all
reduced the habitability of good rice
envi ronments. Water control that 1eads
to longer periods of standing water
increases the prevel ence of these
diseases, thus increasing the need for
monitoring and control (Lee and Maurice,
1983; USAID, 1983).

- Finally, there are few truly rice-based
cultures in sub-Saharan Africa. Parts of
Malagasy and some lowland zones along the
West Afri can coast provi de except ions to
this statement, but most farmers who grow
ri ce do so as part of 1and use patterns
that include extensive areas of "dryland"
cereals, grain legume, and root crops.
(Upland and rainfed production are more
common terms for non-rice specialists.
Dryland production is a phrase generally
reserved for semi ari d or ari d 1ands by
non-rice-centric agronomists.)

109
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Rice Production in Africa

Rice is a rainfed upland crop in much of Africa.
Over half of the rice grown is grown under rainfed
freely draining conditions. The most important
exception to this general rule occurs in the river
floodplains, deltas, valleys and coastal swamps. The
1atter env i ronments are the ma i n production sites of
Africa's own cultivated rice species, O. glaberrima and
the wild rice species which plague current production
( ChaIII br 0 li n , 197 7 ; Carpenter, 197 8) • The Asian
cultivars of the species O. sativa appear to have
arrived on Madagascar and the East Africa Coast a few
centuries B.C. and in West Africa about 1500 A.D.
(Carpenter, 1978).

Upland, floating and swamp types exist for the
principal domesticated rice species, O. sativa and O.
glaberrima. o. sativa varieties are grown under varying
degrees of water control from none to full. Consequent
ly, there is a wide diversity of growing regions,
practices and cultivars. However, rice is the main
cereal foodstuff of the popul ation of only a few
countries--Sierra Leone, Liberia and the Malagasy
Republic. Half a dozen other countries have major rice
production zones which place rice as the third or fourth
major cereal crop grown--Mal i, Nigeria, Za're, Guinea,
Tanzania and the Ivory Coast.

Farmers have adapted producti on systems to a wi de
range of sites, mangrove swamps, coastal freshwater
swamps, drainage catenas, river valley floodplains, lake
recession lands, inland swamps and bottomlands and
altered sites with traditional impoundment and drainage
structures to improve production. More recently,
formally engineered structures have been introduced to
achieve higher levels of water control than was possible
under traditional practice. While the rice subsector
has shown frustratingly slow progress relative to Asian
experi ence, it has been far from stagnant. Average
yields in the major producing countries more than
doubled over the last two decades.

However, progress in terms of yields and production
has been slower than the blistering pact of consumption
as population has increased rapidly, become more urban
and changed its eating habits to include more rice and
wheat. There are many factors involved in the fail ure
of the ri ce sector to match demand. Among the more
important ones are:
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- Most programs of research and development
of rice, even in traditional rice areas,
started from assumptions of transform
ation of production systems from low
water control to full water control.
They assumed a full range of supporti ng
services, which in turn carry their own
assumptions about infrastructure,
management, organizational procedures and
policy.

- The Green Revo1ut ion in ri ce production
and subsequent developments in Asia and
elsewhere have led to price shifts which
make much of Afri can ri ce product ion
noncompetitive at current productivity
levels and transportation costs.
Pol itica1 and organizational shifts have
disrupted research and development
efforts.

- Unt i 1 fa i r1 y recent 1y there ha ve been
almost no attempts to examine rice as a
subsidiary element of local cropping
systems, rather than as the dominant crop
of vehicle for cropping system
transformation.

- Only fairly recently have systematic
rev i ews of resea rch and development
strategies have been made that begin to
permit reasonably fair ranking in
physical, economic, social and managerial
terms, of priorities, constraints and
potential for rice production.

The Agronomics of Rice Production

The following sections discuss the rice production
systems in Africa from the agronomic perspective.
Special emphasis is placed on the research strategies
employed to improve rice productivity. The improvement
strategies employed to date have been combinations of
what might be called "agronomic building blocks." These
include:

1. Varietal Improvement;
2. Water Management;
3. Soil Management;
4. Weed Control; and
5. Pest Control.
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Research programs and development projects have
addressed most of these elements of agronomic strategy,
and emphasis on one or more of them shapes site-specific
strategies. For example:

1. Focus on cu1 t i var improvement, water
control and tillage in the Delta area of
the Niger River;

2. Main emphasis on cu1tivar improvement,
soil management and pest control in the
Casamance River Basin of Senegal;

3. Wholesale transformation of farming
systems to full water control,
mechanization and high· input use in the
Lower Senegal River Basin in Senegal, the
Office du Niger in Mali and the SEMRY
scheme in Cameroon; and

4. Management of soil salinity, acidity and
fertility and cu1tivar improvement in
coastal mangrove swamps in West Africa.

Except in the cases of transformati on of farmi ng
systems to full water control or the implantation of
rice schemes in new areas, varietal improvement, water
control, soil management, and mechanization tend to make
up the main elements of rice intensification strategy.

Varietal Improvement. Chambrolin (1977) breaks the
history of lowland rlce varietal improvement into three
peri ods:

1. Collection of adapted land races of O.
glaberrima and O. sativa up until 1946
(yield potential about 1 t/ha);

2. Selection of pure lines of land races of
o. sativa and crosses with introduced
materl a1s eva1 uated for response to
fertilizer during the period from 1946 to
1966 (yield potential 5 t/ha);

3. Introduction of semi-dwarf HYVs and
selection based on responsiveness to
higher input levels, especially higher
nitrogen, from 1966 through 1976 (yield
potential up to 10 t/ha for lowland and 6
t/ha for upland varieties).
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Yield potential has been the dominant criterion for
selection and subsequent release to production projects
across all three peri od s. Duri ng the 1ate 1960s and
1970s the importance of weighting selection criteria for
disease, drought and insect pest resistance was
recognized and incorporated into screening programs and
breeding strategies (Buddenhagen and Persley, 1978).
The approach of varietal adaptation of rice to diverse
ecosystems is perhaps best exemplified by IITA, which
has a unified approach for lowland and upland rice
improvement (Virmani, 01ufowote and Abifarin, 1978) and
IRAT's work on upland rice (Jacquot, 1978). The trend
appears to be toward more site-specific varietal
improvement derived from closer analysis of the
constraints operating in different production systems.
This trend parallels IRRI work to develop varieties
adapted to problem sites where deficient or excessive
water and adverse soil conditions are constraints to
production (IRR!, 1982, 1983). As pointed out in a
standard reference on ri ce production, (Gri st, 1975).
the new approach may redress the relative neglect of
upland rice and permit the realization of the potential
for use of under-exploited hydromorphic and flooded
sites in Africa.

The interaction of site conditions and varietal
selection can be illustrated with two examples of
floating rice systems. One is the improvement of
floating rice varieties by IRAT and IRAT's predecessors
at the Ibetemi station near Mopti in Mal i. (Mopti is
currently the site of both a WARDA research station and
Op~ration Riz-Mopti, a production project.) The other is
a study of the screening of rice cultivars to varying
degrees of soil hydromorphy without investment in water
control structures on the M'Bos floodplains in Cameroon.

Floating and Deepwater Rice in Mali. There are
three critical periods in the life of a floating rice
plant. The first is establishment under essentially
rainfed conditions when drought may cause mortality or
reduce growth to the poi nt that the pl ants cannot
withstand flooding stress. Under conditions of good
rainfall, weeds may overrun the rice stand if the flood
does not arrive soon enough to control them. The second
critical period is the arrival of the flood. The rate
of flooding may exceed the ability of the culm to
elongate or the depth· of f1 oodi ng may produce stems
which lodge at flood recession. The third critical
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period is flood recession. Too early or too rapid a
recession may lead to lodging.

Starting after World War II, the Ibetemi farm and
research station in Mali began experimentation with
improved water control by constructing gated
impoundments along the Ni ger Ri ver. The impoundments
were designed to provide adequate water for rice growth,
in nine years out of ten, through control of the
earliest date and rate of flooding, depth of flooding
and date and rate of flood recession. Researchers
collected and compared land races of O. glaberrima and
O. sativa and made introductions of Vietnamese floating
rice types selected at the Kankan Center in Guinea.
Three o. sativa introductions were selected for
multip1icatlon and extension before 1960.

IRAT took over the station in 1962 with the
objectives to improve seed qual ity, to research white
and non-shattering varieties, to study the adaptation of
varieties to different depths and rates of flooding to
determine their adaptive range and to maintain the

. glaberrima collection. Yield potential was increased
from 2 t/ha to 4 t/ha.

From 1964 to 1974 improvement research focused on
selection of the most fert'i1izer responsive varieties,
their adaptation to local water regimes and breeding
work. Breeding concentrated on crosses between floating
and erect varieties and irradiation of both sativa and
glaberrima germp1asm. No success was achieved with
gl aberri rna materi a1 hybri di zat i on or induced mutations.
O. satlva selection and hybridization led to
identlfication of three floating and several tall straw
non-floating varieties with yield potential of from 3 to
5 t/ha for f1 oati ng and 4 to 7 t/ha for nonf1 oati ng
varieties under shallow water and good management
conditions (Martin, 1976). Site variety trials were
performed to determine which varieties were best suited
to the varied flood regimes and degree of water control
along the river.

Whil e 1itt1 e progress was made in improving
indigenous O. glaberrima varieties, the researchers at
IRAT recogni zed the des i rabi 1i ty of a number of tra its
of this species. Under conditions of drought during
establishment, rapid flooding or stem borer attacks, the
more rustic glaberrima varieties outperformed the sativa
introductions. At the end of nearly 30 years of work,
the plant i deotype that resea rchers had deve loped
possessed many of the traits of the i nd i genous ri ce
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species along with the higher yielding character of
sativa selections. Transition to breeding work on
drought, flooding and borer resistance using glab"errima
germp1asm did not occur, as the IRAT station closed at
about the same time the WARDA station at Mopti began
operations.

The IRAT materials remains the mainstay of both
research and production at Mopti and throughout the
floating rice zone of the Inland Delta of the Niger.
WARDA has yet to introduce significantly better
varieties for floating conditions (Lewis, 1983).
Instead, steps have been taken to increase water control
to permit the use of fully irrigated varieties or the
long-straw selections that can withstand flooding depths
up to 60 cm.

Flooded and Pluvial Rice. The second example is
from an IRAT study of the potential for the introduction
of rice into cropping systems on upland and flooded land
in the M'Bos plain of Cameroon (Seguy et a1., 1976).
The study opted for the adaptation of rice production to
existing and variable natural hydrologic conditions as a
less costly method than the construction of irrigation
and drainage infrastructure. Upland cropping of rice in
rotation with other cereals and with legumes was studied
at the non-flooded zone. In the flooded zone
researchers divided the flooding cycle into the pref100d
period of rainfed cultivation, flood and recession.
Rice varieties with growing cycles of the duration of
each of these three peri ods were i dent i fi ed and tested
in di rect seeded and transp1 anted plots. These
varieties were early medium straw upland varieties from
Brazil and a range of floating and medium straw upland
and irrigated varieties from Mali, Senegal and Asia.
The researchers concluded that about 13 t/ha-yr of rice
could be produced using a double-cropping system with
improved management practiced in the floodplain. Blast
and lodging resistance were identified as priorities for
further varietal improvement.

The Mali and Cameroon experiences, both concerned
with floating rice, show the di fferent rice ecosystems
that resu1 t from very di fferent topographi es and
c1 imatic conditions. The Mal i rainfall runs about 400
mm/year, wh"ile nearly 1,500 mm falls in the M'Bos
plains. The higher rainfall at M'Bos makes it poss"ible
to double-crop and necessary to have varieties with both
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floating and non-floating habit to achieve the doub1e
cropplng objective.

~s Buddenhagen (1978) has pointed out, the
selection of rice varieties should be a function of the
rice ecosystem as defined by four general parameters:

1. The type of rice culture;
2. Climate and soil conditions;
3. The biological evolution of the region; and
4. The technological level of agriculture and the

human culture in which it is based.

When these parameters' are broken into subunits, the
matrix of rice ecosystems in Africa is a large and
comp1 ex one. Each of the cell s of the matri x defi nes
selection criteria that should be applied in screening
and improvement programs. The two examples given show a
little of the variation in selection criteria that
occurs for the same type of rice cu1 ture under greatly
different climate and soil conditions. The work in Mali
fortunately took into consideration a wide range of
flooding depths and permitted the screening of varieties
that performed well in the shallower floods and more
fertile soils of the site in Cameroon.

Mangrove Swamps. Mangrove rice growing presents
another long-term study of ri ce va ri ety development.
Soi 1 const ra. i nts are the pri nci pa 1 e1 ements of the
ecosystem whi ch 1i mi t ri ce product ion. Combi ned wi th
saline water intrusion in coastal environments, it is
c1ear t hat e i the r maj 0r devel 0pm entand recur r i ng
management costs have to be paid or varieties and
practices have to be adapted to unfavorable conditions.
Seasonal or artificial draining of these soils leads to
oxidation of sulfates and a drop in pH to 2 or 3.
Establishment and growth of rice plants may be hindered
by the low pH i tse1f, or by toxi c concentrat ions of
dissolved aluminum, iron, hydrogen sulfide, carbon
dioxide and organic acids during the first few weeks of
ref100ding. In coastal environments these soils may not
dry out and acidify, but salt water intrusion during the
dry season creates an unfavorable environment for rice
p1 ant estab1 i shment. Ri ce farmers must wait unti 1
ra i nfa 11 and ri ver flows 1each sal ts to the poi nt where
transplanted crops can survive (Van Breeman, 1980).

Varietal improvement has been under way for flooded
mangrove areas since 1934 at Rokupr station in Sierra
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Leone. Additional work occurred in the Gambia, Senegal
and Nigeria. Starting from selection of floating rice
varieties from local material and introductions, these
centers initially focused· on high yielding, we11
adapted, photoperiod sensitive, long duration and
vigorous growing varieties. Hybridization work produced
much breedi ng materi a1, but few vari et i es were found
that perfonned as well as local or exotic selections.
Interspecific crosses between O. sativa and O.
gl aberrima were hampered by hi gh sterlll ty, segregation
into advanced generations and apparently poor combining
abil ity for desi red traits (Vi rmani, 1978). Mangrove
swamp rice improvement has continued to rely upon
selection and limited hybridization, but from an
expanding germp1asm base from Asia facil itated by 1inks
to WARDA and IRRI. Selection is grouped for freshwater
and for saline areas at Rokupr. Yields vary greatly
from fresh to saline conditions. Improvement from local
land rice yields of 0.8 to 1.0 t/ha to yield potentials
of 3 to 4 t/ha have been achi eved. Concern over the
apparently growing incidence of borer and diopsid damage
and b1 ast and b1 i ght di seases has prompted increased
work on selection for varietal resistance (Lewis et al.,
1983; Virmani et a1., 1978).

Shallow Swamp and Irrigated Rice. The third major
rice ecosystem for whlch varletles have been selected is
shallow water swampland. Drought resistance, shorter
maturity cycles, fertilizer responsiveness, blast
resistance, borer and diopsid resistance are important
selection criteria for this group of cu1tivars. In
deeper water areas where stagnation occurs, or on marine
alluvial deposits, tolerance of iron and aluminum
toxicities is needed as well. These production areas
are usually located in the more humi d zones of Afri ca
where growing conditions more closely approximate
irrigation water regimes. Varieties developed for
irrigated conditions tend to do reasonably well in non
toxic swamp conditions.

Most of the rice varieties used in swampland and
irrigated ecosystems have been introduced and bred under
the auspices of IRAT and the national agricultural
research institutions in Francophone West Africa, Rokupr
Station in Sierra Leone, the Liberian Agricultural
Company and Suakoko in Liberia, Badeggi Station in
Nigeria, IITA at Ibadan, WARDA and IRRI. The series of
Taiwan rice missions in the 1960s and early 1970s had a
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material effect on varietal introductions for both
research and extension purposes (Chambro1in, 1977;
Virmant et a1., 1978).

There have been progressive waves of introductions
of materials from Asia. Some of the earlier
introductions made in the 1960s have proven to be the
most durable. Taichung Native I (TN 1) and Jaya (a late
Indian selection from TN 1), I Kong Pauo, Taichung 178,
Tung Lu and TS 23 are still important varieties and
crosses provided the second major wave of varieties to
be introduced for swamp and irrigated production. Among
these, IR 8, IR 5, IR 6, IR 20 and IR 24 have been grown
in maj or rice areas. IR 8 has been dropped out of many
areas due to disease and milling and taste problems. IR
5, IR 20, and more recently, IR 422, have been used in
improvement and production programs. Production from
any of the IRRI varieties has not been stable over time
in the African setting, while the older introductions
seem to have lower but generally reliable performance.
However, their agronomic traits make them vital
components in new varietal development (Chambro1in",
1977; Virmani et a1., 1978).

Water Stress Tolerance: Upland vs. Lowland Types.
Africa possesses numerous local and lmproved dryland or
upland varieties which have shown good tolerance for
drought conditions. The intermittent flooding and
drying that occurs in many rice fields leads one to ask
if dry1and varieties might be better suited to low water
control situations. The answer appears to be a
qual ified no. Across water stress studies done under
irrigated and rainfed conditions, the semi-dwarf lowland
HYVs genera 11 y outperform t he t r ad i t ion a 1 up 1and
varieties (Le Buanec, 1976; Sanchez, 1976). As water
requirements for upland and lowland rice plant
transpiration are about the same, there is no apparent
advantage in terms of water savi ngs from the use of
upland varieties in flooded field conditions or under
high rainfall regimes.

However, Change and Vergara (1975) poi nt out that
there is a wide range of drought resistance traits .in
rice that reflects the environments of selection. Rice
varieties from some intermittent wet and dry growing
systems carry wi th them a measu re of the deeper and
coarser rooting characteristics of the dry1and
varieties. They also retain moderate to high til1ering
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ability, which enables them to recover from drought and
produce higher yields if late rains are available.

Drought resistance literature for rice has a
confusing history because of the wide mix of methods and
p1 ant materi a1s used. Drought avoi dance, recovery from
drought effects and drought tolerance appear to be
associated with different plant types. The different
components of varietal resistance to drought are studied
using soil water potential gradients obtained on natural
toposequences or artificial chambers (La1 and Moomaw,
1978). Quanti fi cation of drought resi stance and yie1 d
relationships should permit the identification of
varieties which will perform well under a variety of
water control regimes in different climatic settings.
This approach is being followed at IITA, where lowland
and dry1and varieties are developed using transect
screening for soil water regime and a variety of
agronomic traits (Chabro1in, 1977).

Since many rice production schemes have poor water
control, it is worthwhile to consider the use of certain
rice varieties with intermediate drought resistance.
Under high rainfall conditions in Ivory Coast, some of
the IRAT dry1and rice cu1tivars with medium height and
good lodging resistance have a yield potential on the
order of 7 t/ha (Jacqout, 1978). In high insolation
environments, such as those found in the Sahel, improved
dry1 and vari et i es may offer greater yi e1d stabil i ty on
perimeters which have water control difficulties.
Taller, traditional varieties may also offer associated
disea~e and pest resistances, better competitive ability
with aerobic weeds and slightly greater flexibility in
crop management could be anticipated for arid and
semi ari d si tes where ri ce is the preferred crop. An
evaluation of the Bakel Small Perimeters Project in
Western Senegal prov i des some support for thi s approach
on the 1i ghter texture soil s of the project (Kell er et
a1., 1982). Thi s approach wou1 d also fi t wi th economi c
recommendat ions for an incremental approach to
transformation of river basin farming systems from
flooded, recessional and ra i nfed croppi ng to full water
control (Sparling, 1981).

Insect Pest Resi stance. Soto and Siddiqui (1978)
rev i ewed the status of insect pest research in Afri ca.
The insect pest complex contains many species that are
different from those found in Asia. One of the reasons
advanced for thi sis the ex i stence in Afri ca of
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different native wild and domesticated rice species.
The low insect damage to rice under smallholder
conditions was ascribed to the low density and intensity
of rice production, varietal resistance and the
assumption that potential pests and their predators were
in relative balance.

There is some evidence that native species and
local varieties have resistance to stem borers and
dipterids, the major rice insect pests in Africa.
However, there have been few stud ies whi ch documented
levels of resistance of their apparent mechanisms.
Martin (1976) showed that Mailian collections of
floating rice of the species O. glaberrima had on the
average only 5 to 15 percent of culms attached by Chilo
and Maliarpha borers. O. sativa varieties average~
to 80 percent attack i nci dence. Pl ant cycl e 1engths
were different--O. sativa varieties were in the field
longer--but this confounding factor was thought to only
partially account for the differences. Several years of
field studies in the Casamance region in southern
Senegal showed that O. glaberrima had high resistance to
Diopsis thoracica (Vercambe, 1982. Few egg masses were
lald on the lndlgenous rice species. Resistance varied
across O. sativa cultivated. Some had few egg masses;
others had many egg masses but 1itt1e dead heart; and
others had significant growing point damage but
recovered, apparently due to stimul ation of heavy
tillering as apical dominance was removed by larval
feeding.

IITA, IRAT, WARDA and national research pr,ograms
have also identified and regularly screen for varietal
resistance to borers and dipterids (Chambrolin, 1977).
To date, the sterility and instability of interspecific
crosses between O. sativa and O.glaberrima have
prevented exploitation of the high levels found in the
indigenous African species.

As irrigation of rice increases in surface area and
in intensity, it has become clear that some IIAsian ll

insect problems are surfacing. Brown planthopper damage
at economic levels was reported from Ibadan, Nigeria in
1984 (Alam, 1984). This reporting and the appearance of

-Di pteri d pests in greater numbers wi th doub1e-croppi ng
in Ivory Coast (Moyal, 1982) "indicate that past
hypotheses about greater damage 1evel s occurri ng wi th
increased cropping intensity are being confirmed.
Control methods other than resistance screening are
discussed in a later section.
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Disease Resistance. All major breeding and
se1ectlon programs for rice in Africa include b1aste
(Pyricu1aria oryzae) resistance-as one of their top
prlorltles. The rapid expansion of rice cultivation in
West Afri ca a1 ters the host and pathogen ba 1ance.
Larger rice areas are sown, less blast resistant
varieties have been introduced and growing practices are
extended that favor blast development. Because many
di fferent b1 ast strai ns are found, researchers are
concentrating on the selection of varieties with durable
blast resistance. However, as BUddenhagen (1983) points
out, there is a fundamental controversy about the
ability to breed for horizontal resistance to avoid the
collapse of resistance as new races of pathogens develop
or are introduced.

High and Low Temperature Tolerance. Critically
high and low temperatures for rice vary from one growth
stage to another and al so di ffer accordi ng to vari ety,
duration of the critical temperature, diurnal change and
the physiological status of the plant (Yoshida, 1977).
Both high and low temperature limitations exist -for rice
growth in Africa, depending on climatic conditions at a
specific location. Burkina Faso and Cameroon are sites
for se1 ect i on of col d to1 erant vari et i es in
collaboration with IRRI (IRRI, 1983). Screening for
ri ce vari et i es that wi thstand temperatures hi gher than
350 celsius at flowering is also a concern in many
Sahel ian and Sudanian zone countries.

Regional Coordination of Varietal Improvement.
WARDA has estab1l shed a rankl ng of stati ons for thel r
appropriateness as sites of first evaluation of
adaptiveness of rice varieties to rainfall regimes, type
of cultivation and resistance to physical, chemical and
biological constraints to productivity IITA and IRRI
provide additional scientific coordination. IRAT
provides a measure of coordination among the national
rice programs working in Francophone countries with a
special concentration on dry1and rice production.

Evaluation of WARDA's role in rice research and
development lauds its work in exchange of information,
germp1asm and trials. The institution has played a
major role in the training of staff of national research
programs. However, the coordinated varietal trials are
seen by Lewis et a1. (1983) as not leading to progress
in identifying improved varieties for the diverse
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product ion envi ronments of the 14 member nations. The
regional subprograms for irrigated rice at Fanaya in
Senegal; mangrove swamp rice at Rokupr in Sierra Leone;
and deepwater rice at Mopti in Mali are characterized as
having greater relevance for national rice production in
those three countries than for general app1 ication to
sim"ilar rice production systems in the region. The
Lewi s report is very favorable toward potential WARDA
involvement in the upland rice research programs at
Bouak~in Ivory Coast. A recent review of agricultural
research in Ivory Coast upholds the pre-eminent position
of the Bouak~ in upland rice improvement (ISNAR, 1982).
At the same time, the vari eta1 improvement prog ram is
seen as perhaps too fundamentally oriented and
definitely in need of reorientation to incorporate
cropping and farming systems work.

Water Management

Water regimes for rice lands have been extensively
described and used in the selection of rice varieties
and development of ri ce-based croppi ng systems in As fa
(Moorman and Van Breeman, 1976; IRR I, 1983) • Water
deficit at any period reduces yield to some degree
(Yoshi da, 1976), but yi e1d losses may be i nsi gni fi cant
in an economic sense if the deficit occurs at non
critical stages of plant growth (Grist, 1976). Rainfed
cultivation is generally limited to areas with greater
t han 1, 000 mOl of r a i nfa 11 ( Yo s hid a, 1976 ) or where
surface flows provide flooded conditions for growth.
Average field water requirements for a transplant
nursery, land preparation and crop irrigation are given
as ranges of 840 to 1,240 mm (Grist, 1975) or 1,200 to
1,800 ~m {I1aco, 1981).

The field water requirement in full control systems
is generally app1 ied in one of three ways--continuous
flow, rotational app1 ications to maintain or top off
water levels or intermittent irrigation which alternates
flooded and dry su rface cond i t ions. IRR I research has
shown that maximum crop yields can be obtained under
conditions of soil saturation without standing water.
However, the degree of system reliability needed for on
demand irrigation to avoid moisture stress is seldom
attainable, either technically or economically. Sanchez
(1976) reviews experimental' data which shows that even
moderate stress reduced yi e1 d in both 1owl and and
dry1and varieties. Rice is more susceptible to water
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stress than most crops. The practical available
moisture range in rice may be between flooding and field
capacity, according to Sanchez; flooding therefore
provides insurance against water stress. Flooding is
generally a preferred practice because:

1. Water stress is eliminated;
2. Control of aerobic weeds is easier; and
3. It induces a reduced soil environment

which increases the availability of some
nutrients as pH approaches neutrality.

This evidence argues for continuous flooding, if not
continuous flow application (Sanchez, 1976). Other
authors would argue that practical limitations imposed
by water delivery schedules, water costs and perhaps
the need for drainage to carry out cultural operations,
make intermittent irrigation with its water savings
more attractive (Grist, 1975; Ilaco, 1981).

In soils with high percolation rates and the
potential for associated leaching of nutrients, puddling
can improve water and mobile nutrient retention.
Puddling, or the destruction of the topsoil structure by
tillage of soil at high moisture content, breaks up soil
aggregates, decreases non-capillary pore space, modifies
bulk density, increases soil moisture retention,
decreases so11 moisture losses and induces reduced soil
conditions without flooding (Sanchez, 1976). Puddling
enables the benefits of flooding to be obtained with
lower field water use. However, the increased time
needed for soil drying, increased soil bulk density upon
drying and the need for additional water and tillage
power to regenerate topsoi 1 structure are 1i abi 1it i es
for farms on which a non-rice crop is planted in the
puddled field. Also, in rainfed areas where early
season drought is a problem, dried puddled soil may
reduce growth in rice to the point where recovery is not
possible and large yield losses occur (Sanchez, 1976).

The greater part of work on irrigation regimes,
flooding and puddling has been done in Asia. Improved
water management for rice is much more costly and
difficult to sustain in sub-Saharan Africa. Tradition
ally, rice has been a crop of localized opportunity,
relying on high rainfall, floods or advantageous
topography to supply water. Low population density,
low access to mechanical power, poor market access and
agricultural technology of low productivity provided
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little pressure or opportunity for intensive water
management--whether to compensate for deficient
rainfall, protect against deep and rapid flooding or
drain excess water.

The following sections trace some of the approaches
to water control and thei r prob1 ems over a range of
natural water regimes in Africa.

Floating Rice. Depending on the species and
cu1tivar grown, floating rice can be subject to two or
three periods of greatly different water regimes. Rice
is broadcast or drill ed and grows as a rai nfed crop
until the arrival of the flood, grows under floating
conditions until flood recession and matures as a
recessional crop or is harvested from boats in standing
water. Rice land races of different maturity classes is
grown according to anticipated flood levels and the need
to prepare land for a recessional sorghum crop after the
rice harvest. Small polders are constructed by farmers
to gain some control over flooding rates and flood
recession dates (USAID/Bamako, 1981). Most of the ri~e

land races grown are O. glaberrima types.
Researchers from IRAT and project managers for

Op~ration Ri z-Mopt i have ori ented thei r work on water
control toward progressive improvement that may
eventually lead to full-water control (Vallee and Vuong,
1978; Martin, 1976; USAID, 1981). In the first phase,
dikes and gates are constructed to regulate the rate of
flood i ng and protect the ri ce aga i nst submers ion for
long periods by high river floods. Martin has shown
that flooding rates should not exceed 5 to 7 cm/day.
Thirty-day-old plants of improved varieties cannot
withstand flooding rates of 10 cm/day for more than five
days. Transplanting was ruled out as a practice because
of the low flow rates required to prevent submersion
damage to young p1ants--1ess than 1 cm/day--and the
delay of harvests. Depending on position along the
ri ver and si te topography, fl oodi ng depths range from
2.5 m to 30 to 40 centimeters. Improved deepwater
varieties did not perform well when more than 60 cm of
water was present.

In a second phase, complete water control with
pumping of water from the river to supplement early
season rainfall and avoid drought stress at crop
establishment is expected. Fields would be leveled and
most of the deeper water zones wou1 d be e1 imi nated,
permitting the greater use of HYVs and more secure
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investment in inputs. This phase has not been reached,
even at the WARDA research station near Mopti (Lewis et
a1., 1983).
. Rather curi ous1y, the Action Ri z-Sorgho Proj ect in
the Gao region misapplied Mopti station results to a
project attempting to achieve complete water control
with small-scale submers"ib1e dikes and transplanting.
Lack of field level ing and the delay in both the rice
crop and subsequent recess i ona1 sorghum crop brought
about by the recommended practice of transplanting 1ed
to low adoption rates by farmers and the lack of success
of the project (USAID/Bamako, 1981).

One strategy that has not been exami ned for the
controlled flooding sites for rice production is
improved management duri ng the rai nfed peri od of crop
establishment. Specifically, examination of postharvest
tillage and residue practices is an attempt to improve
dry season storage and early rainfall infiltration would
appear to be a logical extension of the partial water
control approach followed to date.

Deepwater Rice. Deepwater rice production in
Afri ca can be seen as an i ntermed i ate stage in water
control between floating and shallow water/irrigated
ri ce. In the ri veri ne env i ronments of Si erra Leona,
water control is poor and improvements are more oriented
to mechanized assistance to tillage operations. In the
M'Bos Plain in Cameroon, varietal selection and
mechanization of tillage operations have permitted
yi e1 ds of 4 to 7 t/ha wi thout investment in
infrastructure. In the inland valley swamps of Sierra
Leone, partial water control is practiced by clearing
land of stumps, partially leveling land and constructing
dikes and contour bunds. The structures provide some
control over the flooding and drainage of rice parcel s.
Paddy yields of 3 to 4 t/ha are about 30 to 50 percent
greater than traditional swamp cultivation (Spencer,
1981). Water control is only part of a package of
practices, including improved cultivars and fertilizer
use, that contribute to high yields. Since
transplanting is done, the improved deepwater rice
production systems avoid the problems of rainfed rice
plant establishment.
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Mangrove Swamps

Water management in mangrove swamps ranges from
uncontrolled tidal flooding to control of both fresh
water and salt water application and pumped drainage
systems. Tour~ and Aria1 (1978) describe the landscape
of mangrove swamps in southern Senegal, the physical and
chemical characteristics of the soil subunits and the
suitability of the soils for rice cultivation. The
availability of fresh water to leach salts from the soil
horizon was found to be crucial. Farmers in the
mangrove swamp zone traditionally rely on rai nfa11 to
leach salts sufficiently to transplant a rice crop, or
construct polders and drains to prevent salt water
intrusion and permit greater control over leaching of
salts.

Attempts to improve water control in mangrove
swamps must pay careful attent i on to fresh water and
salt water application and drainage. Complete drainage
and dryi ng of mangrove swamps 1eads to strongly ac id
soil conditions, so there is a delicate balance between
meeting the needs of rice plants during the growing
season and avoiding drying and acidification during the
dry season. Beye (1975) describes five years of work on
drainage and desalination of a rice polder in southern
Senegal. Fresh and salt water inlets were provided,
along with gravity and pumped drainage systems. Under
the rainfall and river flow conditions of the area, soil
salinity was reduced to levels acceptable for rice
production. During the dry season flooding with saline
water of the polder soils was permitted to prevent
acidification. Des Bouvrie and Rydzewski (1977) cite
the Kobak and Kasawa pilot projects covering 3,000 ha in
the mangrove swamps of Guinea which used improved
bunding and drains to obtain average yields of rice of
about 5 t/ha.

There are about 2.5 million hectares of mangrove
swamp in coastal Africa (Schantz and Marbut, 1923).
Under good management a portion of this area not subject
to deep flooding could become productive rice land. The
sustainabi1ity of good management practice on these
lands has been questioned, not only in Africa but
worldwide (Saenger, Heger1 and Davie, 1983). The danger
of acidification or resalination in dry years, which
would greatly reduce crop yields; creation of favorable
habitats for schistosomes and other vector borne
parasites and diseases; and exclusion of alternative
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uses for shrimp and fi sh have been ci ted as reasons to
create reserve areas and proceed very carefully with
development efforts (National Research Council, 1982).

Shallow Water Rice. In swamp areas with moderate
i nf1 ows from watersheds and streams and along ri vers,
traditional water control has been practiced. Except in
areas where upstream storage reservoi rs or ri ver
diversions provide a more reliable surface flows, the
shallow water rice areas are sUbject to intermittent wet
and dry periods which adversely affect rice
establishment. These areas also freq~ent1y are part of
landscapes which contain a gradient in water regimes
from flooded through hydromorphic to freely draining.
Moorman and Van Breeman (1978) di scuss these drai nage
catenas.

As these sites are valuable parts of farming
systems that use many 1and c1 asses for 1inked crop and
livestock production, traditional water management
strategies are not always based on favoring rice
production. Late dry season grazing needs, for example,
are sometimes seen as more important than 1and
preparat i on for ri ce. Therefore, work to repa i r bund s
and drains to manage water levels for early
transplanting may take second priority to maintaining
livestock conditions for animal traction or meat and
milk production. The work of Traverse (1975) in the
Lower Casamance River Valley in southern Senegal
suggests that 1i vestock be excluded or otherwi se dealt
with to permit better use of available soil and water
resources for ri ce production. Both sandy and c1 ay
textures in the zone studied produced yields on the
order of 1.5 t/ha. On the sandy sites, early direct
seeding of improved varieties after plowing and
fertilization gave demonstration plot yields of about
4,400 kg/ha. On the heavier textured clays, fairly
comp1ete water contro1 and i nten s i ve use of an i rna 1
traction, fertilizers and pesticides were used over a
three-year peri od to permi t ri ce doub1e-croppi ng. The
first crop was rainfed, shallow water. The second crop
was irrigated during the dry season. Rainy season
yields averaged 4,300 kg/ha. Dry season yields averaged
6,100 kg/ha.

Full-Control Irrigation. There are full-control,
irrigated rice projects in almost every country in sub
Saharan Africa. As Moris et al. (1984) point out, the
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use of the term "full control" is inappropriate to many
schemes. Variability in water availability, main system
operati ons, drai nage and on-farm water management all
contribute to less than full control. The consequences
are usually reduced utilization of constructed
facilities, cropping intensities that are much lower
than designed, and yields that do not meet expectations
of planners of farmers.

An a5S e ssm ent 0 fir rig ate d agric u1t urei n
Mauritania outlines some of the trends in full-control
perimeter (Humpal et al., 1983). Average facil ity
utilization calculated as the percent constructed
command area that was cropped ran about 61 percent, with
a modest increase to 67 percent if doubl e-cropped area
was included. Newer irrigation perimeters generally had
higher cultivation intensities than older ones. Table
11 gives trends in cultivation intensities for small
scale perimeters constructed and managed in the Gouraye
sec tor wit has sis tan ce from pr i vat e vol untary
organi zat ions. . In these run-of-the-ri ver pump schemes,
cultivation intensities increased as new perimeters were
constructed from 1978 through 1981. The big reduction
in cultivation intensities in 1982 resulted from the
inability of farmers to obtain credit to finance
production. Farmer inabil ity to repay old credits was
caused by pump breakdowns, which the central irrigation
agency was unabl e to repai r in a timely manner.
Al though these 20 to 40 hectare perimeters were not
major engineering works, the small-scale of operation
did not prevent poor main system operation and water
applications were not very efficient. Fields were flood
irrigated for broadcase rice planting. Poor leveling.
of fields was noticeable. Corn and sorghum were grown
on high spots, while flooded rice occupied the low spots
Downstream from the Gouraye small-scale perimeters
is the Gorgol Pilot Perimeter. Designed for a 7000
ha net command area, the actual command area was 3800 ha
in 1980 (RAMS, 1980). Water control at this site was
not a problem of water delivery, but of flood control.
The project site is in a minor flood bed along
the Senegal River above the confluence with the
seasonal Gorgol River. Protective dikes have proven
insufficient to control peak floods. No provisions for
excess surface water pumping were made in the design
of the project. Rice crops have had to be replanted on
several occasions. Gorgol is one of three major irriga
tion perimeters along the Senegal River(SONANDER, 1981).



129

TABLE 11

CULTIVATION INTENSITIES IN THE GOURAYE SECTOR
SMALL IRRIGATED PERIMETERS

Year 1978

Cultivation
Intensity 0.6

1979

1.45

1980 1981

1.84

1982

1.49

Source: Humpal et al •• 1983.

In these run-of-the-river pump schemes. cultivation
intensities increased as new perimeters were
constructed from 1978 through 1981. The big reduction
in cultivdtion intensities in 1982 resulted fr~n the
inability of farmers to obtain credit to finance
production. Farmer inability to repay old credits was
caused by pump breakdowns. which the central irrigation

The second, covering 920 ha at Bogh~, is also in a
floodplain. The third and largest, covering 1,420 ha at
M'Pourie, fs constrained by seasonal salt intrusion from
the Senegal delta to a single crop each year.

On the opposite bank of the Senegal River there are
also small perimeters, constructed and managed with the
assistance of SAED (Societ~ de 1IAm~nagement et
l'Exploitation des Terres du Delta et de la Vall~e du
Fleuve Senegal). Tuluy (1981) found that water delivery
was reliable, that rice yields of 4.75 t/ha were being
achieved, and that double-cropping with maize and
vegetables was successful. SAED support to maintenance
and repair operations permitted good main system
management, and farmers had leveled their small 0.20 ha
plots.

Upstream from Matam there is another series of
small-scale perimeters, in a higher rainfall environment
at Bakel. Rice yields were similar to those at Matam.
However, water supply was judged to be unreliable,
operat ions cost was hi gh, conveyance effi ci enci es were
low, infiltration rates high due to poor site selection,
1and 1evel i ng had not been done and farmers were
shi fti ng some 1and to mai ze and other 1ess water
demanding crops (Keller et al., 1982). Based on an
examination of the environment, crop production systems
in the area and the five-year history of the perimeters,
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these authors recommend a series of engineering,
agronomic and management changes to improve the
productivity and return of the perimeters. In the water
management area alone, consideration of several factors
indicate a range of irrigation options for the Senegal
River Basin that are yet to be explored (Keller et a1.,
1982). They include:

- Piped or lined canal conveyance;
Examination of water application methods,
including intermittent flooding and
sprinkler irrigation;

- Hybrid systems of full irrigation,
supplemental irrigation and rainfed
production in a contiguous layout;
Product i on of ri ce under non-flooded
upland crop irrigation regime; and

- Modification of cropping patterns to
include a greater share of upland crops
and extend the surface area cultivated.

It woul d be fa i r to say that adopti on of a
monolithic continuous flood rice production model in the
Senegal River Valley is one of the biggest technical
design flaws contributing to lack of perimeter success.
Rice is far from the best crop selection under the
conditions of evapotranspirative demands and percolation
losses of water that prevail.

In the Ruzizi Valley of Za're rice has been
cultivated in flooded swamp conditions since the arrival
of Arab traders in the 19th Century. Full control flood
basin irrigation was introduced by the Belgians in order
to use solonetz soi 1s (dystri c and eutri c natrusta1 fs)
that occupied a portion of the valley (Jurion and Henry,
1969). In contrast to the Senegal River Basin examples,
rice was the best crop adapted to these poorly drained
soi 1s. Avai 1ab1 e water studies were used to a<Uust
water app1 ication rates. Maximum yields were obtained
by irrigating when soil moisture levels fell to 60
percent of saturation values (INEAC, 1959). Yields
averaged about 4 t/ha on the ri cher so; 1sand 2.5 t/ha
on the poorer soils (Dewez and Catzef1is, 1959;
Vandenput, 1981).

Humphreys (1981) describes three types of
irrigation in Ivory Coast:
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1. Low1and i r rig at ion by di ve rs ion f rom
small streams into small valleys;

2. Dam and storage reservoir-fed systems;
and

3. Run-of-the-river pump schemes •.

While theoretically able to support double-cropping,
none of the three do. In the 1owl and case, streamf10ws
do not provide sufficient water for a dry season crop.
The dam schemes have i nsuffi ci ent storage capaci ty and
percolation rates have been higher than anticipated.
The pump schemes suffer from highly variable river flow,
poor pumpi ng and conveyance effi cienci es, and loss of
water to deep percolation.

These three examp1 es ill ustrate that many
irrigation schemes are designed and constructed with
1ess than necessary understandi ng of soi 1, water and
climate data. Des Bouvrie and Rudzewski (1977) make
thi s poi nt. However, they concentrate on the need for
region-wide collection of meteorological and hydrologic
data. Given the current density of irrigation
perimeters "in Africa, it should be possible to more
carefully design the new generation of perimeters based
on the empirical evidence provided by the pilot
projects. Design of a system that makes best use of
available soil and water resources and mitigates natural
constraints takes a greater effort in site specific
investigation. This point seems to be particularly true
of small-scale perimeters, for which cursory site
identification and design surveys often are done.

A second key point is that site identification,
design and construction of full control irrigated rice
perimeters seem to be as poorly done in humid as in
semiarid to arid conditions. In the more arid
environments designers underestimate flood levels and
site perimeters on soils with high percolation rates.
In more humid environments they seem to overestimate
water availability for dry season cropping and site
perimeters on porous soils. In both settings sma11- and
medi um-sca1 e perimeters suffer from conveyance systems
with high unreliability and low efficiencies. Scheme
land leveling operations are often crudely done for
these classes of perimeters, and on-farm basin leveling
is seldom done accurately.

Under these main system operating characteristics,
comments about the over-utilization of water by farmers
with little irrigation experience need to be discounted
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by some sort of system unreliability risk factor. As
Keller (1982) points out, the Bakel fanners became very
efficient irrigators and utilizers of m1crodrainage
patterns in their fields when water delivery was
unreliable. That they took five years to figure out how
to successfully grow the wrong crop in the wrong p1 ace
perhaps says more about the i nabi 1i ty of designers to
adapt irrigation design principles to the specific
conditions of Africa than it does about African ability
to develop irrigation skills. Common wisdom adopts the
opposite viewpoint (World Bank, 1981), but may need
revision.

Soil Management

In this section an attempt is made to discuss soil
management practice as it relates to water availability
and soil fertility in rice production systems.

Soil Management During Rainfed Periods. Flooding and
puddllng were dlscussed ln the prevlous section on water
management. While there is not an absolute need for
standing water to produce maximum rice yields, there are
other reasons for doing so, e.g., to control aerobic
weeds, facilitate leaching of salts, prevent
acidification of mangrove soils or reduce the likelihood
of intermittent wet and dry periods that leak nitrogen
from the fields. Puddling is seldom employed in Africa,
wi th the exception of Madagascar. It is poss i b1e but
extremely difficult to puddle many of the oxiso1s,
u1tiso1s and alfisols with lighter texture (Sanchez,
1976). Lack of motor power and use of rice paddies for
rainfed and recessional crops is a partial explanation.
Inadequate control of water supply is probably a bigger
factor.

It is important to realize that most rice lands and
rice plants are rainfed up until the crop is well
established. Land is prepared dry or after rainfall has
softened it sufficiently for tillage. Nicou and
Charreau (1980) point out that the high intensity
rainfall that occurs at the beginning of rainy seasons
causes crusting and runoff of water that would otherwise
be stored in the soi 1• Many of the 1i ghter textu re
soils also develop mechanical impedance to root
penetration after a few years of crop production.
Apparently because the low water control systems are
vi ewed as transi ent to full control systems, there has
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been little attention paid to soil management during the
rainfed period. Some approaches suggested by the
literature from dryland agriculture and some rice
studies are:

1. Tillage early in the growing season to
increase rainfall infiltration and reduce
mechanical resistance to weed growth
(Nicou and Charreau, 1980);

2. Ti 11 age after harvest to improve
cloddiness, with the aim of reducing soil
loss from wind erosion during the dry
season, reducing water erosion at the
beginning of the rainy season and
shorteni ng the time to fi rst ti 11 age by
hand or animal drawn equipment
(Henderson, 1979);

3. Ti 11 age at the end of the season to
incorporate residue; and

4. Ti 11 age after harvest to reduce weed
growth and conserve soil moisture.

The problem with all of these approaches is the need for
motor power; they can be practiced only where animal
traction or tractor services are available.

Fertility Management. Fertility management
funct10n of so11s, past use, water management,
cropping intensity and availability of inputs,
with the money and farm power needed to employ
wide range of practices has been followed.

During the 1940s and 1950s research pursued an
organic approach to ferti lity management at the same
time that commercial fertilizers were being tested. In
Zaire four approaches were tested on-station and on
farmer holdings (Jurion and Henry, 1969; Dewez and
Catzeflis, 1959; and INEAC, 1959):

1. Use of farm yard manure at doses ranging
from 10 t/ha to 45 t/ha. Yields were
increased, but the practice was
uneconomical and made more so by the use
of dried manure. It was unclear whether
the rna in effects were rel ated to
nutri ents or to modi fi ed physi cal
properties.

133
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2. Green manures. Mucuna ut 11 is gave the
best results wlth slx-month fallows
equivalent to longer fallows of other
crops.

3. Fallows of pasture species. Effects of
different species varied. One year after
the pasture fallows yield effects were
about the same. In year two after
fa 11 ows the legumi nous fallows generally
gave better results.

4. The "practical" approach. Maximize
reincorporationof weeds and crop residue
with a potential short green manure crop
of Mucuna.

All of these approaches requi red mechani zat ion and di d
not provide yield responses of sufficient economic value
to provide an incentive for farmers to switch from
natural fallows to managed fallows (Sanchez, 1976).
Some benefits from rotation with crop legumes were
reported from Zaire (Focan, 1961), but rice yields could
not be maintained by rotation alone.

App 1i cat i on of mi nera1 fert i1i zers to ri ce crops
has been reviewed by Grist (1975), Sanchez (1976),
Poulain (1976), Martin (1976) and Jurion and Henry
(1969). In most instances nitrogen is the primary
limiting nutrient, with phosphate in second position and
occasional deficiencies of zinc and magnesium following.
The variable effects of nitrogen applications on yields
have been related to soil fert il i ty differences, the
susceptibility of older varieties to lodging at moderate
ni trogen 1eve1s, app1icat i on of i nappropri ate ni trogen
forms to wet ri ce systems and the 1eachi ng
characteristics of the soils investigated. Generally,
ammoni urn-based ferti 1i zers or urea are used in flooded
conditions. Intermittent reduced and oxidized (flooded
and nonflooded) states should be avoided to prevent loss
of nitrogen. Application and mixing in the root zone
and water applications to avoid leaching are recommended
by Sanchez (1976) as practices to avoid nitrogen losses
which are used"too infrequently.

Pou1ain (1976) studied nitrogen response curves in
ri ce grown under flooded, full control and dry1 and
conditions. For irrigated short stature rice, he
recommended split applications at ti11ering and panicle
formation. For tall varieties, a single application
half that for irrigated rice was advanced.
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Weed Control

Annual Oryza barthii and perennial Oryza
1ongi stami nata wil d ri ces are generally recogni zed as
the most serious weed pest of all rice production
systems that are i rri gated or flooded for long peri ods
of time. In recessional systems, cutting of annual wild
rice grown during a flooded fallow; plowing at the
beginning of the rainy season with three harrowings; and
plowing before flood arrival, followed by late plowing
at the begi nni ng of the next growi ng season, kept wi 1d
ri ces in check on controlled flood i ng schemes in Mali
(vall~e, 1980). Perennial wild rice is best controlled
by pl owi ng, whi ch bri ngs tubers to the surface to be
dessicated during the dry season.

Under irrigated conditions annual red rice has
become a serious pest (Keller, 1982; Deuse et al.,
1980). On small perimeters manual control is possi bl e.
Avoidance of reinfestation has been done through careful
control in seed selection and weed seed screens (Martin,
1975). Deuse et al. (1980) give several methods of
control:

- Use of early varieties which flower and
mature before red rice sets seed;

- Use of cultivated fallows;
- Rotation with sorghum, maize and wheat;
- Preirrigation followed by harrowing--will

not eliminate dormant wild rice seed;
- Seed cl eani ng to el imi nate red ri ce--an

expensive process;
- Rotation with perennial forage plants;
- Grazing of native stands and fallow

fields by sheep and goats; and
- Herbicide use with antidotes for

cultivated rice--oxadiazon was the most
promising herbicide.

Weed control practice during crop establishment
under rainfed conditions should follow good dryland rice
practice. Merlier (1982) discusses prevalent weed
species and the changes in their relative abundance from
land clearing to alter periods of field history. There
is heavy emphasis on deep tillage to eliminate Imperata
cylindrica and other species. Control of weed·s durlng
the second month after germination is identified as the
critical practice for dryland production weed
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competition during the second month of crop growth
reduced yields 70 percent. Oxadiazon showed its
relative effectiveness in rice weed control. Weeds and
thei r control in dry1 and, hydromorphi c and 1owl and ri ce
are reviewed in Akobundu and Fagade (1978).

Insect Pest Control

Soto and Siddiqi (1978) review the status of rice"
insect pest understanding and control practices.
Empha sis is placed on the need to understand the
biology, ecology and distribution of rice pests as a
necessary preconditon to the development of effective
insect pest management strategies. Breni@re (1976)
provides an examination of the taxonomy and distribution
of the principal borers in West Africa. Vercambe (1982)
presents an elegant study of the economic ecology of the
stalk-eyed fly, showing that adherence to extension
recommendations to plant rice crops early will lead to
greater damage. Analysis of the life cycle, habitat and
seasonal population behavior led to recommendations on
cultural practices and varietal selection to avoid
damage. Bonzi (1982) and Moya1 (1982) discuss the
increasing incidence of borers, whorl maggot and rice
gall midge on irrigated rice crops in Burkina Faso and
the Ivory Coast. Breni@re (1981) and Breni@re and
Bordat (1982) discuss the role and potential of
biological control of cereal pests, including rice, in
Africa.

It is fairly clear from the literature that, with a
few notable exceptions, the economic behavior of most
insect pests of rice is not well understood in Africa.
This lack of understanding means that cultural practices
to avoi d or reduce economi c damage 1eve1 s wi 11 be slow
in developing. Vercambe's economic (1982) study took
seven years to complete. Release of borer predators has
been tried after predator rearing in Europe, but
biological control is still in its infancy in Africa.
Even if technically possible, an economically feasible
program of biological control is probably far on the
horizon. In the absence of solid information, Breni@re
advocates a pragmatic, empirical, approach, including:

- Determi nat i on of the economi c threshold
of damage;

- Determination of the economic feasibility
of the treatment;
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- A treatment calendar based on susceptible
periods during insect life cycles; and

- Minimization of the risks of
disequi1ibraton of the agroecosystem.

Sugarcane

Introduction

Sugarcane is a crop that originated in the wet
tropics of Mel anesia~ but has been most successfully
grown in tropical wet-dry and sub-tropical c1 imates
(Barnes, 1974). It has been cultivated as a sweet reed
for chewing in West Africa since its introduction there
in about the 15th Century. It was probably introduced
much earlier in East Africa. However, by the mid-1920s
only two continental Africa countries produced
s i gni fi cant amounts of sugarcane--Mozarnbi que and South
Afri ca. Mau ri t i us and Reuni on domi nated Afri can sugar
production at that time. Between the mid-1920s and
early 1970s sugar production in Africa grew nearly
eightfold, out-distanced only by South ,America (Barnes,
1974). The drive to produce sugar in Africa was spurred
by WWII, colonial investment in developing cheaper
sources of sugar, resolution of the problem of how to
create higher yielding hybrid varieties of cane,
mu1t"ip1e year cycles of high prices and inclusion of
.se1f-sufficiency in sugar production as a national
planning goal (Barnes, 1972; Purseg10ve, 1975). High
prices for sugar in the early 1970s led to crash
planning and production of sugar development.
Overproduction, competition from sugar beet, sugar from
protected markets and development of non-sugar
sweeteners has led some analysts to believe that sugar
prices will exhibit a flat trend over the next decade or
more (Singh, 1983). However, major new sugar projects
have been designed and implemented in African nations to
provide import substitution for rapidly growing sugar
consumption (Nigeria, Ivory Coast), to obtain some
foreign exchange from exports (Burkina Faso, Malawi,
Kenya, Zimbabwe) and, in a few cases, to determine the
economics of sugarcane as a basis for ethanol production
as a fuel substitute (Zimbabwe).

Both the history and the agronomy of sugarcane
development are focused on large-scale production.
Production has to be closely linked to processing
operations to avoid post-harvest losses of sucrose
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conversion. The processing operations are generally
more efficient at larger than smaller scale if white
s ugar s are the des i red output • Small hold e r
participation is usually limited to an outgrower role,
providing cane to a mill which has a significant
proportion of its capacity supplied by a nucleus estate
or se r i e s of estate s • Sma 11 h0 1de r s outs i de the se
schemes generally confi ne thei r producti on to 01 d
varieties. They are grown under conditions which
produce low sugar concentrations and are used for
chewing use or crude jaggery sugar (Barnes, 1974).

Irrigated and Rainfed Production

Irri gati on and/or drai nage works are key features
of many sugarcane plantations. The reason is that sugar
yields and crop management tend to be highest when there
is a dry or cool period to permit maturation--the
slowing or stoppage of growth which permits accumulation
of sucrose in the cane. Environments which have
distinct dry periods may also have low reliability o.f
rainfall at times when rapid growth of cane is desired.

Both irrigated and rainfed sugarcane production
exists in Africa. In areas with high rainfall, well
di stri buted over a severa1 month peri od, sugarcane has
been grown successfully without irrigation. In some
1owl and areas water control has revo1 ved more around
flood protection and drainage than water application.
But, as shown in Table 12, rainfed production in
marginal areas may result in a reduction in both yields
and the lifespan of the perennial sugarcane plant
relative to that grown under irrigation.

These results are from an industrial plantation
located on an alluvial floodplain in Mozambique.
Sprinkler irrigation was used. Across both classes cane
yields drop significantly from the first harvest to the
third. Rainfed yields are 75 percent of irrigated
yi e1ds at fi rst harvest, then drop to 40 to 45 percent
in the thi rd and fourth harvests. By the fourth ratoon
crop, rainfed plantings had to be abandoned. However, a
complex of factors including drought tolerance of the
varieties tested may have accentuated the difference
between rainfed and irrigated production.

A more recent study of production from i rri gated
and rainfed sugarcane in another wet-dry environment in
Ivory Coast indicates that varietal improvement had
probably reduced the gap between irrigated and rainfed
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production, perhaps bringing rainfed production within
range of economic competitiveness with irrigated
production. In a fifteen-year study of the productivity
of rainfed production under varying fertilizer regimes,
researchers at Ferkessedougou demonstrated that for
their rainfall regime and soils rainfed cultivation
could provide about 75 percent of the extractable sugar
and about 70 percent of total cane yi e1ds of the same
variety grown under optimum irrigation conditions
(Claus, 1982).

In contrast to the earlier example from Mozambique,
rainfed crops ma"intained their yield position relative
to i rri gated cane across ratoon crops. The si tes were
carefully selected. Soils had a minimum potentially
available soil water reserve of 120 to 150 mm either
naturally or through r"ipp"ing, and seed beds were well
prepared. Great care was taken in se1 ect i on of stem
cuttings and growing practices were intensive. Still,
Claus (1982) estimated that about 60 t/ha of cane, or 6
t/ha of extractable sugar, could be obtained under
industrial or improved smallholder production in this
environment, which averaged 1,300 mm of rainfall per
year. Rainfall analysis showed that production would be
fairly stable over time. Once in five years a five
percent vari at i on from the average cou1 d be expected.
Once in ten years a 13 percent variation could occur.

It should be noted that the above results were
obtained with intensive land preparation and unusual
efforts to conserve soil moisture. The leaves and trash
of the cane crop was manually stri pped and used as a
soil mulch. Cane fields in the Ivory Coast are usually
fi red before harvest to reduce manual 1abor
requirements. The mulch contributed to higher soil
moisture status and reduced weeding. Its net effect on
1abor use and cost compa red to fi ri ng and man ua 1
harvesting, or firing and mechanical harvesting, was not
evaluated. The dried mulch also presented a wildfire
hazard for the ratoon crops. Standard Ivoirian practice
in irrigated production is to rake trash to clear
irrigation furrows before they are reshaped. Under
rainfed production the fire hazard to the sprouting
ratoon crop is fairly high until the rainy season
begins.

Claus (1982) concluded that there was good
potential for both industrial and village expansion into
rai nfed sugarcane production in northern Ivory Coast.
He cited the lower cost in capital outlays; the shorter
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TABLE 12

CANE YIELDS AT LUABO ESTATE. MOZAMBIQUE
(In Tons per Acre)

1968

Irrigated Rainfed

Plant cane 69.3 51.6

2nd Ratoon 36.2 16.8

3rd Ratoon 30.9 12.4

4th Ratoon 29.9 nla

Source: Barnes. (1974), Table 4.

maturi ty peri od of the cane under ra i nfed cond it ions,
which would improve cane flow to mills; and rainfed
cane's generally higher sugar concentrations with
closely monitored fertilizer practice; as factors which
made rainfed production an attractive adjunct to
i rri gati on. The provi so was that about a thi rd to a
half of production should be irrigated to dampen
interannual production variations. Production in wetter
zones of the country would permit some relaxation of the
tight technical control required to maintain high
rainfed yields in drier zones.

In Za're there isa long history of supplemental
i rri gat i on of sugarcane (Orachoussof, 1959; Mohrmann,
1958). Both furrow and spri nk1 er i rri gat ion is
practiced. Rainfed cultivation is possible in the major
sugarcane growing areas in Bas Za're, but the distinct,
strong dry season of three months, which provides a good
maturation period, also interrupts the planting cycle.
Supplemental irrigation pennits planting during the dry
season. Rainfall distribution is bimodal in Zaire, so
the supplemental irrigation also permits high growth
rates to be maintained during the January-February
period when moisture s~ress in rainfed plantings can be
expected. Equally important is the effect of
supp1 ementa1 i rri gat i on on the schedu1i ng of both 1abor
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needs and mach i nery use. Labor peaks are reduced and
machinery use more flexible when cane harvesting and
planting can be stretched out over an additional three
months when compared to rainfed production.

In the Kwil u Ngongo area of Za' re both i rri gated
and rainfed production takes place. Rainfed cane yields
average about 75 t/ha for the first cutting and from 30
to 40 t/ha for succeedi ng ratoons. Under i rri gated
conditions from 180 to 200 t/ha can be obtained from a
first crop grown over an 18-month period, with 12-month
ratoon crops averaging about 80 t/ha (Vandenput, 1981).
Harvesting is done by hand to permit maximum recovery of
mature stems. While this practice maximizes sugar
recovery, it is unclear whether the practice is
economically optimum.

In the Kivu region in eastern Za're, sugarcane is
grown at 980 meters in the relatively fertile Ruzizi
Valley with furrow irrigation. Rainfall is lower than
in the Za're basin and at the margin for rainfed
sugarcane production--about 1,200 mm per year. Varietal
trials with Indonesian and Indian introductions showed
potential yields on the order to 140 to 180 t/ha of
cane. Ratoon crops dropped to about 100 t/ha. The
growi ng cyc1 e was based on a 13-month fi rst crop
followed by two ratoon crops of 12 months duration
(INEAC, 1959). High yields can be ascribed to intensive
management, supplemental irrigation, fertile soil and
sunnier conditions than in the lowland areas of Za're.
Full-scale production yields were reduced to about 60
percent of trial yields.

Under conditions of adequate soil moisture, sol1
fert 11 i ty and hi gh i nso1at ion, the rate of growth to
maturi ty can be acce1 erated. In Afri ca these areas are
in arid or semiarid zones. At Ti11aberry in Niger total
water applications of 2,090 mm over a ten-month growing
period yielded 90 to 120 t/ha of sugarcane for the first
harvest (Valet and Marcesse, 1980).

It can be seen from the precedi ng examp1 es that
site and crop management practice can be combi ned in
many ways to maximize sugar production. The crop can be
grown for one year, two years or 18 months before
harvesti ng. Ratoon crops can be vari ed in number and
duration. Mechanization can be nearly total or select
ively employed. The combinations and permutations of
agronomic management are many. Water supply plays a key
role in manipulating growth rates and maturation periods
within certain limits set by environment and variety.
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Va ri eta1 Dec1i ne and )mprovement

Sugarcane is subject to a phenomenon known as
varietal decline. In some crops the failure of a
variety can be attributed to a single disease organism
that causes an epi demi c or mutat i on of a di sease to a
new race for which a variety has no resistance. Long
experience with sugarcane has shown that varieties tend
to decline in their yielding ability over a period of
two decades or so to the point that they cannot be grown
economically. Since the breeding and testing cycle for
new vari et i es is seven to ten years, cane production
strategi es have been ori ented to conti nuous testi ng of
new introductions and local selections, along with the
cultivation of several varieties on one plantation.

Varieties differ in their susceptibility to decline
in the same envi ronment and rates of decl i ne for the
same vari ety often di ffer across growi ng envi ronments.
Genetic makeup; bacterial, fungal and vi ral diseases;
insect pests, nematodes; and environmental stresses have

>all been impl icated in varietal decl ine (Barnes, 1974).•
The problem has been reduced mainly by introduction of
interspecific hybrids of sugarcane with vigorous growth
habit, disease and pest resistance and desired sugar
yield characteristics. Also important has been the
establishment of quarantine procedures for introductions
to avoid disease and pest carryover into new
environments. Across all varieties and environments,
standardization of hot water treatment to control Ratoon
Stunt Disease has proven to be extremely beneficial.
Improved cultural practices and sanitation in seed piece
preparation has reduced disease carryover into
succeeding crops on the same plantation. Combination of
varietal improvement to incorporate stable resistance to
diseases and insect pests and improved quarantine and
cultural practices led to large increases in recovered
sugar over multiple ratoon crops (Barnes, 1974).

As breeding methods for disease and pest resistance
have been improved and cultural practices have been
fine-tuned to economically optimize sugar yields,
attention has turned increasingly toward examination of
varietal differences i nresponse to environmental and
management factors. Nickel (1976) reviews work in
Hawai i that shows the great vari etal vari abil i ty that
exists in response to solar radiation, temperature,
drought tolerance, wind stress, salinity, flooding and
fertilizer. The implication of the work is that
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improvements in matching varieties to local growing
conditions will increase managerial control over crop
yields and production costs. As has been shown by
studies in West Africa, .there are significant
differences in variety to different environmental
conditions (Claus, 1982). Optimization studies before
large-scale plantings and regular crop monitoring are
necessary to develop cost-effective management of the
sugarcane stands.

Pest and Weed Management

Termites, root grubs, stem borers and nematodes are
the four major pests of sugarcane in Africa. Termites
are especially important pests of newly pl anted seed
pieces or of standing cane during prolonged or intense
dry seasons. Root grubs and nematodes affect plantings
of all ages under many different moisture regimes. Stem
borer has been i ncreas i ng i 11 importance as a cane pest
in West Africa since 1965, when major new irrigated cane
projects (Banfora in Burkina Faso, Ferkessedougou in
Ivory Coast, Seri bal a and Dougabougou in Mali) were
constructed. Substantial varietal resistance to root
grubs and nematodes has been developed. Termi tes are
controlled to a certain extent by dieldrin treatments of
seed pieces, broadcast applications of dieldrin and
endrin and by flood irrigation practices (Barnes, 1974).
Some stem borer resistance has been incorporated in
major cane varieties, but the review of West African
experience by Betbeder-Matibet (1981) shows the complex
interaction of control practices for termites and root
grubs with those for stem borers.

Stem borers are a particular problem in new cane
stands and in some ratoon crops. One of them, Eldana
saccharina, can infest up to 30 percent of new plantlngs
on cane. The cause seems to be the suppression of a
controlling fauna of insects and ants by field-wide
applications of insecticides and flood irrigation.
Carryover from one crop to the following ratoon or to an
adjacent field is caused by failure to eliminate the
basa1 stem reservoi rs of egg masses and 1arvae of the
borer. Borer incidence declines as stems become less
succulent and predator fauna recovers. Cultural
practice improvements were recommended as the most
practical control methods pending research on biological
and chemical techniques. Cultural practices included:
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Selection of uninfected seed pieces;
Selection of seed pieces from nine- to
ten-month-old cane;
Dieldrin treatment of seed pieces only
to protect against termite attack
while reducing destruction of
beneficial insects;
Sprinkler· irrigation for crop establish
ment--emerging borer larvae are drowned
and predator fauna are not drowned by
flood irrigation;
Harvest the first crop at a maximum age
of 12 to 13 months and harvest to ground
level--the timing favors suicidal emer
gence of the moths at an unfavorable time
of the year and field sanitation
reduced potential egg lying habitat; and
Destruction of stools of the previous
cane stand after the last ratoon crop.

Post harvest insecticide treatment showed greater stem
borer at tack than untreated checks (Betbeder-Mati bet".
1981).

Deuse and Bassereau (1980) revi ew the status of
weed control in i rri gated sugarcane proj ects coveri ng
50,000 hectares in francophone West Africa. About 75
percent of the surface area is treated with herbicides.
There is generally not a problem with weed control
during the first crop, which undergoes several tillage
operat ions up to full cover. Then succeedi ng ratoon
crops usually develop a strong weed challenge,
especially after field firing. Herbicides tend to shift
the weed population to tolerant species, which require
different herbicides for control or are highly resistant
to many herbicides (e.g., Imperata cylindrica and
vari ous Cyperaceae). Si nce the maJ or probl em species
vary extensi vely wi th"j n a proj ect, Deuse and Bassereau
call for vegetation surveys before field planting,
examination of non-herbicide control measures and
studies on optimization of herbicide applications.
Depending on field irrigation and drainage ditch layout,
there may be economi c and operati onal constrai nts to
mechanical cultivation of ratoon crops (Barnes, 1974).
At early stages of the ratoon crop, sprinkler irrigation
could permit greater flexibility in terms of mechanical
cultivation. A combination of sprinkler irrigation and
trash mulching usually freely trashing varieties--
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varieties that drop their leaves easi1y--wou1d provide
good weed control, but would be too costly where labor
is expensive.

Large-Scale vs. Small-Scale Production

Because sugarcane is an i ndustri a1 crop, economi c
optimization of production, harvesting and milling
processes is dominant in technology identification and
adoption. As the sugar market is international in scope
and volatile in nature, periodic adjustments have to be
made in all levels of production and processing
activities to maintain market positions. At the same
time, sugarcane is a perennial crop--or nearly so. It
requires fairly long lead times to develop new varieties
and product ion pract ices and move them into the
production sector. These pressures have produced a
close association between research and production.
Essentially, all large schemes have research and
development programs and are in fairly close
communication with sugar research workers around the
world. Thus, although lead times are long in varietal
and technology development, the industry as a whole is
poi sed to incorporate new developments. In many cases
the industrial plantations are the sites of research on
a large plot of field scale. Once results are
interpreted, the improved vari ety or techni que is
qui ck1 y adapted and integrated into p1 antat ion
management.

Smallholders in Africa are generally outside the
sugarcane research and development circles. Varieties,
growing practices, input use, maturation techniques and
harvest technolog i es 1ag a decade or more behi nd the
main plantations. While Barnes (1974) asserts that
smallholder production could be increased quite rapidly
through use of improved varieties, better site
selection, preparation of disease-free sets of high
quality fertilization and modified harvesting practices,
the intensity of organizational, extension and credit
effort requi red cou1 d cost a good deal more than the
increased crop would be worth. As far as is known,
there are no programs in Afri ca whi ch work on sugarcane
improvement or sugarcane-based cropping systems for
smallholder conditions.
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Cotton

Africa produces about 1.2 million tons of lint
cotton annually (Vandenput, 1981). Sub-Saharan Africa
produces about 700,000 tons of lint annually with fairly
large year-to-year variations (Singh, 1983). The
average yield in the sub-Saharan region is 570 kg/ha of
seed cotton (190 kg/ha of lint), or about half of
developing country yields (Singh, 1983). However,
average yields in sub-Saharan Africa have been trending
upwards at an annual rate of about 2.1 percent--higher
than the worldwide trend, but significantly lower than
the rate for developing countries in general (Singh,
1981).

The main reason for both low yields and high
i nterannua1 va ri at ion is because the vast maj ori ty of
cotton is grown under rainfed conditions. Sudan is the
major exception. Its massive Gezira scheme and
sUbsequently developed irrigation projects produce long
staple cotton on about 325,000 hectares, with an
additional 50,000 hectares of rainfed medium staple
production. Sudan produces about a thi rd of the
region's cotton (Singh, 1983). Irrigated cotton is also
produced in Mali, Kenya, Tanzania, Mozambique and
Zimbabwe. Recessional cotton is grown in Chad and
Madagascar.

Irrigated Cotton Yields

Long staple cotton yields on the Gezira scheme and
on more recent proj ects in Sudan have been stagnant or
dec1 ining for the past ten years (Development
Alternatives Inc. and Research Triangle Institute, 1982;
Bened i ct et a1., 1982). Inadequate pest and weed
management, drainage problems, poorly mechanized
practices, lack of harvest labor and poor farmer
management are factors at the mi cro 1eve1 that account
for declining yields. The Sudanese irrigated cotton
producing areas are also a case study in the over
utilization of pesticides and the development of a
tenacious pest complex. White fly damage and white fly
transmission of viral diseases such as leaf curl are a
maj or problem, although some resistance has been found
in the Sake1 vari et i es. However, reso1ut i on of these
prob1 ems wi 11 remove only some of the important root
causes of cotton production problems. Based on
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circumstantial evidence, other problems are·
macroeconomic dislocations in the Sudanese economy,
scheme organ i zat i on and management, a monopo1i st i c and
unresponsive cotton marketing organization whose prices
present growers with disincentives for cotton production
and allocation of all tenant water charges to the cotton
crop (Development A1ternat i ves Inc. and Resea rch
Triangle Institute, 1982).

Recent studies of historical long-term cotton
yields in the United States suggest that yields tend to
level out and dec1 ine despite steady improvements in
genetic yield potential of new varieties. Meredith and
Bridge (1984) showed that U.S. cotton yields were
unchanged from 1866 through 1935, increased at the
annual rate of 10.4 kg/ha from 1936 to 1960 and have
dec1 i ned at an annual rate of 0.92 kg/ha from 1961
through 1980. Throughout the period from 1910 through
1980, genetic yield gains were continuous. During the
1960s to the present, when cotton yie1 ds at the farm
level were declining, average annual genetic yield
improvement was seven kg/ha. Therefore, the natural and
management environment for cotton production has
declined since the early 1960s in the U.S. A large
number of factors are probably involved. Lee (1984)
points to difficulties in control of the bollworm
(He1iothis) complex, the expansion of cotton production
into low product i vi ty envi ronments and management
practices by farmers which are aimed at economic
opt i mi zat i on of production rather than max imi zat i on of
yield. However, yield declines in high productivity
irrigated environments such as California are important.
Monocu1tura1 practices, pollution, herbicides,
pesticides, integrated pest management, new pest
appearance, new biotypes of pests, soil erosion,
nutrient depletion, soil compaction, decrease in soil
organic matter and many other factors and thei r
interactions have been circumstantially linked to yield
declines (Meredith and Bridge, 1984).

These studies suggest that irrigated cotton
production problems in Sudan may not be remedied when
the i rri gat i on schemes are rehabi 1 i tated and
reorganized. One little explored element in Gezira crop
management has been the switch in 1975-76 from an eight
year fallow and fodder intensive rotation to a four-year
cotton-wheat-peanut-fa 11 ow rotati on. Shi ft i ng the
cropping pattern to more frequent cotton production has
probably intensified crop and water management problems.
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For example, the reduction of fallow periods may have
reduced the soi 1 depth to whi ch cotton extracts water.
Work on fi ne textured soi 1s e1 sewhere has demonstrated
the uti 1i ty of two-or-more-year grass or fodder 1egume
fallows on depth of water extraction by cotton
(Longenecker and Eri e, 1968). Whil e the Gezi ra scheme
has a large proportion of I se1f-:p10wing" soils or
vertisols, rapid swelling of the soils after wetting and
compaction over time has reduced root penetration in
many areas of the scheme.

In new areas for cotton production, hi gh yi e1ds may
be obtained. Trial yields up to 4,000 kg/ha of seed
cotton have been achieved in Chad, in the drained
polders of the Bo1 Archipelago in the Lake Chad basin.
In Madagascar, recess i ona1 production of cotton duri ng
the dry season produces yi e1 ds between 3,000 and 4,000
kg/ha of seed cotton. In the same country, supplemental
irrigation of cotton during the rainy season yields
about 1,800 kg/ha (Parry, 1982). The yields from the
recessional areas of interest because they parallel some
of the resu1 ts obta i ned from flood fa 11 owi ng or from
growing a crop of cotton following flooded paddy rice in
the Un i ted States • Bell ( 1984 ) states that cotton
following a paddy rice crop showed very substantial
yield increases. Flooding alone reduces diseases but
not to the extent of both flooding and paddy production.
Except in Madagascar, a rice-cotton rotation is not
generally practiced in Africa.

Pest Control

Irrigated and rainfed cotton production in Africa
is constrained by insects, weeds, disease, fertility and
soil moi stu re, in about that order. Cotton insect
prob1 ems and thei r control are di scussed innumerous
reviews (USA and the Wor1d--E11iot, 1968; Kohe1 and
Lewis, 1984; Tropics--Purseg10ve, 1968; Africa-
Vandenput, 1981; Parry, 1982). In the technologically
advanced countri es the trend over the 1ast decade has
been toward integrated pest management strateg i es
combining cultural practices, biological control and
chemi cal control at the farm 1eve1; and in area-wi de
pest population control programs. Biological pest
control opportunities in developing countries have been
reviewed (Greathead and Waage, 1983). In Africa
improved timing of chemical control, based on better
knowledge of insect life cycles; more efficient
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pesticide application methods, such as ultra-low volume
(ULV) sprayi ng; and res i stance breed i ng have been
emphasi zed. Gi 11 ham (1972) revi ews efforts to develop
control methods for cotton insect pests in Malawi,
Zambia and Zimbabwe. He traces a progression from
reaction to catastrophic crop failure, which resulted in
unsuccessful single insecticide control approaches, to
progressive exploration of pest biology and response to
pest i c ide treatment and the sea rch for res i stant
varieties.

Currently, numerous projects in Africa, financed by
IBRD and the European Development Fund, have been
launched with strong components in improved insecticide
and herbicide programs. In Sudan the larger
international agrochemical firms hold contracts to
provide pest monitoring and control services to the
Gezi ra Board, Mechani zed Fa rmi ng Corporation and other
major irrigated and mechanized rainfed schemes. While
the need to upgrade insect pest control approaches in
Africa is recognized, the lack of intensive research on
the biology and population dynamics of pests and their
predators, the management compl exity a.nd intensity of
the IPM approach and the institutional interests of
cherni cal fi rms are severe constra i nts to its
introduction. The improved environment for pest
proliferation in cotton under irrigated conditions,
through longer periods of crop production, which include
al ternate hosts of pest speci es; the 1 'I kel i hood that
longer growi ng cycles for cotton wi 11 be preferred by
farmers, leading to greater buildup of diapausing
bollworms; and increased sugar and other sap components
in more succulent plants, make cotton pest control in
irrigated conditions a difficult problem (Rivnay, 1972).

Weed Control

A major problem in many rainfed and irrigated
production areas is early weed challenge to the cotton
crop. Chandler's (1984) review of weed control in
cotton i nd i cates that weed-free rna i ntenance of stands
for up to ni ne weeks was necessa ry to prevent yi e1d
reductions. Neglecting cotton weeding after six or nine
weeks of weed-free maintenance led to 16 percent and 12
percent losses in yield. Hand weeding is still dominant
in both irrigated and rainfed cotton areas in Africa.
Thus, labor required to hand weed holdings would be high
if farmers were to foll ow tecommended practice. In many
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settings the need to carry out weeding operations on
food or more remunerative cash crops leads to neglect of
cotton parcels. It is not uncommon to fi nd that the
cotton p1 anted away from access roads normally traveled.
by supervisory personnel is smothered in weeds, leaving
spindly, etiolated plants that have lost 20 to 40
percent of their yield capacity.

Prep1ant tillage is most commonly used to control
standing vegetation. Although paraquat and da1apon have
been used in some cases, failure of farmers to carry out
hand weedings after planting ·often e1 iminates any early
advantages in stand establishment. More effective have
been pre-emergence applications of a1ach10r, cyanazine,
diuron, f1uometuron, norf1urazon, prometryn and
trif1ura1in. Applied at planting under favorable
conditions, they give cotton plants a head start on
weeds. In systems where ni trogen is si de-dressed after
planting, the weed-free period may approach optimum
conditions. The pre-emergence herbicide controls weed
growth before germi nat i on and for a short peri od duri ng
stand establishment. Hoeing in a nitrogen fertilizer
protects cotton for an additional period of time. Where
animal traction is available or soils permit tractor
passage, mechanical cultivation may be practiced, but is
genera 11 y rare on i rri gated peri meters. Post-emergence
sprays are used, poor timing, poor application and
costly application has led to ineffective weed control,
as was the case in the Rahad Project in Sudan (Benedict
et a1., 1982). As a rule, good land preparation, a pre
emergence herbicide or early mechanical or hand weeding,
and a well-timed second and third hand or mechanical
weeding will provide a reasonable level of control. No
work on biological control of weeds in Africa was found.

Disease Control

Diseases particularly prevalent in irrigated
product ion i nc1 ude seed and seed1 i ng di seases such as
Fusarium spp., Alternaria spp., Rhizoctonia solani,
Sclerotlum ro1fsll and pythlum spp. The seed-borne
dl seases 1 n Afrlca are often favored by fai 1ure to
de1int and treat seed. Failure to de1int also lengthens
the peri od before seeds germi nate, as 1i nt del ays
imbibition of water by the seed. Fusarium wilt is the
major wilt disease found in warm areas. Macrophomina
root rot occurs as well (Bell, 1984). Most irrigated
areas now use cu1tivars resistant to the black arm or
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bacterial blight organism Xanthomonas campestris var.
ma1vacearum. Some rainfed areas with obsolete cu1tivars
remain as reservoirs of this disease. Two viral
diseases cause major damage annually in irrigated cotton
in Africa. One is leaf curl transmitted by the Whitefly
Bemisia tabaci. The second is blue disease transmitted

by Aphis gossypii. Boll diseases affecting lint yield
and quality are caused by Dip10dia, Nemantospora,
Aspergillus, Fusarium and Coletotrichum spp. (Bell,
1984; vanden put , 1981). Many of the boll dlseases are
the result of boll injury by a variety of insects which
provide points of entry for the pathogens. Varieties
with resistance to bacterial blight, Fusarium wilt, and
blue disease have entered into production. Selection of
seed for hi gh vi g0r , care f u1 con t r01 0f nit r0gen
fertilization to avoid aggravation of wilt severity,
potassium fertilization to avoid potassium deficiencies
favoring wilts, adequate irrigation, rotations and clean
tillage have all been recommended as ways to control
disease incidence (Bell, 1984). Chemical control of
cotton disease is seldom economic. Biological control
and solari zat i on to destroy soil pathogens have yet to
prove their economic viability or practicality for
cotton in the developed or developing world.

Fertility Management

Hagin and Tucker (1982) review the fertilization of
irrigated cotton produced under arid conditions.
Particular attention is paid to nitrogen nutrition. The
close linkage of nitrogen nutrition to irrigation
management is emphasized. They find that:

Nitrogen should be at an adequate level
from the beginning of growth;
An ample supply is needed near bloom;
Best yields and quality are obtained if
soil nitrogen is depleted after maturity;
and
The deep roots of cotton enable the plant
to take up leached nitrates from the
lower soil horizons.

While the variability of soils and their management
needs means that nitrogen ferti1 ization practices vary
considerably, a complete NPK fertilization generally is
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carri ed out. In many countri es in Afri ca a "cotton
fertilizer," or engrais caton, is used which includes
su1phu r and boron in the mi x. Gi ven the more press i ng
problems of insect, weed and disease control, fertilizer
practice on irrigated cotton in Africa generally is
based more on past experience, cost and convenience than
on extensive adjustments following sailor petiole
diagnosis.

Discussion of consumptive use and water
requirements of cotton produced on irrigation schemes in
Africa is not particularly useful. Water consumption,
when measured under controlled experimental conditions,
falls within the 750 to 1,200mm range A study in Niger
showed consumptive use of 925 mm for a 131-day cotton
variety yielding 2,130 kg/ha of seed cotton (Valet and
Marcesse, 1980). Various authors indicate that the
total water requi rement for economic cotton production
is a minimum of 450 to 660 nvn of rainfall (Wilsie, 1962;
Ilaco, 1982). In Africa cotton is grown as a rainfed
crop in areas with rainfall from 400 to about 1,500 mm.

Total water applications and method of application
vary widely. Main system management tends to be the
limiting factor in control of water application. Much
reliance is placed on preplant flooding of basins or
furrowed fields in Sudan, Mali, Niger and Chad.
Subsequent irrigation scheduling is more a function of
water availability than of attempts to optimize
applications in terms of cotton growth stages.
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Technical Difficulties

It is apparent from field visits that many African
irrigation projects have experienced technical
difficulties associated in one way or another with the
physical system for distributing water, with SOi~

conditions, or with the agronomy of field crops •.
Obviously, a high incidence of technical difficulties
will result in shortened project life and lowered
productivity, dramatically reducing the actual benefits
farmers will receive. The persistence of such
difficulties within schemes established under donor
financing is at the same time puzzling and especially
unfortunate. The justification for using scarce
external funds on an expensive technology is presumably
because by thi s means countri es can bUy the extra
attention to technical aspects which modern irrigation
requi res. Yet we fi nd many examples of donor-des i gned
and funded proj ects ope rat i ng far below the; r target
capac i ty. Because such proj ects generate i nsuffi ci ent
revenue for loan repayment, nat i ona1 1eaders may be
forced to divert funding from other sectors to cover the
shortfall. If left unresolved, technical difficulties
can become the cause of additional problems throughout
the entire system.

Several of the field engineers interviewed for this
study affirmed that Africa's problems are basically not
technical in nature. The technology, one is told, can

lA useful study which reviews difficulties
experienced in 15 Sahel ian projects is Brondolo's (1985)
Irrigated Agriculture in the Sahel: The Donor
Experience, Washington, D.C.: Office of the Sahel and
West Afrlca, Agency for International Development.
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be applied universally. Successful irrigation in places
1ike Israel, Egypt, Morocco, and South Afri ca i ndi cates
that adverse field conditions do not constitute a major
obstacle to employment of even quite sophisticated
irrigation technologies. The problem lies instead in
the larger social and pol itical schemes, where people
refuse to prov i de the k"j nds of support and ut il i zat ion
which the. technology requires. From this standpoint,
there is 1ittle learning requi red of special ists, but
much improvement needed in the general administrative
system before irrigation will become a viable option in
many African countries.

This diagnosis of the "problem" in African
irrigation is rooted in actual field experience, not to
be lightly dismissed. Nonetheless, by externalizing all
responsibility for error, it excuses technicaT
special ists from making necessary adjustments in thei r
own modes of analysis and work. Why, for example, do we
see the same mistakes being repeated at the design stage
in project after project? Why are so many irrigation
projects in Africa designed and justified for double
cycl e croppi ng when it is conmon knowl edge that few
projects can attain such cropping intensities? Why do
field specifications continue to call for wire gabions
wire gabions in surroundings where people have a high
incentive to steal the wire? As we will see below,
there are numerous lessons of this nature which have yet
to be absorbed by the civil engineers who design African
irrigation systems.

This is itself significant. By parceling out
specialized tasks within the project cycle, donors have
insulated the specialists involved at the design phase
from the necessi ty of 1earni ng from past mi stakes. On
larger projects, several firms may be involved and the
staff wi 11 come from a number of European countri es.
Those writing specifications and designing scheme layout
rarely have the opportunity to see the scheme in actual
operation. The lack of feedback is in our view a
serious weakness in how African irrigation has been
institutionalized to date.

Remote Sensing Applications

The potential advantages of remote sensing
technologies for assessment of water resources are well-
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known. 1 Water is unique, in that it is near the
extremes in its thermal and dielectric properties. In
four key wavelength regions subject to remote sensing-
reflected solar, thermal infrared, active microwave, and
passive microwave--the presence of water (either surface
water or soi 1 moi sture) can often be inferred with a
high degree of reliability. Similarly, growing plants
appear conspicuous when examined in the appropriate
wave1ength band. Thus, the aspects whi ch show most
cl early on satell i te imagery--su rface water (i f not
turbid), moist soil (if not under broadleaf vegetation),
fresh plant growth, surface salinity, and linear
geologic features (such as fault lines)--happen all to
be of great interest in water resou rce and i rri gat ion
planning.

For Africa, a potent further reason for usi ng
remote sensing has been its promise of yielding synoptic
coverage of large and often remote areas only very
thinly covered by ground stations. It should be
recogni zed that whi 1e the North Ameri can Desert is
approximately 1,300,000 square kilometers, the Great
Sahara Desert is over 9,000,000 square kilometers in
extent (El-Baz, 1979:384). The fact that each LANDSAT
image from the earl ier orbiters covers 35,000 square
kil omet~rs is thus a sui tabl e area for reconnai ssance
coverage when one must deal with huge zones 1ike the
Sahel and a number of countries where travel is
difficult and cooperation sometimes minimal. The
initial applications of LANDSAT imagery to water
resource planning produced enthusiastic reports. We
were told, for example, that by this means the
University of Nebraska determined that 9,000 new center
pivot irrigation systems had been installed in the state
between 1972 and 1976 (Cragwell in Deutsch et al.,
1981). Perhaps the LANDSAT images and digital tapes
might yield equally dramatic findings about African
water resources.

There were as a consequence several initial
projects aimed at testing remote sensing applications in
an Afri can context, e.g., in Botswana (a study of the
Okavango Swamp), in Tanzani a (water p1anni ng in Arusha

1Among numerous sources on remote sensing,
particularly valuable is the 1979 symposium edited by
Deutsch, Weisnet and Rango, Satellite Hydrology,
Minneapolis: American Water Resources Association,
1981. See also Paulson and Shope (1985).
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Region), groundwater exploration in the Sudanic zone of
West Africa (Burkina Faso, Benin, and Ghana) and a study
of surface drainage in Niger (see papers by Hutton and
Dincer, Zall and Russell, and Kruck in Deutsch et al.,

. 1981). More recently there have been many further
applications financed by various donors, and the World
Bank even found it necessary to issue an atlas of
LANDSAT imagery for Africa. A good example of remote
sensing applied to countrywide land use planning is
furnished by the USAID/TAMS study of Mal i completed in
1983 (Projet Inventaire des Ressources Terrestres, Mali
[PIRT]).

Despite its popularity among donors, remote sensing
imagery turned out to have pronounced 1imi tat ions when
uncritically applied within Africa. l First, the initial
LANDSAT orbiter only passed overhead once every 18 days.
If there was cloud cover, or perhaps nobody had
requested coverage, long gaps might occur between useful
images. The repetitive imaging needed for monitoring
seasonal trends proved impractical, except in 1imited
areas with good coverage. Second, even with furthe,r
development, the technology could only offer at best a
resolution of 80 meters. Peasant farms were simply not
large enough to yield distinctive signatures except
where in some cases the political administration forced
farmers to grow a uni form cash crop in blocks. More
typically, each pixel recorded a reflectivity not
subject to unambiguous interpretation. Third, without
the recti-linear boundaries characteristics of the U.S.
landscape, it proved difficult to locate mapped units on
the ground. It is obviously much easier to use LANDSAT
imagery for planning purposes where mapped units do
coincide with actual fann and field boundaries within
known administrative units. Fourth, when applied to
unfamil i ar terrai n the imagery requi res more, rather
than less, ground-truthing. For example, freshly
cultivated soil and eroded land often given similar
signatures; or again, the provisional hydrogeological
mapping mistook cattle trails and bush tracks for
geologic fault 1ines. And fifth, because of the small
size of African housep10ts, human settlements were
usually indistinguishable from the surrounding bushland.

I Based on experience with groundwater resource
planning in Arusha Region, (1973-74). More recent
experience is reviewed in Pech et al., (1986), and
Henricksen and Durkin (1986).
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Compensatory techni ques were developed, of course
(e.g., computerized linear and edge enhancement), but on
the ba.1ance this "miracle" technology raised more
problems than it resolved. A comparison of predictions
based on LANDSAT imagery versus ai r photos when cross
checked by ground surveys found that while LANDSAT
imagery yielded interpretations equivalent to those from
air photos in subhumid (savanna regions, Nigeria), it
was considerably poorer in arid regions like Saudia
Arabia (Kucera, 1984). Even in the United States where
landscapes appear more suited to the capabilities of the
technology, careful ground checking against LANDSAT
derived interpretation for individual cells gave a
va ri a nce between con vent i ona1 and remote sens i ng
classification of 38&ercent in one case and about 29
percent in another ( ermak et a1. in Deutsch et a1• ,
1981) •

Failure to make further use of remote sensing for
irrigation planning would be unfortunate. First, it
shou1 d be noted that whi 1e the technology gi ves rather
low reliability for predicting soil types, its
performance in allowing estimates oTTaild suitability
for irrigation has been more successful (Kucera, 1984).
The distinctive "signatures" of water-related features
and the synoptic coverage of wide areas which cannot be
easily visited on the ground remain very significant
advantages. Recent improvements in· software programs
and hardware developments has significantly increased
the reliability of satellite image processing and
i nterpretat ion. The development of a Geog ra phi c
Information System (GIS) data base for project
monitoring and evaluation provides the capability to
contin ua11 y update i nform at i on and i sap0 sit i ve
contribution of remote sensing applications to
irrigation development and management.

Second, a substantial investment in institutional
infrastructure has occurred. In addition to the early
Remote Sensing Institute at South Dakota State
University, other field centers have been established at
places like Nairobi and Cairo (the Academy of Scientific
Research and Technology, Cairo) and Ouagadougou. In the
USA, the U.S. Geological Survey at Reston, Virginia, the
Hydraulics and Hydrology Branch of the U.S. Army Corps
of Engineers and the Resource Observation Division of
NASA in Washington have all been active. In Africa, the
ILCA headquarters in Adis Ababa have also become
involved in remote sensing applications. These and
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other initiatives provide an adequate organizational
base for a much wider use of remote sensing, even though
applications to irrigation planning are still in their
infancy.

Third, in large part the initial problems we
reviewed arose because of a poor match between the scale
at which data was retrieved and analyzed and the users'
objectives. For site planning of large projects, higher
resolution is now technically feasible. Otherwise, some
of the most useful environmental monitoring comes from
the various weather satell ites rather than from LANDSAT
imagery. Tucker et ale (1985) proposes that advanced
very-high-resolution radiometer (AVHRR) data from the
National Oceanic and Atmospheric Administration's (NOAA)
meteorological satellites have "significant potential
for assessing and mapping vegetation over relatively
modest areas." By this means, they were able to
integrate weekly satellite data for a 12-month period
during the 1983 drought in the Sahel. Such applications
appear to allow for continent- wide surveillance of
weather and vegetation trends, information which could
be of inunense importance when pl anni ng the focus of
cropping within the continent's irrigation schemes. The
technology of remote sensing and image processing is
rapidly improving and despite problems with the U.S.
program, the success of France' s SPOT program and the
future entrance of the Japanese guarantees a future for
the continued application and improvement of remote
sensing. technology.

Inadequate Soils Infonnation

Soil properties and conditions heavily influence
project location and site design in those areas where
water supply permits irrigation development.
Information on existing soils is required for at least
four purposes:

To estimate how much land falls under
different land capability classes, an
input necessary for area-based planning;

- To screen out potential irrigation sites
where soil conditions will be
problematic;
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- To assist in determining project layout,
based on topography and est imates of
agricultural potential; and

To arri ve at cost estimates for surface
i rri gat ion (si nce potential water losses
may determine whether or not canal lining
is needed).

These four uses of soils information require quite
different types of assessment, and different densities
in regard to data coverage. A good reconnaissance
survey may be sufficient for regional planning at a
district level, but inadequate to show whether or not
irrigated development is actually feasible. Similarly,
to classify soils according to the U.S. Department of
Agriculture's (USDA's) taxonomy may require laboratory
tests far in excess to what the field engineer finds
necessa ry for determi ni ng canal 1ayout. A tenant of
faith underlying all soil taxonomies is that the soil
will reflect local conditions: parent material, slope
and past c1 imate. Accurate determ"j nat i on of soi 1
properties thus requires site specific information,
obtained in the past by expensive ground surveys. These
days aeri al photography has speeded up the process of
soil mapping (Cook, 1974), but a fairly intensive
degree of IIground truthing" remains essential. It
should be noted also that different soil properties are
significant when evaluating construction costs from
those that determi ne agronomi c capabil ity--the primary
difference between the U.S. Bureau of Reclamation's
"un ified soil taxonomy" and the USDA's agronomica11y
related classification system.

A frequent problem in Africa has been that the
necessary types of sOlls 1nformat10n are not ava1lable
on an appropr1ate scale at the t1mes when proJects are
being selected and designed.! Understandably, much of
the initial effort in Afr1ca has been directed toward
acquiring a broad reconnaissance picture of regional
soil characteristics. Such information, while valid, is
of little utility for deciding whether or not to proceed
with a given project. Because surveys of the kind

lIn four of Brondo10's 15 Sahel projects inadequate
soils data led to subsequent implementation problems
(1985:12). Soils too porous for rice production were a
problem in several projects.
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required are very expensive (Borden, 1984), they are
easiest to finance under project funding. Of course,
this assumes ipso facto that the project itself should
proceed. If a country 1S lucky, irrigation planners may
have access to an experienced soil scientist willing to
undertake a quick site visit before project funding is
"10cked in. 1I More typically, what happens is that survey
results do not become available until the project is
already at an advanced stage when relocation or redesign
cannot be considered.

As an example of this problem, one can take Kenya1s
large Bura Project, where uncertainty about the
suitability of the soils to be irrigated led to
extremely expensive design mistakes and dramatic changes
in scheme size. As Gitonga comments under 1I1essons
1earned:"

In view of doubtful soils, the first
ILACO study initially proposed a 4,000 ha
project. This was, however, expanded to
14,000 ha presumably with economies of scale
in mind. However, the soils again forced the
proj ect a rea down to 6,700 ha. At 14,000 ha
the economi c rate of return was 13 percent.
This was ••• retained even after the project
size was halved (Gitonga, 1985:39).

In 1983 the cost overruns caused by the initially
grandiose plans caused the Kenya Government to cut the
project back to 3,900 hectares even after the
infrastructure for 6,700 hectares was already in place
(Gitonga, 1985:15).

Where sites are remote (as in lower Tana) and soils
information is urgently needed, one can question whether
the fine degree of detail required by some
classification systems (such as USDA1s) is really
appropri ate. Dent and Ai tken quest i on whether soi 1s
surveys have. not become a " r itual," employed
ir·respective of the cost-effectiveness of the
methodologies. In a retrospective review of crop
performance on Nigeria1s 5,000 hectares Bacita sugar
estate, they found that in sections under overhead
irrigation all the soil mapping units yielded similarly
(no significant difference between them) and at about 80
percent of potential. They conclude:
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Results at Bacita have shown that original
assessments were wrong in several respects.
It seems that there is little justification
for attempting to define degrees of
suitability once an area has been identified
as broadly suited to the specified
use ••• Neither relative nor absolute yield from
mapping units can be predicted accurately when
management capability is relatively low, as at
Bacita and elsewhere in tropical Africa.
(Dent and Aitken, 1985:38).

The rejoiner which soil scientists might make is
that the environments where irrigation projects tend to
be located often display complex soil conditions
requiring close investigation. The problem is a real
one. On the African land surface, composed of
under1 yi ng pre-Cambri an rocks, soi 1s favorab1 e to
irrigation occur in depressional areas or on the toe
slopes of the catenary succession. 1 On the higher areas
sandy soi 1s predomi nate. If i rri gated, water losses
will be very high and it becomes uneconomic to employ
any form of surface irrigation except perhaps sprinklers
(which have still higher investment costs). The clay
soils in the depressional areas retain moisture, making
expensive canal 1 ining unnecessary, but are highly
variable in extent, depending upon local topography.
Certain types of clay permit pre-irrigation (e.g., in
coastal Soma1iland or on Ethiopia's Gash River delta),
while others do not. The peaty soils in highland
marshes of Eastern Africa (Rwanda, Burundi, Uganda,
western Kenya and parts of Tanzania) may look similar to
the eye, but are often quite acidic, as are also West
Africa's coastal mangrove swamps. Under acidic
conditions, plants may suffer from ferric or aluminum
toxicity as well as from rapid depletion of soil
mi cronutri ents when once put under i ntensi ve
cultivation. All in all, those with access to relevant
soils information insist that soil related problems

IThe concept of a soi 1 's catena was in fact
developed by Mil ne from observations made in Tanzani a
(Milne, 1947). It refers to a segregation of soil types
into a regular sequence governed by the interaction
between slope and parent material. Catenary sequences
are very common in Africa, being found wherever erosion
has indented the ancient plateau surface.
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strongly influence the success of irrigation
technologies in Africa.

Wi th regard to soi 1 nutri ent status, it has often
been noted that soils in the lowland tropics lack
organic matter and have been leached of essential
elements vital for plant production (with the lack of
sufficient soil nitrogen being particularly important).
One must go above about 1,800 m (the 6,OOO-foot level)
before humus is accumulated in the soil in the way it
would be within temperate lands (Young, 1969). It is no
accident that the Ilagrarian mirac1es ll of Africa occur
generally in highland areas, as in Kenya and on the
Zimbabwean plateau. E1 sewhere, instead, soil fert il i ty
1imi tat ions may be an even more severe constra i nt on
long-run agricultural development than are moisture
deficits (see Chapter Three).

The hi gh i ron content in p1 ateau soi 1s encourages
the format i on of 1ateri tic ha rdpan on und is sected
surface remnants of the ancient land surface. Young
suggests (1969) this relation may indicate that the
II i ronstone" pavement which often appears when p1 atea.u
areas are poorly farmed may be a relict feature, formed
as groundwater laterite on a poorly drained, nearly
level surface prior to valley down-cutting. Whatever
its ori gi ns, the emergence of a one- to two-foot thi ck
lateritic horizon underlying cultivated fields is
associated with the rapid removal of valuable topsoi1--a
condition observed by the authors in parts of Mali (the
Bandiagara plateau) and Niger in mid-1983, and also
widely encountered in East Africa. It constitutes an
extremely adverse situation for the application of
surface irrigation.

On the other hand, the clay soil areas of Africa
probably have a higher potential for irrigation than
mi ght be real i zed from temperate zone experi ence. The
growing of Il wet ll rice in valley bottoms occurs widely
throughout tropical Africa. It seems that when rice is
produced in this way it generates its own nutrients (a
byproduct of microbiological interactions) so that
yie1 ds do not decrease over time as they wou1 d under
normal, dry1 and farmi ng of arab1 e fi el d crops
(Swaminathan, 1984). Given the fertility limitations of
African soils, this property of wet-rice cultivation is
particularly important.

Another advantage of clayey soils from a managerial
perspective is the slow rate at which they absorb water
--a trait which becomes a 1imitation under mechani zed
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cultivation. However,· hand cultivators with-out much
understanding of plant water needs can simply flood
their fields and leave them without incurring either
"overwatering" or unnecessary water losses.
Furthermore, the deep vertical cracks which appear in
such soils when they are dry (responsible for their·
categorization as "vertisols") means that they are se1f
mulching through simple mechanical action. Because of
the continent·s physical geography, extensive areas with
alluvial clays are found in a number of countries.
These account in 1arge part for the successes of
irrigation in Sudan (the Gezira and Rahad schemes), Mali
(the Office du Niger and Riz Mopti) and Kenya (the Mwea
Scheme) • It wou1 d appear that fu rther attention to the
management of vert i sol sin an Afri can context is
warranted, and wou1 d encompass more than hal f of all
irrigation on the continent.

On top. of the inherent complexities of African
soils, irrigation developers must also cope with the
rival classification systems employed by the various
maj or donors active in Afri ca. Whil e for const ruct ion
purposes many donors have employed the "uni fi ed system"
preferred by the U.S. Bureau of Reclamation (and the
Army Corps of Engineers), there are major differences in
the taxonomies used for assessing agricultural
potential. In Africa, the most widely used system is
probably FAO· s (FAD, 1968), followed by the French
devised system in the Francophone countries, and
sometimes the USDA soil taxonomy (Soil Conservation
Service, 1975) on USAID projects. However, in ZaTre one
will encounter the Belgian system, while in Angola and
Mozambique there is a Portuguese version (a1 so employed
in Brazi 1).

It is at present difficult to cross-relate soil
types between these five systems. At a minimum it would
be very useful to be able to identify rough
equivalencies between the French, FAO/UNESCO and USDA
systems. (For a pre1 iminary effort in this direction,
from a TAMS study in Mali, see Table 13.) It should be
noted that all the scientific work done during the
colonial period employed the classification systems in
favor wi thi n the former col oni a1 power. Fu rthermore,
there has been a maj or and cont i nui ng French effort
devoted to the reconnaissance of African resources, not
on1yin the Sahel but also in 'the humi d zones of West
and Cent ra 1 Afri ca. In Ang 1ophone Afri ca, most
researchers based their efforts on a preliminary mapping
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of African soils by D'Hoore (1964, 1968). The limited
practical utility of soil classifications based on
detailed morphological description was early recognized,
and led to adoption of a more ecological approach to
land classification (Moss, 1969).1 Thus, in neither West
nor East Africa has the USDA system (generally required
in USAID projects) been widely employed until quite
recently. Most local counterparts working on soils
mapping and land classification will have been trained
in either the FAO or the French system. The overall
effect of havi ng several over1 appi ng and noncomparab1e
typologies in use is to minimize the carryover between
projects and to limit the accumulation of soils
expertise within individual countries.

Limited Prospects for Conjunctive
Groundwater Use

There are substantial areas of Africa where because
the higher lands receiving rainfall are situated around
the peri phery, the 1ay of the 1and wou1 d seem to favor
gr 0 undwa t erac cum u1at ion wit hi nthei nt e rio r •
Geographers recognize five major river basins on the
continent: the Djouf Basin crossed by the Niger River;
the Chad Basin into which the Chari and Logoni flow; the
Sudan Basin crossed by the Nile; the Za're Basin drained
by the Congo River; and the Kalahari Basin from which
the Zambezi flows (Figure 4). If, for purposes of
illustration, we take the Chad Basin, it is claimed that
quaternary sedimentation is about 470 m (2,000 feet)
deep and conta ins sandy zones whi ch are important
aquifers (Pullan, 1969). The other major basins also
contain sites which are locally favorable for
groundwater extraction, as do some of Afri ca 's coastal
p1 ai ns and ri ver del tas (though such water is often
saline).

In actuality, however, even in the Sahel and
Sudani c zones of West Afri ca, there are 1arge areas

1Thomas and Whittington's (1969) work, Environment
and Land Use in Africa contains several excellent
chapters on land classlfication in tropical Africa,
ref1 ect i ng the Bri t ish experi ence. For the Ameri can
approach to tropical soils, see Bornemisza and Alvarado
(1975) • The Bri t ish versus Ameri can approaches to soil s
classification are dealt with in Butler (1980), Webster
(1977); and Buo1 et a1. (1980).
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where rocks underlying the catchments are impermeable,
the soils have low infiltration capacities and
evaporation losses are high. Such areas produce little
groundwater recharge, despite topographically favorable
conditions (Ledger, 1969). Rodier (1963) points out
that there is overall little variation in geological
conditions in Africa's vast tropical regions (excluding
East Africa's highlands), which are underlain either by
the old granite gneissic shelf of pre-Cambrian rocks or
a cover of Ordovician sandstones. In the former, "there
is no possibility of finding deep underground reserves,"
whi 1e i nthe 1at t e r the rei s ...... ve ry 1itt 1e
possibility" (Rodier, 1963:184). In our view, this is a
valid statement concerning the limited general prospects
for conjunctive use of groundwater as a supply for
irrigation water in Africa.

Nevertheless, in certain areas groundwater
availability does overlap places where small-scale
irrigation might be developed. Probably the most
important of these occur throughout West Africa's Sahel
zone, where human and animal populations exceed the
carrying capacity of rainfed agriculture. As de Ridder
et ale (1982) point out, most of the Sahel 1ies just
north of the pre-Cambri an substratum whi ch is so
prominent in central Africa. The landscape can be
considered as a series of large depressions (synclines)
that have filled with erosion products over a very long
period. Many cycles of deposition and erosion have
taken place, explaining the generally flat topography of
the Sahel. The last cycle of deposition occurred in
te rt i ary times, and is known as the Cont i nenta 1
Terminal. The prospects for groundwater extraction
reflect the past history of particular sites.

If we take Mali as our example, according to de
Ridder et al. (1982) one finds three major
geomorphological units: (1) a sandy complex comprised
of deep and relatively uniform aeolian sandy soils
(characteristics of the northern Sahel); (2) a detritic
comp1ex developed on sand stone or 1ate ri te wi th very
heterogeneous soil s (more typi ca1 of the Sudani c and
savanna zones to the south); and (3) a fluviatile or
1acustri ne compl ex of fossi 1 sediments ori gi nally 1ai d
down in depressions and flood plains. de Ridder et ale
estimate the proportions of land under these three major
complexes for Mali and for the Sahel generally as
follows (1982:17):



Comp1 ex Mali Sahel

167

Sandy 40%
Detritic 30%
F1uvia1ti1e/1acustrine 301

50%
30%
20%

A 1976 CIEH study estimates that there is a
continuous aquifer below about 50 percent of Ma1i 1 s
areas, at depths ranging between 20 to 60 m. Generally,
the depth to groundwater increases from south to north;
daily yields in the north average about 50 cubic meters
going up to 75 cubic meters in the south, but there are
wide fluctuations depending upon site location (CIEH
figures cited in de Ridder et a1., 1982).

Outside this area, the availability of groundwater
depends on 1oca 1 cha racteri st i cs and is ext reme1y
variable. In the sandy complex infiltration· is high,
but because the rainfall is so low and erratic, water
occurs only at seepage points and takes the form of a
desert oasis. In soils developed on sandstone and
laterite, there are large patches of bare hardpan with
no infiltration; and both soils and vegetation are very
heterogeneous. In p1 aces the water co11 ects into
stagnant pool s, but more commonly is drai ned by numerous
"wadis" (resembling the "arroyo" of the American
Southwest).

Soi 1 erosi on can be seri ous, and 1and degradation
is widespread. In the fluviatile or lacustrine
sediments ,whi ch can be either recently formed or of
fossil origin, the deeper layers are clay loam often
overlain by aeolian sandy loam. This complex lacks
natural drainage, so runoff collects into floodplains or
temporary ponds. Such floodplains are a feature in
Senega1, Mali, Ni ger, Chad and the Sudan (de Ri dder et
al ., 1983). Thus, the three compl exes evidence qui te
different groundwater characteristics, with high yield
supplies suitable for irrigation occurring infrequently.

The best-known instance of extensive development of
groundwater for seasonal irrigation comes from the
riverine flood plains (or fadama) of northern Nigeria.
In Kano State, for example, there are said to be some
160,000 hectares of fadama land, of which some 13,000
hectares were under cultivation in 1981 (Stern, 1981).
In Nigeria as a whole, a 1979 agricultural sector review
by the World Bank estimated 800,000 hectares of mostly
fadama land was under traditional irrigation, up from
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120,000 hectares farmed in this way in 1958 (Wright et
a1., 1982). The techno1010gies in use are very simple,
consisting either of shallow wells or boreholes
employing either 2-inch steel pipe or 3-inch PVC casing.
While traditional 1ifting devices 1ike the shadouf are
still sometimes in use on the hand dug wells, small
gasoline powered centrifugal pumps are the most popular
for shallow boreholes (Carter, 1984).

Carter descri bes in some detai 1 the adaptation of
Indian technology for low-cost fadama drilling, using
three variations of jetted or "was hbore" technique, as
well as small, trailer-mounted drilling rigs (of a
rotary hydraulic type which can sink a hole to 60 m and
are commonly used with 4-inch pipe casing). Under local
conditions where boreholes are only 20 m deep, jetted
washbores using Indian techniques cost a few hundred
Naira each, in comparison to about 2,000 Naira each for
those drilled by the U.S. rigs (Carter, 1984). On
average, about 0.6 hectares of fadama 1ands are
cultivated per family, sl ight1y more than what can be
irrigated from one borehole based on the technologies
currently in use (Hazell, 1984). Available data suggest
a farmer can make a profi t of N 1,500 from one off
season crop grown on half a hectare (Hazell, 1984), and
the technology continues to be popular. Nevertheless,
by international standards these are very small-scale,
low-yield supplies.

Along the eastern si de of Afri ca, the groundwater
situation is complicated by the Rift Valley system of
volcanic mountains and internal drainages. The
mountains do sometimes provide aquifers, but water
quality is often a problem both on the slopes and in the
alkaline basins. Elsewhere one encounters the same pre
Cambrian continental shield, which yields a
characteristic topography of peneplain and scattered
inselberg hills with granitic outcrops. Of course,
where there are alluvial plains below highland areas,
such as in Tanzania's Ki10mbero Valley or the Lower
Shire Valley of Malawi, conditions for groundwater
extraction are much more favorable but, by the same
token, such areas can often utilize surface sources.

Some additional comments are in order with regard
to the prospects for groundwater extraction from the
.. hard rock II pre-Cambri an shi e1d area whi ch covers 1arge
parts of Tanzania, Zambia, Malawi, Mozambique and
Zimbabwe. The higher elevations where populations are
concentrated occur where the underlying bedrock has been
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uplifted in large blocks,' glvlng the escarpment
landforms so typical of the region. From a groundwater
perspective:

The weathering of granite and gneissic rock
produces a shallow (generally less than 30 m),
extensive and more or less continuous aquifer.
Although relatively thin, this aquifer is of
great importance as a source of rural domestic
water. In contrast, the underlying
unweathered bedrock is rarely a significant
aqu i fer. Even where fracturi ng may produce
somewhat higher local permeability, the
available storage in the fresh rock is
negligible. A borehole drilled into fresh
rock will draw on the storage of the overlying
weathered zone aquifer. (Chilton, 1983).

The importance of the weathered zones as the main source
of groundwater was not adequately real i zed throughout
the region, where it is common to find boreholes drilled
to depths of 100 to 150 min a fut i 1e attempt to
increase yields. Chilton summarizes the problem as
follows (1983:283):

- The borehole and dug well programs have
grown up independent 1y. These two
large, widely dispersed and costly
activities have been implemented
separately, without coordination and
wi thout due cons i derat i on for the most
appropriate abstraction method •••

- Within the borehole program both siting
and construction were carried out with
little understanding of the occurrence of
groundwater.

- The poorly designed boreholes were
themselves a major contribution to the
very high cost of hand pump maintenance.

There are many technical difficulties which
accompany the reliance on limited recharge borehole
supplies for small-scale irrigation. These include:

- Low average yields;
- The high opportunity cost of water, which

must al so support domestic needs and
livestock;
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- A tendency for such sources to become
depleted at the end of the dry season;

- Dangers of damage to dr"j ll-rods when a
we 11 may be drawn dry by cont in ued
pumping;

- Problems of shut-down when fuel cannot be
obtained for the pump; and

- A dependency upon imported parts and
equipment, leading to extended periods of
down time whenever a breakage occurs.

These problems, which are seen repeatedly, explain why
African pol icymakers are reluctant to depend on deep
well pumping for irrigation, particularly in the hard
rock zone.

If small-scale irrigation is implemented based on
deep-well pumping, the existing experience with domestic
suppl i es shoul d be drawn upon. Both the Scandi navi ans
and the Dutch have been especially active as donors for
domestic and community water supplies. Their experience
with problems of institutionalizing borehole pumping and
maintenance is well- documented in the literature (see
especially Lium and Skofteland, 1983; Falkenmark and
Lundquist, 1984).

Falkenmark (1982) gives several. examples to
illustrate how a failure to consider local contexts in
the transfer of water-rel ated technol ogi es often 1eads
to project failure, mainly because of a lack of
effective organization at the local level for
maintenance. Thus, what appear at first to be
"technical difficulties" are in reality a consequence of
institutional incapacities; unless the latter are
provided for along with the initial intervention, it
will soon fail. Four conclusions can be drawn from the
village water suppl~ experience which are equally
(Fallenmark, 1982:94):

10ther valuable sources are the series of AID
financed "WASH Project": reports, issued by Camp,
Dresser and McKee, and several World Bank publications
(see O'Mara, 1984; Carruthers and Stoner, 1981; and
three publications on water development by ILCA [Edwards
et al., 1983; Sandford, 1983; and King, 1983]).
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1. Low-cost technologies, especially those
whi ch are imported, are not
necessarily economical or appropriate to
serve the rural poor;

2. A certain level of standardization is
required in rural water supply systems
if efficient management is to be achieved;

3. Research and inventiveness at the local
level should be encouraged; and

4. Local industries for the manufacture
of handpumps, pipes, simple excavating
devices and other equipment involved in
rural water supply should be developed
with a view to increasing self-reliance.

The main exceptions where groundwater can be
cheaply developed for small-scale irrigation are along
major rivers where the water table may lie close to the
surface or on the toe-slopes of hi lly and escarpment
topography. Neither situation requires deep well
drill ing with all the compl ications just outl ined. On
riverine plains, the need arises because of the extreme
seasonal ity of the annual flow. In the toe-slope
situation, soils are generally fairly deep and
groundwater supplies ample for small-scale purposes.
Pl anners have been slow to recogni ze that human
popul at ions are already concentrated wi thi n thi s zone
because of easier access to dry season water for humans
and livestock alike.

Failure of Intake Structures

Throughout Africa, as one visits individual
irrigation projects, a problem often seen is the failure
of II headworks" or intake structures. Sometimes these
are filled with sand, and no longer function during dry
peri ods when most needed. Others stand hi gh and dry
above a down-scoured river channel. Still others have
been stranded when the entire river changes its course.
Such fail ures are usuall y catastrophi c for the 1inked
distr"ibution and farming systems; without a source of
water, irrigation ceases as abruptly as it began.
Intake structures with their associated pumps and gates
are comparatively expensive. Their relocation or repair
exceeds "local construction capability. Such failures
are a dramatic indication that planners were
insufficiently aware of local realities. As already
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noted, the prevalence of these faults in African
contexts is evidence of poor feedback between field
uni ts and pl anners. Si nce these probl ems are
widespread, let us examine briefly some likely causes.

Fi rst, on many of Afri ca 's ri vers vol umetri c
measurement based on flow gauges and water hei ght
indicators are either lacking or recently installed. In
other instances statistics exist, but are misleading
(because readings may be taken only at intervals,
missing the high and low extremes) or unreliable -(gauges
destroyed during a flood or records falsified). The
interesting fact is that despite these known weaknesses
in hydrologic data~ relatlvely expensive structures are
designed based on existing official data without efforts
having been made to check official figures against local
farmers' recollections. Spot checking in the field can
usually indicate past high water levels. Farmers
generally possess definite knowledge of changes in a
river's course and of the low levels during dry periods.
The fai 1ure to employ such readi ly accessi bl e
information indicates, therefore, that a project was
designed ~from a distance" without attention to the
kinds of practical details which will cause it to
succeed or fail. The proximate faults in site design
are in such instances indicators of an institutional
failure at the design stage. After all, similar faults
can occur in the American Southwest--but the difference
is that the 1arge farmers who wi 11 be affected wi 11
usually take the initiative to insure that plans are
modified before construction is completed.

Second, an intake structure may fail after several
seasons because of 1oca1 changes in its i mmed i ate
environment.(Kraatz and Stoutjesdijk, 1984) A
sedimentation buildup on the main channel may cause a
ri ver to overtop the protect i ve di kes. Eros i on may
occur which is itself an indication that the design was

- inappropriate. Such problems can usually be solved by a
greater exchange of field experience among a country's
irrigation engineers. Smaller African rivers may carry
high sediment loads during the flood season, requiring
modifications in intake design. Rapid undercutting of
concrete or masonry structures is also a problem nearly
everywhere, and should be anticipated in the initial
design. If these problems persist, however, one must
assume that the construction agency is failing to learn
from its own fi el d experi ence--an inadequacy whi ch has
serious implications concerning the future of irrigation
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in that setting. Such difficulties may also indicate a
lack of involvement by local farmers, who are in a
position to have organized remedial action or at a
minimum to have warned the parent agency a serious
problem was developing.

The third probable cause is the most serious
because of what it i nd i cates about longer run 1and use
trends in the project environment. If land use in a
catchment intensifies and there is a period of drought,
changes in soil surface conditions may lead to vastly
i ncrea sed runoff once a normal pattern of ra i nfa 11
reCOfl111ences. A major storm at the beginning of such a
cycle, even when it lies well within past limits, may
trigger catastrophic flooding in a river system which
may have appeared to be relatively stable up to that
poi nt. Surface runoff is therefore a vari ab1e factor
whi ch can show marked changes in response to 1and
degradation associated with failures of plow farming and
overgrazi ng duri ng a time of drought. Changes of such
magnitude usually cannot be anticipated in a project
design, so that any prolonged period of drought will be
followed by numerous structura"1 fai 1ures if heavy rai ns
then COfl111ence (a likely outcome we should anticipate in
parts of northeastern Ethi opi a, whi ch feed several of
Sudan1s major irrigation schemes).

Loss of Storage Dams

Similar difficulties afflict water storage dams,
which are often necessary on small catchments because of
the intermittent flow of smaller rivers in a hot,
tropical environment. Two types of failure should be
di st i ngui shed (though the fi rst makes the second more
likely): (1) rapid siltation of the reservoir; and (2)
structural failure of the dam. In project appraisal, a
30- or even 50-year proj ected 1i fe may be used when
est imat i ng benefi ts from construction of a dam. Under
tropical conditions where land use cannot be controlled
in the catchment above the dam, its actual 1ife may be
considerably shorter. In mid-1984 Wells (1984) visited
several small dams in Niger and found that in 15 years
of ope rat ion, sed imentat i on had reduced reservoi r
storage capacity by one-half in one case, and one-third
in two instances. Where slopes are greater, as in East
Afri ca, the prob1 em is more seri ous. In one extreme
case outsi de Arusha in northern Tanzani a, Murray-Rust
found sediment yi el ds of 640 cubi c meters per square
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kilometer, so that a small dam constructed to assist
pastora1ists in 1960 would have an "economic life" of
only 15 years (Murray-Rust, 1973). The reservoi r
completely filled and then the dam breached in 1974, one
year ahead of Murray-Rust's prediction. 1 We should also
note that because sedimentation accumulates in the
bottom of the reservoi r, duri ng the 1ast few years of
reservoir life its shallow depth will be insufficient to
compensate for evaporation losses, so that its effective
utility during the dry season will be reduced to zero.

Structural fai 1ure of the dam itse1 f commonly
occurs because the spillway cannot accommodate peak
flows. In Afri ca dam desi gners look for four cri t i ca1
ingredients: clay soils (to form the seal within an
earth fill structure); a comparably long and deep
reservoir (to minimize evaporation losses); minimal fill
requi red for the dam itse1 f (to conserve on fuel costs
in constructing the dam); and finally, a hard rock zone
to serve as a wide spillway. All are important, but the
size of the spillway is absolutely critical because of
unanticipated peak flows which vastly exceed design
specifications. (Of course, if African nations could
afford U.S. specifications with concrete lined
spillways, the number of failures would be lowered, but
the cost per structure wou1 d be doub1ed or even
tripled.) Assuming peak flows will occur, field
engineers in Africa may design a weak point into the dam
itself where repairs can be cheaply effected so that the
whole structure is not lost. Two villains make such
tricks necessary: the "cloudburst" nature of many
African rainstorms (with extremely high intensities of
rainfall); and the near "pavement" nature of runoff from
bare "hardpan" following a long dry season.

In Tanzania's Maasai Project, which operated under
a variety of conditions typical of much of the continent
as a whole, we encountered a number of further reasons
for the failure of individual dams. Construction often
cannot be scheduled to occur during times of optimal
soil moisture, making it difficult to achieve adequate
compaction and unlikely that protective vegetative cover
can be established once the structure is complete.
Cement is often proh.ibitive1y expensive by the time it

IThis section draws on the senior author's
experience in Tanzania's Maasai Project, where numerous
small earthfi11 dams were constructed (and roughly one
third of them sUbsequently failed).
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has been transported to si te, and one soon 1earns to
avoi d i ncorporat i ng concrete structures into a desi gn.
Africa has its share of burrowing rodents, whose tunnels
can lead to failure of the whole dam if they pierce the
clay core. Rapid erosion of the spillway almost always
occurs. Cattle trails over the dam become deeply
notched through surface erosion, and may al so lead to
its structural failure. Instead of irrigating on the
dam's downstream side, African farmers will plow the
immediately adjacent upstream area in the expectation
their wives will carry water to the growing plants when
necessary. This, of course, greatly accentuates
sedimentation into the reservoir. Finally, when one dam
hi gh on a watershed fai 1s, thi s may have a cascadi ng
effect leading to failure of all other structures
further downstream in the same catchment. In the United
States, by way of contrast, irrigation engineers tend to
take water supply for granted and may feel it is not
even part of their science. Nobody with tropical
Afri can experi ence can afford thi s 1uxury, because in
Africa it is often at the supply where irrigation
systems fail most dramatically.

Drainage Problems

Drainage constitutes a clear-cut problem area on
many of Afri ca 's i rri gat i on systems whi ch incorporate
cana1 systems for surface water deli very. A1ka1i ne and
sodic soils are common in depressional areas, where
clayey soils improve water retention. Full irrigation
without 1 ined canal s (which is very attractive
economically) leads to a rapid rise in groundwater level
and salinization of the irrigated area. This danger is
well recogni zed, but neverthel ess often occurs because
of the short-run att ract i veness of lower const ruct ion
costs (Carruthers, 1985).

On sloping land there is a necessity that field
bunds and the canal system be protected from occasional
high intensity "cloudburst" storms, which can occur even
in semi arid areas. The erosi ve power of fl ash floods
must be seen to be bel i eved. Fu rthermore, where the
rainy season overlaps the irrigation cycle, a weekend of
heavy rain even when not of II cl oudburst" intensity may
cause waterlogging of field crops and generalized
fl oodi ng, made more severe by the superimposed water
control structures. Anyone designing field structures
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for African conditions must anticipate that water
removal without human intervention is on occasion just
as important as timely water delivery.

A further problem at certain sites (highlighted in
the background paper by Weber) is the extreme f1 atness
of the terrain being irrigated. Either very long
drainage lines are required, or else pumping must be
employed to remove excess water and slow down
salinization. Because of the flat gradient, water
movement is slow and weed growth rapid. If the supply
contains silt, it will be quickly deposited--adding a
further burden to scheme maintenance.

On many African sites in semiarid areas of the East
African Rift Valley, soil salinity, and sometimes also
salinity of supply water, can be major constraints.
Because these drier areas are also subject to periodic
drought and to a hi gh 1eve1 of envi ronmenta1 stress,
there can be heavy political pressure to use available
sites even when salinity is present. In the longer run,
of course, either saline buildup will occur or a new
round of investment will be needed to install tubewe11s
for powered groundwater extraction.

Inoperative Pumps

In Africa today there are probably more pumps that
do not pump than there are those that do. At least with
dams or gravity-fed intakes, we are dealing with passive
structures which, once constructed, may 1ast for some
ten to twelve years before bei ng rendered i nope rat i ve.
Pumps, when employed by unskilled operators without
benefi t of adequate mechani cs and parts, may not 1ast
through thei r second season--the actual experi ence of
many Action B1~-Dir~ farmers during the first phase of a
USAID-assi sted Mali Project (Chapter Fi ve). Avoi dance
of unnecessary pumpi ng is one of the fi rst ru1 es of
thumb a neophyte engineer must learn in tropical Africa.
This is true in even quite well endowed countries like
Kenya, as the following extended case study illustrates:

The Ma1ka Dakka scheme is capital intensive,
investment costs are estimated to be well
over Ksh 200,000 per ha (=$16,000): water
is sup1ied by diesel pumps, furrow irrigation
is done by syphons, land preparation is
mechanized and the scheme is managed by a
hierarchically organized, imposed management
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team from the Ministry of Agriculture,
assisted by expatriate technical assistance.
Farmers' participation in scheme affairs is
minimal. The management is assisted by a staff
of mechanics, builders/carpenters,
agricultural assistants, drivers, storemen,
clerks, watchmen, and whatever. Only junior
positions are held by Boran.

Needless to say, recurrent costs are high and,
in spite of all external financial aid and
hi gh-1 eve1 management staffi ng, scheme
performance has been and rema ins very poor.
In 1980 respons i bil it i es were transferred to
the Provincial Irrigation Unit at Embu and the
expatriate team withdrew, leaving further
fi nanci ng to the Kenyan Government. Si nee
then the scheme has operated on a shoestri ng
budget. There has been no money to buy spare
parts for machi nery, much of whi ch has been
cannibalized and lies idle and rusting, and
often no money to buy diesel to operate the
pumps. At present SOOle 276 people, nearly all
scheme farmers, recei ve food- for-work in the
scheme. The major work is the digging of a 4
km long gravity intake canal so as not to
depend any longer on the expensive and ri sky
pumps. The pressed and reluctant diggers,
most of whom are women and children, still
have over 1 km to dig. Many men seek survival
for their families by trying to find a job
elsewhere. 'At Ma1ka Dak1aa an air of despair
hangs 1 ike a pall over the Scheme.'
(Kortenhorst, 1983: 18-19).

Simil ar outcomes (for s imil ar reasons) are encountered
in many of Africa's other small-scale irrigation
projects based on pumped water.

The ironic fact is that in theory pump-based water
del ivery has several major advantages when contrasted
wi th expensive cana1 del i very systems. Pumps come in
many ranges and sizes. They are ideally suited to small
perimeters located alongside major rivers such as the
Senegal or Ni ger, where the 1i ft requi red ranges from
about five to 15 meters. Small pumps can be removed for
repairs, or repositioned between seasons. Their cost is
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within the reach of the more commercially-oriented
farmers, particularly if several farmers pool their
"investment. There is no necessary linkage to a
particular crop, so that farmers can grow whatever is
most profi tab1e at the moment. Fi na 11 y, pumps can be
1inked to vari ous types of del i very system--i nc1ud i ng
overhead sprinklers, a mode of delivery not yet fully
exploited in Africa. For all of these reasons, but most
especially the ease of matching pumps to small
perimeters, d.1most all of USAID's first generation
irrigation projects in the Sahel have relied upon
pumping, and will probably continue to do so in the
future (Brondo10, 1985).

Even so, i rri gat ion p1 anners must come to terms
with the pecu1 iarities of pump operation under typical
African conditions. Pumps apear to have been very
problematic when introduced into the more remote
sett i ngs where small schemes are often located. The
sources of difficulty are the following:

The great vu1 nerabi 1ity of "orphan"
equ i pment whi ch cannot be supported
within the immediate commercial
environment;

- The fact that a pump breakdown may
immediately threaten the associated
production system;
Poor mai ntenance, whi ch 1eads to a hi gh
rate of breakdowns and rapid
deterioration of equipment;

- Frequent problems associated with
obtaining fuel or power to keep pumps
operating;

- Farmers' inability to pay operating costs
at the times needed;

- Di ffi cu1 ties caused by fl uctuat i ng water
1eve1 s, whi ch may exceed a pump's 1i ft
capacity; and

- The generally poor quality of backup
services (mechanics, parts, assistance,
etc.) •

These are the seven main reasons, though one could also
cite various failures of ,design and poor choice of
techno logy as contri butory factors refl ect i ng back on
inadequate irrigation planning.
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There is little in this list which will appear as a
surprise to a field engineer; similar IIfirst generation ll

problems occur widely throughout the tropics. The point
to note is perhaps instead the interactive nature of the
problematic factors. For example, 1I 0rphan ll equipment
(meaning units without a Joca1 supplier's represen
tative) is even harder to support when farmers are
penniless and there are no commercial suppliers. At the
same time, one can expect that poorly trained and
equipped field mechanics will be especially clumsy when
dealing with an unfamiliar make and model of pump.
Indeed, we would stress that as a general rule the
introduction of a few units of some new model or
equi pment type is bound to fai lover the longer run
except under unusually advantageous circumstances, e.g.,
a fully commercial economy like that of central
Zimbabwe's, or perhaps in the Kenya highlands. Orphaned
units of American equipment introduced under USAID
auspices can be found all across Africa--rusting in the
yard or being "cann iba1 ized" for parts to keep other
units working. With nonconvertib1e currencies, Africa's
fi e1d eng"j neers must request every spare part through
the central bank, usually months in advance of actual
delivery (a delay so long, letters of credit may expire
before the item has actually been ordered, and then the
whole process must be repeated). Such difficulties
affect all types of equipment, of course, but they are
especially crippling in pump systems where when a pump
is down the who1 e product i on process comes to a
standstill. Breakdowns tend to occur at the peak
periods when a pump may be run at beyond its rated
capacity in order to alleviate a high level of moisture
stress in the field crops. A failure then puts the
whole crop in jepoardy, perhaps leading to farmers'
inability to repay pumping costs.

Poor maintenance is cited in most field reviews as
a strongly contributing factor behind pump failures. It
was a maj or factor contri buti ng to poor performance in
five of Brondo1o's 15 cases: Mauritania, Gouraye;
Niger, Tara; Senegal, Bakel; Senegal River Polders; and
the Gambia Agricultural Development (1985). As in the

,case of inadequate canal maintenance (discussed later in
this chapter), this is actually a symptom of more
deeply rooted problems in how the system functions.
Interviews with French engineers indicate that often
African officials within the Sahel assume well
engineered systems do not need maintenance. Similarly,
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in East Africa the attitude is prevalent that routine
rna i ntenance is a 111 uxury" to be undertaken at those
times of the year when funds are in surplus and
equipment utilization low. We have probably all
experi enced the temptation to forego maintenance when
funds a re short or equ i pment is in heavy use--a
temptation which becomes especially acute in poor
African countries. Then, too, the connection between
doing routine maintenance and long equipment life is not
inunediate and obvious; it must be taken as a matter of
faith. Finally, maintenance immediately suffers when
tools are missing or one cannot obtain the correct types
of lubrication fluid (a common problem within Africa's
underequipped field workshops).

Before we criticize African field technicians in
thi s regard, we shou1 d note exactly the same tendency
among donor-sponsored projects. When projects become
short of ei ther money or time, one of the fi rst th i ngs
to be compromi sed is the effort di rected toward
institutionalizing adequate maintenance procedures.
Perhaps the earl i est area to suffer is in regard t.o
training the farmers themselves. Nobody seems to be
particularly good at this task; outside of the
artificial world of project activities, bottom-level
mechanical skills are usually conveyed by example and by
apprenticeship, not by formal training. Lacking
effect i ve instruct i ona1 modu1 es, most proj ect managers
are uncertain how to actually train farmers in pump
operation and maintenance. When projects fall behind
schedule, the pressure becomes almost irresistible to
begin distributing pumps irrespective of advance
preparations (again, the situation seen in Mali's Action
B1 ~-Di r~ Proj ect) • Simil a r1 y, cost overruns can mean
that the inventory of spare parts is never actually made
ope rat i ona1, and th is in tu rn forces mechan i c s to
cannibalize new equipment. All in all, maintenance is a
difficult function to institutionalize, and therefore
tends to be sacrificed when projects run into logistic
and scheduling difficulties. (Moore, 1983)

Problems with fuel supply appear to be more severe
in Afri ca than on any other continent. Most Afri can
pumps are powered by diesel engines, except for the very
smallest ones. The "problem" arises in several
contexts. First, out in the more remote areas of Africa
imp'orted fuel is simply n'ot avai 1ab1 e for extended
periods. Second, physical storage is difficult because
there are often no storage tanks, and instead all fuel
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is kept in 44-gallon drums. -As Keller et ale (1982)
noted in regard to Senegal's Bakel Project, the
consequence is often that fuel becomes dirty while being
transferred. A thi rd probl em is that because of the
hi gh pri ces for di esel fuel out in the "bush, II

unofficial diversions are commonplace. Drums will be
delivered a quarter empty or, even worse, topped up with
water to appear full. In turn, using watered fuel will
necessitate frequent replacement of injectors.

For eng i neers, it may be helpful to thi nk of the
national fuel supply in a typical African district or
province as if it were a limited recharge aquifer.
During times of low demand the system is not under much
tension and supplies will be locally adequate. However,
once the aggregate capaci ty of the system is exceeded
there are bound to be random breakdowns in supply and
the peripheral areas will lose out to centrally placed
locations. This insight (which comes out of work Keller
and others have done on pump systems in Bangl adesh)
exp1ains the tendency of shortages to occur just when
fuel is most needed, and often in places where
irrigation is under development. Without fuel, pumping
ceases--a situation observed on a visit to Somalia's
Lower Shebelle schemes in mid-1984.

A techni ca1 di ffi cul ty often encountered in Afri ca
is the varying level of the supply from which water is
being pumped. Toward the end of the dry season supplies
usually shrink dramatically, with perhaps a river going
almost dry or a lakeshore receding outwards into white
dust. On Africa's smaller sand rivers, the usual
practice is to site the pumping station as close as
possible to a deep point in the riverbed, but obviously
on a wide river like the Niger this will usually not be
feasible. In the Sahel countries, principally on the
Senegal River, the mounting of pumpsets on movable skids
has been tried. While generally regarded as a success,
sk i d and float mounted pumps have thei r own problems.
It is easy to get the coupl i ng from eng i ne to pump out
of alignment, the mounting may shake apart from engine
v'ibration, routine ma"intenance becomes more difficult
and list or unsteadiness of floats can adversely affect
the lubricating system or load the shafts and bearings
unevenl y (Kell er et al., 1982). However, as Kell er I s
review of the Bakel Project suggests, at many sites
there really is no cheap technical alternative within
the same cost range. Efforts should be di rected at
improving the design of existing systems.
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The problem of cost recovery within subsistence
agriculture is, of course,. not unique to pumps.
However, i rri gat i on by pumpi ng does requi re cont i nuous
financial outflows from some source. By mid-season the
less conunercially oriented farmers will have exhausted
their cash reserves. Here the use of annual income and
yield estimates within apraisa1 documents hldes the fact
that many farmers have insufficient weekly cash flow to
sustain pumping through into harvest. Unless backed by
an effective credit scheme, they may be forced out of
i rri gated production at mi d-season, even after havi ng
incurred substantial production costs.

The wi 11 i ngness of farmers to pay thei r own
operating costs can become an issue if pumps are part of
an official scheme (as they often are in Africa) and
support services are obviously inadequate. One such
situation is described by Keller et a1. from Bakel:

The Aroundou perimeter is served by one of the
five Marlo pumps ••• Just prior to our visit
they had their fifth breakdown since obtaining
the pump two years ago. Thi s 1ast time the
pump shaft broke and was out of commission for
three weeks. It was obvious from the
appearance of the paddy crop that thi s 1ast
breakdown severely reduced yield. (1982:47).

As in other aspects of irrigation development, it is the
general weakness of commercial support services through
much of Afri ca whi ch puts the enti re burden for pump
support on proj ect staff or on the farmers themselves.
In the case of the pumps, this partly explains why so
many are inoperable.

Poor Field Leveling

Under traditional modes of African irrigation, the
water lifting devices in use had extremely small
capac i ty. Channe1s were se1dam more than a few meters
in length, typically feeding into small earth-walled
basins only a few meters square. Most farmers also lack
a source of power sufficient for leveling large field
areas; hoes are used to move small quantities of earth
whenever leveling is required. Thus, whether it is
because the traditional system did not require level
fi e1 ds or because of severe constrai nts on the abil i ty
to move soil, the consequence has been that fields being
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irrigated are often sloped ·and uneven. A further
indication of the rudimentary state of farmers'
irrigation knowledge is the widespread practice of
creating field turnouts with a hoe whenever water is
needed, rather than depend i ng upon fi xed st ructu res or
siphons.

Inadequate Canal Maintenance

Signs of poor maintenance are abudnant1y evident on
field visits in all parts of Africa. One sees wide
cracks in the lining of main canals, leading to
cavitation and piping; secondaries and tertiaries are
often choked with weeds; broken bunds allow water to
flow freely between fie1 d units; gates may have been
sto1 en from control structures; and so forth. Such
fa il ures occur both at the scheme 1eve1 (usually under
agency control) and at the farm level.

For farmers there are a number of reasons why
maintenance is frequently neglected. The possibilities
include:

- Absentee p1 otho1 ders, who are not
present when maintenance is required;

- Competition between maintenance tasks
and non-irrigated farming, an especially
serious problem if the rainfed cycle
overlaps the irrigation cycle;

- Unwillingness of women to contribute
free labor toward their husbands'
speculative involvement in irrigation;

- The "common property" nature of
maintenance, which does not become cost
effecti ve un1 ess a11 farmers do thei r
part;

- Failure to appreciate the returns which
can resu1 t;
Insecurity of tenure, which militates
against making permanent improvements;
and

- A desire to use vegetative growth as
fodder for animals.

Obviously, these causes will vary from household to
household and project to project. All of them can be
important in the Afri can context; and where there are
several, overlapping reasons for not doing maintenance,
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pe rhaps the most i nt ri gu i ng quest ion is why a few
farmers do provide this input.

At the scheme level, the failure to do maintenance
is more puzzling. The high costs of employing salaried
sta ff to operate an i rri gat i on scheme are usua 11 y
incurred in expectation that the staff wi 11 see that
vital cOl1l1lon operations are carried out. Nonetheless,
the reasons why maintenance is poor may include:

Design and construction faults when systems
are buil t;
A severe .constraint upon recurrent
expenditure;
Unreal istic expectations about what farmers
will do;
Lack of suitable equipment; and
Fai 1ure to understand the importance of
routine maintenance.

Aga in, on occa s i on a11 can be important. Shoddy
workmanship is frequently evidenced during the
construction of physical works, so that further
attention to maintenance may be imperative right from
the start of scheme ope rat ion. Often irrigation
projects are caught with too many salaried staff and a
fixed operating bUdget, virtually guaranteeing that
maintenance activities will be neglected. Staff imbued
with the notion that farmers are privileged to receive
an irrigation plot may find it easy to insist that all
maintenance should be farmers' voluntary contribution.
But an even more bas i c problem is the attitude that
maintenance is a "luxury," to be done only when the
scheme receives· some financial windfall. COlTInents one
hears from scheme staff indicate a general failure to
comprehend that rout i ne ma i ntenance is the key to
1ongev i ty of a system' s phys i ca1 works, as well as to
the efficiency of water application. Instead, the
larger administrative system rewards those who ignore
maintenance requirements, since it is usually easier to
obtain external financing for rebuilding a scheme than
it is the recurrent funds for keeping it well maintained
from the start. 1

lA point made by a number of those who discuss the
problem of recurrent finance in development schemes.
See the Club du Sahel, 1982; Finney, 1984; Gray and
Martens, 1982; and Over, 1983.
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It is not customary to think of maintenance as
somethi ng whi ch must be managed, but, in fact, that is
how it must be conceptual1zed if it is to be taken
seriously. (Moore, 1983) The usual situation one sees in
Afri ca has been descri bed by three I LO experts as
follows:

Development programs generally fund new
investments, 1eav i ng governments to fund
rna i ntenance. But- governments rare1y fi nd
those funds. Besides, maintaining older
facilities is never so politically exciting as
opening new ones. Thus, most maintenance
departments are undermanaged and understaffed.
Maintenance manuals, plant drawings, lists of
recommended spares and data for 1ubri cat ion
and routine mai ntenance are rarely adequate.
Investments in rnai ntenance workshops,
facilities and stores are usually slighted or
misdirected •••• Managers then face impossible
situations--building up the .necessary
maintenance capabilities whilst trying
s i mu1tane0 usly to dea1 wit h the i mm edi ate
needs of neglected facilities. (Donarski,
Heath and Wallace, 1983:10)

Although directed toward industrial projects, these
remarks apply with equal force to water development
activities. Here, too, the heavy involvement of
external fi nanc i ng 1eaves proj ects wi thout a guaranteed
source for covering necessary operational costs (the
recurrent cost squeeze al ready commented upon above).
However, there is the further disincentive that in many
African. countries the operational capacity for water
development is vested in different agencies from those
supervising lrrlgat;on proJects. Ian Rule (1984:2)
points out that in Zimbabwe it is the resident
engineer's staff who does the initial construction of
dams and siteworks for irrigation projects. While the
construction team has the necessary lifting equipment to
install pumps and gates, once they leave there is nobody
else with this capability in the local environment (a
common reason for the breakage of expensi ve pumps and
engines). In Nigeria, while irrigation comes under the
newly formed river basin authorities, the operational
capacity exists in various water boards formed at an
earlier stage to secure municipal water supplies (Siann,
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1981). Thus, the agencies receiving construction funds
are not the ones with the responsibility or capacity for
doing routine maintenance.

African policy makers need to be made aware of the
tremendous savings (particularly in foreign exchange)
which a well-implemented maintenance program can
realize. While adequate cost data for irrigation
projects are not available to us, there is experience in
other sectors to draw upon. For example, the World Bank
found that the overall economic returns to road
ma i ntenance proj ects averaged 40 percent or more (on
eight major schemes financed in 1978), as contrasted to
24 percent on construction of new roads. As the Bank
points out:

The high returns basically reflect the
great profitability of small expenditures to
maintain the full-service value obtainable
from very large earlier investments in
construction. But they also suggest that some
shift of additional resources into maintenance
would be worthwhile in many countries.
(World Bank, 1981:5).

The ILO had equally promising results from a pilot
program on industrial maintenance within Ethiopia.
Several Ethiopian factories real ized estimated savings
of over $1.2 million in the first year of the program,
and the cost/benefit ratio appeared to be at least 8 to
1 (Donarski et a1., 1983).

Weed Infestation

It is not sufficiently recognized that irrigation
development can, if not carefully managed, intensify and
spread weed growth. A good example is Tanzania's
Mbara1i rice scheme, which while a "success" at an
earlier period, is reported to have experienced serious
weed i nfestat ion in recent years. Weeds tend to out
compete the introduced crops when irri gat i on water is
poorly applied, and they thrive when maintenance is
neglected. Outsiders should note that sorghum and rice
were domesticated in the same zone of Africa where these
are now i rri gated crops (Har1 an, 1975). Backcrosses
with indigenous varieties are an ever present danger.

Weeds also out-compete introduced crops in
colonizing soil which has been disturbed during
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perimeter construct ion. Fi restone descri bes one such
situation observed in Niger in March of 1984:

In spite of being a well-designed peri
meter, Konni I was a disaster as far as
cultural practices are concerned ••• The areas
between the primary and tertiary canals were
covered with weeds in seed. The seeds were
blowing into the irrigation water and being
carried to the growing fields. This compounded
an already serious weed problem. The prolific
sedgenut grass (Cyperus rotundus) is wide
spread throughout the cultivated fields
of the perimeter. The farm ditches are full of
weeds... The farm drains are in similar
cond i t i on. (Za 11 a et a1., 1984: C- 7) •

In both the Sahel and East Africa, red rice
constitutes a major crop pest. It was observed in
Tanzania's Ruvu scheme by Weaver (et al., 1983.)
Once established, the seed becomes incorporated into the
harvest of the sown ri ce and spreads thereby to other
areas of the country. (One suspects that the Ruvu
scheme may have been the source of r~baral i 's probl ems,
since both are managed under the same parastatal
agency.) Seed inspection is poor in many African
countri es. It is qui te common for government farms to
supply farmers and other schemes di rectly without any
effective means of seed certification. The local staff
working on individual schemes may have insufficient
technical background to pay attention to this vital
aspect. Thus, as i rri gati on spreads, so do the weeds
associated with the major irrigated crops.

Further evidence in support of this observation
comes from the II swamp rice" farming of coastal West
Africa, where often it is the infestation by weeds which
forces farmers to abandon di ked areas after several
seasons. After a certai n poi nt, the 1abor requi red to
control weed growth exceeds the energy value of the crop
and the homestead will begin production at a new site.

Aquatic weeds have also become a serious problem
over much of central Afri ca. In the 1950s the water
hyacinth was introduced into parts of Za're from the
Americas. It spread rapidly into neighboring Uganda and
Sudan, reaching as far southward as the Kariba reservoir
in only a few years. In environments like those of the
Nile Basin, its growth has been phenomenal. The plant
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blocks irrigation pump inlets, clogs canals, completely
covers smaller irrigation channels, makes fishing
difficult and provides suitable breeding sites for
mosquitoes and good shelter in its roots for Bu1 inus
sna i1 s, the vector for schi stosomi as is. It has been
-responsible for a large increase in the costs of river
transport, necessitati ng constant effort to keep
channels clear. According to a Khartoum workshop held
in 1975, water losses brought about by its presence
cou1 d run as hi gh as 7 bi 11 ion cubi c meters per year,
equivalent to one-tenth the normal yield of the Nile, or
1.78 times the amount of water which the first phase of
the Jong1ei Canal was to yield (Obeid, 1975:2). The
same source estimates that between 1959 when control
efforts began and 1975, Sudan spent 6,829 mi 1ion
Sudanese pounds (almost 20 million in U.S. dollars)
trying to keep the water hyacinth in check. The
worrying fact is that the Nile Basin waters (vital to
Sudan, Uganda, Ethi opi a and Egypt) seem "ex treme1 y
vu1 nerab1e" to i nfestat i on by a number of other ali en
plants as well (Obeid, 1975:6).

It must be admi tted that the Sudanese (wi th help
from the U.S. Academy of Sciences) have shown
imagination in proposing countermeasures (Obeid,
1975:6). Among the possibilities listed are:

Continuation of the current spraying
program;
Introduction of insects, such as
Florida's water hyacinth beetle;
Fermentation of water hyacinth to produce
methane;
Use as animal feed (difficult but
technically possible);
Convers ion into compost, ri ch in plant
nutrients;
Introducti on of herbi vorous fi sh, such as
the grass carp;
As a food base for introduction of water
buffalo; _
Introduction of other acquatic weeds (e.g.,
b1adderworts) which scavange the miracidie
and cercariae of bilharzia;
Drying and grinding of the leaves to form a
non-toxic human food (with 25 to 29 percent
crude protei n) ;
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Introduction of spikerushes ("underwater
1awns") whi ch out-compete even· the water
hyacinth plants; and
Use in sewage treatment to produce a source
of fertilizer ingredients.

Failure of Double-Cycle Cropping

The addition of a second irrigation cycle in each
year (termed here "double-cycle cropping ll

) is an
apparently attractive way to gain higher utilization of
expensive irrigation facilities. In Asian wet rice
cultivation, for example, externally financed irrigation
sc~emes have often had as their objective instituting a
second cycle of cropping within the assisted perimeters.
(Where double-cycle cropping is practiced, one needs to
incorporate estimates of cropping intensity--e.g., 175
percent to refl ect a si tuat i on where three- fou rths of
the fields are also used in the second cycle.) This
tactic greatly boosts the cash flow within the farming
system, and wi th it both profi ts and apparent repayment
capabil ities--at least in theory. In practice, within
Africa various donor-sponsored attempts to institute
double-cycle cropping have usually failed over the
longer run, and do not 1ead to markedl y hi gher farm
level profits. A relevant example is furnished by
small-perimeter rice schemes in The Gambia where, under
The Gambia Agricultural Development Project (began in
1973), the aim had been to real i ze doubl e-cropped ri ce
on some 1,200 ha of riverflats. Impact evaluations done
in 1982-83 found actual cropping intensities of between
20 and 40 percent, a steady decl i ne from a 95 percent
1evel in 1981. The Mwea Scheme in Kenya has al so
instituted double-cycle cropping of rice in recent
years. However, despi te the huge increase in effort
this move entailed for scheme management, actual on-farm
returns were boosted on average only about 30 percent
(Kenya National Irrigation Board, Annual Report for
1983).

The technical difficulties asociated with irrigated
double-cycle cropping under African conditions include
the following;

Because of certain climatic constrait'lts
within each year, the attainment of
double-cycle cropping may require an
overlap between the harvest of one crop
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and land preparation for the next crop.
This creates an automatic "l abor bottle
neck" for the household labor force,
as well as intense pressure on project
resources.
Sometimes, changed climatic circumstances
may requi re di fferent vari et ies for the
second cycle •
.. Backward 1hi kages II in the form of
aggregate supply needs (for fertil i zers,
input delivery, etc.) will become greatly
intensified. Input capacity is already
a constraining factor at present low
levels of utilization.
Service organizations need continuous
access to inputs, fuel, storage, etc.
under a double-cycle cropping regime.
At the present time farmers' cooperatives
in much of Africa use the dry season for
transport and restocking, so that inputs
are only held in bulk for a limited
period. For the field units, organi
zation for the coming season usually
takes place during the slack period
after the harvest is moved out.
Instituting a second irrigated cycle
leaves the farmer with no time in the
year for food crops or other, non
irrigated enterprises. The competition
for farmers' resources between rainfed
and i rri gated farmi ng then becomes
direct and unavoidable.
Often, African males are accustomed
to different dry season pursuits (e.g.,
livestock trading or short- term labor
mi grat ion). The returns from such
alternative occupations have been
sufficient to threaten participation in
the second cycle's activities by the men.
The extended moisture regime and growing
period provides a more favorable
environment for the buildup of pests and
spread of human and plant diseases.
Successful second cycle cropping implies
that disease and pest control measures
are already available and effective.
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The drawdown of ex i st i ng soi 1 nutri ents ,
amount of soil compaction and buildup of
root nematodes or similar parasites are,
of course, accelerated. Similarly, if
deep drains have not been installed,
second cycle cropping may accelerate soil
salinization.

In short, the problems of second cycle cropping are
mostly caused by the overlapping of activities and the
i ntens i fi cat i on of demands put on the 1arger economi c
system. In systems where 1abor is already in short
supply at peak periods and where the performance of the
economic system is weak, double-cycle cropping makes
sense when farmers have reached an advanced stage of
commercialization (e.g., market gardening around a
capital city). It is al so feasibl e in those economies
of northern and southern Africa where input and support
services are already prepared for year-round operation.

The Livestock Issue

Irrigation schemes and livestock projects co-exist
within the semiarid parts of Africa. Both represent
preferred (or "privileged") technologies, often promoted
in the past as the sc i ent i fi c answer to the needs of
local producers. Their co-existence should not be
surprising. If one considers the areas where irrigation
is most used outs i de of sub-Saharan Afri ca or the wet
rice zone of Asia, the mutuality between these two forms
of production is clear. The countries where irrigation
is important are often places either where the
traditional economy was based on livestock raising, or
where a modern, livestock industry has been established:
e.g., in Egypt, the Mid East, North Africa, Australia,
and the American West. Usually, irrigation has been
accompanied by commercial production of forage or feed
used for 1i vestock. Whil e obvi ous ly not all i rri gat ion
is for this purpose, it does seem that most commercial
1ivestock producers who have the option do employ
irrigation in one form or another.

The reasons for doi ng so are cl ear enough. The
lack of forage is often the key constraint limiting a
producer1s overall productivity during the long dry
season characteristic of such areas. Even a small
amount of irrigated forage, if supplied to the
foundation herd or used at critical periods, can make a
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significant difference. Livestock can also utilize crop
residues, and off-season "ratoon" grazing. For poorer
farmers, livestock can provide a liquidity much needed
for managing farm and household finances (not a minor
contribution in areas which lack adequate rural banking
services), in addition to milk, meat, manure and animal
power. We have seen that shortages of on-farm energy
severely limit peasant farmers' ability to do field
preparation, just as cash shortages leave them unable to
pay irrigation costs in a timely manner. The
integration of livestock enterprises alongside and
wi thi n i rri gated fi e1d crop product i on is thus normal
and economically advantageous development. And, in
poi nt of fact, some 1i vestock occur almost everywhere
within Africa's --rrrigation schemes, even on projects
where the keeping of 1ivestock is technically illegal.
As one visits individual schemes, almost always one
encounters herds of cattle, goats, sheep, and even
camels coming or going to the fields.

Somewhat surprisingly, then, livestock production
is often not mentioned in official project plans when
irrigation is being established. Here the main
except ion is the Sudan, where farmers' insistence on
growing fodder crops alongside the "official" cotton has
long been a poi nt of content ion. El sewhere, if
livestock are mentioned at all it is usually to stress
the problems stock-keeping causes to management. Scheme
staff find that the grazing of livestock along dikes
(such as on the "parti al" water control structures at
Riz-Mopti in Mali) accelerates erosion, while their
movement from field to field within flood-basin schemes
destroys the bunds. Where dry season i rri gat ion is
practiced, farmers must protect their growing crops from
livestock once the off-scheme grazing is exhausted.
Sometimes tenant farmers encounter angry pastoral i sts,
whose traditional dry season grazing along riverine
terraces is usually disrupted by the physical layout of
i rri gat i on works. For these reasons, both water
engineers and scheme managers would often prefer to keep
livestock entirely outside the irrigation perimeters.

Let us for a moment try to vi ew thi s si tuat i on as
it will appear to local livestock producers. It is
insufficiently realized that virtually all irrigation
development in Africa has occurred on prTilie areas for
livestock production. In any system--rorextensive
1i vestock rai si ng, those areas whi ch are near to water
and which have soils that retain moisture are likely to
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be crucial to the carrying capacity of a much larger
zone. The producers l ability to tap seasonal grazing in
very dry 1ands whi ch may recei ve on1 y 1-2 months I
rainfall in each year depends heavily upon access to dry
season grazing capable of supporting much higher
stocking densities. Typically, such areas are found
along rivers with richer alluvial sons, and in the
clayey depressions where grass remains green into the
dry season. For the same reason, del taic areas with
richer soils were also heavily used by livestock
producers.

The Senegal delta formerly used by pastora1ists is
the site of the irrigated Richard Toll plantations, just
as is Ma1i 1s inland delta on the Niger River for the
Office du Niger and Riz-Mopti projects. The Tana delta
is targeted for immi nent i rri gat ion development by the
Kenya Government; it, too, while officially lIunusedll is
a key resource for the Pokomo and Orma pastoral i sts on
the lower Tana. Sudan1s major irrigation schemes, with
a few exceptions, occur alongside major rivers on lands
prev i ous1y used by pastoral i sts. Most of Ethi opi a IS
irrigation development in the Awash valley occurs on
IAfar grazing lands in the Danaki1 depression.
Irrigation development on Soma1ia 1s lower Shebelli has
removed a long strip of alluvial and deltaic lands from
pastora1 use. The 1arge-sca1e development of pumped
irrigation near Lake Chad in Nigeria has similarly
affected transhumant Fu1 an i herd s. For pastoral i sts ,
particular problems are caused by the. 1inear layout of
most irrigated perimeters: Sudan1s Khashm e1 Girba
scheme, for example, runs for some 60 km along the
Atbara River. In addition, on a number of projects the
water diverted into irrigation (a consumptive use) would
have flowed otherwi se into dri er areas in even greater
need than those serV"'eCrby the irrigation. This
objection can be raised against several of Northern
Ni geri a IS proj ects, the Worl d Bank fi nanced SEMRY
projects (affecting the main source of water for Lake
Chad), Ma1i 1s Office du Niger, and possible future
projects in Ethiopia curtailing water flowing into Sudan
and Somalia.

It is usually claimed in project documentation that
the lands to be developed for irrigation were not being
productively utilized. In the Acres/ILACO survey for
Kenya Is Bura Scheme, for examp1 e, the val ue of pre
project producti on was est imated at about four Kenya
shillings per hectare (Gitonga, 1985:8). On other
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schemes it has sometimes been claimed the riverine lands
were "unused." The most charitable explanation is that
where livestock herds move seasonally into distant
grazing, experts and national policy-makers have tended
to see the area as being unoccupied. This distortion is
frequently enshrined in the legal code, which in many
African countries gives little protection to customary
use in instances when such ri ghts confl i ct wi th modern
development or national plans. But it seems that the
need to portray irrigation as being economically
advantageous is also partly at fault. Realistic
assessment of the value of IItraditional" production on
riverine lands would greatly alter the benefit-cost
wei ght i ng. Even when the value of production foregone
is eliminated, and claiming yields more than double
those usually attained, African schemes cannot be
expected to show rates-of-return above about 5 percent
(Rangeley, 1985:14). More realistic recognition of the
value of production foregone would make it impossible to
justi fy i rri gat ion investments inmost instances where
large schemes are anticipated--a point we return to in
Chapter Eight. .

Perhaps irrigation planners have been naive about
the value of livestock production within the drier
countries where irrigation tends to be a privileged
technology. A steer in good condition was sell ing in
northern Nigeria for nearly a thousand dollars (U.S.) if
valued at the official exchange rate in May of 1986 (as
reported during a field visit to Kaduna). In 1979, when
Nigeria was embarking upon its major irrigation schemes
in the North, FAO estimates put the national herd at
about 12 million cattle, in addition to some 33 million
small stock (data cited in Jahnke, 1982:230). These
animal s are 1argely kept in the sub-humid and semi arid
zones to avoi d tsetse infested pastures--the parts of
Ni geri a where i rri gat ion development was the
Government's major development focus in the late 1970s.
Much the same situation was found in the Sudan, which at
this time was estimated to have over 17 mill ion cattle
and almost 30 mill ion small stock. As with northern
Nigeria, so al so central Sudan has a rapidly growing
urban sector furnishing a major internal market for
livestock products. Outsiders sometimes fail to realize
that a once sleepy town like Kano is today a city of
perhaps 3.5 million people, which explains why even
small stock have become quite valuable in recent years.
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More generally for the Sahel -z6neand its extension
into the Afri can horn, 1i vestock are in several
countries the nation's most important single export.
The situation varies from year to year and from country
to country, but certa"i n1y for Somali a as for Mali (both
countries where irrigation developments have received
priority attention), the livestock sector has long been
the mainstay of the national economy. While the numbers
of animal s kept do not ri val countri es 1ike Ethi opi a,
Sudan, or Ni geri a (with Tanzani a bei ng Afri ca' s four
largest livestock producers), the proportionate
importance of 1i vestock is much greater. Ignori ng for
the moment camels and small stock, if we count just
cattle, the FAO estimates for 1979, put the national
herds lnMa1i at around four and a half million, in
Somalia and Chad at roughly four million, in Senegal,
Niger and Burkina Faso nearly three million, and in
Mauritania about one and a half million (cited in
Jahnke, 1982:230). The Sahel zone as a whole was
thought to contain about 22 million cattle, with another
55 million in the three main countries of Nigeria,
Sudan, and Ethiopia. Obviously, these are very gross
estimates which even if valid have been strongly
influenced by the droughts of 1983-84.

Indeed, one of us visited the Gezira Scheme in
December of 1984 when the drought was becoming severe.
One was told at the time that virtually the entire
pastoral population of animals and people which
customarily used 1ands to the East of the Ni 1e had now
moved to be along the main highway running adjacent to
the Scheme. Fodder from the irrigated on-scheme fields
was just as critical for the survival of the livestock
as was the food grown for the survival of the human
population. The centrality of Gezira in provisioning a
much wi der area of the Sudan was obv i ous, even if the
Sudan Gezi ra Board was re1 uctant to admit thi s fact,
given the desire to encourage cotton production instead.
Thus, the i nteg rat i on between 1i vestock producers and
the irrigation sector is much further advanced in Sudan
than official policy has in the past recognized, a fact
brought out by a mi d-1986 su rvey" of 1i vestock in the
Gezira area (Blench, 1987). We see this as a desirable
trend, indicating it is time for irrigation planners to
see 1ivestock as an opportunity rather than as a
I prob1em" in scheme evolution. -
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Energy Issues

While it is customary to speak of "the energy
issue" in relation to irrigation development, as if this
constituted a unitary topic, closer examination reveals
a range of pol icy concerns from the nat i ona1 to the
household level which may have little in common but all
of which are significant in Africa. Here, energy is an
issue for various reasons:

Many countries lack their own fossil
fuel sources, but have not adapted their
power grid to suit rural consumers (such
as irrigation schemes);
The planning' and support for energy
matters is usually vested in different
ministeries and agencies from those that
deal with irrigation;
Irrigation schemes are usually planned
by outsiders who have only a limited
awareness of local energy problems;
Irrigated production is a potential
source of renewable energy for countries
which lack fossil fuel (following the
Brazilian example);
Shortages of energy at the scheme level-
either because fuel is temporarily
unavailable or because of power outages-
are common;
The choice of technologies, and in
particular, the reliance upon' pumping for
water lifting and conveyance, has major
energy implications and can render
projects vulnerable to disruption;
Within households, farmers lack cheap,
readily available fuel. Any larger
settlement will eventually exhaust
surrounding supplies of wood, leading to
impoverishment and hardship unless alter
native sources have been provided;
The labor intensive nature of many
irrigated crops (rice, cotton) makes it
likely that production targets exceed the
energy input which a typical family can
manage at peak seasons of labor demand;
Farmers who adopt animal power require
additional forage and shade; there are



197

questions concerning the relative
efficiencies of growing irrigated trees
and shrubs versus having these inputs
purchased by farmers;
Irrigated production of trees maybe
essential for environmental reasons, to
protect other crops from the Harmattan
winds and to minimize wind erosion; and
There remains also the possibility that in
the future solar or wind power could
substitute for present sources of energy.

Obviously, these diverse considerations take us far
beyond the sphere usually dealt with under the topic of
"irrigation deve10·pment." It is not feasible at this
point to review the huge, recent literature on the
energy implications of agricultural production (see Smi1
and Know1and, 1980, Auer, 19). Instead, the aim will be
merely to highlight the major issues which future
research on African irrigation should address.

The significance of energy policy at the national
level for African irrigation arises both because the
sub-Saharan countries other than Nigeria and Angola
mostly lack fossil fuel reserves, and because until
recently many countries had no real energy policies of
their own. Large hydroelectric dams were being built at
the same time as rural towns in the hinterland imported
large diesel generators to provide their electricity.
Many countries lacked a national power grid. When long
di stance transmi ss ion 1i nes were buil t at great cost,
there was no means for rural users to tap this
supposed1 y "cheap" power. The fact is that in Afri ca
electric power has been aimed entirely at the industrial
sector or at 1arger urban centers withi n the modern
commercial economy. This has effectively forestalled
the spread of demand-led farm and village
electrification, and with it any reliance upon
hydropower for developing modern irrigation. The
situation is especially poignant in countries like
Kenya, Tanzania, Zaire, Zambia and Nigeria where long
distance power lines pass directly over promising
irrigation sites which must instead rely upon unreliable
fuel imports. In Nigeria, it is said that when the
South Chad irrigation scheme was built, the 33 MW
powerhouse wi th its 9 generators and huge fuel depot
requi red to run the pumps was three times 1arger than
the power station in the state capi ta1 at Ma idugu ri
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(Andrae and Beckman, 1985:99). Africa's very
substant i a1 hydropower reserves are thus paradox i cally
of little use in meeting the agricultural sector's
energy needs.

At the scheme or perimeter level, energy issues can
be sunmarized as being concerned with gravity, diesel,
and trees. As already noted, field engineers accustomed
to Africa much prefer gravity-fed surface irrigation to
the more flexible and modern pumped systems for water
conveyance and application. Obviously, when pumps fail
the whol e perimeter may be put at ri sk, whereas
breakdowns in a gravity-fed system can usually be
repaired by local initiative. In terms of cost, a
gravity-fed design puts the cost "up front" where it can
be financed as a package by a donor, while a pump system
is initially cheaper but entails user access to foreign
exchange (for fuel and part imports) throughout the life
of the system. External design consultants have tended
to overlook thi s poi nt, and must bear at 1east part of
the blame for the poor performance seen on many of
Africa's pump-based schemes. Obviously, too, countries
which lack hard currency will have special problems in
keeping pump-based irrigation systems in operation.

Trees come next to 1i vestock in bei ng vi ewed as
"problems" by many scheme managers. First, there is the
technical issue that trees consume water in fairly large
amounts, which they transpire into the atmosphere.
Second, trees with shallow roots tend to disrupt the
bunds and dikes built by the management, and larger
trees are a major obstacle to field layout if they are
already in place. One of the first steps in scheme
construction as often practised is, therefore, to cut
down all trees, large or small, within the confines of
the proposed perimeter and also along its main supply
canal. Third, trees provide refuge for pests, rodents,
insects, and birds--all of which become complicating and
potentially'dangerous factors within a production
env ironment already characteri zed as hav i ng hgh 1eve1s
of uncertainty. Finally, trees tend to become boundary
markers val ued by thei r owners, and thereby
circumscribing the management's freedome when relocating
roads of canals.

None of these apparent disadvantages need be
especially serious. In parts of India, Southeast Asia,
and Mediterranean Europe, trees have been a usual part
of irrigated agriculture for centuries. In the American
West, they were planted within farmers'land along canals
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and roads from the very start. There are well developed
systems for i rri gated forestry in the a ri d and semi ari d
lands of the Near East (See Armitage, 1985). Thus, the
claim sometimes advanced by expatriate managers in
Afri ca that trees obstruct i rri gat ion shoul d be vi ewed
as a convenient rationalization intended to protect
their power. When we weigh the hugh importance of trees
to fi el d 1ayout if they are al ready in pl ace. One of
tile first steps in scheme construction as often
practised is, therefore, to cut down all trees, large or
small, within the confines of the proposed perimeter and
also along its main supply cana.l. Third, trees provide
refuge for pests, rodents, insects, and bi rds--all of
which become compl icating and potentially dangerous
factors within a production environment already
characterized as having high levels of uncertainty.
Fi na11 y, trees tend to become boundary markers valued by
thei r owners, and thereby ci rcumscri bi ng the
management's freedom when relocating roads or canals.

None of these apparent di sadvantages need be
especially serious. In parts of India, Southeast Asia,
and Mediterranean Europe, trees have been a usual part
of irrigated agriculture for centuries. In the American
West, they were planted within farmers' land along
canal s and roads from the very start. There are well
developed systems for irrigated forestry in the arid and
semiarid lands of the Near East (Armitage, 1985). Thus,
the claim sometimes advanced by expatriate managers in
Africa that trees obstruct irrigation should be viewed
as a convenient rationalization intended to protect
their power. When we weigh the huge importance of trees
to households which are short of fuel, building
materials, privacy, and energy-rich root crops, it is
simply not defensible to insist that they be excluded
from the i rri gated system. In parts of Sudan and the
West African Sahel, trees are so important as a
protect i on for crops that they may become the primary
focus for irrigated production.

Alack of househol d energy sou rces rema ins a
significant constraint within African irrigation
development (Haswell, 1985, Pimental and Pimental,
1979). Estimates of the amount of fuel wood a typical
Afri can famil y requi res per year vary, but most authors
put the per person consumption at between 0.7 - 1.125
cubic meters (Vainio-Mattila, 1987:58). If one includes
the wood used for fencing, housebuilding, and other
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charcoal for external sale), it soon becomes apparent
why shortages of fi rewood emerge quite qui ck1y around
any larger African settlement (Anderson and Fishwick,
1985). Here irrigation schemes are no exception, since
few have permitted the growing of tree crops which might
have replenished the diminishing off-scheme supply.
Vainio-Matti1a notes that when the first tenants arrived
at Kenya's Bura scheme in 1981, firewood was a virtually
free good since the scheme was surrounded by IIbush. 1I By
1984, however, the pri ce for a donkey cart load had
risen to 50 shs., which doubled to 100 shs. by June of
1986 (Vainio-Matti1a, 1987:80).

The loss of trees around irrigation settlements
becomes a hardship when families must organize their own
trips sometimes of several days' duration to collect
firewood from distant sources (Hanger and Moris, 1973).
What is i roni c about such shortage is, of course, that
they need not occur. Deeply rooting species of trees
can be p1 anted along scheme roads and tracks--as they
are within irrigation systems in Europe and America--and
housep10ts can be left large. enough to accommodat~

pri vate woodlots. There are marked advantages in the
drier zone to having fue1wood plantations as well as
wi ndbreaks to protect the fi e1 d crops. Despite these
advantages, only a few sources analyze the role of
forestry and agro-forestry within Africa's energy
starved irrigati~n schemes: mainly the two case studies
by Vainio-Matti1a (1987) and Hughes (1984) of the Bura
West situation, and a number of other accounts about
fue1wood plantations within Sudan's Gezira Scheme. The
Bura West example is instructive: despite fuel wood
shortages having been anticipated within the project
documents and agreed upon by all concerned in
estab1i shi ngthe scheme, and despite the presence of a
donor wi 11 i ng to support the p1 ant i ng of fuel wood, the
agreed plans were not implemented. The scheme
management saw this aspect as a forestry department
responsibility, leaving the Finnish donor's team to
concentrate upon the· introduction of fuel-efficient
stoves as at 1east one means to make the dimi ni shi ng
supply last longer.

Health Impacts

The negative health impacts associated with
irrigation development in hot tropical climates are well
known, but nonetheless constitute an "influence of
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known, but nonethe1 ess constitute an i nf1 uence of
growing significance in many African irrigation
schemes. 1 The 1 i nkage may be di rect, through
contamination and water conveyance of diseases like
cholera; or it may be indirect, by providing a more
favorable environment for parasite vectors (e.g., in
schistosomiasis, malaria, sleeping sickness, and river
blindness). The underlying situation is that the long
dry season acts as the pri nc i pa1 factor 1imi t i ng the
build-up of vector populations. The introduction of an
irrigation system typically removes this constraint,
especially when multiple cycle cropping is attempted in
each year, while at the same time creating a style of
life and work where people are bound to become infected.

To illustrate this point, it can be noted that on a
1arge scheme such as Sudan's Gezi ra, it has been
estimated that 80 percent of children and up to 60
percent of adults have schistosomiasis. It is said the
di sease causes an annual loss in 1abor time equi va1ent
to 30 mi 11 i on Sudanese pounds, and di rect costs for
human treatment of nearly half a million pounds annually
plus another million for mollusciciding the scheme
environs (Amin, 1977). (At Gezira, 116,000 cases of
malaria are reported annually, and these are thought to
represent only one-third of the total (El Agraa, et al.,
1986:103). These negative impacts are sufficient to
have caused some observers to rate Gezi ra as a fai 1ure
(Pollard, 1981), despite the scheme's economic
achievements.

The probl ems posed to peopl e by the spread of
malaria and schistosomiasis (and potentially river
blindness) are fully recognized by most irrigation
planners, though not yet dealt with effectively. The
large specialized literature on these aspects--which we
review below--probably underestimates the true
dimensions of the problem, which is of an interactive
and dynami c natu re. Thi sis not wel come news for
proponents of African irrigation, but the issue of
negative heal th impacts needs to be faced honestly and

1See Hughes and Hunter (1970), Kamarck (1976), Mc
Junkin (1975), Mather (1984), Owen (1973), and Stanley
and especially Feachem et al.(1977). Sources looking
at specific diseases spread by irrigation include
Jewsbury (1984) and Family Health Care (1979), while the
latter source and Cairncross et a1. (1980) are
especially useful on techniques for estimating likely
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seriously if progress is to occur in finding more
effective solutions. Cause for additional concern
arises because resistant strains of vectors and
pathogens have surfaced quickly in African environments
because of the i ncomp1ete app1i cat i on of cont ro1 and
treatment measures (creating ideal conditions for the
emergence of res i stant st ra ins) • Other negat i ve
influences not considered in the past include the
impoverishment of diets through removal of protein
sou r ce s ( t y picall y 0 bt a i ned from i n1and f ishe r i e s
adversely affected by the spread of irrigation), the
loss of trees and browse (affecting animal nutrition),
the increased eutrification of water because of
fertilizer residues, the incorrect employment of
herbicides leading to higher human mortality, and the
build-up of toxic chemicals in the food chain. These
problems are potentially very serious indeed.

This rather unpalatable conclusion is stressed at
the onset of our review here, because typically health
impacts are treated as a residual category within
project documentation. The specialized nature of publiC
health concerns renders them vulnerable to professional
marginal ization within project cycle activities. Once
external consul tants have contributed thei r chapter to
the project appraisal and a provision has been made
within the project design for spraying and disease
monitoring, there is little further consideration of the
health issue despite its acknowledged importance to the
people who must live within an irrigation scheme. To
the contrary, the evidence reviewed below suggests that
often the negative health impacts absorbed by local
residents outweigh the supposed benefits pol icy makers'
desire from an irrigation project. Since the
technologies for protecting health and sanitation are
well known, what is required are more effective
approaches to making them an operational part of scheme
design and management.

Potential Health Hazards

To assess more precisely the potential health
hazards which irrigation development in the Tropics
entails, it is useful to note the four mechanisms by
which water-related diseases are spread, and the
associated preventative strategies (Cairncross et al.,
1980:77-87). The main transmission mechanisms include
diseases that are: 1) water borne; 2) water-washed;



l03

3) water-based; or, 4) carried by insecfvectors linked
to water availability (Table 14). Essentially, the
strong 1ink between i rri gat i on and increased incidence
of water-rel ated di seases occurs because an i rri gati.on
system, with its sluices, canals, furrows, and night
storage reservoirs provides good if not ideal conditions
for the three main modes of transmission, though it can
also reduce certain diseases (if it makes it easier for
people to wash themselves).

Water-borne diseases are those like cholera or
typhoid (both of which have become resurgent within
parts of Afri ca in recent years) where the pathogen is
actually conveyed by water itsel f. Many other serious
tropical diseases, such as infectious hepatitis and
bacillary dysentery, are al so water-carried. For such
diseases, improvements in surface water conveyance will
automatically increase the potential for infection
unless the population using a scheme employs high
standards of personal hygiene and enjoys good
sanitation. However, there is a positive side to
increased water availability. Some tropical diseases
(including apparently many diarrhoeal ones) are reduced
when peopl e keep cl ean by adequate washi ng--hence the
category, "water-washed diseases." Ready access to
water reduces the incidence of skin and eye infections
as well as infestation of ectopari sites 1i ke body 1ice.
The third category, water-based diseases, applies to
paras it i c worms whi ch must spend pa rt of thei r 1i fe
cycle in an intermediate aquatic host, e.g.,
schistosomiasis and Guinea worms (Dracunculus
medinensis). The fourth and final category consists of
di seases spread by an insect vector itsel f, such as
malaria, yellow fever, dengue fever, onchocerciasis
(river blindness) and trypanosomiasis (human and animal
forms of sleep sickness).

Cairncross et al. (1980:81-82) list no less than 36
tropical diseases which are linked by one or more of
these mechani sms to water. Many--l ike yellow fever,
river blindness, cholera, and typhoid--are very serious.
There are ent ire sect ions of northern Ghana and
neighboring Burkina Faso which were abandoned by thei r
original inhabitants because of the incidence of river
blindness carried by the Simulium blackfly which breeds
in fast flowing water (Walsh, 1985). Thus, the three
diseases most often mentioned in connection with African
i rri gati on devel opment--schi stosomi asi s, ri ver
blindness, and malaria--are only the leading candidates
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TABLE 14

DISEASE TRANSMISSION MECHANISMS AND
POSSIBLE CONTROL MEASURES

Mode of
Transmission

1. Water-borne

2. Water-washed

3. Water-based

4. Water-re1ated

insect vectors

Preventat1ve
Measures

Improve water quality
Prevent casual use of other
~ources

Improve water quantity
Improve water access1bility
Improve hygiene

Decrease the need for water
contact

Control snail populations
lI11prove quali ty

Improve surface water
management

Destroy breeding sites of
insects

Decrease need to visit
breeding sites

Remove need for ~ter storage
in the hOllle or
iaprove storage vessels

~: Cilrncro~s. et al. (1980). p. 18.

among a wide array of potentially serious diseases which
can spread rapidly by means of water-l inked
transmission. Most depend either upon a fecal oral
connecti on (fac·i1 itated by water) or upon the presence
of insects and mollusks which live in or near water. '

Greater' awareness of di sease ri sks has 1ed to
increasing use of field surveys to determine the
probable health impacts of increased water availability
in the local environment. The preliminary African
resul ts are not encouragi ng. For exampl e. an
examination of 2,524 individuals from 31 Senegalese
village found that a broad range of human parasites were
already present, albeit at low incidences of infestation
(Miller, 1982). In such situations, the creation of a
more favorable moi sture regime coul d 1ead to a rapi d
build-up of parasites. In Nigeria, Adekolu-John (1980,
1983) warns that the major dams be; ng bui 1t are often
located in the savanna/guinea zone, where malaria,
SChistosomiasis, trypanosomiasis, and onchocerciasis are
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also endemic. Kloos, Lemma and Desole (1978) show that
endemic foci of S. mansoni occur in widely separated and
remote areas of Ethiopia. The spatial distribution of
its inteMlediate hosts (the snails Biomphalaria
pfeifferi and B. sudanica) suggests that development of
irrigation may break down the temperature barrier
keeping populations segregated, leading in turn to the
colonization of new areas such as the lower Awash
Valley. Other studies from Kenya convey the same
warning, for malaria as well as schistosomiasis; here
see Choudhry (1975), Chandler et al. (1976), and Oomen,
(1981) • The fact is that almost everywhere ei ther the
major water-linked diseases are already endemic, or else
suitable hosts for the spread of such diseases are
established. Where people must work in irrigated fields
and do not enjoy safe sanitation, and where furrows a.nd
ponds provide numerous breeding sites for insects and
mollusks, the three negative forms of water-linked
disease transmission can be expected to come into play
almost immediately when a surface irrigation system is
established. The recent FAO review of African
agriculture in the next 25 years cites examples of pre
and post-project schistosomiasis incidences (drawn from
the work of Rosenfield and Bower) which corroborate this
observation (Table 15).

The focus on schi stosomi as i s--commonl y termed
Bilharzia--in the irrigation literature (reviewed by
Brown and Wright, 1985) is understandable because of the
close association between this disease and surface
irrigation in tropical Africa. However, populations
continuously exposed to schistosomiasis (Which come in
two forms, intestinal and urinary, with the former
having the more serious medical consequences) can build
up a degree of tolerance. Without denigrating
schistosomiasis, which can seriously disable and kill
people--especially when they first come into contact
with it as adults or where endemicity is very high--we
suggest irrigation planners in Africa need to devote at
least equivalent attention to the other water-linked
diseases, such as malaria, cholera and typhoid as well
ashepatit i sand va rio us form s 0 f dYsen t e ry and
diarrhea.

Even less commonly considered are the other health
risks which may emerge once irrigation schemes have been
in operation for extended periods. For example, in 1981
it was found at Gezi ra that the mean values for DDT in
cow's milk on the scheme were 0.23 ppm, and water from
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TABLE 15

CHANGES IN SCHISTOSOMIASIS INCIDENCE FOLLOWING

IMPLEMENTATION OF WATER PROJECTS

-Pre-proJ ect Post ProJ ect
Project prevalence prevalence

Country (Yr. completed) (percent) (percent)

Egypt As wan Dar.a (first) 6 6~ (3 years later)
(1900)

Sudan Gezi ra Scheme I) 30-60S (15 years
('1925) 1ater)

Tanzania Arusha Chini low 53-86S (30 years
(irrigation) ~ later)

Zambia and Lake Kariba 0 16S adults
Zimbabwe (1958) 69~ children

(10 years later)

Ghana Volta Lake low 9~ (2 years later)
(1966)

Nigeria Lake Kainji low 31% pyear later)
(1969) 451 2 years later)

~: FAO (1986) African Agriculture: the Next 25 Years. Annex II.
The Land Resource Base. p. 69 based on work by Rosenfield and
BOwer (1978).

surface wells and canals were found to contain 0.2 and
0.16-1.2 micrograms/l itre respectively. Concentrations
of DDT in Gezira cows' milk as high as 1.3 ppm have been
recorded, in contrast to the WHO/ FAa standards of a
maximum of 0.05 ppm. Maximum acceptable level s in the
U.S.A. are as low as 0.001 micrograms per litre,
depending upon varying state standards (El Agraa et al.,
1985:129). Modern high intensity agriculture is
characterized by vastly increased uses of toxic
chemical s, some of which are bound to enter the food
chain or to come into contact with human populations in
a variety of ways. Pollution risks are further
increased where villages have not been provided with
safe water suppl ies or where the drains from one area
become the supply for another.
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Control Measures

Control over unwanted, negative health impacts is
technically possible, but at the price of careful
planning and fairly expensive treatment measures. For
example, intermittent sprinkler irrigation where water
is conveyed in pipes carries much less disease risk than
continuous surface irrigation based on open furrows and
canals. Similarly, where houses have piped water and
safe waste disposal, the spread of water-linked diseases
within a population can be much more easily controlled.
Basically, a reduction of health risks depends upon
breaking the fecal-oral connection required by many
pathogens, and upon minimizing the provision of
favorabl e envi ronments for di sease vectors and parasite
hosts.

To remain effective, control measures must be
continuously applied. Stopgap remedial measures based
on chemotherapy for diseased humans and insecticides to
control vectors can be expected to have a relatively
short effectiveness, for the reasons al ready gi ven and
because the poorer African nations are now acutely short
of hard currency to fi nance imports. Haphazardous and
partial application of chemical controls actually
increases the problem by stimulating the early emergence
of resistant strains. This suggests that more attention
should be given to understanding the behavioral aspects
of disease transmission, the engineering measures which
facilitate control, and the very layout and periodicity
of irrigation--two important components which have
usually been overlooked. It is little use treating
water in villages if a scheme has created vast, treeless
plains where the only place field workers can defecate
in privacy is on the banks of the irrigation canals
where peopl e wash thei r clothes and water thei r cattl e
(Charnock 19B2).

On the positive side, enough is known about
tropical disease transmission to pinpoint the particular
sources of danger found on a typical irrigation scheme.
These include the standing reservoirs and night storage
ponds, rel i ance upon unl i ned cana 1s whi ch become
colonized by weeds, sluices which oxygenate fast-flowing
water, the implementation of extended or continuous
irrigation cycles, unsanitary latrines, poorly designed
and built drains prone to hold standing water, and
sha11 ow wells whi ch draw polluted groundwater or whi ch
permit ready surface contamination. Several
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investigators have reviewed the use of engineering
control measures to make irrigation safer, including
McJunkin (1970), Ackers and Gowing (1983) and Bolton
(1987) • Hyd raul i cs Research at Wall i ngford in Engl and
have an ongoing research program in Zimbabwe on thi s
topic. 1 A word of warning is that engineers must also
consider the behavioral aspects, since people-TOcally
often do not behave in ways which distant experts
assume. An especially important innovation being tried
out in Zimbabwe's Sabi Valley schemes is a screened and
vented pit latrine said to prevent the breeding of flies
and vermi n. A great dea 1 has been 1ea rned about
tropical sanitation by domestic water' supply experts t

and this experience should be tapped within African
irrigation planning.

On the negat i ve side, it can be noted that false
economies taken at the appraisal stage to lower capital
costs frequently entail greater health costs for scheme
households. Such "economies" include measures like
reduced drainage, the institution of double-cycle
cropping (which greatly extends the moisture regime
favorable to vectors), crowding farmers onto very small
houseplots, standardized field layouts that leave no
room for pri vacy or san i tat ion, and the adoption of
standardized western water control structures which
encourage parasite infestation.

The dangers whi ch accompany the i ncompl ete or
partial application of control measures are only now
becoming recognized in Africa. A resurgence of malaria
is a cause for part i cul ar concern ina number of East
African countries. Packard (1986) notes that while much
research has focused on problems of pesticide resistant
vector strains, the resurgence of malaria in Swaziland
cannot be so explained. Instead, this development
appears to deri ve from a combi nat i on of factors: the
creation of ideal breeding sites through irrigation; the
ineffective application of malaria control measures
within Swaziland's sugar estates; an influx of foreign
workers known to be potential carriers; and a
demographic shift leading to a build-up of non-immune
populations living in close proximity to both malaria
vectors and carri ers. These same factors occur wi de1y
throughout much of tropical Africa. Conditions in

lReported in a special issue of the ODU Bulletin
(July 1987, no. 7) on "Health Aspects of Irrigation,ii
Hydraulics Research, Wallingford.



209

Swaziland are far more favorable than in parts of
coasta1 East Afri ca (such as Kenya I s Bura West scheme),
where virulent strains of chloroquine-resistant malaria
are now being encountered. This situation requires
close monitoring in the planning of future irrigation
schemes.

Perhaps the most basic lessons about control
measures are that they must be implemented on a system
wide basis, must be kept in continuous operation, and
cannot be chosen. pi ecemea1 from the narrow perspecti ve
of any single discipline. Tropical ecologies are
extraordinarily complex, and measures which may appear
sensible from one perspective may yet carry
unanticipated negative impacts from another. For
example, the fish introduced to control weed growth in
canals may also serve as intermediate hosts for human
parasites. The trees which provide privacy and fuel
also shelter birds, some of which eat insects but others
of whi ch consume farmers I gra in. Workers brought in
from a distance help farmers harvest their crop, but may
bring diseases with them and may subsequently spread
endemi c scheme diseases to othe r, non - i rri gat ion
communities. All in all, it seems that the adoption of
i rri gated agri cu1 ture in the hot tropi cs assumes that
people enjoy fairly high standards of hygiene and
sanitation. When implemented where these conditions are
not met,' the negative health impacts associated with
irrigation over time can become the single strongest
reason why such technolog1es should not be adopted.

Further Research

The above review of technical difficulties
highlights a range of problems which straddle several
disciplines. Conventional approaches to irrigation
development segregate the design and implementation
activities into separate stages, and parcel out specific
tasks to different disciplines. Civil engineers design
water control structures and scheme 1ayout; economi sts
do the project appraisal; soil scientists evaluate land
potential; agronomists determine plant water needs and
the cropping schedule; lawyers may advise on acquisition
of land and water rights; public health experts
recommend disease control measures; and sociologists do
the social impact analysis. This insures at a minimum
that eventually an agreed project plan materializes. but
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it inh'ibits organizational learning and destroys
feedback between different specialties.

Chapter Five documents the low performance which is
bei ng achi eyed on many of Afri ca I s fonnal i rri gat ion
schemes, established in the usual way as just outlined.
If African governments, donors, and irrigation
authorities wish to improve upon this disappointing
record, they must first learn how to analyze and rectify
problems which transcend the usual disciplinary
boundaries.

We, therefore, bri ng thi s chapter to a close by
1i st i ng the pri ori ty topi cs whi ch thi s rev iew suggests
merit urgent, transdisciplinary attention. The main
agenda ·of topics for future research in African
irrigation development would include:

1. Cost containment: Why high costs on
small schemes? What factors contri blJte
to the hi gh costs often encountered in
African irrigation? What traits
di sti ngui sh hi gh from low cost schemes?
How well are costs monitored?

2. .Swamp rice/valley bottom development.
Comparative returns versus IIfull ll

i rri gat ion. Descri pt i on of range of
present types. Agronomic problems of
working with II swamp" rice. Population
absorption potenti al. Types of
technology, indigenous and introduced.
Suitable framewo~ks (organization,
economic) for intervention. Why poor
record to date?

3. Long-run, life-of-project irrigation
performance. Document longitUdinal
performance of irrigation schemes, try to
identify reasons why it has been
difficult to keep initial levels.
Analyze those schemes (like Mwea) which
have maintained high yields. Role of
soc i a1 and econ om i c fa ctor s ,
commercialization. Multiplier benefits
over project life.

4. Choice of crops. Why such a narrow range
of crops bel ng i rri gated? Linkages of
crop to associated irrigation technology.
Biological versus economic efficiency.
Import content of vari ous crops. Long



run prospects for irrigation of staple
and food crops? Linkage to
commercialization? Prospects for new
crops, either traditional or oriented to
Gul f States? Food versus export crops?
Energy, labor, capital requirements?

5. New technologies for small systems.
Review of alternative technclogies,
traditional or modern, suitable for
small-scale irrigation. Possibilities to
be rev i ewed include photovo1ta i cs , hand
and animal powered pumps, "bubb1e"
irrigation, technical options for
supplemental application in low-cost,
small-holding or horticultural systems.

6. Vertiso1 management. Strategic
s;gnlf;cance of vertlso1s relative to
Afri can agri cu1 ture; types of vert i sol s
and potential under irrigation. Energy
requi rements. Crop responses, agronomi c
aspects. Construction implications.
Indigenous and traditional technologies
for vertisol use.

7. Intra-season, intra-year work budgeting.
Investlgat;on of temporal· aspects of
energy demand associated with various
irrigation technologies. Temporal
profile of available farm power, either
under two adu1 t hand cu1 t i vat i on or
combined with animal power. Relationship
of energy inputs to food requi rements,
identification of bottlenecks and deficit
periods. Energy-disease linkages.

8. Cost recovery mechanisms in irrigation.
Why cost recovery has been so poor?
Organizational and managerial load
implications of alternatives, water
charge versus control of marketing chain.
Timi ng of repayment demand versus
seasonal cash availability. Alternatives
to controlled marketing for cost
recovery.

9. Weeds. Document association of weed
establishment with irrigation. Degree of
weed cha11 enge under varyi ng crops and
irrigation technologies. Problems of
seed quality, role of irrigation in

211



212

spreading weed seeds. Labor implications
of weed growth, also for maintenance.
Economi c aspects of weed control in
constrained economic systems.

10. Pump-system deterioration. Comparative
vul nerab111ty of var10US del ivery
systems. Upstream or systemic
requi rements of pump systems.
Cost over life-of-project versus
investment costs. Gaps"j n pump types.
Problems of "orphan" technology vis-a-vis
pumps.

11. Water harvesting and irrigation. Types
of water harvesting in use 1n Africa.
Comparative costs to irrigation. What
complementarities? Choice of crops under
water harvesting. Role in water
management. Indigenous techniques for
water harvesting.

12. Energy issues in irrigation. Explore
adaptations to the national power grid to
facilitate irrigation. When and where to
use pumpi ng? Househol d fuel and power
requirements, with and without animals.
Desi gn of fi el d systems to incorporate
forage crops and trees.

13. Behavioral and engineering aspects of
disease control. Identify disease risKs
assoc1ated w1th various standard designs.
Behavioral assumptions made in site
1ayout from standpoi nt of di sease
impacts. Measures to improve personal
and household hygiene and sanitation.
Implications for recruitment of laborers.
Long-term and interactional effects.

14. Maintenance effectiveness. Which
features ma1nta1ned and Wh1Ch failed at
present? Maintenance assumptions
embodied in project designs and their
real ism. Rel ati ve costs of mai ntenance
versus eventual reconstruction.
Differential willingness to do
matntenance. Farmers' abil ity to absorb
maintenance costs.
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Case Studies

The marked differences between Africa's official
irrigation projects and its indigenous, traditional
systems makes it difficult to analyze the two types
within a common framework. As our discussion of small
scale and traditional irrigation in chapter six will
indicate, official schemes are generally designed and
established from scratch, with external assistance.
Most have salaried staff and a formal project structure.
Whether large or small, their organizational features
are very different from the simple arrangements and
technologies found where irrigation has evolved
spontaneously in response to local needs. This
fundamental duality is reinforced by the "top-down,"
expert planning associated with formal schemes in
contrast to locally generated solutions within
traditional irrigation. It is also reflected in the
tendency of forma 1 schemes to recei ve adv i ce from
engineers and agronomists, while traditional systems are
left to be described by sociologists and anthro
pologists. Size alone is not a useful criterion for
distinguishing the two types. While most traditional
systems are very small, their aggregate contribution in
a gi ven zone may be 1arge, just as some formal proj ects
are al so very small in si ze (though usually quite
expensive).

In this chapter, then, we describe a
selection from Africa's officially sponsored
irrigation schemes, where for each country reviewed we
have presented one major case outlined at some length.
Formal schemes are best seen within a national
context, rel ated to each country's approaches to
irrigation development and its institutional structures.

213
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A brief description of the national context precedes the
description of individual schemes. The choice of cases
for review has been made to include the major countries
where irrigation is important (excluding Somalia,
Madagascar, and Southern Africa), and to insure a
spectrum of scheme types ranging from small-scale, NGO
projects to the very largest national systems. To
situate the case study schemes in relation to
Africa's other projects, Appendix II lists the
continent's better known formal irrigation systems.
References to these schemes found in other chapters
frequently employ a shortened designation (e.g., Bakel,
Mwea, Gezira, SEMRY), since these particular projects
are well-known among African irrigation specialists.

The preponderance of governmentally-assisted
projects within Africa's modern irrigation sector also
means, however, that much of the documentation needed
for describing individual projects and for assessing
their performance is not publ ically available. By far
the larger share of project documentation consists
either of lending agency reports, notably those of the
World Bank and FAC (for Francophone countries) or IFAD,
or of commissioned consultancy reports (usually retained
by the relevant country firm). For the most part, we
have not enjoyed access to either of these two major
types of sources in compiling this review. This makes
it exceedlngly dlfflcult to glve accurate and fair
accounts of i ndi vi dua1 schemes, and restri cts coverage
to those projects which are documented in published
literature. Even FAO's specialized reports, of which
there are hundreds relating to the technical aspects of
individual schemes, are not freely available except in
response to specific requests made with official
backing. Such restrictions constitute a major obstacle
to African countries' being able to learn from each
other's experiences. They also insulate lending and
implementing agencies from being held accountable for
their own mistakes.

Senegal

National Background

Like its neighbor, Mali, Senegal spans several
agricultural zones, which range from Sahel ian conditions
(350 mm annual rainfall) in the north to coastal swamps
(1,600 mm rainfall) in the south. The terrain is mainly
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flat, with fossil sand dunes near the coast. Rainfall
gradi ents change in transverse bands, from dry to wet
along the north-south axis. Areas along the Senegal
River in the northern one-third of the country have only
a one- to two-month rainy season (August-September); the
central area from Dakar eastwards to Bakel near the Mali
border has a three-month rainy season (July-October);
the southeast has four months; and the Cassamance region
south of the Gambia River has five months (Keller et
a1., 1982).

The estimated population in 19~5 was 6,600,000,
spread over a land area of 196,860 km but concentrated
towards the western side nearest to Dakar. The country
is divided into eight regions and thirty "departments"
(equivalent to districts). Senegal was the headquarters
of the former French West Africa. It has considerably
higher rural population densities and more urbanization
(35 percent) than typi cal for other countri es in the
Sahel zone. Dakar still contains a number of
institutions serving the larger Sahel zone, and one
finds influential Senegalese families spread throughout
the zone (but especially so in neighboring Mali). The
popul at ion is qui te mobil e, bei ng compri sed of seven
main ethnic groups. Communications by road and rail are
relatively good. Over the past decade, the country has
been heavily involved with Mali and Mauritania in a
joint project (the OMVS) for the development of the
Senegal River Valley.

Despite being a major recipient of external aid,
Senegal's economy has been in decline since the mid
1970 ' s. About 50 percent of all export earnings and 40
percent of government revenues are generated from peanut
(groundnut) production. About half the nation's
cultivated area is given over to this crop, though
production is concentrated in the "peanut basin" inland
from Dakar. Except in drought years, annual product ion
(1976-82) averaged about 780,000 t, most of it processed
locally before export. Millet and sorghum are the main
food staples (600,000 t annually), with some maize
(43,000 t) having been introduced in the southeast. A
modest amount of cotton is also produced in the south.
About 65 percent of the nat; on 1 s annual consumption of
sugar (80,000 t) is produced locally (Devres, 1984,
Vol. 2, p. 212). About 90,000 t of rice is produced
annually (14 percent of all cereal production), of which
80 percent comes from tradi t i onal II swamp-ri ce"
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varieties grown in the Cassamance (Tour~ in Buddenhagen
and Persley, 1978:341).

____ The irrigation potential within Senegal occurs
around the nation's periphery, either along the Senegal
and Fa1~m~ Ri vers in the north, or in the south along
the Cassamance River (Figure 5). While some studies
have shown Senegal with a high irrigation potential,
e.g., a CILSS estimate of 457,000 ha (1979:76), the FAO
estimate of 180,000 ha seems more reasonable, which
wou1 d i nd i cate that over 50 percent of potential has
already been developed (1986:14). Irrigation has taken
different form in the three major environments where
development proj ects have been attempted. In the
Senegal delta upstream from St. Louis (the former
capital), saline intrusion during the season of low flow
has hampered crop development (though the delta has also
supported a significant local fishing industry). Here
projects for crop irrigation involve large investments,
and have tended as a consequence towards medium and
large-scale perimeters (e.g., the Richard Toll
plantation). In contrast, the middle and upper portions
of the Senegal River provide an opportunity for numerous
small and medium-sized perimeters, utilizing river
terraces, old channels, and small swamps. And, finally,
the Cassamance area in the extreme south resembles the
Gambia River in having mangrove swamps at its mouth, a
long distance subject to salt intrusion, and
traditional techniques for "swamp-rice" cultivation.
Though ambitious plans remain under consideration for
the construction of four salt-intrusion barrier dams on
the Cassamance, in fact the fi rst generat ion proj ects
aimed at diking the mangrove swamps were spectacularly
unsuccessful. In general, the easier sites have already
been developed, so that future projects will require
larger interventions carrying a higher risk of failure.

Irrigation Institutions

I r rig at ion de vel 0 pm enthasalong his toryin
Senegal, having been the focus of one of France's early
experiments in agricultural colonization, the
unsuccessful attempt in the earl y 1800s to turn the
del ta reg i on 1nto an i rri gated i sl and of prosperi ty.
(Dagana was even des i gnated at one poi nt as the futu re
capital of Senegal.) Between 1821 and 1826, experiments
were conducted to discover what crops might be grown in
shallow basins under controlled flooding. Mixed results
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achi eved by Ri chard Toll, the person in charge of the
experimental farms, were interpreted favorably and by
1826 6,500 ha had been gi ven out to French settlers in
130 ha units (Miller, 1985:33). Local opposition,
agricultural difficulties and problems in water control
doomed the proj ect despi te an attempt in the 1850s to
resurrect it. Neverthe1ess, the name Ri chard Toll was
bequeathed to what has become Senegal's major, 1arge
scale scheme: a 7,400 ha irrigated sugar estate owned
and operated by a private French-Senegalese sugar
company, the CSS (Miller, 1985:33).

Senegal's modern involvement with irrigation dates
from the early pre-war years, when to counteract growing
rice imports MAS (Mission d'am~nagement du S~nAga1) was
formed in 1938. Of the first three perimeters it built,
only the one at GuAd~ (1,000 ha) is still in
operation (Miller, 1985:34). In the immediate post-war
period it expanded its operations to include large
pumping stations near Lake Guiers, as part of Senegal's
continuing effort to counteract salt water intrusion
during the river's low flow season. OAD (Organization
Autonome du Delta) took over responsibility for the
delta in the early 1960s, prior to the formation of SAED
(Soci~t~ d'amAnagement et d'exp10itation des terres du
Delta) (Miller, 1985:35). Some of the embankments built
to control the river's flooding and to keep out salt
water were major structures, one dike being 84 km long.
In 1964 when SAED took over, roughly 31,000 ha were
protected by di kes on Senegal's 1eft bank, but of thi s
much has since been abandoned (Miller, 1985:35).

SAED originated with the objective of bringing
modern irrigation to the delta region, but then
graduall y extended its i nf1 uence upri ver to the mi ddl e
and eventually upper bas ins. It was at fi rst 1inked to
the "animation rura1e" concept under the regime of
Mamadou Dia (Miller, 1985:37). The government's stated
aim was at thi s time to foster formal cooperat i ves to
give peasants a place in the national economy. These
were initiated from above in a highly centralized and
authoritarian manner, and they bypassed whatever
associations (age groups, etc.) already existed at local
1evel s. In time, the term "cooperative" acqui red such
negative associations among farmers that SAED and other
agencies have renamed them "producer groups" (groupement
de producteur), a term app1 ied to water user groups
which share an assisted perimeter. However, even at
present agencies like the distant and highly
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bureaucratic OMVS are quick to insist these groupings
represent merely "pre-cooperatives," to be replaced by
full cooperatives as small-scale perimeters are
gradually phased out.

Thus when SAED began working in the delta from 1965
onwards, its approach was distinctly "top-down. 1I As
descr"ibed by Miller who observed its activities in the
fiel d:

It treated the zone as a virgin frontier,
settling colonists, displacing local herders,
and forc i ng each famil y into a tenancy
relationship with SAED. Each tenant received
inputs on loan from SAED, woul d be asked to
grow rice during the rainy season, and then •••
to reimburse SAED in kind for the materials
and services rendered. Debts were so high and
productivity so low that this policy
encouraged outmigration rather than reducing
it ••• (Miller, 1985:38-89)

However, it can be said in SAED's defense that it did
learn from its own mistakes as its emphasis shif'£e'O
increasingly to the support of small-scale village
controlled perimeters.

SAED's first generation efforts like Nianga and
Dagana (Figure 5) drew upon the delta's tradition of
large-scale farming, with comparatively large perimeters
desi gned for mechani zed producti on. Pri or schemes had
been based on the "partial control ll concept, whereby the
perimeter was provided with external embankments to
regularize the river's flood levels. A crop like
floating rice would then be sown under rain-fed
conditions, but guaranteed the correct levels of water
once the river's flood arrived. This approach failed on
all counts:· the mechani zed operati ons proved to be
highly inefficient and problematic; peasants had little
i ncent i ve to cont ri bute the 1abor needed to keep the
scheme operating; and in low rainfall years the flood
level was insufficient to insure a crop. The schemes
were thus converted to full-control perimeters through
the addition of pumps, and SAED changed its own emphasis
towards assisti ng small-scal e, non-mechani zed
perimeters. Wei 1er and Tyner (1981) argue SAED acted
prematurely in abandoning its large-scale approach. The
whole rationale for OMVS involvement in sponsoring



FIGURE 5

IRRIGATION ALONG THE SENEGAL RIVER, SENEGAL

50 100 150 200 Z50, , , , ,

219



220

consisted of its more controversial attempt to extend
the Matam model past Bakel into the narrower and more
difficult upper river zone along Senegal IS far eastern
borders with Mauritania and Mali. Before looking at the
Bakel experience, however, let us note the present
distribution of SAEDls efforts in the Senegal Valley and
also reasons for the return to larger-scale projects now
that the ambitious OMVS river basin program is coming on
line.

The allocation of support effort to Senegal IS

irrigation looks very different depending upon whether
total hectares covered or the number of perimeters
assisted are used as the measure (Table 16).

TABLE 16

DEVELOPMENT OF IRRIGATION
ALONG THE SENEGAL RIVER

Country
Total Ecologlcal Total Scheme fatal ~ fatal
ha: Zone: ha: Sfze (ha): ha: Schemes

Mal; 270 Deltd 19,000 -Large (500+) 21,000 4
11aur;tan;a 5,305 Middle 8,000 l1edium(50-500) l,aOO 6

Valley
Senegal 23,230 Upper 1,000+ Small (50-) 5,000+ 90

Basin

Source: Allier (1985), p. 41.

By grouping its small perimeters into larger
.. schemes, .. SAED portrays its effort as bei ng directed
towards 14 schemes, half large ones and half clusters of
the VIS type. According to Dumont's unpublished FAO
figures, SAED in 1983 had 18,478 ha within its assisted
perimeters, with winter paddy the predominant crop
(12,220 hal giving nearly 50,000 metric tons with an
average yield of 4.5 tons per ha. These figure are
impressive when contrasted against the low number of
perimeters and yields within Africals other official
irrigation schemes. In Senegal, the costs of production
have been lower on the small perimeters (estimated by
SAED at 54.1 CFA per kg in contrast to 87.8 at Dagana),
being roughly equivalent when charges are included to
the import parity price. OMVS commissioned stUdies
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i rri gat1on is also based on the premi se that 1arger,
full-control perimeters wi 11 be superi or to SAEO' s
subsequent small-scale ones--a conclusion not supported
by Senegal's actual experience.

SAED's "second generation" schemes grew out of
collaboration with FAO and the World Bank in the Matam
area from the early 1970s onwards, where the first three
"village irrigation schemes" (or VIS) were located in an
experimental adoption of a type already pioneered across
the ri ver in Mauri tani a (at Gorgo1) • These "mi dd1 e
ri vern schemes were of necess i ty smaller than the 1arger
perimeters found in the wider delta. Individually
between 6 and 20 ha in size, perimeters were furnished
with a float-mounted diesel pump, flexible pipe
connection to convey the water up over the banks onto
river terrace lands ("fonde" soils), a cement junction
box to facilitate water distribution, and surveyed and
bunded plots of one-third hectare per family. The first
pumps were prov i ded on a grant bas is, but it was found
that they were not maintained and problems arose over
replacing them. SAED's contribution was to supply the
pumps and equipment, organize land preparation,
operate any heavy equipment required, and supervise
farmers and village masons in building the simple
di stri but i on system. It was hoped that famil i es cou1 d
realize about 0.9 tons of maize and 1.7 tons of paddy
from double cycle cropping of their plots, and from the
half they would sell could repay SAEO's charges and the
operating costs incurred by their perimeter cOl1lT1ittee.
To insure repayment, they could only market paddy
through SAEO at the government's low official prices;
farmers' associations held individual contracts to
insure their compliance. Inputs were also supplied
through SAEO alone, and charged against each season's
loan obligations.

Up to 1977, when SAED entered into external loan
negotiations to further expand its VIS program, 117
small perimeters had been established in the Matam area,
with a further 92 around Podor and Aere-Lao, and 27 in
Bakel region (see be10w).1 The term "Matam Irrigation
Scheme" thus refers in actuality to over a hundred small
perimeters strung out along the Senegal Ri ver and
totaling 2,140 ha. SAED's "third generation" projects

1These details about Matam are derived from an
unpublished case study compiled for FAO's Land and Water
Division in June 1985, by D. Dumont.
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cited by Miller (1985:58) have found that throughout the
Senegal basin, peasants on the small-scale schemes
cultivate and harvest a greater proportion of the land
actually developed than do the large schemes, and their
productivity in average yields attained is higher.

These are significant observations, given the
official intention that small-scale irrigation along the
Senega 1 Ri ver shou1 d be pha sed out to make way for
1arger peri meters favored by OMVS planners seek i ng to
justify the expensive OMVS dams along the Senegal River,
the Diama salt-intrusion dam in the delta, and the
Manantali dam upstream on Mali's Bafing River (Mournier,
1986). The OMVS, of course, requires large projects to
justify the overheads involved in operating an inter
state organization linking Senegal, Mali and Mauritania.
Formed in 1972 after the breakup of an earlier regional
authority (OERS), the OMVS was given responsibility to
develop the entire river valley--a process it claimed
would halt desertification, end malnutrition, improve
navigation, and raise the general standard of living
throughout the area. Building and justifying the two
dams have become the central preoccupations of the OMVS
organization.

The OMVS proposals seemed daring and technologically
imaginative (though risky) when unveiled shortly after
the Sahel ian drought of the early 1970s had made bold
proposal s fashionab1 e. The Diama dam (now comp1 eted)
was sited 27 km upstream from Senegal's old colonial
capita1, St. Loui s, at the mouth of the ri ver. It is
intended to block the incursion of salt water upstream
into the middle valley during the river's low flow
season each year, c1nd is part of a 1arger comp1 ex
including a future deep water port, a shipping canal
giving access to the interior, and dikes to contain the
freshwater reservoir behind the dam (Drijver and
Marchand, 1985). It was estimated Diama dam would make
possible irrigation of between 75,000 to 98,000 ha,
d rawi ng water from the freshwater 1a kes behi nd the
diking system (Mournier, 1986:111). The complicating
factor is the much larger Manantali dam, still under
construction in Mali. A fully regularized flow on the
Senegal River which is consistent with maximum
hydropower generation would result in a loss of 67,000
ha currently irrigated or enjoying flood recession
cultivation as traditionally practiced. This is
balanced by 225,000 ha which the planners estimated
could be gained for irrigation at full development of



223

the basin1s potential (Drijver and Marchand, 1985). In
the interim, up to the year 2028, the sl ui ce gates on
the dam will be opened each year to give a reduced
"artificial f100d" so that presently developed small
scale perimeters can still be used. In the initial
planning, it was decided that from 1987 onwards no
further small-scale perimeters would be developed.
Instead, the emphasis would be placed upon 1,000 ha
fully mechanized units operated by development companies
(Mournier, 1986:114).

The prominence of large-scale irrigation in the
OMVS plans is no accident. It is essential to balance
the otherwise largely negative impacts which can be
anticipated from the project. It is worth noting the
main points which critics have raised (Mournier 1986,
Drijver and Marchand 1985):

- The navigational benefits are doubtful,
since Senegal is already linked to
eastern Mali by an underuti1ized
rail road.

- The Diama dam will have a significant
but unknown effect on Senegal's
economically strategic marine fisheries,
both through cutt i ng off the annual
nut ri en t en ric hmen t whie h rna kesthe
Senega1 coast so productive, and by
reduci ng tidal spawni ng grounds for
some species.

- Known saline soil deposits in the delta
region may cause increased salinization
of i rri gated perimeters because of the
raised groundwater table.

- There will be a substantial reduction in
freshwater fi sheri es because of the
decreased flooding of swamplands.

- There will be a substantial loss in
seasonal forage which is otherwise
produced on valley bottom lands after the
annual flood recedes each year.
Resettlement on the proposed scale will
cause rapid deforestation within the
basin, accentuated in riverine areas by
the loss of the annual flood.
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- Conversion to continuous flow and mu1ti
cycle cropping will create ideal
conditions for the spread of diseases
already present at low endimicity.

- A fairly large population (l0-15,000)
must be relocated out of the 477 km 2
Mananta1i reservoir.

- To obtain the advantages of increased
irrigation will require utilizing
more difficult sites requiring greatly
increased capital investment, perhaps
costing as much as the dam itself.

- The install ation of hydropower at the
dam (with an eventual potential of 800
GWh) is being delayed, so that several
years of siltation into the reservoir
wi 11 occur wi tholJt power benefi ts
being realized.

- The dam itself will localize
sedimentation within the reservoir
instead of its being of positive benefit
to fanni ng commun i ties downstream along
~he seasonally flooded riverine lands.

- The economic v'i ab i1 i ty of the who 1e
project depends heavily upon the rapid
industrialization and commercialization
of economic activity throughout the
valley, a process bound to include
pollution and other unanticipated
negative impacts.

The OMVS planners have contingency plans to ameliorate
many of the dams' worst impacts, as, for example, their
intention that 28,250 ha of irrigated forage production
wi 11 be added by the year 2028 (Dri jver and Marchand
1985). This capacity they indicate will be devoted to
centralized feedlots which will serve the urban sector,
yielding an output of 5,000 tons of meat annually (80
percent of Senegal's estimated deficiency). And so in
each area--transport, electricity, mining, irrigation,
fi sheri es, and 1i vestock product i on--1 arge-sca1e uni ts
employing modern, capital intensive technologies are
expected to insure the full utilization of the increased
electricity and improved water control provided by OMVS.
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These dramatic but as yet incomplete developments
leave SAED in an awkward position. It has been accorded
the official responsibility for carrying out Senegal's
portion of the ambitious OMVS irrigation program--a
program calling for a return to the types of production
whi ch SAED found unprofi tab1 e in the past. It is also
c1 ear farmers' hi gh product i on costs and ri sks 1eave
scant margin for recovering two sets of overhead
charges. Paradoxically, it has been SAED's budget which
has been most squeezed. SAED which in 1978 had an
annual operating deficit of 800 million CFA was by 1980
an agency employing 2,000 people and spread over five
zonal bases (at Dagana, Nianga, Aere-Lao, Matam and.
Bakel). Budget cuts instituted shortly thereafter
reduced staffing to around 1,100 employees (Miller,
1985:40). Recent figures indicate SAED has 1,033 staff:
98 specialists (including 75 horticu1tura1ists; 6 each
of socio-economists, agricultural engineers, and
agronomists; and 1 animal scientist), 40 administrators,
150 technicians, 238 extension agents,. and 507
"imp1 ementati on agents. II SAED has been reorgani zed to
increase its internal decentralization to the sub
regional level. In 1983, it was given authority to deal
directly with donors in raising the 35 billion CFA ($90
million) investment required to meet its 1982-88 plan.
Major donors (the World Bank,CCCE, FAC and USAID) have
in recent years cautioned SAED to postpone new projects,
rehabilitate old ones,· transfer some planning and
research activities to other ministries, and abolish its
farm level subsi1ies (extended through undercharging for
field services). The Senegal Government has meanwhile
(1982-84) imposed "performance contracts" on all its
agricultural parastata1s, anticipating a gradual
d~p~ri ssement (withering away) of the"j r functions as
local associations (groupements de producteurs) and
national companies take over the agency·s role (Bloch,
1986:35).

Senegal does support other parastatals involved in
one way or another with irrigation, notably its
Institute for Agricultural Research (ISRA) with (in
1983) 1,300 staff (174 researchers) and a sub-station on
irrigated agriculture at Richard To11/Fanaye, as well as

l Staffing figures from Devres, 1984, vol. 2, p.
233. Other data from an unpublished case study of SAED
by D. Dumont for FAD's Land and Water Division, June
1985.
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an implementation agency like SAED but serving the
southern, Cassamance region, SOMIVAC ("Soci~t~ de mise
en valeur agricole de la Cassamance"). SOMIVAC has 611
staff, including 87 technical specialists. Two of its
three mai n projects, organi zed with USAID and the
Chinese Agricultural Mission, include irrigation
components di rected towards improving "swamp rice"
cultivation (Oevres, 1984, vol. 2, pp. 217-232).

The Bakel Project l

The "Bakel Project" as it has come to be termed is
different from the usual situation wherein an external
donor assists a single major scheme from its inception.
"Bakel" is the name of a small town on Senegal's eastern
frontier with Mali and Mauritania, located just below
the juncture of the Falem~ and S~n~gal Rivers and across
from the Guidimaka region of Mauritania (with Sel'ibabi
as its capital). As a department (district)
headquarters, it has the usual array of government
offices, schools, a hospital, and traders' shops--but it
is by Senegalese standards remote and seldom visited'.
The "Bakel Project ll refers both to an initial, PVO
assisted village level attempt to irrigate 25 hectares
from the waters of the Gassambi 1akhe swamp near Bakel
town (Adams, 1977 and 1981; Miller, 1985), and to the
whole cluster of small-seal eperimeters taken over and
developed by SAED under USAID funding throughout the
Bakel zone (Table 17). Bakel zone is SAED's smallest
and mostdi stant sUb-regional center, but it still
encompasses 23 riverine villages spread along a 150 km
stretch of the S~n~gal and Fal~m~ Rivers and irrigating
656 ha in all (Miller, 1985).

The history of how SAED came to be involved with
Bakel explains much of the controversy which this
project has generated •. In Bakel unlike in the Tukulor
and Wolof areas to the west), the Soninke predominates.
While the Soninke are also found in Mali and Mauritania,
their ethnic base astride a small section of the river
deep in the interior leaves them a distinct minority

IThe main sources on Bakel include Adams (1977,
1981), Bradley et ale (1977), Dubois, et ale (1983),
Franzel (1979), Keller et al. (1982), Patterson (1984),
and Miller (1984, 1985).



TABLE 17

SAED IRRIGATED PERIMETERS BY SUBREGION
AND PERIMETER SIZE

(Area in hectares)

DAGAMA PODOR MATAM BAKEL TOTAL
Large large --~~---rarge small small small

(Delta) (Dagana) Hedil.MI (Nianga)

Total Irrigated Area 6.403 4.461 647 1.220 3.001 2.571 656 18.961
July 1. 1983

Area Planted Total 6.4661 3.459 372 973 1.995 1.702 562 15.579
1983-84 Rice 6.446 3.459 372 971 1.742 1.416 418 14.846

Rainy Season f4ahe 0 0 0 0 253 235 87 575
Sorghllll 0 0 0 0 0 51 57 108

No. of Plotholders 4.606 3.841 853 n.a. 14.316 7.974 3.863 35.4544)

Average A2 1.40 0.90 0.44 n.a. 0.14 0.21 0.15 O;414~
Holdings Size B3 1.39 1.16 0.16 n.a. 0.21 0.32 0.11 0.504

Average A2 4.9 4.5 6.1 4.3 5.1 fi.3 6.0 5.0
Rice Yield B3 4.9 3.5 3.5 3.4 3.4 4.1 5.3 4.1

NOTES: 1) On one perimeter (Boundollll Debi) the data reported show that 200 more ha. were
planted than existed in July 1983. It is possible that this land came into use
between July 1 and planting time (later that 1R0nth).

z) Variant A is average holdings size using planted area as the numerator. and
calculating rice yieldS on the area planted in rice.

3) Variant B is average holdings size using total irrigated area as the numerator.
Rice yieldS are calculated as tons of rice produced divided by total irrigated
area. except for Podor Sllall PllrhDeters. MatilD and Bakel. where Variant Ayields
were multiplied by the ratio of total plantel1 ldnd to total irrigatlld land.

4) Excludes podor Large Periueters.

Source: Bloch et al. 1986. p. 40. derived from official
~tatistics.
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within Senega1. 1 When SAED officials come to visit or
work in Bakel, they cannot speak with the peasants in
thei r own 1anguage, but must use French instead. For
decades the Soninke have sought thei r economi c fortunes
by long di stance mi grati on, becomi ng at fi rst sai 1ors
and then mi grant workers in France i tse1f. Many have
retained ties to village associations, to which they
remit money while 1iv·ing in France or elsewhere. They
have also numerous trading ties up the river into Mali
and across it into Mauritania. Thus while Bakel appears
to outsiders as a remote place, it contains individuals
who are relatively affluent and who have a sophisticated
grasp of the modern world.

The idea for i rri gat i on at Bakel ori gi nated wi th a
migrant worker, Diab~ Sow, th.en working in France lAd
1ike others concerned about estab1 i shi ng a vi ab1 e
economi-c base in hi s home vi 11 age. It was hi s deci si on
to purchase a small i rri gat i on pump and to seek French
PVO assi stance (from the Centre International de
D~ve10ppement Rural), leading eventually to an OXFAM
funded, CIDR staffed small project at Bakel (Miller.,
1985:65; Adams 1981). Through Sow's initiative,
peasants in Bakel organized a village-wide association
of 80 members, who dug a well and fenced their own
village plot. The joint efforts of Sow and his PVO
counterpart succeeded in attracting the interest of
OXFAM and War on Want, which became sponsors for an
effort. The CIDR technician meanwhile contacted a range
of outside officials, including the Director of SAED and
ultimately USAID. Discussion of a proposed $60,000
grant from USAID brought further official visits and in
January of 1975 a formal application by OXFAM on Bakel's
behalf, based on: 1) SAED taking overall supervision of
the project; 2) peasant associations to enter contract
ual agreements with SAED; 3) the CrDR technicians (two
to become three) becoming SAED agents, and iv) accept
ance of $60,000 USAID funding (Miller 1985:66).

Bloch aptly describes what then occurred:

1According to estimates, the Soninke speakers
constitute only 2 percent of Senegal's popul ation, in
contrast to the Wo10f and Lebou in the west (61 percent)
and the Tukulors in the middle valley (11 percent)
(Devres, 1984, vol. II).
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When USAID was approach"ed to provide
pumps, it decided not only to do so, but also
to expand the project to include better water
control, bigger areas and more villages.
Until this, SAED had ignored Bakel, because it
was too small and too far away. • •• The
USAID proj ect, then, enab1 ed SAED to
intervene, and it did so with an arrogance
that nearly caused the collapse of the village
perimeters. It imposed crop rotat ions,
technologies, input supply and marketing
arrangements that were not only new to the
farmers but misguided as we1l •••• Rice was the
required crop, even if it was not an impor
tant part of the local diet ••• and had pre
viously been grown only sporadically, in
bas-fonds, by women. It was to be grown
everywhere, even on sandy soi 1s whi ch wou1 d
not hold water properly. It was to be sold to
SAED at unattract i ve1y low pri ces for
processing and resale in cities outside the
region. (Bloch, 1986:34-35)

USAID, on its part, was already working in the
upper valley with livestock and health projects; the
small-scale irrigation project for Bakel offered a
chance to match World Bank and French activities
downriver. By July of 1975 USAID received a SAED
request for preproj ect fund i ng of $124,000 to keep
techni c i ans in the fi e1 d--an amount whi ch grew
eventually to $294,000 preproject expenditure on pumps,
tools, studies, and support staff (Miller, 1985:72).
Indeed, by the time an enlarged project was instituted
in 1977, the total external financial support (including
OXFAM and War on Want) had reached $569,000.

Meanwhil e the Soni nke vi11 agers and thei r 1eader,
angered by the takeover of thei r proj ect and the many
di sadvantageous restri cti ons in the standard SAED
contract, formed the; r own Soni nke Farmers I Federation.
It insisted SAED should not force villages to incur
debts; the choice of crops and marketing channels was to
be left to villagers' discretion; villages would retain
the right to deal with other support agencies; and
collective cultivation of a common, irrigated plot would
be penni tted. Mi 11 er poi nts out that SAED has had to
change its Bakel director several times as first one and
then another tactic was adopted to counteract the
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federation's opposition (Miller, 1985:69). While the
Senegal government did not approve the Federation's
registration, the Federation initiated its own contracts
with other PVOs and even obtained two tractors from the
French Government (Bloch, 1986:35). This was SAED's
first experience of active village participation coupled
with a challenge to its expertise and thus authority.
It had also never worked in such an isolated area where
many villages could only be reached by river during the
flood season, and where diesel and spare parts were
unobtainable. Perhaps most significantly, SAED'techni
cians were from other parts of Senegal and lacked direct
access to the peasants they· were trying to assist.

Ultimately, it was USAID's financial backing which
tipped the balance in SAED's favor. In 1977, USAID and
the Senegal Government si gned an $8 mi 11 ion, four-year
project for assistance to Bakel's small-scale irrigation
perimeters (with the US contribution being $5.9
million). The Bakel Project was USAID's largest
involvement with irrigation in any of the OMVS states,
and it led in turn to USAID assistance to the OMVS
itself (Miller, 1985:73). The controversy surrounding
the project did force changes . in how SAED approached
its Bakel perimeters. Crop choice is now 1eft to the
farmers, and SAED has lost its monopoly over input
provision and marketing (Bloch, 1986:35). However, SAED
still deals with village associations (termed
groupements de producteurs) by mearis of a contract which
their leaders must sign. The association remains jointly
responsible for its members' debts, and in extreme
instances SAED can threaten to shut a village perimeter
down if debts are not repaid (Bloch, 1986:39). SAEO
divides the Bakel irrigation zone into three blocks,
each with their own technical staff, but practically
speaking much of the project administration originates
in Bakel (Miller, 1985:123). In a few instances where
individuals have built small perimeters, they hold
individual contracts with SAED.

The small-scale perimeters operated by Bakel's
vi 11 ages employ a simpl e technology. Mi 11 er (1985: 118
130) gives details on three of them, located at Bakel,
Diawara, and S~bou. Bakel irrigation scheme, two
kilometers downstream from the town, draws the water for
its 20-25 ha of cleared fields from two permanently
mounted diesel pumps. Diawara is located some 30 km
downstream, and has 3 diesel pumps on floats moored to
the river bank, which supply some 45 hectares. S~bou is
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80 km upstream along the Fal~m~River, and has 2 diesel
pumps supplying 22.5 hectares.

In the 1980-81 growi ng sea son , Bakel had 280
association members and six officers; Diawara had 343
with 16 officers, and S~bou 53 with four officers. Rice
is grown as the primary rainy season crop, with current
yields varying between 2.2 and 7.8 metric tons per ha at
Bakel, 2.2 and 4.1 tons at Diawara, and 3.9 and 6.0 tons
at S~bou. The lack of water in the dry season restricts
cultivation at that time, when some farmers grow maize
and mixed vegetables. At Bakel, the pumps tap residual
runoff into the swamp. Since another perimeter uses the
same source, close coordination is required. The lack
of water prior to the onset of the rains makes it
difficult to prepare rice nurseries on time, and in dry
years the supply may be exhausted before the crop is
mature.

While all villages are dealt with through GPs
(groupements de producteurs), there are local variations
in how the perimeter association decides to organize
members' work. The number and size of i nterna1 work
groups varies, and some villages maintain common fields
as well as individual plots. If we take Bakel village's
perimeter as our example, the perimeter has six
collective work groups (with 10 or more members each)
ass i gned to the si x wateri ng zones. These groups take
turns in supplying required collective labor. Each zone
receives water for 1-3 days from a single pump, with a
six-day return period. Pumps operate between 9:30 a.m.
and 6:00 p.m. each day. The work groups have their own
ditch supervi sors who are present when members' plots
are bei ng i rri gated and who manage the di stri buti on of
water. Leaders are selected from within each group, and
report directly to the Association's "Secretary
General," the key person who coordi nates all aspects of
perimeter irrigation. Most associations have a plethora
of unpaid officers, usually including many of each
village's notables. There are six officers for Bakel's
perimeter, whi ch has been characteri zed by conti nui ng
tension between "fonctionaires ll and actual farmers
(Miller, 1985:124-130).

The fairly elaborate structure of offices and
representatives found on many perimeters should not be
interpreted to mean there is high peasant involvement in
perimeter management. Office holders are in most cases
those who initiated a project and are either self
appointed or nominated. Miller comments that:
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Many water users, especially women,
understand very little about the irrigation
operat i on procedure. They ei ther watch and
replicate what happens around them or wait
until someone tells them what to do.
Individual water users provide few inputs into
the decision making process. Water user
recommendations are seldom actively solicited
by the officers or SAED ••• (Mi11er, 1985:127)

Assoc i at ion 1eaders' greatest concern remains how
to repay the seasonal debts which the groups accumulate
with SAED. Most associations employ only one salaried
person, the pump operator (paid usually 10,000 CFA per
month). At Bakel, new association members are now
charged a joining fee of 2,000 CFA (for men) or 1,500
CFA (for women) in addition to regular season charges.
Other associations have solicited contributions from
members absent working in Paris or Dakar. All three of
Miller's case examples employ some outside source of
revenue to lighten the burden of seasonal costs. Bakel
draws upon revenue from a flour mill, donated by an ex
Minister; Diawara gets remittances from Parisian members
of its Association; and S~bou has sold cattle to help
repay its debts to SAED. As Miller points out
(1985:131), the independent wealth found among the
Soninke, their familiarity with trading and work
remittances, and the tradition of external support for
one's home vi 11 age's proj ects have made it eas i er to
repay SAED even when the irrigation enterprises
themselves prove only marginally profitab1 e. To these
advantages we would add the tradition in some Islamic
communities of assessing members for common obligations,
requiring a form of simple record keeping not very
different from that used in the irrigation groups.

As the price for external financing, SAED has had
its Bakel perimeters subjected to numerous surveys and
eva1uat ions. A full external revi ew by a fi ve-person
t ec hni cal team ( Kell eretal ., 1982 ) i nd i cates the
balance sheet on the project's achievements at the close
of its four-year funding (late 1981).1 The team's
report makes several observations about the Bakel

IAn evaluation which preceded and is completely
independent from this review, which has util ized the
Keller report in the same way as other published sources
on Bakel.
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experience in relation to its possible replication
throughout the Senegal River Valley (Keller et al.
1982):

- Proj ects shoul d use whatever funct i ona1
decision-making units exist (thereby
favoring small-scale units).

- The fixed prices used by SAED had been a
dis incent i vet0 farm ers I adopt ion 0f
irrigation.

- The Senegal USAIIJ mission was found to
have lacked the capacity and in-house
expertise required for supporting and
monitoring complex, multi-cropping
irrigation projects.

- Counterpart relationships had been
problematic and on-the-job training
"almost completely 10st. 1I

- SAED I S staff were jUdged to 1ack II hands
on field experience" in many instances.

- High rice yields of 7 metric tons/ha had
been achi eved, and wi th appropri ate
inputs other crops like maize and sorghum
could show a similar response.
Insect and disease problems had been
mi nor, but the presence of II red ri cell
could still cause difficulties in the
future.

- Farmers were experiencing problems in
growing rice on sandy soils, indicating
insufficient attention to soils when
establishing perimeters.

- Poor pump maintenance and repairs were
causing untimely breakdowns and a short
equipment life "sufficient to destroy
the economic viability of the Bakel
Proj ect."

- Many pumping plants and penstocks were
poorly designed, causing unnecessary
malfunctions and shutdowns.

- Efficient layout of watercourses and
adequate land leveling had not been
achieved. II Farmers left tothei r own
devices with inadequate hand tools and no
tradition of using animal power are
hardly up to the task. 1I
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Standardization on fixed pump size should
be replaced by greater flexibility to
suit different sized perimeters.

- Fanners were found to be growi ng thei r
crops efficiently, but required
additional extension and research
assistance which the system was not yet
prepared to give because of its lack of
accurate farm-level data.

- The stress on import subst i tut i ng ri ce
production and its associated price
distortions should be replaced by greater
attention to farm level incentives and to
the potential for growing 'other food
grains. "

- High labor requirements were found to be
the primary constraint to expanding the
size of irrigated plots within
perimeters.
It was stressed that packages for crops
other than rice should be developed.

- The farmer federations found locally
" s hould be formally acknowledged and
incorporated into project management with
SAED and USAID."

- Strengthening. of accounting within the
cooperatives was seen as critical for
their long run success.

- The team endorsed the project' s emphasi s
upon an integrated, farming systems' and
rural development approach.

Finally, on a tangential issue, the report was highly
critical of the likely cost-effectiveness of a large
solar pump installation which had been put up at Bakel.

Mali

National Background

The Republic of Mali isa land of contrasts that
range from the Guinea zone of the south (more than 1,100
mm annual rainfall) to the Sahara in the north (less
than 200 mm). Between these two extremes is the Sudanic
Zone (600 to 1,100 10m) and the Sahel Zone (200 to 600
11111). Because most of the country lies in the arid and
semiarid zones where rainfall is highly variable, the
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government has made a commitment to the expansi on of
irrigation as a means of increasing food production.

Ma 1i is domi nated by two maj or ri ver systems, the
Senegal and Niger, with their respective tributaries.
Both rivers rise in the Fouta Djalon highlands of nearby
Gui nea. The Senegal Ri ver flows from the southeast
approximately 100 km across western Mal i into Senegal.
Irrigation potential on the Senegal River in Mal i is
generally limited because of the rugged terrain through
which it flows. The Niger River flows for 1,700 km in
an arc from the southwest cutti ng through each of the
ecozones to Tombouctou before flowing southeast into the
Niger Republic. In many respects the Niger River and its
tributaries are the lifeline of Mali, with population
concentrated along the river valleys and the Niger
Inland Delta.

Estimates of potential irrigation vary considerably
from 340,000 ha by FAO (Table 1) to over 1 million ha
(CILLS-Club du Sahel, 1979, Mali). Regardless of the
total potential hectarage,there is no question that
Mali has the greatest potential in West Africa and could
conceivably become the "breadbasket" of the region. The
regional distribution of potential irrigation and the
developed irrigation perimeters are sUlTlllarized in Table
18. According to this table, only 20 percent of the
pot~ntial has been developed.

TABLE 18

ESTIMATED POTENTIAL IRRIGATION BY REGION

Region
ha

Potential
ha

Developed

Kayes Regi on 1.000 219
Southern Ma 11 70.000 4.435
Upper Niger Valley 100.000 1,650
Segou ~egion 200,1)1)0 38,650
Inactive Delta (ON) 250,000 56,000
Active Oel ta 100,000 .35,410
Lacustrine Zone 100,000 17,720
Niger Bend 60,000 2,600

TOTAL 881,000 156,684

~: Projet Inventaires de Ressources Terrestres, Mali. Bamako:
USAID/TAMS. 1983.
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There are currently 69 irrigation perimeters
encompassing 157,000 ha of irrigated land. This figure
includes 56,000 ha of the Office du Niger (Table 19).
Most of the irrigation development has been funded by
external donors. France has provided funding for the
Offi ce du Ni ger and cont i nues to support expans i on and
development. The World Bank and Dutch are providing
assi stance for rehabi 1i tat i on and management for the
Office du Niger. Chinese assistance has developed
sugarcane perimeters at Dougabougou and Si riba1 a.
Op~rati on Ri z-Mopt i and Op~rat ion Ri z-S~gou have been
funded by the World Bank, while USAID provided funding
for Act i on B1 ~ Di r~ and Action Ri z-Sorgho-Gao. USAID
will be involved in minor irrigation development in the
Kayes region under a proposed integrated rural
development program. There is no si ng1 e government
institution that has sole responsibility for the
development and organization of irrigation.
Agricultural development, under the aegis of the
Ministry of Agriculture, is delegated to regional
development organizations. The Office du Niger is a
large-scale scheme which is responsible for development
of irrigation in the Inactive Delta. It is an
institution with financial and administrative autonomy.

In other areas of the country agricultural
development is the responsibility of the operations such
as the Compagnie Ma1ienne de Developpement des Textiles
(CMDT) in southern Mali or Op~ration Vallee du Senegal
and 1a T~r~ko1 et du Lac Magui (OVSTOM) in the Kayes
Region (Figure 6). Usually these operations will have a
division that oversees irrigation development. Other
Operations such as Op~ration Riz-S~gou and Op~ration

Riz-Mopti have been created for the sole purpose of
increasing the rice production through the development
of irrigation. There are also the smaller Actions such
as Action B1~-Dir~ and Action Riz-Sorgho Gao, where
development is at a smaller scale than the Operations.
All these development institutions have their own
extension services, administration, research services
and programming departments.

Planning and design of dams and irrigation networks
is the respons i bil i ty of the di vi s i on of Geni e Rural e
(Rural Engineering) of the Ministry of Agriculture. The
actual construction of dams and i rri gat i on networks is
the responsibility of the Office des Travaux d'Equipment
Ru ra 1e (OTER--Offi ce for Ru ra 1 Equ i pment Works).
Agricultural experimentation, socioeconomic surveys and
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TABLE 19

EXISTING IRRIGATED PERIMETERS

Area Area
Name ha Name ha

NIGER RIVER BASIN

Southern Mali Upper Niger Valley
Gouene 65 Manguna
Kado 200 Bankoumana 650
Korgouan 160 Krina 200
Loulouni 300 Samanko SOO
Doumanaba 1,200 Baguineda 3,000
Klila 100 Sigou
Touroulllldie 200 Tamani 8,900
Banbadougou 150 Farako 4,000
Langourala 280 01oro 15,200
Samorosson1 140 Sosse-Sfbila 3,450
N1ena 100 Ke-Hacina 2,250
Farako 760 San Ouest 1,000
Sinkolo 70 Penenesso 2,500
Oalabani 650 Kouniana 750
Faboula 60 Sourbasso 600

Inactive Del ta Zangasso
Office du Niger 56,000 Lacustri ne Zone

Mopti KassoWl-Soumpi 600
Saron-Tohbo 4,000 1C0bora 2,500
Safara 700 Zangaaso
Torokoro 510 Dangha 2,500
Sare-Hala 3,120 Lac Oro 10,000
Soufouroulaya 4,500 Gara 1,200
Hopti-Sud 3,900 Dire 120
Hopti-Nord 5,800 Koryoumi 600
Ibitiurf 300 Bouretll Inaly 200
Karbaye 500 Bouretll Sfdi PIllar
Tfroguel 1,050 Niger Bend
Ouro-Nema 4,130 Tacharan 2,000
Oramba-Kourou 400 Gargouna 600
Dia-Tenenkou 6,500

SENEGAL RIVER BASIN

Upstream from Kayes Downstream flrOll Kayes
Sapou Kakoulou 15 Sobakou 40
Fanguene 15 Houssala 25
Haloum 20 Gakoura 25
Oioumekon 12 Sebetokoura 7
Moussac;uya 8 Kamankole 10

Danfagabougan 10
Oiala 12
Samankfdi 20

Source: Projet Inventaire des Ressources Terrestres, Mali.
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families have been growing wheat and making bread from
before the time of the Proerican Revolution. Koranic
customs are followed, and women playa relatively minor
role in agriculture (in contrast to African societies
farther South). The central lIarrondisementll of Oir~ had
in 1975 a population of 21,360 (excluding the small town
of Oi r~ itsel f), of which almost 80 percent were
Sonrai, the dominant ethnic group, and the rest being
mostly Peuls (or Fulani) with a sprinkling of Bellah
(Crystal, 1981:9). The larger area served by ABO under
USAIO assistance--including the conrnunities of Bourem,
Oir~ and Oangha--has a population of roughly 77,000 (de
Rafols, 1982).

The comparatively large population in the Oir~

area, despite its low rainfall (a 20-40 day growing
season under arid conditions), is explained by the
presence of alluvial soils and the annual Niger flood.
The brief II ra i nyll season occurs in July-August, tapering
off in September, and is throughout exceeded by
potential evapotranspiration (Olsen, 1983). Rice and
sorghum are cul t i vated on ri ver front 1ands duri ng the
brief rainy season, the rice then becoming established
in time to utilize the river's flood from October
onwards. Wheat is planted in October-November, and
harvested in March-Apri 1. There are al so important
secondary crops planted over the winter--vegetables
(ocra, onions, tomatoes, cabbage), tobacco and s~ices-

whi ch are hand watered. Wheat requi res 8,000 m /ha of
water over its growing season of 110-120 days, or from
12-14 irrigations per season, whereas for sorghum about
4,200 m3/ha is needed (Rafols, 1982). Rice would
require a much greater amount if it were not being
supplied by the Niger River's flooding. Existing wheat
farming employed hand lifting of water into Short,
unlined channels which distribute it into small 2 m X 2
m hand-dug basins. Evaporation salts tend to accumulate
on the ri dges, whi 1e the cl ay in each bas in hol ds the
water for a day or two, allowing gradual infiltration.
01 sen (1983) suggests the traditional basins
(llcuvettesll) are a good technical solution, but perhaps
30 percent of the water is bei ng lost in the un1i ned
distr'ibution system. Under this system the most wheat a
family could manage to cultivate was about 0.4 ha
(roughly 1 acre). Pump delivery could result in a
maximum of 4-5 haper unit.
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monitoring are the responsibil ity of the Institut
dlEconomie Rura1e (IER--Institute for Rural Economy).

There are few, if any, communally managed
irrigation systems in Mali. Most small-scale,
traditional systems are individually managed. By
contrast, the large-scale, controlled flood irrigation
and total water control systems that depend upon modern
technology have brought about government i ntervent i on
and the creation of bureaucracies (Figure 7).
Inevitably, this has led to a top-down approach and has
generated difficulties in the smooth functioning of the
irrigation perimeters. The Office du Niger is a classic
ex~np1e of management problems and animosity developing
between government and individual. farmers. Similar
problems have been observed in the small-scale Actions.

Action B1~ Dir~l

Local Context. Action B1~-Dir~ (hereinafter ABO) in
Mali's Slxth Region is an example of where a donor
(USAID) decided to introduce small-scale diesel pump
technology beyond the umbrella of support services. (In
the Mali system, an "-Action ll refers to a pilot project
1aunched wi th government support whi ch, if successful,
becomes enlarged into a full-scale "op~rationll). The
site for the ABO Proj ect is located on the northern
banks of the Niger River, at the edge of the 1I1acustrine
zone" where much of the Ni ger Ri ver I s water overflows
during .high water periods into the southern margins of
the Sahara Desert. This is the northern edge of Ma1i ls
"inland delta," a zone of flat, seasonally flooded soils
which isolates the Dir~ region. from the Mopti area 311
km southwards and from Bamako. There is no re1 iab1e
road ei ther to Mopt i, or to Tombouctou (about 100 km
northwards into the Sahara).

The Dir~ area has long been subject to trans
Saharan influences. Its leading families are the mixed
descendants of Sonra i 1andho1ders and Morrocan troops,
who invaded in 1591 seeking salt mines. Thus, Sonrai

1This case study has been excerpted from Moris,
J • R• 1984 , II Ma nag i ng I r rig at ion i n Isola ted
Envi ronments: A Case Study of Action B1 ~ Di r~, Ma 1ill
African Regional Symposium on Small-Holder Irrigation,
B1ackie, M.J., ed., Harare, Zimbabwe, pp. 245-256.
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Project Components. ABO's initial activities were to
set up lts office and a medium-sized irrigation
perimeter at Dirt! itself. Farmers rented land in this
perimeter, but rice yields were low (600-700 kg/hal. As
at Bakel, a large French solar installation was supposed
to provide water but instead farmers have had to rely on
diesel pumps. As an experiment in 1977, ten French
Bernard pumps were supplied on credit to village
notab1es in the su rround i ng area. ABO wanted another
donor to expand its provision of purnpsets; USAIO/Mali
agreed to thi s.

It was recognized by USAIO that assisting ABO would
be difficult. The project area was remote, even by
Mali's standards. Farms were almost entirely
traditional and rel ied on hand-cultivation methods. On
the positive side, farmers already knew how to grow
wheat and were irrigating (albeit by hand). If better
wheat varieties could be introduced, farmers would have
a strong i ncent i ve to adopt them, since wheat is thei r
stapl e food and the area is cut off from external
markets. The area seemed free of wheat diseases. Some
farmers were achieving yields equivalent to 5 tonnes/ha,
better than el sewhere in Mal i. It was planned that
only excess wheat would be milled into flour for sale
elsewhere in Mali. The pump technology was already in
operation within remote areas of Senegal, and under
proper use could permit 4 ha of wheat to be produced
from each pump. Wi th Mali Government support, it ought
to be possible to import fuel and parts by river
transport during the highwater period when wheat was
being grown, and to export wheat by truck during the dry
season foll owi ng harvest. Fi nance for purchase of
pumpsets, seasonal inputs .and credit for participating
farmers, and a system of logistics and servicing to keep
the pumps operating was required.

The USAIO Project Paper envisioned several
components to circumvent the obv i ous techn i ca1 and
organizational problems which ABO was bound to encounter
when i ntroduc i ng more pumpsets. The desi gn was
relatively complete: if each of the components had
worked as pl anned, the proj ect shoul d have been a
success. The ki nd of expensi ve si teworks whi ch have
been necessary on most other i rri gati on proj ects were
avoided in this project.

Fi rst, USAIO/Mali reconunended small diesel pumps
whi ch two men coul d hand carry. The ABO Proj ect has
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made a test case for' orderi ng equi pment from a Thi rd
World supplier, since Indian pumps following a Lister
design were available at a quarter the cost of those
from Europe. USAIO took the precaution of advising ABO
to order enough parts for the 1i fe of each pump, to be
shipped with the pump itself.

Second, it was planned that four farmers would
become the joi nt owners of each pump si nce one pump
could handle up to 4.5 ha of wheat and one farmer on his
own wou1 d have enough 1abor for only about one hectare
(Rafo1s, 1982:23). This aspect was soon dropped under
the opposition from farmers, leaving a single owner
responsible for each pump. A village conunission was
a1so to be formed, composed of pump owners and elders,
to scrut i ni ze app1i cants for pump loans. Each loan
would be amortized over a four-year period, requiring
payment of 175,000 MF in annual installments. It would
be co-s i gned by two other farmers who must promi se to
act as securi ty for the loan. The vi 11 age commi ss; ons
were supposed to represent farmers in any disputes which
might arise with ABO.

Third, the project design ~a11ed for ABO to set up
a special revolving account from which farmers' short
term crop financing would be provided (at 8 percent
interest and based on non-subsidized, commercial
prices). An interesting innovation was that these
seasonal input loans (for fuel, seed and any other
charges) would not be issued without the signing of a
contract obligating the farmer to repay credit promptly
within 30 days of harvest but also obligating ABO to
supply fuel, oil, fertilizer, spare parts, and
mechanics' services. A levy of 120 F/kg was initially
foreseen to cover project operating costs.

Fourth, there were to be 8 contract mechani cs to
ensure maintenance and repairs during three years while
local village youths would be under training to replace
them. Six months in advance of the beginning of pump
installation a repair shop would be constructed, and a
spare parts system estab1 i shed. Farmers would pay for
spare parts as required, but ABO would pay the
mechanics' salaries during the initial period.

Fifth, ABO would upgrade its extension service in
the project areas. It would also engage in an ambitious
program of action research. Investigations would be
1aunched coveri ng a broad range of topi cs; soci 0
economic factors; appropriate technology for pumps,
reforestation and even the undertaking of a functiona,l
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1i teracy program. ABD wou1 d run agronomi c tri a1s to
test fertilizer applications and to identify promising
wheat varieties. Its experimental farm would include
demonstrations on water control, wing beans, pigeon
peas, sunflowers, etc.

All of this was to be organized under the standard
USAID "host countri' contractual arrangements whereby
the ABD Director would be in charge of the Project
assisted by a USAID' supplied Project Analyst. Wh"i1e the
Project Analyst was given numerous responsibilities
within the scope of work as defined in the Project
Paper, the position carried no authorlty withln the ABD
or:=:-tor that matter, the Malian administrative system
genera 11 y. The ABD' s Di rector was respons i b1e for
maintaining documentation on the expenditure of USAID
supp1 ied funds, in accordance with standard AID
regulations.

Implementation Under ABD. When approved in 1978, the
Project Paper envisioned rapid establishment of a,
logistic base in time for the initial delivery of pumps
before the start of the wheat growing season in October
1979. There were del ays caused by USAID's project
preconditions. Funds were not finally released until
August 1979. This one-year delay in financing meant
that the pumps would be supplied for the 1979-80 season
without fanners' receiving advance training in their
maintenance, without the hastily recruited mechanics
having tools and without the construction of the field
workshop. In a heroic effort to avoid losing a year in
the project's implementation plan, USAID/Ma1i decided to
have the pumps it was orderi ng ai r1 i fted into the
country. The enonnous expense this entailed in turn
made it mandatory that the project proceed with what was
on hand for the 1979-80 season. When ABD submitted its
budget in October of 1979, it proved unacceptab1 e to
USAID but to avoid further del ay the project manager
ob1i gated 1/10 of the total and proceeded to make an
advance of funds for operat i ng expenses. Even so, the
Project was able to install only 34 pumps in its first
season and part i ci pat i ng farmers were forced to p1 ant
late.

The Project's initial effort was concentrated in
the Bourem sector, about 12 km from Di r~. Later its
activities were spread into villages into the Dir~ and
Dangha sectors. At its maximum the Project was working
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with about 50 villages and 250 pumps. Since the average
family size for pump owners was 11, there were
approximately 2,500 direct beneficiaries. However,
Action B1~ Oir~'s involvement as the Project's executive
agency became so problematic that in January of 1981
USAIO froze further disbursement of funds. The Project
did not resume field operations until September of 1982
when a second phase of "emergency" phase-out activities
were launched by USAIO.

From USAIO's standpoint, the major problem in the
fi rst phase was the ABO's accountancy procedures. The
ABO's head accountant worked "under the direct and
constant scruti ny of the di rector" who kept the books
himself (Mattern, 1981:13). There were no separate
sections for budgeting or even salary payment. While
the ABO's proposed budget for 1979-80 was not approved,
as a.1 ready noted, the Oi rector di d recei ve some funds to
begi n fi e1 d operat ions. Meanwhi 1e, there was no
operating fund so when the Director was absent all
disbursements ceased.

A severe and continuing cash flow problem was
caused by ABO trying to make its key equipment purchases
using incorrect procedures •. When farmers did begin to
repay their loans at the end of the first wheat season,
ABO used the funds to pay its operating expenses rather
than placing them in a special, blocked fund as the
grant agreement had stipulated.

A second area of immediate conflict arose in regard
to the mechani ca1 serv ices whi ch ABO was supposed to
supply to pump owners. Spare parts were never
inventoried, nor stocked in a warehouse. Lack of a
repair shop meant that pumps waiting for major repairs
were exposed to dust, sand, rain and wind for long
peri ods and tool s were often mi sp1 aced or lost. The
Indian pump manufacturer diversified and discontinued
the Project's model of Cooper pumps. Of the initial
field mechanics hired, all were from the South of Mali
and therefore did not speak Sonrai; hal f were neither
good mechanics nor serious about their work. There were
never enough tool sets, leading to borrowing, confusion,
missed assignments, poor work and loss of tools.

The third and perhaps most crucial failure from the
farmers' viewpoint was ABO's inability to provide the
inputs farmers had been promi sed. In each of the fi rst
three cropping seasons ABD was unable to prevent a break
in fuel supply during the crop's critical period. By
the 1980-81 season, most pump owners had found ways to
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obtain small quantities of poor qual ity and expensive
fuel from merchants in Tombouctou or elsewhere (Mattern,
1981:4). Seed supplies proved equally problematic.

The ABO extension effort was a failure. Smith
found that on1 y the very fi rst of the pump owners had
received any advance training fr.om ABO; the second
received none (Smith, 1983:9). Contact staff had only a
technical training of a highly theoretical nature far
above their actual comprehension. Extension themes for
each cropping season were based on the agricultural
operations elsewhere in Mali, not on local farmers'
needs.

In spite of a continuing problem of non-payment of
salaries and allowances, ABO continued to employ
additional staff until there were 94 employees for 158
farmers, not including government employees in Oir~. As
of early 1981, ABO was paying 36,434 MF in salaries and
allowances yearly on a total levy of 5,688,888 MF and an
estimated total production value of 161,600,000 MF
(Mattern, 1981:6).

In the 1979-80 season, ABO found farmers refused to
pay the 10 Fjkg levy because ABO's late installation of
pumps and insufficient supplies of diesel fuel resulted
in late seeding and poor harvests. Those who repaid any
of their credit insisted it be applied only towards the
purchase of the pumps, not towards fuel costs or the
1evy. By 1979 many of the 10 Bernard pumps were not
working and spare parts were unavailable. When ABO
could not provide spares, the village leaders owning and
pumps refused to repay their 10ans--a further dis
inclination for repayment by other, less well-to-do
farmers. U1 timate1y it was deci ded loans shou1 d be
recovered in either cash or kind. About 15 tons of
wheat were received from the 44 participants in the
1979-80, season, but thi s requi red a heavy admi ni stra
tive input in making visits to farmers and in transport
i ng the wheat back to ABO. Farmers had assumed the
grain they paid ABO would be retained by the
organization and reissued to them as seed grain.
Instead, in 1980...;81, when there was a shortfall of 30
tonnes of seed, ABO supplied seed only to those who had
not already participated and then only enough for 1 ha
each. As of May, 1981, when further USAIO financing had
already been frozen, the unpaid loans outstanding to ABO
were about 56 million MF (Mattern, 1981:4-5).

Nevertheless, the Project did allow farmers to grow
wheat. In 1981-82, the river water level approximated a
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100 year "low" and many farmers without pumps were
forced out of farming altogether. Thus it was decided
that despite the evident financial irregularities within
the ABO, the Project itself merited continuing support.

Project Management. In small-scale pump irrigation, the
technical aspects of water management are sometimes less
important than the overriding issue of supporting
services and fuel availability. Oir~ lacks reliable
road access or fuel storage capac i ty. To stay in
operation the Project required unusually efficient and
flexible administration.

It is easy to blame ABOls difficulties on its lack
of managerial skills. Yet the combination of shared
management, decentralized control, line item rigidity,
scrupulous accounting, multiple Objectives, advance
planning and data intensive monitoring which was built
into the Project design far exceeded what the Malian
system could supply.

Implementation Under USAIO. In the second phase of
lmplementatl0n (September 1982 onwards), USAIO tried to
provide the Projectsls support by working directly with
the village leaders and the political party, i.e., what
was termed "activiti~s paysannes. 1I This strategem
obviated the need to rely on ABO.

The mai n goal of the second phase was to get as
many pumpsets as possible back into operation so that
the Project could be officially handed over. While
assisting farmers during the 1982-83 season, it was
hoped the new Proj ect team coul d get the long
anticipated workshop built, recruit and train more
mechanics, and re-establ ish a functioning spare parts
system. The 1ocat i on of the engi ne manufacturer in
India and the phasing out of the Project's model of pump
tremendously complicated the whole process.

USAIOls new field team soon discovered the same
constraints which had afflicted ABDls field support
efforts. There was insufficient repayment from the
existing pumpowners to cover any fuel orders for the new
season which was already beginning. Low rainfall in
1982 meant that farmers without pumps lost their sorghum
crop. The 1982-83 wheat season was agai n a low water
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year on the ri ver, and the consequent dryi ng up of the
si de ponds ("mares") nonna11y used by farmers to extend
irrigation. Thus, pumps were pressed into double duty,
supp1yi ng water from the ri ver into the "mares" and then
again from the "mares" to the fields (Smith, 1983:3).
The first delivery of fuel for the wheat season did not
occur until 21 December. Thi slate start meant that
crop maturation was delayed into the time of high
temperature and (in early 1983) unusually high winds,
requiring still more pumping. The supplier provided the
wrong oil, caus i ng breakdowns. When the ri ver 1eve1 s
dropped unexpectedly early, the Project's final shipment
of fuel became stranded on barges somewhere upstream in
the inland delta.

The various trip reports and field memos submitted
in connection with the campaign to resurrect farmers'
pumps provide an insider's view of the real world
prob1 ems whi ch such programs can be expected to
encounter in remote African environments. Both the pre
orderi ng of pa rts and the rna i ntenance of the pumps was
highly problematic in such a remote environment
(Buchanan, 1983).

Further, the mechanics were severely- limited in
regard to what parts they could carry with them.
Inevitably, there were unanticipated needs and if an
item was not available the field team would be forced to
take a "better" part off somebody's broken pump to fix
another pump which would be repaired.

Project Impact. The Project Paper specified that ABD
should be assisted by the services of an on-site social
scientist (Crystal, 1981), whose report gives a
preliminary picture of pump owners. Of those receiving
pumps, 21 percent had non-fann occupati ons, ei ther as
religious leaders ("marabouts") or as school teachers.
(There were some traders, but these were a1 ready
farming.) The pump owners controlled more than twice as
much land as non-pump owners: an average of 7.0 ha
versus 2.8 ha; of this wheat accounted for 2.6 ha
versus .5 ha for non-pump owners. It seemed likely that
pump-owners were generally the descendents of vi 11 age
founders. Most wheat (75 percent) was planted in fields
by the main channel of the Niger, with a further 22
percent in locations served by flood recession points
("Mares"). In the 1980-81 season the area planted to
wheat was increased about 19 percent over 1979-80,
chiefly it seems by an ABO initiative which gained
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permission for farmers to clear areas along the river
otherwise protected as forest reserves. Pump owners in
genera1 had greater wealth than non-pump owners, but it
was difficult to get reliable answers on grain yields
sin ce t his i nform at ion co u1d be used to inc rea se
farm e r s • ABO cessand genera 1 t axli abi 1i ties •
Farmers were al so afraid that they might be besieged by
neighbors asking for handouts, and sometimes even man's
wives did not know for certain how much grain he had
locked in his store. In the anthropologist's view,
reported figures were below actual yields by up to about
30 percent. A "reasonable estimate" of yields being
achieved on average was 1,500kg/ha (Crystal, 1981:44-5).

Perhaps the most dramatic effect of the Project was
in reduci ng the work-time requi red for growi ng wheat.
While a pump owner would put in 157.7 person/days per
ha, a calabash irrigator would need three times as much
effort, 483.6 person/days per ha. A significant
difference is that the non-pump operators who must
manually lift water usually dug longer and deeper
canals, "frequently as deep as two meters by a meter
wide and as long as 300 to 500 meters"--a task which
sometimes took up a month's effort (Crystal, 1981:53).
For calabash farmers who did not gain access to pumps,
the Project had serious negative impacts: seed
availability declined; labor costs more than tr"ipled
between 1978 and 1981; and various traditional forms of
work and commodity exchange between households declined.
Those "calabasiers" who tried to circumvent these
consequences by association with pump owners earned
little more than those who did not (Crystal, 1981:17
19). It was clear that whereas farmers used to rely
upon unpriced reciprocal exchange to meet many household
needs, they had now to learn how to calculate production
costs in monetary terms. There were no si gni fi cant
di fferences between pump owners and non-pump operators
in the kinds of tasks performed by women, e.g., seeding,
threshing and winnowing. Of II natural" problems, water
shortages and bi rds were the two maj or di ffi cul ties.
(Women and children were reported to have spent from two
weeks to a month guarding the fields before harvest,
though only 3.7 percent of the male farmers interviewed
thought it necessary to menti on thi s as a woman's
activity!) The most serious overall problem in the
1980-81 season was 1i sted as lithe incompetence of the
Action-Bl~ staff" (Crystal, 1981:62-63).
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The question of how much pump owners were actually
benefitting surfaced as a priority issue when an
economi c ana1ys is updated in ea r 1y 1982 concluded the
Project was not economically viable, since at an average
of 1.5 tonnes/ha, wheat farmers would be making a loss
of 198,313 MF per ha. Unless farmers could aChieve more
than 2.5 tonnes/ha or receive much higher wheat prices,
their operation would still give negative returns (de
Rafo1s, 1982:27). Why then were farmers at Dir~ and
Bourem still eager to participate? A follow-up survey
in the 1983 season found that earlier estimates missed
two key facts: 1) in the poor rainfall years, such as
both 1981 and 1982, farmers without access to pumps did
not cultivate at all or else lost their crops; and 2) 86
percent of the pump owners were cultivating secondary
crops such as on ions, spi ces, or tobacco. Whi 1e the
areas planted to these other corps were low (63 ha
versus 454 for wheat), the prices were not. At Niamey,
a kg of spi ce can bri ng app rox i mate1y 4,000 MF, versus
212 MF/kg for wheat at Dir~. The investigator
concluded:

To summari ze, the pump is not on1 y 1ess
fatiguing than the calabash, it is the only
means of cultivating enough land to feed the
area's peop1 e. It is sai d here that the pump
is responsible for repopulating the area.
(Smith, 1983:17).

General Lessons of ABO. Many of this Project's
difficultles stemmed directly from well intended actions
taken in the initial year to make up for "lost time."

The decision to import Cooper pumps from India when
there was no in-country parts supp1 i er had di sastrous
consequences. The French Bernard pumps may not have
been technically optimal, but at least thei r
requirements are well-known in Mali and resupply of
cri t i ca1 parts to Ba.mako from Pari s can be arranged
within a matter of days (if not overnight). If a
project already suffers from logistic difficulties (as
this one did), the imposition of an unsupportable
technology all but guarantees failure.

To involve subsistence farmers in commercialized
agricultural production means creating for them access
to reliable input delivery systems, mechanics, spare
parts suppliers, localized banking and transport, and
adequate fuel supp1ies--all of which were lacking in
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Dir~. Existing planning guides do·· not prepare design
teams to anticipate the complex requirements which must
be met in moving a subsistence system into a fully
commercial one in a single step.

Seasona1 farm loans must be preceded by effective
producer services. In vi rtua11y every season, the
Project was late in getting fuel and seeds to farmers,
thereby guaranteei ng dimi ni shed output. Breakdown of
mechanical services and fuel supply were frequent within
the season. To advance seasonal crop p1 ans under
circumstances of such high levels of institutional risk
was, in retrospect, a mistake. It is ironic that while
the purpose of the pump irrigation Project was to reduce
farmers' vu1 nerabll i ty to naturally caused producti on
risks, by participating they became subject to greatly
increased institutional risks.

Finally, again and again staff were forced to make
decisions which sidestepped the creation of an effective
1oca1 capabil i ty whi ch woul d have cont i nued after the
termi nati on of Proj ect fundi ng. The hi gh rate of pump
breakdowns was a direct consequence of farmers' lack of
understanding that proper maintenance is the crucial
factor for long equipment life. Pumps which should have
lasted ten years were being broken in two or three.
Once this began happening, the field staff became
preoccupied in responding to proximate demands which
pre-empted their time and energies from creating long
run capacity. Thus, in development projects it is often
true that unless measures to strengthen institutional
capacity are instituted from the very beginning, project
managers will become so involved resolving immediate
problems that no change in effective institutional
capacity will result.

Nigeria

National Background

On a population basis, Nigeria is virtually a case
unto itself in sub-Saharan Africa. Nigeria1s estimated
mid-1985 population was almost exactly 100,000,000
people (99.7 m), well over twice Ethiopia's, over three
times Zaire's, and over four times that of the other
other populous countries, Tanzania, Sudan and Kenya.
Furthermore, much of this population is concentrated in
the drier, northern half of Nigeria, where cities like
Kuduna, Kano, and Sokoto are experiencing rapid urban
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growth. The demand for crops whi ch can be grown under
irrigation has expanded dramatically during a time when
Nigeria's oil revenues provided the capital to begin
large-scale irrigation investment (which Nigeria missed
in its colonial period). Because of its oil riches,
Nigeria is classified by western donors as a midd1e
income nation, leaving the country's irrigation
development to be assisted by multilateral funding
rather than by concessionary bilateral aid.

Nigeria contains six distinct agro-eco10gica1
zones, ranging from coastal swamps in the humid south to
Sahel ian conditions in the dry north. The crops grown
in Nigeria and the technologies being applied for their
further development are shared across the zone, with
close parallels to Benin, Togo, Ghana, Burkina Faso, and
Ivory Coast. Nigeria is said to be West Africa's largest
producer of rice (400,000 t annually), most of it
Oryza 91 abberrima grown in flood p1 ai ns under ei ther
tradltional or to a much more limited extent, modern
irrigation (Atanda et a1. 1978). Nigeria's dramatic
attempt to become self-sufficient in wheat production
through large irrigation investments in the north is a
cautionary tale which has many lessons to teac,h (Andrae
and Beckman 1985).

Un1"j ke Sudan, Kenya, or Senegal, Ni geri a came to
independence in 1960 without even a beginning having
been made in· developing the country's potential for
modern i rri gat ion. 1 There were a few ri ce i rri gat ion
schemes estab1 i shed by the col oni a.1 government from 1952
onwards in Nigeria's middle belt near Bida (northwest of
the j unctu re between the Ni ger and Benue Ri vers), but
these totalled less than 2,000 ha in extent (Carter et
a1. 1983). Nigeria's first substantial irrigation
project was the Bacita Sugar Estate (5,500 hal, built
near I10rin on the flood plain of the Niger River. It
employs a mixture of sprinkler and surface irrigation,
and is now run by a private company, though when built
(in 1964) it was a joint venture between the government
and Booker McConnell (Adams, 1986:192).

1See Table 20 overleaf. Useful reviews of the
history of irrigation in Nigeria are contained in Andrae
and Beckman (1985), Adams (1985), and Pa1mer-Jones
(1981) •. The first two sources have been used in
compiling this section.
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HISTORY OF NIGERIA'S
IRRIGATION DEVELOPMENT

1949 First Irrigation division set up In the Northern
Department of Agrtculture.

1952 ~tce schemes started In the Middle Belt near Blda:
Wuya-Edozhl gt ;. Loglllla; Toroko; Badeggl;
Lapil (ca. 1900 hi total)

1956 Establishment of hydrameteorologlcal network around
Lake Chad 1958 Pilot Irrigation schemes begun
on Yobe and Ebejl Rivers (Barno)

1959 Hydrological section set up In the Irrigation
division of the Northern Region Ministry of
Agriculture

1961 Wheat schemes started in North Western State
(Wurno. Tungan Tudu)

1962 Nigeria joined Lake Chad Basin Commission
1964 Bacita Sugar Estate butlt
1968 Kainjl Dam completed; USBR Report on Kano River

Project
1971 Military government invites tenders for design of

Bakalori Scheme
1972 Feasibility studies for Savannah Sugar Company

done
1973 South Chad Irrigation Project feasibility

studies completed
Chad Basin Development Authority created
Sokoto Rima Sasin Development Authority

created
1974 Tiga Dam completed on the Kano River
1975 Construction started on South Chad Irrigation

Project. Phase I
1976 11 RBDAs created by Decree of Federal Military

Government
1978 Bakalori Dam completed
1979 South Chad Irrigation Project Phase II begun
1980 PQllc~ action to re-establish control over

Bakalori SCheme
1981 Kafin Zaki Dam construction commenced (River

Jama'are)
Goronyo Dam (Sokoto State) under construction

1982 Kiri Dam completed (River Gongola--Savlnnah Sugar
Co.)

Dadi" KoWi Dam construction commenced (River
Gangola)

Source: Wright. et al. (1982). pp. 10-11 with
same changes.

253
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However, the main interest in irrigation within
Nigeria has been and continues to be in the north.
Here, because of the marked seasonal ity of the major
ri vers and the presence of a 1arge human popul ati on
near alluvial plains, irrigation has seemed the
technical answer permitting intensified agricultural
development. The Sokoto and Rima ri vers, for exampl e,
provide 70 percent of their total annual runoff in just
the two months of August and September (Adams 1985:192).
Two maj or ri ver basins span the northern boundari es of
Nigeria: the Sokoto Rima Basin emptying into the Niger
River on the west, and the Chad Basin whose waters feed
Lake Chad in the east. Actually, for pol itical reasons
the Nigerian government has further sub-divided the Chad
basin by carving out the Hadejia-Jama'are Basin around
Kano from its western end. Today, all three basins have
their own major irrigation projects: the Bakalori
proj ect southeast of Sokotq in the Sokoto Rima Basin,
the Kano Ri ver Proj ect so'uth of Kano in the Hadej i a
Jama'are Basin, and the South Chad Project northeast of
Maiduguri on the plains adjacent to Lake Chad. Our
interest here will be to trace briefly how these
ambitious projects came into being, before looking in
greater detail at the troubled Bakalori Project.

Although the first tiny irrigation works built by
the colonial regime on the Sokoto plain--a few bunds
and drainage ditches to improve flood control, costing
f..277--were later destroyed by the local people lI am id
great rejoicing ll (Adams 1985:191), a small pilot project
was eventually established in ,1925 at Kware near Sokoto.
Its poor performance'over the years has been attributed
by Palmer-Jones (1981) to farmer's lack of involvement,
their distrust of governmental intervention, and the
lack of actual benefits received. Eventually, Nigeria's
first irrigation division was established in the
agricultural department of the Northern Region in 1949,
following a visit by the British West African Rice
Mission which recommended increased flood control as a
precondition for further paddy growing. Gradually
attention shifted from the wet-season growing of rice to
possibilities for dry season cultivation of wheat. Four
areas were demarcated for further work: Wurno in the
Rima valley (near Sokoto); Hadejia, northeast of Kano;
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and the Yobe and Gambaru sites west and south of Lake
Chad (Andrae and Beckman 1985:80-81). The small schemes
eventually put into operation were all based on pumping
from ri vers or small reservoi rs: none requi red maj or
dams or large canals.

After independence, Nigeria's 1962-68 National
Development P1 an i dent i fi ed the country's 1ack of
irrigation as a major constraint retarding its
agricultural deve10pment--a conclusion reached earlier
ina 1954 Wo r1 d Ban k report (And rae and Beckman
1985:81). The Nigerian Government then obtained UN
Special Fund financing to commission FAD to undertake a
$2.88 million (US) survey of the soil and water
resources of the Sokoto Vall ey. The study took si x
years (1962-68), and resu1 ted ina six-vol ume report
which conceptualized the area's future development in
terms of discrete irrigation schemes which were
investigated mainly from the standpoint of their
physical feasibility. The disappointing history of
northern Nigeria's seven existing projects was
interpreted to show that economic yields were poss·ib1e
from irrigation, provided farmers were "properly
indoctrinated" and more suitable institutional forms
cou1 d be devi sed (Adams 1985, Andrae and Beckman 1985,
Palmer-Jones 1981). At about the same time, USAID
financed a parallel survey of the Hadejia-Jama'are Basin
undertaken by the US Bureau of Reclamation, and
initially intended to identify possible extensions of an
ongoing small-scale irrigation program. It, too,
adopted an engineering perspective, took five years to
produce, and was essentially an engineering
reconnaissance survey to identify attractive sites for
future physical development.

Neither the FAD nor the USBR reports dealt
realistically with project economics. They judged that
upland agriculture held little promise, and throughout
assumed that stabilized production on the riverine flood
plains based on water stored in the upper drainages was
highly desirable. The downstream, "fadama" flood plains
(particularly in the Hadejia-Jama'are drainage) were
already intensively cultivated. The justification for
recommending expensive, upstream water storage had to be
derived from an assumption that dry season crops such as
wheat would be added. (It also required putting an
extremely low estimate upon existing production.) While
the USBR study attempted rudimentary economic analysis-
one and one-half pages based on a three-month



256

contul tancy--no detai 1s as to whi ch crops shoul d be
grown were specified (Andrae and Beckman 1984:82). It
did claim, however, that the Kano River Project would
show a nine percent internal rate of return.

The stress upon i rri gated wheat production, whi ch
was to become so prominent in Northern Nigerian policy,
arose from a j oi nt FAD-Worl d Bank mi ssi on report based
on a visit to the proposed Bakalori Scheme area in
1967. Earlier FAD documents are reported as having been
cautious about wheat, a crop which is difficult to grow
in the hot tropics (Byerlee and Longmire 1986). The FAD
agronomists noted that all crops excepting wheat which
had been proposed by the engi neers for i rri gat ion
actually grow better in the rainy season. Wheat became
the preferred crop for the northern schemes because it
could only be grown in the dry season, and because of
Nigerian government concern about rising wheat imports.

Andrae and Beckman are justifiably critical about
the lack of economic realism in the initial FAD, USBR,
CDC, and IBRD documents but it should also be noted that
those doi ng the site su rveys thought it woul d be many
decades before actual development cOnlnenced. Irrigation
was so expensive and so speculative that nobody expected
immediate implementation. FAD recommended a gradually
phased development of the Sokoto Rima bas in, starting
with a 12,000 ha perimeter near Tal ata Mafara on the
Sokoto River--itself to be cautiously developed in two
stages because of the 1ack of 1oca1 experi ence (Adams
1985:193). But these recommendations were soon
overtaken by events. The then North Eastern State
decided in 1969 to proceed with the Kano River Project
identified by the USBR report. In the Sokoto-Rima
basin, an Ad-Hoc Committee was established to review the
FAD proposals, and in 1971 the Federal Military
Government invited tenders for design work at Talata
Mafara (Adams 1985:194). This was followed by a
contract to Ita1i an consul tants for comprehens i ve
studies and facility design, with fieldwork in the 1972
73 dry season and a completed Impresit report in 1974.

More generally, the mid-1970s marked a turning
poi nt for i rri gat i on throughout Ni geri a. Ni geri a I s oi 1
boom coincided with the Sahelian drought and military
rule by northerners. A federal deficit of half a
billion Naira in 1970 was turned into a two billion
Naira surplus in 1974, and by 1977 oil revenues had
reached six billion Naira. The three large projects
identified in the earl ier engineering studies were now
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pushed ahead: the Kano River Project (20,000 hal
located 60 km south of Kano and drawi ng water from the
Tiga dam; the Bakalori (or Talata Mafara) Project on the
Sokoto River, planned for 23,000 ha; and the South Chad
Irrigation Project (22,000 hal in the extreme north-east
on the shores of Lake Chad, from whi ch it was meant to
draw its water by pumping (Andrae and Beckman 1985:88
90). The fact these projects "were highly capita1- and
foreign-exchange intensive was no disadvantage at this
poi nt. The state had more forei gn exchange than it
could spend" (Ibid., p. 89). As Andrae and Beckman
further note: ----

Large-scale irrigation seemed to offer a way
in which· state capital could move in a big
way into the agricultural sector. Projects
or; ented towards ra i nfed sma 11 ho1 der
production would seem to face more immediate
bottlenecks as, for example, the need to
train extension staff capable of handling a
massive increase in inputs, credits, and
technical services.

Large-scale irrigation allowed the state to
use its "surplus" funds to buy international
expertise and advanced technology to produce
an infrastructure which could then be placed
at the disposal of the agricultural
communities.

To mil itary governors from the north of
Ni geri a, th is seemed an attract i ve
proposition, buttressed by their realization
that Nigeria's wheat imports had been
steadily rising.

As could be expected, Nigeria's lack of earlier
involvement with irrigation meant its federal Ministry
of Agriculture was poorly prepared to cope with the
sudden emphasis upon irrigation development. The first
two river basin development authorities (RBOAs), modeled
on the TVA in the United States, were estab1 ished in
1973 for the Chad and Sokoto-Rima basins (Table 21). In
1975, a separate Ministry of Water Resources was carved
out of the Federal Ministry of Agriculture. In mid
1976, a full comp1 ement of 11 RBOAs covering all parts
of Nigeria was created by Federal decree. As the maps
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TABLE 21

IRRIGATED AREAS OF NIG~R[A IN 1980

Basin Developnent Authorlty fotal area proposed Areas lrr19ated
(ha) Dect!lnber 1980

Sokoto-'br.1,i 108,aOO S,~OO

Hadejia-Jaaa'are River 75,009 7,009
Chad 157,500 2.000
Upper Benue River 309,700 110
Lower Benue River 130,750 677
Cross Rivt!r 724,900 n/a
Anambra-Imo River 5,000 n/d
Niger River 243,200 44!J
Orgun-Oshun River 242,300 128
Benin-Owena River n/a n/a
Niger Oelta 2,500 24

Sub-total 1,999,659 lS,SQ6
Commercidl projects 47,200· 6,CJ78
State GOvernment projects nla $1,132.

Total 2,046,859 30,706

~: Adams (l9BS) , p. 195. frOID Hwa Ii 1101rtlns (l9~~2).
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given in Adams (1985) show, the initial RBDAs differed
wid ely from act ua1 dr a ina ge b0 undar i esand a1so
overlapped the state boundaries upon which Nigeria's
budgetary allocations are based. A further revision of
the RBDA boundari es was made ina 1979 decree. It
retained the 11 authorities (Table 22) and specified
their functions in greater detail. It is plain the
authorities were intended as multipurpose development
and planning bodies responsible for a very wide range of
activities.

The situation of RBDA's has been complicated by the
fact they were a federal creation superimposed upon
ri val states and impl emented without much regard either
for the State Ministries of Agriculture or for existing
Water Boards, which employ most of Nigeria's civil
eng i nee r s deali ng wit h wate r de vel 0 pm ent • This
competition did not matter at the start when funds were
in surplus. More recently, however, it threatens to
1eave the 1ess well endowed RBDAs stranded, havi ng an
ambitious mandate but neither the resources nor the
performance to justify fu rther support. The ri va1ry
with Water Boards should have been anticipated, since a
dry environment any urban development will require water
from the same sup p1i es whi ch are 0 fin t ere st to
irrigation. Nigeria is fortunate in having had a
thorough review of its irrigation manpower situation
(Wright, et al. 1982), but there are still many
unresolved institutional and pol icy matters to be
addressed.

Bakolori Irrigation Project

The Bakolori scheme gets its name from Baka1ori
vill age, one of the many flooded in the reservoi r when
the project dam was constructed across the nearby Sokoto
River. The project site is located 130 km southeast of
the State capital at Sokoto. The 1974 feasibility study
proposed a largely gravity-fed irrigation scheme of
about 30,000 ha, two and a half times larger than what
the original 1969 FAD report had recolTlllended (Adams,
1984). The Sokoto Valley has on average a wet season of
four months (June to September), and annual rainfall
between 700 and 900 mm. The objecti·ve was to control
river floods and to stabilize agriculture in the basin.
Bakalori scheme along with a linked project, the Talata
Mafara Irrigation Scheme, constitute phase I of the
Sokoto River Basin Develo~lent Project, the major
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TABLE 22

NIGERIA'S RIVER BASIN DEVELOPMENT AUTHORITIES

1. The Sokoto-Rima Basin Develoment Authority

2. The Hadejia-Jama'are River Basin Development
Authority

3. The Chad Basin Development Authority

4. The Upper Benue River Basin Development Authority

5. The Lower Benue River Basin Development Authority

6. The Cross River Basin Development Authority

7. The Anambra-Imo River Basin Development Authority

8. The Niger River Basin Development Authority

9. The Oregun-Pshun River Basin Development Authority

10. The Beni n-Owe'na Ri ver Basi n Development Authority

11. The Niger Delta Basin Development Authority

Source: Nigerlan Government Sources, clted ln Adams
{1985}, p. 178.
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activity of the Sokoto-Rima RBDA since its formation in
1973.

The physical basis of the scheme is a 414 m
concrete dam on the Sokoto Ri ver (pi ctured in Adams,
1985:195). It is an impressive structure, designed in
the style of US dams of the 1950s with a 50 m high
spillway at its center and nearly 5 km of linked
embankments. The reservoir extends 19 km upstream,
covering 8,000 ha which once contained 13,000 people. A
15 km concrete supply canal (some sources say 10 km)
carries water downstream to serve some 27,000 ha of
riverine terrace land near the town of Talata Mafara.
Water is further di str'i buted by 45 km of 1i ned primary
canal s, and several hundred km of unl i ned secondary and
tertiary ca.nals. Original plans for a mainly surface
system had to be modified because of soil porosity and
now nearly half the irrigated area is covered by
sprinkler irrigation. The sprinkler system depends on
movabl e pi pes and buri ed hydrants, and was about 70
percent complete by 1981 (Adams, 1984). A pump station
and buried pipeline carries additional water to the
2,000 ha Jankarawa Scheme on the reservoir's north
shore, near New Naradun where many of the evacuees were
resettled. Approximately 40,000-50,000 people live in
the project area. The construction contract itself was
worth 174 million Naira in 1974 prices (roughly $400
million in 1982 prices). Average investment costs in
1979 pri ces were about 13,500 Na i ra per hecta re
(assuming full use of the planned area), in contrast to
original estimates of 3,700 Naira/ha, excluding the
hydropower and infrastructure components (PRe Ni geri a
Ltd 1982: 27).

The description just given would be how a project
1ike Bakalori would appear in most official documents,
which rarely describe how land is acquired and a system
put into operat i on. l The value of the deta i 1ed case
stud i es on Baka1ori supp1i ed by Beckman and Adams is
that they allow one to follow the process of scheme
est a b1 i s hm e nt s t e p by s t e p • Per hap s the m0 s t
fundamental error made when construction began in 1976

IThis account is entirely derived from various
papers by Adams (1983, 1984, 1985) a case study by
Beckman (1986) and further details in Andrae and Beckman
(1985). Other sources include FAO (1969), Impresit
(1979), Etuk and Abalu (1982), and Igozurike and
Diatchavbe (1982).
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was the failure to resolve precisely what would happen
to the 1arge number of peop1 e di spossessed from the
reservoir. The initial plan announced to farmers would
have given them cash compensation, followed by access to
employment perhaps as fi shermen on the reservoi r or in
the sugar estate whi ch the Sokoto-Rima RBDA planned to
estab1ish on Baka1ori •s best i rri gated 1and. The
Federal Government subsequently ruled out direct
compensation, insisting alternate land should be found
for evacuees instead. The SRBDA then cleared land
around new, upland settlements, but these were placed on
heavily eroded and sha110~ soils which local farmers had
already abandoned. In 1978 the reservoir began filling.
Most of the evacuees refused the land offered them, and
by 1980 the new settlements had become ghost towns
(Beckman, 1986:142). Those who did not leave the area
stayed on the marg i ns of the boom-town economy whi ch
grew up around Ta1ata Mafara. For others, however, the
coming of the scheme was an economic disaster akin to a
major drought (Griffith, 1984).

After much agitation, local authorities finally
prevailed upon the Federal Government to agree that
farmers cou1 d recei ve compensation for economi c trees
destroyed in the reservoi r. However, the survey by
students from Kaduna Polytechnic had to be rushed
because the reservoir was already filling. Many farmers
all eged they we re never pa i d, and an i nqu i ry was
undertaken to trace what actually happened to the
compensati on money. Its report was never re1 eased, and
meanwhil e the aggri eved evacuees became the mi 1i tant
core for an emerging peasant resistance to the whole
proj ect.

As for those whose 1and wou1 d be "improved" by the
scheme, the planners envisioned only a temporary hiatus
in household production to enable the completion of
necessary physical works. The theory was that land
cou1 d be taken over at the end of the wet season,
developed during the ensuing dry season, and handed back
in time for famil ies to grow the usual rainfed crops
du ri ng the next wet season (Adams, 1984). Thi s neat
"s01ution" ignored the complications of operating heavy
equi pment on small ho1 di ngs, and the Ni geri an
government's interest in having scheme farmers grow
wheat, which competes with farmers' own food crops
because of an over1 ap in seasons. Land expropri at ion
began in October of 1976 with a request by the SRBDA to
the Local Government Authority at Talata Mafara for
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permission to begin construction work on the first
quarter of the irrigation area.

Troubles surfaced at once. Most hard hit were
those un1 ucky farmers whose 1and 1ay where the scheme
map indicated access roads and service facilities had to
be built. They lost trees, crops, and even houses, and
had to wait several years before eventually thei r part
of the scheme was ready to be handed back. (Resentment
on this score was so great the scheme's service centers
were nicknamed in Hausa "thief centers. lI

) Nor had it
been anticipated that a modern scheme contains a fairly
large proportion of such facilities. Officially, it was
stated that arable land was reduced only five percent by
such excisions; internal project records indicate a 20
percent shri nkage, and one survey engi neer admitted to
Beckman that farmers' original holdings were reduced 40
percent (Beckman, 1986:143). Survey methods and
compensat i on procedures had to be worked out as the
project unfolded. While fairly sophisticated techniques
were eventually evo1 ved, the fact that almost everyone
lost 1and and some farmers got none at all further
polarized local opinion against the scheme.

Other difficulties arose in connection with
cropping prohibitions. The contractor had assembled a
huge f1 eet of heavy equi pment, and approached its task
in the customary fashion by leveling everything in sight
so that equipment units could proceed to construct
canals and drains. This meant farmers' access to their
fi e1ds was blocked over much of the area, at fi rst for
one season and then two and sometimes for three years in
a row. Oi sputes over cornpensat i on for the destruct ion
of standing crops became commonplace. At issue were
farmers' claims to guinea corn, their food staple, which
is late maturing. The contractor wanted access to
fields as soon as the rains finished in September, when
the soil was easy to work. At this time guinea corn was
still maturing, causing destruction of crops farmers had
already planted and weeded. A temporary halt was called
in 1977 by SRBDA to equi pment enteri ng standing crops,
and again in 1978/79. By 1979 the project was fall ing
behind schedule and the SRBDA thought it obtained
commitments from village leaders that no guinea corn
woul d be pl anted in any areas schedu1 ed for
construction. However, for some families this was their
third season without food or compensation, and farmers
wi dely refu~ed to comply with the agreement. Other
farmers were refusing to plant lands which had been
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handed back to them, in fear that if they did so their
claims for crops destroyed during the intervening years
would be overlooked.

Beckman (1986) gives a detailed account of the
unfolding crisis, based on personal visits and
interviews. We can only summarize the complicated chain
of events here. In October of 1979 thi ngs came to a
head when farmers began to blockade access roads to keep
the contractor's equipment out of standing crops. Land
survey and construction teams were subject to constant
harassment, and began to travel with police escorts.
Organized resistance spread in late 1979, once the state
government had ca. 11 ed in Ni geri a' smuch feared "mobil e
pol icell units. The Deputy State Governor met with
farmers' representati ves and promi sed that
compensat i on money wou1 d soon be recei ved. But farmers
were no longer satisfied with verbal promises. The
situation continued to deteriorate, until high
government officials could only visit the project area
under heavy pol ice guard. In early 1980, the Federal
Government dissolved the board of the Baka10ri Authority
and charged a caretaker cOlfl'lli ttee wi th i nqui ri ng into
the causes of the crisis.

Now the opposition moved into a new and more
strategi c phase. By the end of February, farmers had
taken control of the dam and its central power station.
Thi s affected the city of Sokoto, whose water supply
downstream depends upon releases from Baka10ri dam. The
New Ni geri an reported to the nation in 1ate February
that 5,000 farmers had blocked all entrances to the dam.
Visiting journal ists were forced to swear by Allah "that
they had nothing to do with the Sokoto State Government"
(Beckman, 1986:145). By early March, the investigatory
panel had recommended the government pay the cash
compensation it had initially promised, and the arrival
of 19 mi 11 ion Naira for thi s pu rpose brought about a
lifting of the blockade at the dam. Officially, the
crisis was over.

Instead, the momentum of opposition swung back
aga i nst the government when it became clear that whi 1e
those displaced by the dam had been dealt with, farmers
in the project area found their grievances unmet. The
hasty infusion of Naira heightened tensions compounded
by the absence of reliable land records (Beckman,
1986:146). On the 17th of April 1980, the blockade of
the project was renewed although now shifted to the
Impresit and consultants' headquarters at Birnin Tudu
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because the mobile police had taken up strategic
pos it ions around the dam. On the 21st t the blockade
was reimposed on the dam site itse1 f t and according to
press reports staff were taken hostage but later rescued
by the mobile police. FinallYt on the 26th of April t
anti-riot pol ice entered the scheme in force while all
journalists were excluded. The official death toll for
the numbers of farmers killed was eventually given as
23. According to Beckman:

A leading opposition po1itician •••accused the
police of having killed hundreds of villagers.
He was arrested t but his case was only brought
to court two years later. The police claimed
in court that most of the names listed as
ki11ed ••• had been invented.

According to an opposition paper, hospital
doctors had been warned ••• not to leak any
casualty figures. The foreigners ••• were
threatened wi th summary deportat ion. One
newspaper ••• claimed 386 people were known to
have died. Another detailed list contains 126
names. It has not been challenged by the
authorities.- (Beckman, 1986:140)

From a wider perspective t the Baka10ri crisis of early
1980 should be seen as a loss of innocence for Africals
irrigation planners. It should be recognized that
Africals earlier large schemes were designed and built
without incident mainly because the land was taken from
pastora1ists who lacked modern arms and political
influence.

It is still early to judge whether Bakalori will
ever become economically viable. Maurya and Sachan
(1984:277) now give Baka10ri IS capital cost as 21 t 500
Naira per ha, assuming 23,200 ha irrigated. The real
figure should be much higher t since the design greatly
underestimated water consumption needs on the scheme t
making it dOUbtful that the full capacity will ever be
realized. As for 1981/82 t the scheme management was
able to get about 5 t OOO ha under irrigation--butat a
recurrent cost of roughly 2 t OOO Naira per ha, excluding
capi ta1 repayment and SRBDA overhead costs (Andrae and
Beckman, 1985:123). The trial balance accounts for 1982
showed scheme expenditures of over nine million Naira t
as against revenues of 390 t OOO Naira (Table 23 below).
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TABLE Z3

8akolo~1 Sch.m. R.cu~~."t Costs. 1982
(in Ra ua)

Salaries and wages ••••••••••• 1.980,240
Staff allowances •••••••••••• 1.314,302
Staff quarters (mostly maintenance) •• 131,985
Offices (construction, maintenance,

and equipment) ••••••••••• 161,638
Electrification of quarters and

offices • •.•• • • • • ". • • • • •• 151.819
Motor venicles (purchases and

maintenance). • • • • • • • • • •• 596,349
Plant and machinery (purChase and

maintenance) •••••••••••• 2,954,668
Fuel and lubricants •••••••••• 273,685
Maintenance of canal • • • • • • • • •• 13,348
Other ftems (ltvestock, ftsheries,

and forestry) • • • • • • • • • •• 175,001

TOTAL (excluding dam, power station
and HO overheads)

9,019,147

Source: Andrae and Beckman. The Wheat Trap. london:
~oks ltd. The Scand1navlan Institute of African
Studies. 1985:123.

Interviews with scheme staff cited by Andrae and Beckman
indicated that Bakalori has received federal grants in
the order of 8 million Naira each year during the
period before the project became operational. The
external management consultants now acknowledge that not
only wi 11 Bakalori farmers make no contribution towards
the project's capital costs; just to recover current
expenses, the scheme would run at a deficit of between
3-5 million Naira annually.

Wi thout any capi ta1 repayment, the wheat produced
at Baka lori ana Ni geri a's other northern schemes costs
under conservative calculations 800 to 950 Naira per
ton, before' transport to sources of consumption in the
South where (at 1982 prices and exchange rates) imported
US wheat could be purchased for 133 Naira per ton.
Andrae and Beckman concl ude that the factory gate cost
of domestic wheat at Nigeria's leading flour ~ill was in
1982 some six to eight times the cost of imported wheat
(1985:126).

Some of the blame for this situation must be
attached to design and managerial faults not of Nigerian
origin. The problem of insufficient water at Bakalor;
arises because consultants applied standard FAD formulae
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to calculate likely water demand, whereas special
circumstances have resulted in higher than average
consumption. The lIintermediate ll soil suitability
classification applied to 78 percent of Bakalori's
irrigated area turns out to have been over optimistic,
and field managers continue to experience high
infiltration losses and severe soil erosion. Away from
the best valley bottom lands, soils are reported by
Andrae and Beckman as bei ng shallow, 1i ght, and sandy.
The Jankarawa extension prepared at great cost for
irrigation northeast of the dam turned out to have thin
topsoil and numerous ri fts and gull i es: lithe area is
more suitable for military exercises than for farming,
accordi ng to a frustrated farm manager who had fai 1ed
miserably to grow wheat in the place ll (Andrae and
Beckman, 1985:107). The water delivery system
consisting eventually of 500 km of buried pipes, 800 km
of lateral pipes, and 160 electrical pumps, was
dimensioned for 24 hour operation but in practice
fanners have refused ni ghti rri gat ion. Then it was
found that the high winds during the day when wheat was
spri nkl ed caused pronounced puddl i ng, so the system can
only be used to the full during the morning and late
afternoon hours. The scheme has been chronically short
of energy to operate all its pumps. By 1982 a 7 MW
diesel station had to be added to supplement the 3 MW
hydroelectric station at the dam, and yet the supply of
pumped water is still not suffi ci ent to i rri gate the
whole of the planned area (Andrae and Beckman,
1985:105).

Meanwhi 1e, the compet it i on for 1abor between
farmers' guinea corn and government mandated wheat
cont i nues. The shortage of water has forced scheme
managers to choose between scheme and fanners' needs:

Farmers interviewed at Baka.lori pleaded for
irrigation water ••• on their traditional
crops, especially at times of poor rains, but
management has not been able to acconmodate
them. Apart from desi gn probl ems, management
foresaw major difficulties with irrigation and
fi e1d staff if supplementary i rri gat i on was
ever to be attempted on a large scale. Staff
at all level s saw the wet season as a period
when they were able to relax, go on leave, and
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attend to personal matters. (Andrae and
Beckman, 1985:109-110)

There is no point in further describing Bakalori's
various field problems, many of which are shared with
Nigeria's two other large northern projects (see details
on Kano and South Chad in Andrae and Beckman 1985). The
attempt to speed up implementation when money suddenly
became available lies behind many mistakes in all three
projects. It is also clear that just because Nigeria
produces less than two percent of the wheat it consumes
does not automatically make wheat suitable for irrigated
production in hot, tropical environments.' The Nigerian
Government's preoccupation with mechanized wheat
production was a further cause contributing to the
extremely low performance on its expensive northern
schemes.

Sudan

National Background

Sudan has the largest area (2.5 million km2) of any
African country, and its population of approximately 22
million (1985) puts it among .the larger countries
alongside Tanzania and Kenya after Zaire, Ethiopia and
Nigeria. The different regions of Sudan have quite
distinctive character, being in size larger than many
individual African countries. To the north, the
1andscape away from the Ni 1ei s true desert.
Development clusters along the river or around Lake
Nasser, formed by the Aswan hi gh dam (across the border
in Egypt) which flooded the old Nubian town of Wadi
Halfa. To the northeast are the dry Red Sea Hills, with
an Arabic speaking population of semi-nomadic Beja
peoples and historic ties to the ancient kingdoms of
Axum and Meroe in the times of the pharoahs. To the west
are the hill-dwelling tribes of Darfur and the Nuba
Mountains, amidst a pastoral zone extending into
the West African Sahel. To the east are the plains of
Butan and Kassala, originally occupied by nomadic groups
such as the Arabic-speaking Shukriya, and more recently
developed for larger irrigation schemes (the Rahad and
New Hal fa projects) north of the railway, and large
scale, mechanized rain-fed cultivation to the southeast.
In the center of the country is Khartoum, the nation's
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capital and main industrial base which is actually
composed of three adjacent cities (Khartoum, Qndunnan
and Khartoum north) which make up Greater Khartoum.

Sudan is possibly the only country in Africa with
an irrigation sector large enough to show on small-scale
national maps of land use ( Figure 8). South of
Khartoum a vast area of flat, clay soils between the
Whi te andd B1 ue Nil e ri vers has been developed under
gravity fed irrigation. The Gezira Province is roughly
25,000 km 2 in size, and contains the one million feddan
(420,000 hal Gezira scheme and its linked Managi1
Extension (800,000 feddans or 336,000 ha).1 The
combi ned Gezi ra-Managi 1 scheme is operated by the Sudan
Gezi ra Board (SGB), and constitutes one of the 1argest
i r rig at ion com p1ex esin the wo r 1d • It wi 11 fig u r e
prominently, then, in any review of irrigation in
Sudan--or, for that matter, in Africa.

The north-south flow of the Ni 1e cuts across the
different rainfall zones, with the lands north of the
country's capital being too dry for any cultivation
except by irrigation (almost all from the Nile itself).
The early development of irrigation along the Blue Nile
south of Khartoum from 1926 onwards led to rail
connect ions northeastwards to Port Sudan and westwards
into Kordofan and Darfu r. Over time, these created an
east-west belt of human settlement linked through Gezira
to Khartoum and taking the form of an inverted crossbow
with Khartoum at its uppennost and Kassa1a and e1 Obeid
at the tips of the outer crescent. Most of modern
Sudan's industry and development occurs here, fed by a
zone of settled peasant agriculture along the line of
rail northeastwards to the Red Sea and westards to Nya1a
in Darfur (Farah, 1985; Abusin, 1985).

From Nya1 a stretchi ng southeastwards 1i es a 1ess
densely settled zone extending in a second crescent
through Sudan's troubled southern provinces. These are
cut off from the rest of the nation by a lack of north
south motor and rail 1inks and by the enormous Sudd
swamps at the confluence of the major tributaries
feeding the White Nile. Except for Ma1akal, the entry
for the north to the Upper Nile, all the other main
southern towns 1i e in Bahr e1 Ghaza1 and Equatori a

1A feddan is only slightly larger than one acre (1
feddan = 1.039 acres). Different Sudanese sources vary
in their estimates of the size of Sudan's schemes; these
totals are based on El Agraa, et a1. (1986).
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FIGURE 8

IRRIGATION IN SUDAN
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provinces reached mainly by air from Khartoum and
constituting a distant hinterland far removed socially,
politically, and economically from the country's emerg
ing central zone The still incomplete Jonglei canal
project was intended not only to augment the water
available to the north (and to Egypt, its ultimate
beneficiary) but also to open up the south by a direct
highway link parallelling the canal.

Sudan's irrigation is well described in the
literature (see D'Silva 1986, Waterbury 1979, Clarke et
ale 1985, el Agraa et ale 1986, and Fadl and Bailey
1984) and innumerous restri cted Worl d Bank documents.
It includes five major types of projects:
1) traditional, small-scale irrigation; 2) pump schemes
along the N1l e; 3) 1arger, gravi ty fed schemes (1 ike
Gezira and Rahad); 4) spate irrigation on the Gash and
Tokar deltas; and 5) parastatal or cOlTll1ercial estates
(like the Kenana sugar project). In diversity,
importance, and adequacy of documentat i on Sudan's
projects would take priority in any overview of African
i rri gati on. They acqui re added si gni fi cance, however,
because Sudan i swi th Egypt a co-user of water which
originates from sources in East Africa and Ethiopia not
under agreement with either Sudan or Egypt. These
geopolitical aspects are further complicated by the
insurrection in Sudan's southern provi ncesand by the
difficult ecological issues posed by the Jonglei canal
project. .

The distribution. of rainfall outside of Sudan and
the eventual flow of runoff through Sudan into Egypt are
the two central facts with which any review of
irrigation in Sudan must contend. With the minor
exceptions of spate irrigation on the Gash and Tokar
deltas and some small-scale oasis projects, virtually
all of Sudan's 1arge i rri gated sector depends upon the
river Nile's water (Waterbury, 1979). The Nile's
average annual discharge measured at Aswan is 84 billion
m3, only slightly greater than that of the Rhine
although the Nile is five times longer. The Nile's
maximum measured flow was in 1878-79 at 150 m3, and its
minimum in 1913-14 at 42 bm3• More than 80 percent of
the Nile's annual flow used to occur between August and
October ina sea sona1 flood. Thi s water is recei ved
from three rna in sources: the Atbara Ri ver (enteri ng
from Ethi opi a north of the Bl ue Ni 1e); the Bl ue Ni 1e
(originating from Lake Tana in Ethiopia), and the White
Nile (originating from Lake Victoria in East Africa and
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ultimately the Kagera River in Rwanda and Tanzania}.
The White Nile's water has been of particular interest
to Egypt, whereas most of Sudan's irrigation development
has depended upon water carried by the shorter and more
sediment laden Blue Nile.

Sudan's second major dam, completed in" 1937 on the
White Nile at Jebel Auliya, was aimed largely at serving
Egyptian interests. Because of the heavy silt load
carri ed by the Bl ue Ni 1e' s flood, the 1900 Aswan dam
built in Egypt could not be closed for water storage in
each season until the flood's peak had passed. This
left Egypt's farmers short of water in the first half of
each year. The minimum discharge of the White Nile in
May is fi ve times that of the 81 ue Nil e. Its si 1t load
has been 1argely deposited upstream in the swamps of
Uganda and southern Sudan. Thi s expl ai ns why the Jebel
Aul iya was buil tin preference to a 1arger downstream
structure and why it could be closed for storage earlier
than the old Aswan dam.

It is important to recogni ze that the Aswan hi gh
dam bui 1t after Sudan's independence marked a radi cal
break with the cautious approach adopted until then.
The structure was not designed to pass the Nile's main
flood downstream. Intead, it was sited to create an
enormous storage reservoir (over 500 km in length),
capable of holding two season's water and, by the same
token, to accumul ate the Blue Nil e' s 1arge annual sil t
load as it comes off the Ethiopian highlands. The Aswan
high dam segmented the Nile into two quite distinct
parts, with its downstream flow becoming in effect a
gigantic "irrigation ditch" subject to complete human
control (Tvedt, 1986:10}.

The benefits from this decision were clearly
apparent in 1984-85, when low rainfall feeding the Nile
would have meant disaster for Egypt's farmers had it not
been for the huge size of the Aswan reservoir.
Meanwhile, Egypt's ever-increasing need for irrigation
water brought about the resurrection of a scheme fi rst
proposed in 1904 to increase the Whi te Nil e IS flow by
circumventing its "Sudd" swamps. Near Bor in southern
Sudan the White Nile (known at that point as the Bahr el
Jebel) enters a vast 180,000 km2 area of seasonally
flooded swampl ands. Measurements of the ri ver' s flow
above and below the Sudd undertaken as early as 1902-03
showed that about hal f the water was lost through
evaporation. A 1904 report by Garstin proposed that a
wi de cana1 conveyi ng 1,000 m3 per second shoul d be dug
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for some 340 km (nearly from Bor to Mal aka1) • This
measure alone, it was suggested, would double the White
Nile's discharge during the low water season (Tvedt,
1986:35-37). After almost 80 years and many other
proposals, the Sudan government did embark upon digging
the Jong1 ei canal ina form not much di fferent from
Garstin's initial proposal.

Sudan's own i rri gat ion is usua 11 y dated from the
1925 construction of Sennar dam to provide water for the
Gezira Scheme. Actually, the first pumping station
(serving 2,000 feddans) was built by the government in
1911 at Tayiba, on the Blue Nile below Wad Medani, and
turned over to the Sudan Plantations Syndicate for
management. Further stations were added several times
between 1914 and 1924 under agreement with the Syndicate
which retained the management concession. After Sennar
dam in 1926 there were 300,000 feddans (126,000 ha)
under i rri gat ion, and staff had already accumu1 ated 15
years of operational experience. These developments
had not escaped Egypt's attention: in 1929 a Nil e
Waters Agreement was reached which allocated to Sudan
enough water from the Blue Nile to irrigate one million
feddans (420,000 ha). By the 1930's, then, Sudan's
irrigation sector already exceeded in size that
possessed by many other African countries today (E1
Agraa, et a1. 1986:85-87) • Whil e the Gezi ra Scheme
(described below) became Sudan's major irrigation
commi tment , the 300 km long reservoi r for the Jebel
Au1iya dam made it feasible for pump irrigation to be
developed on the White Nile. The QOz en Nogara and
other schemes were developed on 1ands below the dam,
supposedly to compensate for the area flooded by the
reservoir (Tri1sbach, 1986).

By the time of Sudan's independence in 1957 it was
clear that Sudan's 4 milliard m3 water share out of the
Nile's flow was grossly inadequate for the country's
future needs (Taha, 1975). A second Nile Water's
Agreement was reached in 1959, giving Sudan an increased
share and allowing for the construction of the Roseires
Dam which was to serve the Managi1 extension of the
Gezi ra Scheme. From then onwards Sudan has imp1 emented
a success of maj or schemes on ei ther the B1 ue Ni 1e and
its tri butari es or the Atbara Ri ver: notab1y several
huge sugar plantations as well as the New Hal fa (or
Khashm e1 Girba) Scheme (built in 1962-69) and the Rahad
Scheme (1973-78). Whil e these are the best known
projects because of the involvement of international
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financing, Sudan has added many others (see Table 24).
What several share has been the bold decision to put
dams with comparatively small reservoirs on rivers with
seasonally high sediment loads. This necessarily means
these projects will have a fairly short life: the
reservoir behind the Khashm el Girba dam, which had 1.3
mi 11 iard m3 water storage in 1964 had. been r.educed by
sedimentation to an estimated 0.7 mill iard mJ in 1984
(Gallabi in Fadl and Bailey, 1984:71).

If we accept official Sudanese Government figures,
the country has today over four mi 11 ion feddans under
irrigation, supplying the direct livelihood for more
than 140,000 tenant families (Fadl and Bailey, 1984).
The realities, while still impressive, are less clear
cut. Because of pronounced forei gn exchange
constraints, themselves in large part caused by low
international prices for cotton and sugar (Sudan's
largest irrigated crops), production has been severely
depressed on several of the 1arger schemes as well as
on pump-based projects unable to obtain diesel fuel.
Gallabi, reporting on the New Halfa scheme in 1984,
estimates the cropping intensities being achie~ed at 70
percent for cotton, and 40 percent each for wheat and
groundnuts (in Fadl and Bailey, 1984:71). A few years
earlier the figures for production would have been even
lower. By 1980-81, Sudan's irrigation sector was nearly
paral yzed: the Sudan Gezi ra Board had to organi ze
direct transport of laborers from a distance to Ilrescuell
blocks of cotton whi ch had been abandoned unpi cked (El
Bagir et al., 1984:112). The Board's share of cotton
profits in that year covered only 17 percent of its
expenses, with the shortfall of 6.7 mi 11 i on Sudanese
pounds bei ng pai d by the Sudanese government (El Agraa
et al., 1986:98). Then the donors stepped in, with the
World Bank extending credit for rehabilitation of
several schemes and the Sudanese Government acceding to
IMF demands fora major restructuring of the economic
system.

One hears that these rescue attempts have been
effective, reinforced by a boost in farm incomes
following price revisions and the adoption of individual
farm accounts. Others report that donor imposed changes
have enjoyed Ill ess than complete success ll (D'Silva,
1986). The grounds for pessimism derive from the larger
context of Sudan's irrigation development. In
retrospect, it is clear that for three decades the
Sudanese government has relied upon its high cost sugar



TA3LE 24

IRRIGATED AREAS OF THE SUDANa

Source & Annual ~otation

Scheme Water Crop Cultivable Number and
(years when requise~ Intensity Net area: of Crops
developed) (mn·m::!.l- Percent (feddans) tenants Grown: b

I. BlUE NILE

Blue Nile Agr.
Prod. Corp. a76 (P) 67 292,000 NA C-S/G-F
(1950-65)

Abu Na1ama 100 (P) 100 30,000 Kenaf
(1973-75)

Es Suk1 330 (P) 67 86,900 NA C-S/G-F
(1971-72)

Sennar Sugar 388 (P) peren. 32,500 Sugar
(1972-73)

Gezira-Hain 4,000 (G) 75 1,135,400 48,350 C-W-SI
(1925:-50) G-F

Hanagil Ext. 3,600 (G) 100 946,'300 53,900 C-W-S/G

Rahad Corp. 1,139 (PIG) 100 300,000 12,000· C-S/G
(1973-78) V/Fr,

dairy

Guneid Sugar 230 (P) 67 38,700 2,320 Sugar/G
(1950-54)

Guneid Ext. . 180 (P) 83 45,400 2,000 C-W-S/G
(1964)

Seleit
Livestock NA (P) 100 20,000 Fodder
(pvt.)( 1973-74)

Pr1v4te pur.lPS 165 (P) NA 63,51)0 NA NA
(1935-present)

II. "HITE NILE

White Nile Agr.
Prod. Corp. 830 (P) 75 359,600 NA C-W-S/G-F
(1950-67)

275
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TABLE 24 (continued)

Source & Annual Rotation
Scheme Water Crop Cultivable Humber and

(years when required Intensity Net area: of Crops
developed) (mn.~~ Percent (feddans) tenants Grown:b

Hagar Asalaya 363 (P) peren. 29.000 Sugar
Sugar
(1974-77)

Kenana Sugar 968 (P) peren. 81.000 Sugar
(1976-80)

Pr; 'late pumps 70 (P) NA 28.1)00 NA NA
(1935-prC!sent)

III. ATBARA

New Hal fa Agr.
Prod. Corp. 970 (G) 100 330,000 22.000 C-W/S-G
(1962-69)

Hal fa Sugar 210 (G) 100 19.600 Sugar
(1962-69)

IV. MAl" "ILE

private pumps 730 (P) 100 208.00n NA M/S/O-
(ind. &coops) W/WL/

Ct/O/
Lucerne

Northern Agr. 430 (P) 100 103.000 NA M/S/O-
Prod. Corp. W/WL/
(1930-present) Ct/O/

Lucerne

Basins 40 (P) var. 41).000 :fA H/S/O-
W/'t4L/
Ct/O/
Lucerne

V. OUTSIDE THE NILE SYSTEM (estimates)

Gash ptA 80.000 NA S/or
castor'

Tokar NA 30,000 NA S
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TABLE 24 (continued)

Source & Annual
Scheme Water Crop

(years when require~ Intensity
.;;;.de;;.v;.;;e;.;.l.;;;.0p,;;,;e:.;;d;,L,'_....J,;{m;;;.;'n..;.;:.;;;;ncll- Pe rcent

Awei 1 Ri ce NA
Scheme

Cultivable
Net area:
(feddans)

5.000

Number
of

tenants

NA

Rotation
and

Crops
Grown:b

rice

118.000

4.210.000 140.570+

North Darfur
small-holders

TOTALS:

I. BLUE
NILE

II. WHITE
NILE

III. ATBARA

IV. MAIN
NILE

V. OUTSIDE

TOTAL SUDAN

11.018

2.231

1.180

1.200

15.629

NA 3.:)00

2.990.700

497.600

349.600

351.000

NA

118.570

22.000

S/Fr/V
&Ct

asource: Fad]. Osman and c. Balley (1984) Water Dlstrlbution in
SUdane~igated Agriculture. PP. 4-6.

bKey : --Water source: P a pumped. G. gravity

--Crops: C • cotton. W. wheat.
F • fallow. V. vegs ••

141 • winter legumes.

S • sorghum. G • groundnuts
Fr • fruits. H. maize

Ct • citrus. D. dates



278

and cotton production as the mainstay of its irrigation
economy, supported by a ponderous bureaucracy and by an
attempted mechanization of much of the field production.
The mechani zed operations and the many pump-based
schemes (roughly one-third of Sudan's total irrigation)
depend entirely upon imported fuel and parts.
Furthermore, the low sugar and cotton p~ices received in
recent yea rs are 1i ke1y to pers i st into the futu re,
jeopardizing Sudan's export earnings upon which the
whole system depends. As Sudan's reservoirs built under
loan financing fill with silt, the country will face yet
another crisis to add to its recurrent problems of
drought and rebellion in the south. Thus although Sudan
has by far the largest irrigation sector in Sub-Saharan
Afri ca, the prosperi ty of its i rrigat i on systems and
thei r tenants may yet prove illusory (Barnett, 1977,
1981).

An advantage but also a liability Sudan enjoys in
trying to make its large irrigation sector more
efficient is that the institutional infrastructure is
well developed and generally understood. This provides
a wide base of potential resources to draw upon in the
short run, but makes the system resistant to radical
c han ge s • At the t OO"P, the nat ion a1 Nil e Wa t e r s
Commission determines the allocation of water quotas
between provinces and regions within Sudan (Phill ips in
Bloch, et al., 1986:74). Next come the ministries and
corporations. From its early dealings with the
Syndicate, the Sudan Government has evolved an
arrangement whereby the Ministry of Irrigation (MOl)
builds and supervises the water supply systems, but
hands operational control over the production aspects to
publ ic and parastata.l corporations--the Sudan Gezi ra
Board (SGB), the Northern Agricultural Production
Corporation (NAPC), the Es Suki Agricultural
Corporation, the White Nile Agricultural Production
Corporation, the New Halfa Agricultural Production
Corporation, and the Rahad Corporation (to name only the
larger ones). There are in addition separate
corporations to manage the various sugar plantations and
other state farms, as well as certain individual schemes
too 1arge to fi t wi thi n the normal framework for the
pump-scheme sub-sector, e.g. the 30,000 feddan Zeidab
scheme whi ch woul d otherwi se fall under the NAPC' s
superv is ion. The 1arge number of such bodies has not
caused confusion because most are territorially distinct
and follow the general pattern initially evolved at
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Gezi ra, where many of Sudan's - seni or· staff were fi rst
posted. Agricultural research for all of Sudan's
schemes is handled at the national level by the
Agricultural Research Corporation, which supplies its
own staff to work on site at the larger schemes.

The Ministry of Agriculture in Sudan deals mainly
with non-irrigation areas, since the corporations
runni ng the 1arger schemes employ thei r own extensi on
staff and attempt to dictate what tenants may grow. In
1972, Sudan changed its local government structure to
remove the shaykhs, omdas, and other dignitaries who had
formerly controlled it. Because of the country's large
size, there are now seven levels within the
administrative system, as one moves from the local level
upwards (Phillips in Bloch, et a1., 1986:75). At the
bottom one has v"illage or nomads' councils, then rural
councils, then district or township councils, then the
People's Popular Executive Councils at the area level,
then provincial councilS, and finally regional
governments which deal in turn with the national
government centered in Khartoum. The break between the
national and regional levels is fairly complete, so that
the Ministry of Agriculture does not control its
functional activities in the regions but merely provides
manpower to the regional governments. 1

The Gezira Scheme

At the time when the Gezira scheme officially began
in 1925, Wad Medani with 30,000 people was the only
urban center of any size in the whole area. Some cotton
was grown on the vast clay plains for local production
into rough cloth, but generally settled agriculture was
confined to the islands and banks of the Blue Nile.
Land away from the ri vers wa s used sea sona 11 y by
pastora1ists keeping camels, sheep and goats. They
would grow a quick maturing variety of sorghum (called
dura) before moving back during the long dry season to
assured water at the rivers (E1 Agraa et a1., 1986).

It should be stressed that the topography was
unusually favorable for the development of large-scale
irrigation. The total Gezira-Managi1 area with 1inked
units across the river now covers about 2.1 million
feddans, taking up most of the land lying south of
Khartoum bet~een the B1 ue and Whi te Ni 1es (Fi gu re 10).

IThe situation observed in December 1984.
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The land is almost dead level. It has a uniform
landscape consisting of water retentive clay soils,
which can be flooded and then left to take up the water
slowly (thus minimizing the skill needed in water
application). They constitute an ideal situation for
gravity fed irrigation, the water being delivered to
Gezira from the Blue Nile by twin major supply canals
(186 and 168 cumecs capacity) which take off from either
side of the Sennar Dam and flow northwards along a main
ri dge for 57 km before j oi ni ng and then bei ng aga in
subdivided, with one main and three subsidiary canals
servi ng Managi 1 to the west and a second mai n canal
cont1nUl"g onwards for nearl y 145 km through the 01 der
Gezira section, with a large number of major and minor
canals branching off from it.

The main canal reaches vary in length from 6 to 22
km, and are controlled by cross regulators at about 3 km
intervals to maintain upstream water at constant levels.
Minor canals are designed to be used for night storage
and thus are fi tted wi th storage wei rs. Ni nety feddan
field units (called "numbers") are each served by one
tertiary canal; in Gezira proper, these are subdivided
for water appl i cati on by 9 1ateral s servi ng 10 feddans
each, whereas in Managil (as in most of Sudan's pump
schemes), a "number" contains 18 laterals serving 5
feddan field units (called "hawashas"). Gezira's water
di stri buti on system is descri bed in deta i1 by Ibrahim
(in Fadl and Bailey, 1984). It is a highly standardized
system which was made feasible mainly because of
Gezira's uniform, cracking clay soils (which retain
water and make lining unnecessary) and its level
topography. The main change in recent decades has been
the gradual takeover by tenants from "ga ffi rs" of
control over the field outlet pipes (FOPs), accompanied
by continuous (rather than day-only) irrigation
necessary as the cropping system has become more
di versi fi ed (though thi s means that water demand now
exceeds supply).

The. Gezira system incorporates an ingeneous
solution to the problem of how to manage crops under a
standard water appl ication regime but allow each tenant
a range of crops in each season. The II number" made up
90 feddans served by a tertiary canal (conunonly termed
an "Abu XX~" for Abu Ishreen) is ideally managed under
one crop as a uni t. However, four adj acent numbers at
anyone poi nt in time wi 11 be growi ng, say, cotton,
wheat, groundnuts or sorghum (dura), whil e one W"j 11 be
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fallow. (In Managi1, as on :5udari'~ other large schemes,
because of the lack of fallow in the rotation the
sequence wi 11 be repeated in every three numbers.)
Tenancy boundaries run in a narrow strip across adjacent
numbers but parallel to each other, so that each tenant
wi 11 have s imu1 taneous access to cotton, wheat, dura,
etc. In each "number" there are between 9 arid"T8
tenancies, resulting in 5-10 feddan individual fields
wi thi n the 1arger area growi ng a cOl1lT1on crop (and thus
watered duri ng the same peri ods). The return cyc1 e
between waterings varies between 10-14 days, and is
feasible because of the high water retention of cracking
clays.

Crop water requi rements have been arri ved at
traditionally by a process known as "indenting," whereby
the 5GB block inspectors responsible for individual
mi nor canal s forward thei r estimates to the MOl sub
divisional engineers for aggregation into overall water
release requirements (Farbrother in Fadl and Bailey,
1984:79). At the local level the figures given may vary
widely from actual use, but when combined for large
areas seem to be reasonably close to actual demand.

The scheme divides into almost equal -halves, the
llGezira main ll being the area nearer to the Blue Nile
which was developed in phases between 1925-58, and the
"Managil extensi on ll to the west and south whi ch was
added after the revised Nile Waters Agreement of 1959
(Taha, 1975). At Gezira, tenants at first received 30
feddan holdings (12.6 hal, in three separate plots: one
for cotton, one split between Luba (a leguminous fodder
crop) and dura (the food staple), and one left fallow.
The standard hol di ng was increased to 40 feddans (16.8
hal in the 1930s to permit a complex rotation using the
fallow period to control cotton pests and retaining one
quarter under cotton. _When Managil was added, -however,
its tenancies were reduced to 15 feddans (6.3 hal,
eliminating the fallow but using the same crops and
general system. Eventually in response to pressure from
the Tenants' Union other crops were added, particularly
wheat and groundnuts, as well as some vegetable growing
(El Agraa, et al., 1986). From 1978-79, the main forage
crop (lubia) was phased out because it was host to
various cotton pests.

For over 40 years up until the 1980-81 crop season,
the costs of scheme production were recovered under what
was termed the lljoint account" system. This meant that
returns from the sale of cotton were divided in fixed



282

proport i on between the Sudanese government, the Gezi ra
Board, and tenants as a group. Charges were assessed at
a standard rate unrelated to individual tenants' use of
scheme services, and the whole amount for all crops
deducted from cotton retu rns. Si nce the tenants'
proportion of profits was below 50 percent (up to 1971),
in years when cotton pri ces were low .tenants actua11 y
produced the crop at a loss and so had strong incentive
to grow only that minimum which would allow them to
continue to reside in the scheme. Official SGB survey
data on cotton production in 1980-81 gave the net
financial return to tenants per feddan of cotton grown
at minus 3.941 Sudanese pounds, which the Board
converted into a positive return by assuming 11.50
pounds would be received per feddan from the
stabilization fund and tenants' household labor received
payments of 20.33 pounds per feddan. 1 The Ministry of
Finance and Economic Planning calculated that at average
1980-81 yields, mean private profit for extra long
stap1 e cotton was mi nus 45.07 per feddan and for the
less labor intensive Aca1a cotton minus 41.22 per feddan
(E1-Bagir, et a1., 1984:122-123). In one block surveyed
in 1980-81, only 52 out of 1,198 tenants received a net
profit from their cotton crop (E1 Agraa, et a1 1986:95).

Of course, the SGB's deduction of all its charges
against only the cotton payout made thecrop seem even
less attractive. Throughout the 1960s and 1970s,
tenants devoted more effort to thei r other crops; in
1975-76 and 1976-77, for examp1 e, the area p1 anted to
wheat actually exceeded that planted to cotton (see
Table 25) •. While wheat remains popular because of its
low labor requirements, yields are very low: typically,
1.4 tons per hectare (El Agraa, et a1. 1986:·96).

The low profitability of cotton to tenants may
explain why Gezira was slow to show the benefits which
might have been expected from such a large undertaking.
The Gezira-Managi1 scheme covers today roughly one-third
the surface area of Gezira Province (25,304 sq km),
which in 1980 was said to contain 2,240,000 people (E1
Agraa, et a1. 1980). Between 1950 and 1983, the number
of tenants increased five fold, from 21,000 to over
100,000. To these 600-700,000 people, can be added the

1A Tenants' Reserve Fund was set up in the 1930s to
repay bad debts from the Depression, to give security
for tenant loans, and to act as an equi 1i zat i on fund
evening out price fluctuations.
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AREA UNDER DIFFERENT CROPS AT GEZIRA

(1000 of hectares)
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Crop: Year: 68/69 75/16 76/77 78/79 79/80 81/82

Cotton 249 166 210 210 227 183

Wheat 69 238 212 20g 158 112

Dura 135 143 148 144 In 144

Groundnuts 66 178 105 91 112 1tl

Rice 5 5 2 4

Lub1a 53 0.6 0.3

Vegetables 16 10 13 11 14 1R

Total (rounded) 593 742 693 667 628 568

Source: El Agraa, et al. 1986:94, from official SGB records. The
total~gures may differ slightly from column totals because of ~all
areas devoted to other crops.
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150-200,000 seasonal migrants who enter the scheme each
year to harvest the cotton crop; it is sa i d there are
170,000 people living in labor camps (El Bagir, et al.
1984: 104) among the 1,30~ or so sett1ements scattered
over the Gezira plain. From the early days, the
Gezira Board's concern with the production operations
has meant that most social services were left to the
people's own initiative or to the government's separate
administrative hierarchy.

The SGB (as it is commonly called within Sudan)
offers its agricul tural services to tenants through a
territorial hierarchy separate from that used by Sudan's
general administration, responsible for education,
health, agricultural extension, and security. The SGB
divides its territory into 14 IIgroupsll (7 each in Gezira
and Manag i 1), and these in tu rn into a j oi nt tota1 of
107 IIblocks. 1I During early years, the block inspectors
and their staff II wielded great disciplinary power ll

(Taha, 1975:32). From 1970 onwards, however, their
responsibilites were exercised through Village Councils
which gave tenants some access to decisions being made
about scheduling and production operations. By 1975,
some 715 such counci 1s had been set up, 483 in Gezi ra
and 232 in Managil. The scheme's field technical staff
(from group inspectors downwards) at this time numbered
520, of which the largest cadre (230) were field
inspectors (Taha, 1975: 33) • Taha states that from the
1969-70 season tentative steps were taken to reorganize
these regulatory staff into an extension service,
started initially in 5 blocks and incorporating 12 (3 in
Managi 1) by 1975. The IItop down ll and cautious
orientation of the SGB's field bureaucracy contrasts
with the farmers' increasing adoption of night watering
and other crops not officially part of the IIGezira
system" (Barnett, 1979).

The fact is that despite its control over the
livelihood of perhaps a million people, the SGB has
always regarded itself as a production organization
growi ng cotton for the nat i ona1 benefi t. Thi s can be
seen most c 1ea rl y if one exami nes how the Manag,il
extension was implemented by the SGB, developed in five
phases between 1959 and 1963. The SGB's acti vities
concentrated on extending Gezira's light railway,
building staff quarters and offices, sinking tubewells

2Taha (1975:35) estimates the total Gezira-Managil
population at approximately 1,250,000 in 1975.
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(
ll boreho1es ll

) , expanding gi nneri esand warehouses, and
purchasing the necessary equipment to carry out the
Board's operations. Earlier plans to expand social
services at the same time were cut back because of
budgetary problems. Rudimentary physical planning was
carried out, with larger existing villages being
retained and smaller villages located in clusters at new
sites. Each village was allocated between 270 and 540
feddans of land, located where possible within 5 km of
where tenants wou1 d have ho1 di ngs and all owi ng for a
future 50 percent expansion (Taha quoted in E1 Agraa, et
a1., 1980:310). However, for the actual provision of
services corrmunities "had to queue up" by applying to
the social development fund, which received 2 percent of
the scheme's revenues through the joint accounts system
(3 percent from 1968-69 onwards). Such funds were
allocated on a grant-in-aid "self-help" basis, with 50
percent or more of proj ect costs to be ra i sed by
recipients (Taha, 1975:32).

As a consequence, until recently the provi s i on of
services within the scheme area was quite uneven, with
the oldest sections along the Blue Nile enjoying access
to good facilities but the western, Managil sections
being neglected. By 1980, there were about 500 wells
dug by the Board, of which 176 had filters installed for
human consumption and 50 wi th cho1ori nat ion. The Ru ra1
Water Corporation responsible for village supp1 ies had
dug over a thousand wells, mostly on a self-help basis.
However, some of Managi l' s water treatment p1 ants had
not been mai nta i ned for over a decade in 1980, and the
town of Wad Medani had only two percent of its
households with access to water sanitation--the lowest
percentage out of six major Sudanese towns. A Sudanese
team concluded that at Gezira "sanitation has suffered
the maximum neglect" (El Agraa, et al., 1980:363).

Where Gezira has gained is in regard to hospitals
and schools, the latter built initially at tenants'
initiative. As of 1980, Gezira Province had 10
hospitals (second in Sudan after Khartoum Province with
17), 45 health centers, and 122 dispensaries. Of the
hospital beds, 40 percent were in Wad Medani town, and
on1y 10 percent in the whole of the Managil area (El
Agraa, et al., 1980:367). In regard to schools, Gezira
has the hi ghest share in the country. There are 23
boys' and 14 gi rl s' hi gher academi c secondary school s
(with 9 private ones each); but of the 14 girls'
schools, only 1 is in"Managil. At the apex is the
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Un i vers i ty of Gezi ra, opened in 1979 at Wad Medan i (El
Agraa, et ale 1980:368). The"great majority" of the
primary and junior secondary schools'have been built by
self-help, which explains the bias towards the older
and richer Gezira section of the scheme area. El Bagir
et ale (184:86) found that even among agricultural
1aborers, 53 percent were 1iterate. .By 1981, it was
reported the scheme had 589 soc i a1 clubs, 630 mosques,
and 93 beer houses; tenants and staff owned nearly 5,000
television sets (El Agraa, et ale 1984:103). Between
1950 and 1980, then, the Gezi ra area emerged as the
major economic hinterland for Khartoum, to which it is
now connected by a paved highway.

There are official channels for tenant
representation, through the Tenant's Union (with 5
tenants sitting on the SGB), but al so through the
Board's own Social Development Department (begun in
1950). Under it come 11 secti ons handl ing the varied
activities tenants have, other than the production of
official crops. These include well drilling,
horticulture, animal production, forestry, cooperatives,
village planning, adult education, vocational training,
the "Gezira ll newspaper, social research, and physical
education. Several incorporate staff from relevant
government departments on secondment to work with the
Board in jointly implementing official programs in

. relation to education, health, cooperatives, animal
production, local government, and housing (El Agraa, et
al., 1980:354). Overall coordination of each year's
program is provi ded by the II Gezi ra Local Commi ttee, II

whose 20 members represent various scheme interests and
the important ministries. It is chaired by the
Provincial Commissioner, and has the Social Services
Officer as its secretary.

The paradoxical situation which had developed by
the 1ate 1970s was that whil e Gezi ra Provi nce seemed
prosperous, individual tenants were deriving only 30
percent of thei r househol d incomes from thei r own
tenancies (El-Bagir, et al., 1984:126). Barnett records
that in Nuei 1a vi 11 ages, a tenant wi th a ten feddan
holding would have an average net income of 107 Sudanese
pounds per year from all sources (1977:76). While some
tenants were undoubtedly doing well through business
investments in Khartoum, relatives in civil service
employment, etc., there was growing differentiation and
the poorer tenants were deeply in debt and grew cotton
at a loss. Even the SGB's own surveys in 1980-81 found
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that for medium stapl~ cott~n ·"th~ most notable feature
••• is that at low levels of productivity, i.e., for
yields up to 1.5 kantars per feddan, it consumes more
foreign exchange than it earns and this disadvantage is
relatively greater under pump irrigation" (quoted in El
Bagir, et al. 1984:128). Despite the growth of urban
centers in the scheme area--admi rab1y documented in El
Agraa, et al. (1986)--the collapse of cotton production
in the scheme had by 1980-81 come to threaten the entire
system. Total cotton production in Sudan had almost
halved from a high point of over 550,000 tons in 1977-78
to 1ess than 300,000 tons in 80-81, and, as we have
a1ready noted, scheme revenues covered 1ess than one
fifth of the SGB's costs (D'Silva, 1986:5). The Board's
own facilities looked almost unchanged from the 1940s,
with rusting iron bridges and gates and dilapidated,
colonial style bungalows.

Today, a World Bank sponsored rehabilitation scheme
is underway. Cotton prices are announced at the time
when picking commences, so that tenants know in advance
what returns they can expect. Individually computed
land and water charges have replaced the joint account
system. Now tenants pay fixed charges per unit of each
crop grown, varyi ng according to crop water needs, and
they are charged for the services they actually receive.
These and numerous other changes which have been
implemented under the Bank's conditions for its support
seem to be worki ng. In the 1984-85 season, SUdan's
irrigated cotton went over 600,000 tons (D'Silva,
1986:5), and in early 1987 international cotton prices
began to recover after a two-year decline.

National Background

Kenya's tota1 su rface area of 583,000 square km
puts it at roughtly the same size as Madagascar or
Botswana, and larger than France or Morocco. This
figure is misleading. The core zone of settled
agriculture in Kenya consistsof a butterfly-shaped wedge
of highlands on either side of the Rift Valley, which
bi sects the country from north to south. In 1ength,
each of the two main highland blocks stretch about 350
km, so that some 120,000 square km (just slightly larger
than Malawi) would contain most of Kenya's agricultural
potential, population, and developed infrastructure save
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for a narrow sl ice along the Indian Ocean. However,
while Malawi contains 7,000,000 people, Kenya (in mid
1985) had over 20,000,000 with one of the highest
growth rates (4 percent per annum) in the world. This
hi gh1 and core is surrounded by a doughnut of dri er,
agro-pastoral lands (forming parts of Narok, Kajiado,
Machakos, Kitui, Embu, Meru, Laikipia, Baringo, E1geyo
Marakwet, and West Poko di stri cts), and these in turn
by a much wi der belt of semi -desert extendi ng to the
Somali border in the east and to Ethiopia to the north.
These outer 1ands contai n patches of true desert, and
have on average 1ess than 400 nvn of rai nfa 11 per annum
making them genuinely "Sahe1ian" and permitting only
semi-nomadic pastoralism. Kenya is thus in a marked
sense three countri es: a central hi gh1 ands popu1 ated
by densely settled Kiluyu, Luo and Abaluhya peoples; a
wider circle of drier, mixed farming and ranching lands
populated by the Maasai, Kamba, Meru, Samburu, and
Kalenjin peoples; and an outer zone of pastoral lands
held by the Somali, Boran, Gabbra and Turkana.

The long-run demand for irrigation could be great,
in view of Kenya's need to stabil i ze food supp1i es on
its drier lands where rapid population growth is
occurring, and the government's desire to generate
further emp10yrnent through an i ntens i fi Cdt i on of crop
product ion. Access to i rri gat i on also permi ts Kenya's
estate sector to produce coffee for export irrespective
of the va ryi ng annual ra i nfa11--a si gnffi cant nat i ona1
benefit. Nevertheless, Kenya makes only limited use of
irrigation--a trait it shares with Uganda, Tanzania,
and Malawi. FAO estimates the total area under modern
irrigation in 1982 was 21,000 ha (1986:14), while
Pa1utikof (1981) puts the 1978-79 total at 32,000 ha,
of which a fourth (8,349) was under the National
Irrigation Board (NIB) and some 22,000 ha on private
coffee estates (supplemental sprinkler irrigation). By
either estimate, Kenya's total modern irrigation is
1ess than one mi ght fi nd on a si ng1 e 1arge Sudanese
scheme.

The explanation lies both in the late development
of i rri gat i on schemes (not 1aunched until the 1950S),
and the different land and water relationships. Those
areas of Kenya with surplus water tend to be densely
settled. For example, when the NIB implemented its
Ahero scheme in western Kenya, only about hal f the
1,000 displaced families could be reabsorbed into the
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scheme as tenants (Pa1utikof, 1981:77). Where land is
readily available, water becomes very scarce (as in the
huge and thinly populated areas of eastern and northern
Kenya). To date, Kenya's one attempt at 1arge-sca1e
irrigation deve10pment--the Bura West project described
be10w--has had to be scaled down to about one-tenth the
earlier projections, though the government continues to
plan for a 16,000 ha development in the Tana delta.
Bura West was feasible because of a series of upstream
hydroelectric dams put on the Tana River, which drains
the di stant eastern hi gh1 ands before f1 owi ng through
drier lands to the Indian Ocean. Kenya's 1979 National
Ma st e r Wa t er P1an gi vesthe totalp0ten t i a1 0f
irrigab1e land for the Tana River Basin as 200,000 ha,
with an equivalent amount for the Lake Victoria Basin;
70,000 ha in the Rift Valley's internal basins; 40,000
ha in the Athi-Tsavo Rivers drainage; and 30,000 ha in
the Ewaso Ngiro drainage (figures cited B1ackie, Hungwe
and Rukun i, 1984: 43) • In fact, the Tana Ri ver wi th a
length of 730 km, a catchment of 100,000 square km, and
a mean annual flow (at Masinga) of 2.6 billion cubic
meters, is by a substantial margin Kenya's largest
river system; the two sites already mentioned--at Bura
and in the Tana de1ta--constitute the best candidates
for large-scale development.

There are widely diverging estimates of Kenya's
irrigation potential. The government's Master Water
Plan as just noted estimated it to be 540,000 ha. FAO
(1986:14) puts the total at 350,000, and Pa1utikof
(1981:78) suggests 256,000 ha. The Master Plan
envisaged a steadily increasing program up to the year
2,003: to the 17,000 ha developed between 1979-83
would be added 28,000 ha in 1984-R8, 42,000 ha in 1989
93, 54,000 ha in 1994-98, and 59,000 ha in 1999-2003
(B1ackie, Hungwe and Rukuni, 1984:45). The Kenya
Government's Sessional Paper No.4 of 1981 on food
policy reaffirmed this total of 200,000 ha to be
developed within the next twenty years (Gichuki, 1986).
Some adv i sors put the total sti 11 hi gher. In argui ng
for accelerated i rri gat ion development, Toksoz (1981)
stated that of the 800,000 ha with impeded drainage in
western Kenya, 600,000 ha cou1 d be reel aimed and used
for farming if subjected to a suitable mixture of flood
control and drainage.

Actual achievements in adding to Kenya's
irrigation have been far below projected targets.
Pa1utikof projected that Kenya would have 58,600 ha by
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1983 based on the government's own plans, derived in
part from a doubling of the area under the NIB (to
17,315 ha). Instead, four years 1ater Kenya has by
FAO's estimates 21,000 ha of developed modern
irrigation (1986:14). While we would put this figure
nearer to Pa1utikof 1 s 1978-79 estimate of 32,000 ha
(because of Kenya's active estate sector involvement),
this total is still well below ha"lf of what the
government had anticipated by the mid 1980s.

The most obvi OUS cause of slow development has
been the capital cost constraint. Kenya's irrigation
has proven to be vastly more expensive than experts
predicted. Toksoz estimated the cost of Kenya IS FAO
assisted "ARID II schemes at US $8,000 per ha, whereas
actua1 costs tu rned out to have been US $62,000 per
hectare (based on unpublished FAO figures). The "large
scale" Bura West project (which accordingly should
evidence economies of scale) cost more than $25,000 US
per ha (or US $33,000 per family) for irrigation works
alone (Toksoz, 1981:15). It is said that the World
Bank assisted Village Irrigation Project (VIP)
imp1 emented wi th Dutch techni cal assi stance has spent
some 40 million Kenya shillings, while developing
approximately 164 ha to date (Arao 1986:15). Rapidly
escalating investment costs have made irrigation
unattainable in all but extremely favored environments
like Lake Naivasha, where private growers pump
1akewater to grow high value horticultural crops. The
second reason for Kenya's declining interest in
irrigation has been, then, the poor performance of
recent projects like the schemes in Turkana or at,Bura.
A thi rd and more fundamental cause is the absence of
attractive sites. Those"areas with surplus water (like
Bura) turn out in most instances to have other major
comp1ications--as we shall see below. The Kenya
Government I s estimate (Tab1 e 26) that the mi dd1 e and
lower Tana have some 105,000 ha sui ted to i rri gat ion
development is probably five times too high.
Similarly, while technically one could irrigate the
enti re Kano p1 ai n Wl th water from Lake Vi ctori a, thi s
area is densely settled and the NIB encountered great
political opposition in carving out the 840 ha Ahero
Scheme, which has run at a loss (along with all but one
of the NIB's other schemes). In such circumstances, to
take engineering feasibi1 ity estimates as actual plan
targets for future irrigation development gives a
distorted picture. And, finally, the institutional and
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OFFICIAL ESTIMATES OF KENYA'S IRRIGATION POTENTIAL
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River Basin Location of Proposed
Low Cost Irrigation

Projects

Provi"ce Irrigation
Potential
(hectares)

Nzo1a
Yala
Nyanda/Sondu/
Lake Vic'toria
Gucha r~i gorf
Mara
Lake Vi ctori a

Turl<weJ
Kerio
Baringo
Ewaso Ng'iro(s)
Naivasha

Flood Spreadi ng

Athl

Athi
Sabaki
Lumi (Taveta)

Tana
Tana

Ewaso Ng'iro {N}

Ewaso Ng'tro (N)

Orno (Lake Turkan~)

Oaua
Flood Water
Spreading

Midd1 e/Lower
Yala Swamp

Kano Plain
Lower
IJpp~r

Lake Margin

Mlddl elLower
Upper/Middle
Basin
Basin
Basin

Various

upper

Middl e
Lower
Lower

upper
Midd1 e/Lower

Upper

Middle

Various

Western/Nyan za
Western/Nyanza

Nyanza
~anza

Rift Valley
Western/~yanza

Rift Valley
Rift Valley
Rift Valley
Rift Valley
Rift Valley/
Central
Rift Valley

Centra l/Ri ft
Valley/Easter"
Eastern
Coast
Coast

~ntral/R1ft
Va 11 ey/Eastern
Rift Va 11 ey
Eastern
Eastern/Ri ft
Va11ay
North Eastern
Eastern/ North
Eastern

5,000
15,000

60,000
25,000
20,01)0
2fl,OOO

25,000
30,000
10,000
10,000

10,000

10,000
15,000
15,000
9,000

100,000
105,000

15,1)00

15,1)00

15,~1)0

1,000

S,OOO

Total Irrigation Potential 600,000

Source: Blackie, Hungwe and Rukuni (1984:44), based on the Ministry
of Water Deve1op~ent, 5th Development Plan (19R4-19~8).
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manpower basis for rapid irrigation development remains
to be established (Gichuki, 1986).

Institutional support for irrigation has been
divided between the private estates, relying upon
commercial suppliers of sprinkler irrigation equipment,
and publ ic schemes which come under the sponsorship of
several agencies. Arao (1986) provides a brief
historical overview, and estimates that perhaps 60
percent of Kenya's total irrigation has been private,
mostly on estates growing coffee, pineapples (near
Thika) or other horticultural crops. This development
was entirely demand led, and is described in Wright
Rain (1962) and Kumar et al. (1981). The location of
Kenya's estate growers ina zone marg i na1 for coffee
even though they produce 40 percent of national output
makes spri nk 1er i rri gat i on attractive in dry years.
Palutikof (1981) states that during the brief coffee
pri ce boom in the mi d 1970s many estate growers added
spri nkl er systems, so that by 1981 perhaps 90 percent
of coffee on hol dings 1arger than 50 ha recei ved
supplemental irrigation when needed.

Government-l ed i rri gati on development dates back
to little known efforts to raise food for the troops
during World War II. The Kerugoya Dried Vegetable
Project was one such highly successful scheme (see
Moris in Chambers and Mriris, 1973), but there were
others in Nyanza, such as the 28 km Agembo Canal dug
along the margin of Kisumu District's Miruka Swamp
(Arao, 1986). At the end of the War, government
support was abruptly termi nated and the proj ets soon
faded from official memory. A second phase of activity
with a focus on physical works rather than scheme
operation took place under the African Land Development
Board (ALDEV) established in 1945 and directed towards
land rehabilitation in places like Machakos (the Yatta
furrow) or lower Embu (the Ishiara irrigation scheme).
The ALDEV approach with its labor-intensive
construct i ontechni ques provided an apparent solution
to the colonial government's need to employ landless
ex-Mau Mau detainees in the late 1950s. One such
project which began as a hand dug canal grew into the
Mwea Irrigation Settlement, more commonly known as the
Mwea Scheme (Chambers and Moris, 1973). The early
history of this scheme, Kenya's only long-term success
among its public irrigation projects, has been detailed
by Chambers (1969). Mwea' s manager went on to design
and then head the National Irrigation Board, formed in
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1966 to provide supervlsl0n and technical support to
Kenya's public irrigation schemes (Gig1io1i in Chambers
and Moris 1983; Fitter, 1983).

As might have been expected, the Board promptly
extended the Mwea system to the other projects it
managed, including the Perkerra scheme (260 ha) in
Baringo, and the Hola pilot scheme (870 ha) on the Tana
River. Other schemes the NIB either built or inherited
were the Ahero Scheme (840 ha), West Kano (840 ha), and
the Bunya1a Scheme (400 ha). By 1983, the MtIea Scheme
had 5,800 ha under irrigation, making it six times
1arger than any of these other schemes, whi ch have all
run at a loss. The Bura West Project, located at the
distant lower Tana, was to have been the NIB's first
genuinely large project with 12,200 ha in the first two
phases and perhaps 250,000 ha 1ater. Why thi s di d not
happen and instead Bura had to be taken out from under
the NIB's control at presidential directive provides our
case study below. Fi rst, however, it is necessary to
out1 ine the rudiments of what might be termed the IIMwea
system ll which the NIB has applied to all its schemes,
and also the further elaboration of institutional
assistance to non-NIB irrigation projects.

Fitter (1983) gives a useful summarization of the
relationship of the NIB to its constituent schemes, as
well as details on each scheme's comparative performance
(exc1 uding Bura West). Perhaps the central feature of
the NIB's system is that the land is treated as having
been vacant before scheme development. Thus the Board
in developing a scheme acquires control over recruitment
of settlers (officially termed tenants), who use
standard size plots under an annually renewable plot
lease governed by special rules (specified in the 1966
Irrigation Act and earlier legislation). Each NIB
scheme has its own manager and staff, but they ho1 d
appointments through the Board on parastatal terms
rather than being civil servants. Except for perkerra
in the Rift Valley and the Tana River projects (Ho1a and
Bura), all the schemes grow paddy (with sugarcane a1 so
at West Kano). Tenant s thus reta ina fi xed amount of
the scheme's official crop (usually paddy) in place of
havi ng a subsistence crop in the rotation. Production
is highly organized by the scheme, which handles land
preparation and input supply, and schedules all field
operations. Costs and scheme charges are debited
agai nst each tenant I s account, and deducted from the
payout after the scheme has handl ed the season I s crop.
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Tenants also receive access to a tiny housep10t within
tightly packed scheme villages, and they repay the costs
of thei r houses under a short-term loan (ori gi na,ll y at
Mwea in three years). They farm under a we1 ter of
special conditions and restrictions in return for having
a lease to between 1.3 and 1.6 ha of irrigated land.
The scheme management in turn operates a f1 eet of
tractors and keeps the water delivery system in
operation. The Board employs scheme personnel, approves
and processes machinery and input orders, finances
buildings and infrastructure, supervises crop marketing
and scheme accounts, and arranges the estab1 i shment of
new schemes.

In an earlier study of Mwea Scheme, we warned that
Mwea's success was based on' special features which
subsequent projects might not share (Chambers and Moris,
1973). Among these were the high fertility and
uniformity of volcanic soils, surplus water at the
required season, topography suited to gravity fed
supply, an absence of claimants already settled in the
area, a lack of either salinity or serious disease
problems, a crop subject to controlled prices, and
surplus nearby populations willing to accept the
scheme's rigid system. An added advantage in the early
years was that the NIB promoted its own staff as the
expatriates left. (Later its top staff were nominated
wi thout regard to i rri gat ion experi ence, a tremendous
handicap in such a specialized organization.) While the
NIB's schemes have not recovered their operating costs
(with Mwea's tenants subsidizing the others in many
years), their record has been comparatively good when
compared against other Kenyan projects or similar
projects elsewhere in sub-Saharan Africa. (See Table 27
overleaf giving the NIB's estimates of farm incomes on
its schemes.) Furthermore, although the NIB is 20 years
old it has been relatively cautious in adding staff
(Table 28).

However, the NIB is on 1y one out of severa 1
agencies which have been promoting irrigation
development wi thi n Kenya. After earl i er droughts,
UNDP/FAO engineers became involved in assisting several
small PVO schemes in northern Kenya (reviewed in chapter
six) • The program was at fi rst ca 11 ed the "Mi nor
Irrigation Project" and later renamed the Arid Region
Irrigation Development (ARID). For ease of operational
support, the small field perimeters were grouped into
five c1usters--for Turkana, Mandera, Isio10, Garissa,
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TASLE 21
ESTIMATED FARM INCOMES O~ ~IB SCHEMES

Gross Aeturn/ha Kl Net Return/Fa~~~ KL
19Q1/82 1982/83 1981/~2 1982/83

I'hfea 576 616 554 567
Ahero 254 360 220 256
west Kana 343 192 225 214
Bunyala 603 138 511 669
Perkarra 810 1.318 185 352
Hola 395 356 21? 186
Bura ,\09 16~

_..._------ ---------------
Mean 434 52() 425 416_. --------
~: Blackie. Hungwe and Rukuni (19~4:35). based on NIB

staff interviews.

TABLE 28

TOTAL NIB STAFF (as of June 19B3)

Head Office
Bura

Total

Senior

35
11

90

Junior

36
73

505

SUDordinate

19
11

445

TOTAL

90

90

1.040

Source: 8lackie. Hungwe and Rukuni (19~4:35). based on NIB
staff interviews.

and Tana--each with a cluster manager. Bringing in heavy
equipment and salaried staff to rebuild small schemes in
a dry envi ronment was, in retrospect, a mi stake; and in
1980 FAO handed its projects over to the Mini stry of
Agriculture (see Kortenhorst 1980, 1983; and Hogg,
1983). In Turkana, the Ministry of Energy and Regional
Development through its Turkana Rehabilitation Programme
(TRP) took over general supervision of the Turkana
cluster projects, with NORAD providing direct technical
help (Brown, 1980; Broche-Due and Storaas, 1983).

Meanwhile the Ministry of Agriculture obtained
Dutch assistance to begin its own "Small-Scale
Irrigation Unit" (SSIU) in 1977. The FAO/UNDP
withdrawal led to expanded Ministry support and the
creation of an Irrigation and Drainage Branch (lOB)
within the Ministry's Land Development Division. To
give more direct field assistance, the lOB operates
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through Provincial Irrigation Units (PIUs), which
report to the Ministry's Provincial Directors of
Agriculture but remain under the IDA on techica1
matters. At headquarters, the IDB has four specialized
sections (for training, hydraulics and design,
economics, and agronomy), while it intends to staff
each PIU with an administrator, ide~tification and
survey section, implementation section, and extension
and evaluation section. As it happens, with so many of
Kenya's smaller irrigation projects in trouble, the
IDB/P IU program has concentrated its i nt i a1 efforts on
scheme rehabil itation (Arao, 1986: 11-12). The
Ministry of Water also supports a few projects (such as
the Yatta Furrow) and gi ves some design assi stance on
request.

Basically, the scale of resources field projects
can expect depends more on the donor than on the
Ministry. The Lower Tana Village Village Irrigation
Program (LTVIP) has World Bank financing and Dutch
technical assistance; the Turkana Cluster enjoys NORAD
support; the former Isio10 cluster (now termed the Waso
Ng1ro Irrigation Cluster, or ENIC) seeks EEC help, the
Garissa Irrigation Development Program (GIDP) has been
promised $1.2 million (US) of DANIDA support, while the
Muka Mukuu and Mi tungu Irri gat i on Schemes in Eastern
Province enjoy West German assistance. As of 1984, the
rna i n support to IDP headquarters came from the Dutch
through provision of six expatriate staff (B1ackie,
Hungwe and Rukuni, 1984:30-31).

Fi na1l y, there are the overarchi ng ri ver
development authori ties whi ch report to the Offi ce of
the President. The earliest established (in 1974) was
the Tana and Athi River Development Authority (TARDA),
with its headquarters in Nairobi; followed by the Lake
Basin Development Authority (LBDA) in Kisumu and more
recently the Kerio Valley Development Authority (KVDA)
in E1doret. The Bura West project comes under TARDA,
which helped to coordinate planning and project
preparat i on but not imp1ementat i on (entrusted to the
NIB). However, there are signs that individual river
development authorities may become implementing
agenc i es on some of the proj ects now on the drawi ng
boards. In the 1i ght of the Bu ra experi ence, perhaps
they should instead pay more attention to project
monitoring.
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Bura Scheme 1i es on p1 ai ns adj acent to the lower
Tana River in a remote, hot part of eastern Kenya some
380 km by road from Mombasa and 425 km from Nai robi
(Figure 8). The area receives on average between 400
500 mm of rainfall each year. Prior to development it
held some 21,000 people, about 15,000 consisting of
Ma1akote agriculturalists (sometimes termed IIPokomos ll

)

living in the riverine forests along the Tana River,
and perhaps 6,000 Orma semi-nomadic pastora1ists.
There was virtually no infrastructure aside from a
seasonal track running southwards 50 km to the
di stri ct headquarters at Ho1 a or northwards 80 km to
Gari ssa, the nearest town. A major flood of the Tana
in 1962 caused most of the farmers to move to the
Tana's east bank, but subsequent 'Shifta ' problems
between Kenya and Somalia brought some of them back in
the mid - 1970s (Va i ni 0 - Ma t til a, 1987: 28 - 29) • To
outsiders, the open bushland probably seemed virtually
"empty. II

The Bura Scheme (planned for 6,700 hal was to have
been the fi rst phase of a much 1arger development,
with Phase II encompassing 5,500 ha (also on the Tana
River's west bank), and a further 25,000 ha proposed
for eventual development on the east bank (Vainio
Mattila, 1987). For reasons outlined below, only 3,900
ha have been actually completed, and Bura West has
become known throughout Kenya as an especially
problematic project. However, it should be noted that
the technical difficulties faced at Bura are typical of
those encountered on many, similar projects. For
irrigation planners, Bura's troubled history merits
close attention.

The rationale for establishing large-scale
irrigation at Bura was both technical and political.
As early as 1948, the colonial government had suggested
two 40,000 ha irrigation schemes might be developed
somewhere along the Tana, and in subsequent studies it
was proposed that a Tana River Irrigation Authority

lSi nee most of the sources on Bura are restricted
Wor1 d Bank documents, thi sease is heavi ly based upon
Gitonga (1985) and Vainio-Matti1a (1987). Other
published sources include Ruigu et a1. (1984), Bahemuka
(1983), Hughes (1984), Vainio-Mattila (1985), and
Republic of Kenya (1985).
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FIGURE 9

LOCATION OF KENYA'S BURA SCHEME
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should be established to manage some 100,000 to 120,000
ha of potentially irrigable land. Kenya's large
upstream investment in five major dams made downstream
irrigation more attractive by bringing much of the Tana
Ri ver' s annual flood under control. The Bura West
Project was seen as the fi rst stage for a much 1arger
irrigation complex which could repay the high
investment costs requi red in developing such an
isolated area. Politically, it was hoped that
irrigated production would absorb landless families
from the overpopulated highlands far to the west.
Sett1ement of the scheme woul d increase the central
government's control in an area occasionally sUbject to
"Shifta" attacks. The official objectives were to
settle landless families, to increase production of
food and cotton, to save foreign exchange, and to
stimulate regional development by "reclaiming"
underuti1ized, semiarid lands (Ruigu, et al. 1984).

Planning. From the very start, the main issues were
whether Bura's soils had sufficient potential to merit
large-scale development, and whether a production
system could be devised which would repay the high
costs of establishing a major settlement Ilfrom scratch"
so far from markets. The investigation of the initial
colonial proposals jUdged in 1949 that the two schemes
would be uneconomic on both counts. Nevertheless, the
colonial government proceeded to establish an irrigated
rice project on the east bank of the Tana near Hola in
1953, but abandoned the project four years 1ater. In
1956-57, it started the Hola Pilot Irrigation Scheme.
Hola had been built as a detention camp for Mau Mau
insurgents, and detai nee 1abor was used to construct
the first 200 ha (since expanded to 870 hal.

Shortly before independence, the Kenya Government
sought UNDP/FAO assistance in carrying out further
exploratory studies on the Tana basin. FAO brought
ILACO (International Land Development Consultants of
the Netherlands) and Acres International of Canada into
a joint survey team which began work in mid-1963. The
eventual ILACO/ACRES report, when released in 1967,
judged irrigation on the lower Tana as having marginal
viability, but concluded the stabilized flow regime
from upstream dams cou1 d support i rri gati on of some
100,000-120,000 ha (the area needed to achieve a 10
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percent economic rate of return). This report is said
to have called for the rehabilitation of the Ho1a
scheme and for creation of a Tana I~rigation Authority
(Gitonga, 1985:2-5). The disappointing results
concerni ng i rri gat i on potent i ali n the lower Tana 1ed
the Netherlands government to indicate it would only
finance further studies in the upper Tana basin, again
undertaken by ILACO in 1970-71. Two feasibi1 ity·
studies were then carried out, one at Masinga far
upstream and the other, the fi rst at Bura itse1 f.
This initial 1973 ILACO study envisioned a scheme of
4,000 ha based on cotton and groundnuts, with 3,000
settlers on 1.2 ha plots, and an investment cost of K
shs. 23,850 per ha, or 52 million K shs. overall
(Vainio-Mattila, 1987:35). On its part, the Kenya
Government proceeded to create the Tana Ri ver
Development Authority in 1974 (subsequently broadened
to include the Athi River). Netherlands agreed it
would finance further work only if donors were
identified for the main project, leading to an approach
to the World Bank and other potential funders.

A subsequent 1975 ILACO feasibility study raised
the size of the proposed scheme to 14,000 ha. The
World Bank's reservations about soil suitability led it
to request further work by the Kenya Soil su rvey. It
was decided the Project should be broken into two
phases, since there was as yet insufficient information
about the potential of soils east of the Tana. While
this compromise allowed Project preparation to proceed
in 1976, the Bank called for an independent review of
ILACQ's plans for the project (a bid awarded to Sir M.
MacDonald and Partners and two associated firms in
December of 1976). Meanwhile, there were intensive
negot i at ions wi th donors in Pa ri s (November 1976) and
London (March 1977), culminating in the necessary loan
credit agreements signed in June of 1977 (National
Irrigation Board Annual Report, 1976-77). While the
World Bank's "grey cover" appraisal report was
submitted in May of 1977, the loan agreements were
signed before the consultants' project planning report
specifying how the scheme was to be developed had been
received.

Whi 1e the MacDonald's report agreed on the 6,700
ha si ze for phase one, it proposed the wei r to serve
Bura West be replaced by a dam to serve both banks once
the necessary survey work on Bura East was comp1 ete.
In the interim, a "temporary" pumpi ng station woul d be
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installed at the head of a 42 km supply canal until the
main dam was built. It also proposed that the raised
aqueducts whi ch were to have carri ed the mai n canal
over seasonal drainages (or 1I1 agas ll) should be replaced
by more expensi ve inverted si phons. Gitonga suggests
that despite the reduced si ze of phase one and these
increased costs, a 13 percent economi c rate of return
obtained by ILACO when assuming a 14,000 ha scheme was
retained (1985:40).

All in all, these changes are said to have raised
construction costs by 22 percent over what was the
World Bank's own estimate for phase one. Seven donors
agreed to cooperate in financing the 98.4 million
dollar project. The Bank's contribution at $34
million was almost three times that of the next largest
donor other than the Kenya Government itsel f (which
pledged $20.6 million). Approval was received in time
to begi n work in December of 1978, al though one donor
(the CDC) eventually withdrew, and the plans for phase
two remained incomplete. Thus, in 1978, MacDonalds was
again engaged by the NIB to complete the design work
and to supervise construction. By the time work at
site began in early 1979, project costs had increased
65 percent in real terms but no additional funding had
been secured (Gitonga, 1985:12-14).

Implementation. On the NIB's earlier schemes, most of
the developmental work was done internally and directly
supervised from the NIB's Nairobi office. Bura was a
larger and far more complex project, involving multiple
donors and consul tants wi th confl i ct i ng interests and
advice. It was also an unusual situation in that work
was begun before designs had been finalized and despite
continuing uncertainty over the 1inked Bura East
developments. The changes called for in the project
planning report, and the NIB's own unfamiliarity in
managing such a distant and complex project, were
responsible for the loss of a year before actual field
implementation began. By the end of 1978, just two
contracts out of the more than 20 required to make the
Scheme operational had been let (NIB Annual Report and
Accounts 1978-1979). By the end of June 1980, only the
temporary domestlc water supply for the rural center
and the airstrip were complete. Some of the delays
arose from a IImisunderstanding" between the NIB and its
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major donor. For example, work on the Scheme's staff
houses and its buildings did not start until May of
1980 (NIB Annual Reports and Accounts 1979-1980).
Others concerned unavoidable conditions at the site
itsel f. In both 1978 and 1979, the Bura area
experienced unusually heavy rains, delaying the
completion of field surveys and the onset of
construction. Bura had been scheduled to put the first
480 ha under cotton in March-April of 1981. It is
quite remarkabl e that the fi rst tenants' crops were
planted within six months of the target date, but they
did so within an essentially incomplete scheme.

To manage Bura, the NIB envisioned two units
additional to its own internal structures. For
developmental aspects, a Bura Project Coordinator's
Office was set up within the NIB to liaise with other
ministries and the funders. Operational aspects were
to be left to the NIB itself, but it was anticipated an
external management team would be required at site for
the first five or six years, being understudied by
Kenyan counterpa rts. Under a Proj ect Manager and hi s
deputy would come an Agricultural Manager, Project
Engineer, Workshop Foreman, and Administrative Officer.
Reporting to the Agricultural Manager would be five
i rri gat ion offi cers, one for each corrunand; under them
would come a technical assistant and several field
assistants to be the main extension link to farmers
(Gitonga, 1985:25).

Recruitment. Going back to its origins at the Mwea
Settlement (Chambers and Moris, 1973), the NIB's system
has emphasized having clear criteria to guide the
selection of tenants. (Kenya's overpopulation insures
a ready supply of app1i cants. ) Those recru i ted are
supposed to meet the following criteria (Vainio
Mattila, 1987:37):

- They should be landless, and either
unemployed or earni ng far below the
average for their home area;

- The head of the househol d shoul d be
between 25-45 years old;

- The prospective tenant should have
previous farming experience;
Neither the tenant nor his family should
have demonstrated adverse social habits;
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- The tenant and family should be
physically fit; and

- The household should contain the
equivalent of four adult labor units.

It is NIB practice that those dispossessed to make room
for an i rri gat i on scheme shoul d get pri ori ty in
selection if they also meet the other criteria.
Incoming tenants receive a one year lease, renewable
annually for as long as they maintain acceptable
performance (Gitonga, 1985:17). While the incoming
tenant must nomi nate an hei r, problems can ari se if he
dies young leaving a wife and small children who may not
qualify as the official heirs. As Vainio-Mattila
observes (1987:51): "Women, especially, feel left out as
the households are regarded in terms of men only."

Actual details of recruitment are organized by the
NIB's Settlement Officer, who helps set up selection
committees in each district (chaired by the District
Commissioner) and who instructs them concerning
recrui tment cri teri a. For Bura, recrui tment was done
nationally so that the new scheme contains people from
all provinces and many districts throughout Kenya. The
first 320 tenants arrived at Bura in August of 1981; by
the 1982 cotton season, there were 800 tenants in place
(Gitonga, 1985:27-28). The most immediate problem they
faced was obtaining housing. Customarily, in NIB
schemes the heads of household come in advance to a site
and join a builders' brigade, which builds houses in
t urn for all its members under the supe r vis i on of
skilled NIB workmen. At Bura, it \'1as not to be so
simple. Building materials could not be obtained
locally. Timber came from the highlands over 300 km
away; stone from Mombasa, 150 km away; and even building
poles had to come from Lamu, also on the coast (Gitonga,
1985:39). With poor roads, Bura suffered from long
delays in building and escalating costs. The Scheme's
own "Bura Building Force" (or BBF) fell so far behind
schedule it was eventually disbanded and the task turned
over to a private contractor. By then more tenants were
arri vi ng and the work had to be rushed. Houses whi ch
had been budgeted in 1976 at between 4-6,000 K shs. cost
as much as 32,000 shillings each by 1983, "raising
seri ous doubts whether the tenant farmer wi 11 ever by
able to pay for his house" (Gitonga, 1985:20). Even
worse, because of shoddy construction, a substantial
proportion of the houses provided for tenants under loan



304

financing sUbsequently collapsed. In village 1, settled
in 1982, out of 160 plots, 54 have collapsed houses; in
village 3, there are 44 collapsed out of 172 plots; and
in village 6, more than half out of 140 plots (Vainio
Mattila, 1987:135-145).

Production. The main crop from which costs are
recovered by the Scheme is cotton, grown once in each
year on tenants' two .625 ha plots at slightly different
times so the planting and harvest periods will not
entirely coincide. The Scheme takes the responsibility
for land preparation, either using its own tractors or
relying upon subcontractors, with the costs being
deducted from the cotton payout. After harvest in the
"short rai ns" tenants grow rnai ze for thei r food supply
on one plot, but leave their second, later plot "fallow"
during December-January. This can be described as a
cotton-maize/cotton-fallow rotation in alternative
years, but in actual fact because cotton stays in the
ground for six months and time is lost to planting and
harvesting, the land is never really rested for any
extended period. 1

Irrigation is achieved at the field level by
siphoning out of furrows, with a cotton crop requiring
nine irrigations and three weedings in the season.
Fertil i zer is appl i.ed once. Irrunedi ately after cotton
harvest, tenants are supposed to uproot and then burn
the cotton stalks. Aerial sprayings of pesticide within
each season are arranged by the Scheme management. At
harvest, tenants receive a 10 percent picking advance on
the money they wi 11 obtai n eventua11 y per kg of cotton
sold to the Board. The picking advances are paid
weekly, and while they last farmers can pay their labor,
buy fi rewood, eat meat, and even repay debts. The
balance comes in one lump sum, ideally in December, but
in 1986 not received until April. A tenant's production
costs in 1985 were estimated to be over 9,000 K shs. not
including labor, split between fertilizers (5 bags
totaling 2,122 shs.), water charges (1,000 shs per crop,
totaling 3,000 shs.), and aerial spraying for cotton

Iperhaps accounting for the rapid decline in cotton
yields within the older, Bura command. The experience
at Gezi ra where yi e1ds were very low until a longer
fallow period was adopted might be relevant.
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(2,000 shs. per crop, totaling 4,000 shs.). Average
"profits" after deduction for these costs were according
to the Scheme's 1984-85 Annual Report, some 3,791 shs.
in the Bura command and 7,942 shs. in the Chewele
command (Vanio-Matilla, 1987:49-50). Actual disposable
income would be substantially lower in many instances;
perhaps two-thirds of tenants hire labor at certain
periods (72 percent according to Ruigu et al., 1984).

In fact, serious operational difficulties have been
encountered beyond what the above average fi gu res
indicate. It took three years for the NIB to award the
contract for the bul k of the Scheme's tractors. The
attempt to subcontract land preparation to private
operators resulted in many tenants' holdings being
pl anted between one and two months 1ate, causi ng
increased pest problems, lower yields, and interference
with tenants' vital food crops (Gitonga, 1985:29).
There have been frequent pump breakdowns and
intermittent fuel shortages. One visiting delegation in
early October of 1986, shortly before farmers' maize
should be planted, found only one of the Scheme's four
supply pumps was operational. 1 It was noted then that
"crop yield projections appeared to be significantly
higher than the probable yields of the standing crops
observed." In 1982-83, a drought brought about a
concentration of wild game along the river and
substant i a1 damage to tenants' rna i ze. Indeed, on a
scheme supposedly established to increase food security,
many tenants were being fed by their participation in
food-for-work f.amine relief. An evaluation team from
Nairobi's Institute for Development Studies (Ruigu et
al. 1984) found -that 43 percent of tenant families
received income inadequate to meet their basic needs.

Social Services. The coastal areas of Kenya are
notorious for having several types of malaria (including
in recent years chloroquine resistant strains). Many of
the new
recruits came from upland districts relatively free from
malaria, where social services were well establ ished.

1"Tana and Athi River Basins of Kenya: Lessons for
the Juba." Workshop on Juba Valley Development,
Jacaranda Hotel, Nairobi, October 4-5, 1986 (unpublished
draft report).
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Particularly during the hot December to February season,
they experienced a high incidence of malaria which
caused "many fata1ities" during the nearly three years
before the Scheme's health center opened (Gitonga,
1985:21)~ .The three most widespread health problems
continue to be malaria, malnutrition, and dysentery.
Malnutrition is most acute before the cotton harvest
when fami 1i es run out of money and thei r mai ze has not
yet ri pened. Dysentery remai ns a prob1 em because of
poor sanitation in the scheme and the lack of any place
where wastes can be deposited. However, the situation
in regard to health facilities has greatly improved, in
part through NGO acti ons. Today tenants have access to
the Scheme's own health center (staffed by a clinician,
five nurses and three nutritionists) as well as three
dispensaries run by the Catholics (Vainio-Matti1a,
1987:50).

Schooling, too, was delayed. The first primary
school was not opened until mid-1982, a year after the
first tenants arrived (Gitonga, 1985:22). Since
education is highly valued in Kenya, Bura's inadequacies
in compari son to up1 and areas must have increased the
reluctance of NIB staff to accept a Bura posting, and it
led some tenants to leave children and even their wives
back where they had come from. It is reckoned farmers
need between 3.5 and 4 1abor units at peak seasons to
operate their ho1ding--a requirement which increases if
the cotton is p1 anted 1ate so that vi ta.1 tasks over1 ap
in time. Asa consequence, older children on the Scheme
are pressed into performing light agricultural work and
doi ng many househo1 d tasks, such as chil dcari ng,
firewood collection, and stove minding (Vainio-Matti1a,
1987 :68). Even though the primary school s are crowded,
absenteeism is high at some seasons. For junior and
salaried staff, the lack of a secondary school was a
further strong disincentive to making Bura a permanent
home.

In Kenya today, the political leadership actively
discourages ethnicity. At Bura, lithe basic idea is that
all are tenants and now belong to Bura" (Vainio-Matti1a,
1987:104). The improved stove project with which
Vainio-Mattila was associated found that ethnic ties had
an important but comp1 ex i nf1 uence over success. By
deliberate policy, all of Bura's villages have mixed
ethni c membershi p, but in some vill ages one group
predomi nates whi 1e in other mernbershi pis spread more
evenly over many groups. Where a village has a single
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majority group, its leaders· usually represent that group
and others have little opportunity to participate.
However, thi s makes it easi er to organi ze group
activities. Villages with a more even distribution
between ethnic groups proved more difficult to organize.
Either a more truly cooperative situation eventually
emerged, or there was a breakdown of corrmon effort IIi n
which all groups are out for themse1ves ll (Vainio
Mattila, 1987:105).

Sometimes ethnic ties are re"inforced by religious
affiliation. The local people who are incorporated in
varyi ng proportion into di fferent vi 11 ages are mostly
Muslim. There are two established mosques, but numerous
small churches in almost every village. Of the seven
functioning women's groups, five are directly connected
wi th the Catho1i c Mi ss ion. These groups carryon a
range of activities, from dress-making to literacy
classes. Official opinion has been that to promote
cohesi on each vi 11 age shou1 d have only one recogni zed
women's group. (In fact, on one vi 11 age there is a
cross-cultural group participated in by both the
Christian and Muslim women.) It was found in the stove
project that sometimes havi ng thi s focus caused more
women to join a given group, leading to an eventual
split along ethnic lines (Vainio-Matti1a 1987:106).
Women also have their own, spontaneously formed working
groups, usually with only four or five members.

From the above details, one can surmise that Bura's
women have not found life in the Scheme's villages
either pleasant or rewarding. It is especially
unfortunate that such small housep10ts were adopted, a
carryover from the NIB's older schemes (which mostly lie
in high density areas). At Bura there was ample room
for a less concentrated settlement pattern, and, in any
case, the infrastructure for a larger scheme was already
largely in place. Twenty years ago at the NIB's Mwea
Irrigation Settlement it was found that for women access
to their own gardens and an adequate housep10t was
vitally important to family welfare (Chambers and Moris,
1973) • It was recorrmended then that the IIMwea System"
should not be carried over, unmodified onto future NIB
projects (Moris in Chambers and Moris, 1973).
Unfortunately, this present account is based on the few
sources which have been released into pub1 ic
circulation. Within Kenya, one hears of highly critical
field evaluations and consultant's reports, which are
reputed to have been especially concerned about the
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situation faced by Bura's women in the early years. As
Vainio-Mattila points out, most of the non-agricultural
work required to maintain tenants is carried out by
women, and they also make a major contribution within
the agricultural labor force (1987:69).

Scheme Management. How Bura should be managed has been
a continuing point of friction between all the parties
involved. In the last two years· (1985-86), the Scheme
has had three different managerial structures, the third
of which was instituted at presidential directive after
a surprise visit to Bura on 20 January 1986 (Vainio
Mattila, 1987:45). Under the first structure (following
usual NIB practice), a Project Manager was stationed at
Bura but reported to the NIB in Nairobi. The funders
were represented in Nairobi through the Bura
Coordinator's office, with links also to the external
project and agricultural management consultants--all
coming under the NIB, though the project consultants and
the contractors were of necessity al so represented on
site at Bura. On local matters not involving money
(such as disputes over plots or houses), decision-making
seems to have been adequate. But on any matter
requiring NIB approval, there were difficulties:

This is because the NIB is a highly
central i zed organ, with all day-to-day
decision-making deferred to the General
Manager, and policy-making to the Board •••• In
Bu ra it meant long delays even in pu rchas i ng
spare parts and other qui te mi nor thi ngs; to
the World Bank it meant diminished capacity to
manage, not only Bura but the other schemes as
well. (Vainio-Matilla, 1987:41)

The World Bank's mid-term evaluation of Bura was
highly critical of the way Bura had been managed. The
Scheme was runni ng two years behi nd schedul e, and the
funds originally allocated had all been spent. As a
condition for continuation of World Bank financing, it
was insisted that Bura shoul d be managed in future from
site, with assistance from a World Bank management team
which operated under the general guidance of a steering
commi ttee composed of promi nent Kenya.ns (mostly located
in Nairobi). To ensure complete decentralization, the
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Bura Coordinator's Offi cewas c directed to move to the
site as well, and eventually the scheme was taken out
from under the NIB to become an autonomous parastata1 ,
the Bura Irrigation and Settlement Project (BISP),
responsible directly to the Ministry of Agriculture and
Livestock Development. These changes took effect in
June of 1985. By the end of the year, three of the
Bank's management team had arrived at Bura (an
accountant, a mechanical engineer, and an irrigation
engineer), but the engi neers did not have counterparts
and the manager was reported as having been away much of
the time. The engineers "ended up taking responsibility
for everyday running" while the accountants were left to
sort out tenants' problems (Vainio-Matti1a, 1987:45).

It can be argued that Bura' s manageri a1 problems
were in considerable degree generated by the situation
itself. First, Bura was the NIB's most remote project,
requiring air charters for even routine visits. The
communication difficulties made overt the costs which
the NIB's paternalistic style of management entailed.
Second, there were bound to be serious tensions when the
construction schedule (supervised from Nai rObi) sl ipped
a year and then two years behind, while at the same time
tenants began to arri ve and product i on at site had to
begin. Third, the NIB undoubtedly underestimated the
managerial time required when dealing with external
consultants and a paternalistic donor in finalizing the
numerous subcontracts Bura's physical development
requi red. Because of its remoteness and thei r
experience of the adverse 1979 season, contractors
became reluctant to tender for work at Bura, inc reas i ng
costs and delays further. Fourth, the unattractivenss
of life at site which depressed tenant morale also
effected managerial staff, for whom the relative
depri vat i on was even greater. Wi th the changeover in
Bura's status to an autonomous parastata1, staff feared
they wou1 d become trapped permanently at Bu ra for the
whole of their careers--a truly daunting prospect
(Vainio-Matti1a, 1987:45). Fifth, in this instance, the
NIB was dealing with a donor which also tries to control
its field projects from a great distance while meddling
in operational detail s. Bank-imposed decisions greatly
increased management's difficulties. Sixth, the crop
hand1 ing parastata1 had its own, major problems, which
in the Bura context, 1eft the scheme management
appearing to be at fault when there were intolerable
de1ays in payi ng tenants for thei r crops. And, 1ast1y,
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the Kenya Government compounded all these difficulties
by viewing managerial positions as a fonn of political
patronage. Bura would have been difficult to govern
effectively even under very experienced direction: it

.was an impossible assignment for those not already
experienced in irrigation.

The m0 s t r e c e nt man age ria 1 s t r uc t ur e i s a
complicated one. The Project Manager must deal with a
steering committee (still mostly in Nairobi), a
management committee (with the Provincial Commissioner
as its head), and hi s own management team. The
increased role of the provincial and district
administration is also evident at the local level,
where in October of 1986 the scheme's own tenant
committees were merged into the general
administration's village committees (Vainio-Mattila,
1987:101). Another major change in 1986 was the
withdrawal of the Worl d Bank "from further i nvol vement
in the Bura Scheme" (vainio-Mattila, 1987:47).

Overall Perfonnance. It is important when reviewing
Bura IS exper; ence to acknowl edge that the Scheme woul d
have encountered serious operational difficulties even
if it had el1j oyed excell ent management and hi ghl y
committed support from the NIB. Arguments to support
this conclusion are as follows:

First, at its reduced size of 3,900 ha with 3,000
tenants, even with good yields the project will incur
annual operation deficits of around K shs. 38 million
on its agricultural operations, plus a further 7
million for its social services (Gitonga, 1985:34).
Tenant incomes are already lower than the Scheme's
somewhat optimistic budgets assume, so there is no
scope for increasing service charges to reduce the
deficit.

Second, the Scheme I s dependence on an unre1i ab1e
pumping station located far from its main operational
base makes it subject to breakdowns and del ays which
immediately and directly depress output. While a
gravity fed system (as initially designed by ILACO)
might have been more expensive, it would not have left
the Scheme so vulnerable to supply disruptions.

Third, at Bura (as in the NIB's projects
generally) timely planting, which is required for good
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yi el ds, depends upon a synchronized movement of
tractors throughout the scheme area. As at Mwea
(Chambers and Mori s, 1973), it is thi s aspect rather
than water delivery per se which imposes severe
schedul ing stress upon the managerial system. In an
area with "black cotton" clay soils and poor roads, it
becomes very difficult to work the land when heavy
rainfall is experienced. At such sites, timely
centralized land preparation will always be
problematic.

Fourth, Bura has suffered from the weak
performance of other agencies--public and private-
within its immediate environment. The Ministry of
Health's delay in providing medical services for
tenants and the Cotton Board's failure to pay farmers
are two examples, but Bura has al so received very poor
service from some private contractors.

Fifth, the system of deducting costs irrespective
of the quality of performance leaves tenants to absorb
the losses when delays occur. We have argued that
tenant households at Bura had no cushion to carry them
over if yields were greatly below expectation or
payments delayed.
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Socioeconomic Issues

Because the creation of a water deli very system
usually precedes the organization of farmers within any
of the larger irrigation schemes, and because of a
mutual 1ack of understandi ng of each other' s
disciplines, neither engineers nor social scientists
have a clear idea how the technical and social systems
interface within an ongoing irrigation system. Here the
word system is central, since it implies that the
structure of activities encompasses both natural and
human subcomponents. The points where some coordination
is necessary between the technical and socioeconomic
aspects of irrigation include:

- How 1and and water ri ghts are acqui red
and allocated;

- The phys i ca1 des i gn of a system in
relation to existing land use;

- Any activity where farmers
participate in the planning and
construction of the system;

- The timing of water releases, and thus of
farmers' labor input;

- Constraints on irrigation generated by
farmers' preferences and other
enterprises;

- Arrangements for any common serv ices
provided by the scheme, e.g., puddling of
fields or transport;

- Systems for conflict resolution linked to
water management;

- Any maintenance contributed by farmers;
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- Organization of crop marketing if done
jointly;

- Repayment by farmers of scheme costs and
operating charges;

- Backward and forward 1i nkages generated
by irrigation on the larger economic and
social system; and
Increased health costs associated with
irrigation.

It can be seen that these poi nts of interface between
the techni cal aspects and farmers' well-bei ng cross-cut
the agronomic, economic and social domains. The.
complexity is such that neither the technical nor "tile
SOCloeconomlC aspects can take automatic priority. For
purposes of discussion, we deal in this chapter with the
main farm level issues before returning in Chapter Eight
to the larger issue of scheme and project-level
economics.

Two observations can serve to introduce the topics
highlighted in this chapter. First, irrigation
technol ogi es di ffer greatl yin what is expected from
farmers and in the demands they impose on the economic
system. Surface irrigation based on canals and flood
basins will require far more modification of the
physical environment than, say, a pressurized system
empl oyi ng portabl e pi pi ng and overhead spri nkl ers.
Capable field engineers can usually provide water for
crops in several ways, some requiring major changes in
farmers' lives, but others not (Keller, 1985).

There is no intrinsic reason why social factors
cannot be considered when choosing an irrigation
technology--though, admittedly, this is unlikely to
happen if the social dimension is left until after
physical works are already constructed. Negative social
costs associated with given irrigation technologies
often may not emerge into full vi ew for a number of
years, long after designers have moved on to other
projects. We argue it is important for water
specialists to understand the social implications of
technology choice from the very beginning of project
design. Otherwise, the sequential nature of the project
cyc.le has the effect of leaving social considerations
until the end, when it is too late to modify the major
decisions.

Second, the popularity of small-scale pump
irrigation systems (res.ponsible for their rapid spread

John M
Text Box
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throughout the Sahel) is because such systems make
minimal demands on the farm household. A farmer buying
a small pump to replace the traditional shaduf retains·
almost complete control over its use, subject only to
fuel availability and access to repairs. The process of
technology adoption is here much like that found on an
J'meri can farm, except that the scale is an order of
magni tude sma11 er. When these independent farmers buy
thei r own fuel, they are in effect payi ng a "wa ter
users'charge."

At the other extreme, a tenant who takes up an
irrigation plot within one of Africa's larger schemes
must usually accept many controls: farmers' residence,
inheritance, use of water, choice of crops, planting of
trees, keepi ng of 1i vestock, marketi ng of crops, and
even (in some instances) permission to use modern
transport. It is little wonder that African irrigators
somet imes view themsel ves as government workers,
carrying out elaborate instructions for the privilege of
becoming sharecroppers.

Several features of indigenous African
socioeconomic organization complicate farmers' response
to modern irrigation technologies. First, there is the
constraint imposed by the tiny size, mixed cropping and
non-contiguous pattern of many farmers' fields.
Physi cally thi s makes the desi gn of a common system
difficult; economically it means farmers have
i nsuffi c i ent cash flow to support maj or capi tal
investments on their land. Second, over much of Africa
a woman and her children constitute the basic food
producing unit. Addition of an irrigated plot as a
speculative investment by a husband does not necessarily
guarantee the family 1abor it requi res (here note that
both rice and cotton are very labor-intensive), nor will
it automatically benefit other members of the household.
Third, the small-scale, incidental nature of traditional
irrigation caused it to be viewed as a hedge against
famine, but not as a person's primary farm investment.
Fourth, until now most yield increases in Africa have
occurred because of expansion into new lands rather than
intensification within existing production.
Specialized, mono-crop farming of the kind in
traditional Asian "wet rice" communities has been rare
in the Afri can setting. And fi fth, wi thi n the dri er
lands where irrigation is often proposed, it competes
with livestock and trading enterprises for a farmer's
capital. Depending on how it is planned, irrigation can
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hinder or support the keeping of livestock (FAO, 1983).
Let us examine these aspects in greater detail, since
they explain in part the disappointing performance of
irrigation technologies in the continent.

Farmers' Production Strategies

Most American irrigation specialists are accustomed
to d situation characterized by demand-led technology
diffusion. The choice of application technology is left
to the operator, whose holdings are often extensive and
wh 0 se farm 0 pe rat ion s are 1argel y mechan i zed. A
beginning insight for understanding how African
irrigation differs is to realize that the technology is
not spreading because of farmers' demand. Indeed,
African farmers' own preferences differ diametrically
from the premises underlying adoption of irrigation.
The differences can be represented schematically as
follows:

Farmers' Own
Strategies

Irrigation as a
Production Strategy

Subsistence orientation
Replant own seed
Staggered planting of

multi-crops
Yield increase by expansion
Minimize use of purchased

inputs
Invest profits in animals
Exploit different

environments
Diversity to reduce risks

Commercial orientation
Purchase seed
Uniform planting

of mono-crop
Yield increase by

intensification
Maximize yields by

high input use
Invest profits in equipment
Concentrate on one

environment
Specialize to reduce risks

Of course, not all farmers adopt the strategies 1isted
above, just as irrigation need not involve high input
use or the exclusion of livestock enterprises (though,
in fact, both features are part of the usual pattern for
"official" irrigation schemes).

Farmers I own preferences shoul d not be vi ewed as
"conservatism," an irrational holdover from out-moded
ways of farming. There are a number of field stUdies of
individual farming systems which show that traditional
strategies generally give far higher returns to hours of
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labor input, usually by a factor of three or more in
comparison to recol11l1ended "modern" technical packages
(Alverson, 1984; Gathee, 1982; Glaeser, 1984).

Under conditions of high risk (either of moisture
deficits, insect attack, price uncertainties or poor
institutional support from input supp1 iers), it simply
does not pay to specialize in enterprises which require
a high level of purchased inputs. Ironically, this
restriction is especially applicable to irrigation under
the usual circumstances of unreliable water delivery and
unpredictable input supply. For example, farmers
observed near Jana1e on the lower Shebelli River in
Somalia (in mid-1984 at a time of severe drought) were
using basically rainfed farming strategies within their
irrigated plots. On close inquiry, it turned out that
seed germi nat i on rates were very low and farmers cou1 d
not obtai n fuel to run di ese1 pumpsets, even though
their crops were wilting in the field within sight of
the Shebelli River.

The above background exp1 ai ns the unexpected
finding that generally in Africa irrigation appears to
be a sideline rather than the main enterprise for most
farmers so engaged. Why this should be so is clearer if
we visualize the typical, gently rolling topography
found so wi de1y on the cont i nent. In add i t i on to II red
soi1" field crops (once millet and sorghum, now maize),
most households will also plant some "vall ey bottom"
crops like sweet potatoes, yams, and rice in the
depressional "b1ack soi1" areas. With high but variable
risks affecting all peasant farming enterprises, an
astute strategy TO"r the individual household is to
spread its commitments widely across different types of
enterprises. Field crops (almost always non-irrigated)
will be supplemented by goats, indigenous legumes, some
fruit and the semi-irrigated valley "garden" plots.
Farmers accustomed to this strategy will be willing to
apply for rice plots within larger schemes, but may
regard these cOl11l1itments as a hedge against disaster in
their other farming enterprises. Ironically, the one
category of farmers who must rely on irrigation-
1and1 ess immi grants recrui ted by the scheme agency
itse1f--are the very ones subjected to bureaucratic
controls which make their situation precarious.
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Calendar Interfacing

Until a farming system is fully mechanized, a farm
operator and 1abor force must be present for most of
each season (with the one exception in Africa being the
highly organized sugar schemes where the outgrowers'
role is reduced to holding a plot right and repaying
production costs at the season's end). Thus, scheduling
emerges as just as significant an aspect for farmers as
it is for the water delivery organization. Field
irrigation requires a synchronization of water delivery,
crop activities, and farm household activities. Within
each of these three Spheres certai n components are. in
turn linked outwards to other periodic or episodic
phenomena: fluctuations in water supply within the main
system, rainfall, availabil ity of inputs 1ike seed or
fertilizer, adequacy of the labor supply, transport and
storage of the crop and the routine maintenance
act i vi ties 0 f the farm h0 use hold. 0bvi 0 us1y, the
irrigation operator is still also a householder, with
separate obligations to family members, kinfolk and
neighbors. The term "cal endar interfacing" is meant,
then, to highlight the necessary synchronization of
schedules which must occur across these separate domains
of the total system.

Amoment's reflection indicates that in each domain
certain activities are highly time-bound and others are
not. Over the whole season there will be some dates and
events which occur irrespective of other activities,
some which have an element of flexibility (i.e., can be
shi fted backward or forward by a few days), and sti 11
others that are fully discretionary (e.g., when to weed
cana1s) • One cannot assume events in anyone doma in
wi 11 take automati c precedence over those in another
domain. Furthermore, while some key events can be
scheduled in advance, others cannot (e.g., the start of
the rains). A prominent feature of farming in Africa is
simply that for farmers and irrigation agencies alike,
the control that can be exercised over the timing of
key events and activities is substantially less than in
a-developed country. With higher levels of uncertainty
being experienced in each major domain of activity, the
necessary synchronization across domains becomes
extremely difficult to achieve.

This unpredictability occurs partly because in
Africa many river systems are not yet anywhere nearly
under controlled flow; farm operations are much less
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mechani zed (and the mechanical components have proven
quite unreliable); and the numbers of smallholders whose
activities must be synchroni zed are large. But it is
also a function of high levels of unreliability in the
economic and administrative support system, far beyond
what one sees in a developed nation.

With this background, let us briefly review some of
the main "calendar interfacing" problems in African
irrigation. One area of obvious disjuncture throughout
the continent arises when smaller rivers rapidly dry up.
For any run-of-the-river irrigation, supply problems
emerge just when plants most need water. Another common
discordance is that because of either a cloudy-cool
season at mid-year (in eastern Africa) or the occurrence
of drying winds (in the Sahel), the irrigated and
rai nfed croppi ng cyc1 es must over1 ape A thi rd probl em
derives from the absence of cattle in the farming system
at times when they mi ght be used for animal tracti on,
and their poor physiological state if they are present.
There are equally significant calendrical blockages in
the sociological and administrative realms. Two stand
out as being of special significance: financial
liquidity over the season (what economists term
fungibility); and interposition of major ritual
occaSlons wlthin the family's social calendar.

With regard to cash flow, we have noted several
times ion this report that the nature of irrigation is
such that often farmers and irrigation agencies require
continuing cash expenditure over the season. For
farmers, the need arises because irrigation is input
intensive and the inputs must be purchased; also, at
peak periods outside laborers must be paid. As a rule,
banking services are poor in the more remote areas of
Afri ca. Farmers have money to spend on1 y at the times
of the year when they have been paid for crops sold,
typically for only a short time and perhaps only on two
or three occasions in the year. The main exception is
farmers who own livestock which they can sell. The weak
institutionalization of credit mechanisms leaves farmers
unab1e to meet pressing cash demands from mi d-season
onward, just when fuel may be most needed to keep
irrigation pumps operating.

The same dilemma faces the local water user
association (if it exists). Dan Jenkins (personal
communication) tells of seeing the consternation of a
USAID auditor upon 1earni ng that operati ona1 funds for
Mali's Action B1e-Dire Project had been "invested ll in
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1i vestock by the vi 11 age 1eader entrusted to ho1 d the
money. However, we must see this from the participants'
standpoi nt. In the vi 11 ages bei ng served by the
irrigation pumps there were neither banks nor any secure
way of holding ready cash to pay for fuel deliveries and
mechani ca1 serv ices. The ownershi p of 1i vestock is a
matter of public knowledge' at the village level, and the
conversion of the project's operating funds into
livestock was probably the safest thing the village
elders could do under their immediate circumstances.

At the 1eve1 of the i rri gat i on agency, access to
banking services will not be a problem, but the
organization's, donor's and government's financial year
is. Throughout ex-Bri t ish Afri ca the genera1 rUl e is
that public agencies must close their books before the
end of the financial year, and--if they are under the
Ministry of Agricu1ture--perhaps even return all
revenues to the treasury while awaiting arrival of the
next year's funding. These two events, the shutting off
of expenditure for six weeks at the end of the financial
year and waiting for the release of fresh funding, are
very commonly encountered in African administration.
This issue is further complicated if the irrigation
agency must a1 so accommodate it's activities to a donor's
financial year.

In much the same way, farmers also experience times
when field activities are called to a halt because of
more pressing social obligations. If cooperation
between farmers is essential to operate the system, then
the c'ost to be paid is that farmers must remain
responsi ve to nei ghborhood opi ni on and to the
fulfillment of their social obligations. In rural
Afri ca the Is1ami c month of Ramadan wi 11 be one such
occasion. Being under injunction to neither eat nor
drink during daylight hours, a Muslim farmer at Ramadan
will find irrigation tasks especially odious. The farm
family may also exhaust its cash reserves because of the
nightly feasts. Other occasions which can severely
disrupt production schedules are, of course, births,
marri ages, and funerals. Tradi tiona 11 y, a death was
often followed by an extended period of mourning among a
person's close relatives, and even, in some
ci rcumstances, by di sbandi ng of the househo1 d. Whil e
such events pose no threat withi n an advanced economi c
system characteri zed by monthly sal ary payments, they
tend to be enormously upsetting within semi-subsistence
agricu1 ture where even a brief withdrawal of the 1abor



321

force can have dramatic production consequences. Also,
the rates of mortality and marital instability are often
high-rn-in African context.

In terms of the impact on the cropping activities,
untimely pregnancy or illness in the family can be
significant. Women play such a large role in African.
subsistence production--a topic addressed be10w--that
when for any reason they must wi thdraw from fi e1dwork,
product i on suffers immed i ate1y. A powerful, though
indirect, cost of irrigation is the time women must
spend tending ill family members; on Kenya's Mwea Scheme
in the late 1960s we found that 54 out of 99 households
claimed to have at least one member of the household who
was usually sick (Hanger and Moris, 1973). The
dependency on a wi fe's 1abor input has increased in
recent years as 01 der chil dren are withdrawn to attend
school.

The significant planning question is how calendar
interfacing can be achieved within operational
irrigation systems. Where one is looking at a fully
evolved system (such as Madagascar's Asian-style terrace
irrigation), the necessary'accommodations will have been
incorporated over severa1 generat ions. .. Customary"
practices will usually exist which either resolve or
minimize common scheduling conflicts. However, this
degree of institutionalization has not yet been reached
in Africa's medium- and large-scale systems, where the
technology is a recent introduction.

The second possi bi 1i ty is what we fi nd in Ameri ca
or in Australia, where a large-scale operator makes
timing decisions individually. Cross-domain
implications are automatically (though informally)
weighed because the individual is at the same time water
controller, farm manager, and household head. Probably
the person's previous experience is a critical
consideration. This structural solution is seen in
Africa at only two extremes: within very small, pump
operated systems owned by one farmer; or among the
immigrant, large-scale producers of Kenya and Zimbabwe.

The third solution is to install bureaucratic and
techni cal staff in charge of the water and agronomy
domains. On the surface this may seem to resolve the
need for systemic coordination. In fact, the people
appointed as staff in either the water del ivery
organi zation or the extension program will frequently
not come from an "irrigation background, and may not be
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from the local area. The disparity in power and
training is magnified if there are vast differences in
sca1e between peri meter management and farmi ng uni ts.
Staff w"i 11 not understand farmers I needs, and farmers
will have 1ittle opportunity to express thei r own
priorities. These stresses are likely to result in
frequent breakdowns of activity coordination, ill-.
considered technical decisions and alienation of
farmers.

The Labor Issue

We have noted above that involvement with irrigated
production usually requi res major changes in how the
farm labor force is employed: differences in the timing
of major operations; the hours when tasks are done; and
increases in the total labor input. Nevertheless, the
possi bil ity that 1abor constrai nts are a major factor
limiting output was in the past ignored. It was argued
that traditional farming gives low yields, and farmers
were thought to have few alternatives for the use of
family labor. In addition, there was sometimes an
implicit notion that by resorting to irrigation farmers
could extend the season when major operations were being
performed, making the new technology complementary
rather than competitive with existing production.
Provided the irrigated crop was efficiently produced, it
was. assumed that fami 1y 1abor woul d be forthcomi ng. In
project appraisal documents, it was commonplace to treat
labor as an unpriced, lIfreell input with zero opportunity
costs.

That these assumptions are all erroneous should
have been apparent long before noW:- Almost everywhere
in tropical Africa (except perhaps in respect of certain
root crops), there are very sharp seasonal bottl enecks
when househo 1d 1abo r becomes the 1i mi t i ng facto r
strongly constrai ni ng eventual yiel ds. The fi rst
bottleneck occurs in land preparation, which often
occurs at the hottest time of the year when both humans
and animals suffer from inadequate nutrition. The
second comes when crops must be weeded, since farmers
can easily plant more land than their household labor
force can keep cl ear of weeds. The thi rd (often
overlooked) bottleneck can occur when cereal crops must
be guarded from birds, a task usually left in Africa to
women and children, but nonetheless vital. And fourth,
shortages of harvest 1abor sometimes occur. The
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part i cu1 ar peri ods of peak 1abor demand whi ch farmers
experience will obviously vary from season to season and
farm to farm, depending upon each family's combination
of enterprises. 1

These labor bottlenecks derive in one way or
another from the strongly seasonal nature of Afri can
rainfed cultivation. The parts of Africa where
i rri gat ion is often gi ven pri ori ty tend to be those
subject to a very long dry season of perhaps six months
at a stretch. This means that all manual farming
operations are concentrated in the relatively short
period when moisture is surplus to potential
evaporation. Since traditional varieties (of sorghum,
millet and rice) were often relatively slow growing,
farmers are left ina quandary. In most cases, their
crops will give higher returns if planted early in the
season. And yet the soil (particularly in the clayey,
depressional areas) is difficult to work unt"il wetted,
and then everything must be done at once. The
competition for labor at planting and weeding becomes
severe, necessitating strategies for evening out the
1abor demands. Paradoxically, even though there are
extended periods when the farm labor force has little to
do, the avail abi 1ity of adequate 1abor still becomes a
critical factor at the times of key labor demand. Thus,
depending upon the season, the rural economy alternates
between long peri ods when 1abor is su rp1 us and short
periods when it is in sharp deficit.

There is abundant evidence to suggest that farmers
have adjusted their mixtures and timing of crop
operations to accommodate extreme seasonality.
Strategies widely seen include the addition of high
ca1ori e root crops, whi ch can be ignored at the peak
periods; investment in small stock, which children can
care for when adults are fully occupied; developing
valley-bottom (or "swamp") gardens where the growing
period is extended; and the interplanting of crops
crucial to household welfare.

10nly a few sources deal adequately with the labor
input. An especially useful discussion is contained in
Keller et a1. (1982:65-71), which can be supplemented by
general data on labor inputs into northern Nigerian
farming, contained in Norman et a1. (1982:93-129). Other
references include Arnou1d (1986), Cleave (1974), Clark
(1975), Hanger and Moris (1973) and Wallace (1981).
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Out of many examples, Dey's description of how
Soni nke women of Mauri tani a organi ze thei r 1abor must
suffice:

Before the start of the rains they plant
short-duration rice seeds in holes in the
1i ghter upland soils where weed i nfestat ion
is not a serious problem. The rice
germinates with the rains and gets
established before weeding is necessary. The
heavier clay soil s in the depressions which
flood during the rainy season are too hard to
be touched until they have been softened by
the first rains. Since weed growth is also
rapi d and strong wi th the rai ns, the women
hoe in the fi rst weeds and then broadcast
thei r med i um-to-l ong du rat ion ri ce seeds
which are harvested after the flood in the
depressions has receded. In between these
labor operations required by their rice, the
women insert the work needed on their own or
the household upland fields. (Dey, 1985:429
430).

The point is that in peasant farming, where people
are reluctant to use purchased inputs, the main
i ngred i ent into the farmi ng system other than 1and is
labor. Calculations of production costs in Nigeria, for
example, find that under traditional non-irrigated
condi ti ons, 1abor costs range from 65 to 93 percent of
total production costs (with a median of 89 percent).
Under improved, irrigated farming they decrease, but the
median value is still 77 percent (PRC, 1982). In
deriving farm budgets, then, how labor is priced will
have a very 1arge i nfl uence on the apparent
profi tabi 1i ty of the system. In the EEC' s study of
eleven African irrigation projects, the introduction
into apprai sal estimates of a shadow price for farm
labor of hal f the prevail ing market rate dramatically
lowered the economic internal rates of return. In the
case of the EIRR for Cameroon's SEMRY III project, which
was estimated to be 14 percent at the apprai sal stage,
the inclusion of labor costs in the above manner brings
the EIRR down to 8.3 percent (van Steekelenburg and
Zijlstra, 1985).

The addition of irrigated farming changes the labor
situation in a number of ways. The most obvious impact
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is to greatly increase the demand for labor, depending
upon the choice of crop and the overlap in field
operat ions. Here, unfortunate 1y, we encounter a wi de
range in estimates of crop labor need. For example, the
1abor input requi red to grow a hectare of ri ce under
flood basin conditions in USAIDls small-scale Bakel
perimeters were estimated variously by successive
consul tants at 249, 322, and 645 man-days (Ke11 er et
a1., 1982). The team reporting these figures derived
thei r own best guesses, whi ch were that 1abor inputs
ranged between 400 and 1,000 person-days per hectare!
with the distribution skewed toward the higher end.
App1yi ng these rates under Bakel cond i t ions (see Table
29), it was found that returns to 1abor for growi ng
paddy on 1y approach the 1oca1 wage-rates bei ng offered
in Bakel under the best circumstances, i.e., yi e1ds of
5.0 t/ha, and no repayment of capital or variable costs
(Keller et al., 1982).

The wages used in this comparison were derived from
the one perimeter when government employees
("fonctionnaires") had given themselves plot rights, and
so had to hire daily workers to carry out the irrigation
tasks. The daily rate approximated 750 to 900 CFA for a
six-hour day for men, but only 375 CFA for women {Keller
et al., 1982}. The authors suggest that the labor
requi red on the ri ce perimeters II appears to exhaust the
labor supply given such high labor flow rates." They
also note substantial differences in work efficiency
between men and women, adu1 ts and chi 1dren, and
experi enced versus i nexperi enced workers. These
di fferences are ref1 ected in the 1oca 1 wage rates, but
also have implications concerning a household1s ability
to meet crop needs. Land preparation is itself a
funct i on of soil type, wi th more energy requ ired in
prepari ng the heavy c1 ay soil s where ri ce (and cotton)
are usually grown.

In the past, there has been a tendency to
overestimate the amount of farm labor which a household

-l-rhe'-Wageni ngen study suggests that one hectare of
irrigated rice grown without mechanization requires 150
to 220 man-days (Van Steekl enburg and Zij 1stra, 1985).
However, the Keller team mentions the view of one field
technician that in some cases with unskilled labor 200
person-days were used on transplanting alone (1982:68).
An informant in Chad reports 197 work-days per hectare
(Weaver et al., 1985).
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TABLE 29

RETURNS TO LABOR FROM IRRIGATED PADDY
AT THE BAKEL PROJECT

Returns to Labor Per Person-Day
for Vari ous Productfon Cf rculIStances

Labor Inputs
Per Hectare
of Paddy

(Person-Days)

Worst
(CFA)I

Normal
(CFA) .

Best
(CFA)

a. Wf th No Repayment ofbCapf tal or
Variable Costs

Low
Medfull •
High

4Q0
750

1,000

312
177
125

438
250
175

625
357
250

b. Wfth No Repay.nt of Capftale

Law 400
Mediull • 750
Hfgh • 1,000

204
109
82

336
179
135

534
. 285
213

c. With Full Rep~nt of Capftal d

Law 400
MediUli - 750
High - 1,000

o
o
o

254
135
102

473
252
189

·Sl.00 US • 280 CFA fn November 1981.

bSased on yields of.2.5, 3.5 and 5.0 tlha of pad~ at 50 CFA/Kg.

eSased on value of output less variable costs.

dsased on value of output less varfable and capftal costs.

~: Keller, et al. (19821, p. 69.
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can provi de into its farmi ng enterpri ses. A study of
northern Nigerian farmers found that even in peak labor
demand months, a rna 1e adu1 t spent an average of on1 y
seventeen days work i ng on the fami 1y farm, wi th seven
days allocated to off-farm work (Norman et a1., 1982).
One reason is that at the peak periods households are in
great need of cash:

In savanna agriculture, little income is
obtained from farming activities until after
the bottleneck period is over. Cash and food
resources tend to be low because most crops
are harvested between August and December.
Therefore, the farming households... facing
severe dep1et i on of cash and food resources,
are compelled to work in off-farm employment
even though the work needs of their own
farmers might be high. (Norman et a1.,
1982:120)

In pract ice, then, about 39 percent of the total days
worked by adult Zaria males was spent on off-farm work.
For the farm as a whole, the year-long average input per
month was 150 man-hours, rising to 256 man-hours in the
peak month. The four busiest months of the farming year
(which coincide with the irrigation season for rice)
accounted for more than 50 percent of the total annual
labor input (Norman et a1., 1982). On average, male
adu1 ts worked almost 1,200 hours per year, spread over
230 days (and i nd i cat i ng an average work-day of just
·over five hours if we include time spent walking to and
from fields), but partly devoted to off-farm occupations
(Norman et a1., 1982:114). The household composition
and its stage in the fami 1y development cyc1 e have a
large impact in determining whether adult males were
avail ab1e for farmi ng tasks (we shou1 d note that in
these Muslim communities men provide most farmwork, in
contrast to other areas of Africa).

What about the prospects for reschedu1i ng
irrigation to avoid direct competition with farmers'
rainfed crops? Here the difficulties are largely
technical. First, on many African systems the source of
water is also strong1 y seasonal. Unless a proj ect is
linked to a major river, an expensive dam, or a reliable
aquifer, the time when water is surplus will coincide
with the rainy season. Second, even when supply
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constraints are removed, it may be impractical to
i rri gate duri ng the "haramattan ll season when hot wi nds
blow off the desert, or during the cool and cloudy
weather which East Africa experiences at mid-year.
These restrictions explain why irrigated production the
cereal crops tends to occur at the same time as rainfed
cultivation. It also explains the paradoxical finding
that in farmi ng systems where overall 1abor supp1 i es
seem surplus to 1oca1 needs, nevertheless those doi ng
irrigation often employ hired labor to overcome seasonal
labor bottlenecks (Arnou1d, 1986).

The situation on Niger's small-scale perimeters is
described by Arnou1d as follows:

Problems of labor scheduling occur at all
level s of production on the perimeters and
there are conflicting overlaps between periods
of critical labor demand ••• The harvest period
for irrigated rice overlaps with the planting
season for rai ny-season mi 11 et; when mi 11 et
fi e1 ds requi re a fi rst hoei ng. Both
operations are important to successful
production, and in the case of rice
transplanting, must be coordinated at the
level of the irrigation unit to minimize
charges for pumpi ng water. These conf1 i cts
appear to cause difficulty more often for
smaller than for larger households. (Arnou1d,
1986:9.)

They a1 so make the achievement of adequate yields, and
hence returns, critical for a household's continued
involvement in irrigation.

Fresson 's study of Senegal' ssma11 -sca1e projects
warns that hi gh mean yi e1 ds at the perimeter 1evel may
gloss over severe problems faced by individual farmers.
Wi thi n the Matam zone, average per hectare yi e1 ds by
perimeter ranged between 3 and 5.4 tons--an apparently
good level of performance. However, when individual
family returns were examined, in plots averaging O.2ha
each, crops of paddy rice obtained varied from 270 to
1,750kg, with a mean of 760kg (Fresson, 1978).
Furthermore, these variations were caused not by
differences in size of holdings, but by factors largely
outside faNners' control. As Fresson notes:
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The wide variations of production and yield
recorded ••• are due to the heterogenous nature
of the soil within one and the same perimeter,
or even individual plots of land, and to
inadequate grading of the perimeters, with a
direct impact on the flooding of plots.
(Fresson, 1978:2)

Arnou1d (1986) records a similar situation when
comparing irrigation performance in Niger (Table 30).
As can be seen from these fi gu res, the range between
maximum and minimum incomes varies enormously, both
among househo1 ds and between schemes. Arnou1 d's
statement with regard to farmers in his Niger samples
can be taken as bei ng broad1 y true for most Afri can
irrigation projects:

Irrigated production provides a
complement to household cash earnings, and can
be substantial in some cases, but it is costly
income in terms of expenses incurred. In
addition, irrigation is a risky venture, as
the frequent cases of negative earning
indicate. (Arnou1d, 1986:8)

All told, we agree with Wallace (1981) that the
labor availability issue is central to the long-run
success of African irrigation. Contrary to what most
project appraisal documents assume, African farm
households put a high premium on work-time, especially
during the peak planting and weeding periods Their
livelihood depends on how well they manage their work at
these key seasons. Mass education for children, and the
widespread involvement of men in off-farm occupations,
already occur and will be accentuated in the future.
Wage-labor rates are bound to rise. Until irrigation
production can provide higher returns and greater
security, it will remain the choice of a minority of
farmers. Often 1aborers wi 11 be women, who have fewer
opti ons for earni ng cash, or poverty-stri cken seasonal
migrants from remote areas without a secure economic
base. To succeed, families holding irrigation plots
need to be 1arge, havi ng perhaps ei ght or more members
(the current mean on several of the Sahel ian
peri meters) • Even a half hectare of i rri gated 1and may
exceed the average family's labor resources.
Sociological factors, such as the willingness of women
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TABLE 30

HOUSEHOLD INCOME IN NIGER SCHEMES

Name of Perimeter

INCOME BY Namari
SOURCE ($) Gongou T/)ula N'Oounga KonniI

Irrigated
Production 434 386 253 192

As ~ of
total 46~ 69~ 51% 47%

Ra·i nfed
Production 517 173 241 218

As 1 of
total 54~ 31~ 49~ 53~

Mean total
income
($ equivalc!nt) 951 559 494 411

Range of
incomes:

Maximum ($) 1,536 1.260 875 836

Minil!lllll ($) -230 78 -278 -130

Source: Arnauld (1986). pp. 7-8.
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to do fieldwork, how returns are shared within the
househo1d and the stage a famil y has reached in its
developmental cycle, become very important. As
modernization takes root, the array of alternatives
influencing employment patterns is bound to become more
diversified.

Women in African Irrigation

Those familiar with farming in Asia or Latin
America are unlikely at first to understand why the
issue of women's rights within the farming system is so
crucial in Africa. 1 In Asia and Latin America, despite
many instances where marriages are quite unstable, most
rural households show a division of effort much like our
own "western" ideal of the "fami ly farm. II Full-time
farmers are usuall y men. Somet imes women gi ve key
assistance to relieve labor bottlenecks--doing the
transplanting of rice, for example, or helping at
harvest--but in the main they do not control field
activities unless the men of the household are away.
This is also the case within the Islamic cultural
pattern, extend i ng as far south as the upper fri nge of
the Sahel ian countries. A similar pattern of household
task delegation is found in Madagascar, which in most
aspects of social life is more Asian than African.

El sewhere in Afri ca , however, women have a much
more central role in agricultural production, and the
integration of households as farming units is
correspondingly weaker. Several explanations might
account for this striking difference in how household
work and property relations are organized.
Anthropologists would be quick to point out that within
Africa's forest zone (e.g., among the Ashanti of Ghana)
and within a large "matril ineal belt ll of south-central
Afri ca (southern Tanzani a and parts of Malawi, Zambi a
and Zaire) indigenous social systems were matrilineal.
The claims a woman could establish over land by virtue
of marriage were accordingly quite weak. In these

10eta iled sources on the role of women within
African irrigation projects include: Bahemuka (1983);
Dey (1980, 1981, 1984, 1985); Diarra (1982); Hanger and
Moris (1973); Hochet (1975); Jackson (1984); Jones
(1982, 1983); Hoock (1986); and Urnbadda and Abdul Jalil
(1985).
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societies, a woman and her children constituted the
basic family unit to which husbands were only tenuously
attached. Wi th root crops such as cassava, yams or
bananas, it was quite feas"ib1e for men and women to
maintain separate plots that did not constitute a
jointly operated "farm. 1I

Another set of factors are of hi stori ca1 ori gin.
In the pre-colonial period many African societies
encountered organized slave trading. This had an
enormously disruptive impact on settled household life.
Then, under colonial rule, the focus of economic
opportunity shifted to certain enclave areas where
ei ther estates or mi nes were developed in eas i er reach
of export markets. Both in West and in East Africa long
distance labor mfgration by males became the
statistically preponderant means for earning a cash
income. Women, therefore, were forced to become thei r
fami1y·s main providers of food, grown on small plots
while the men were far away earning a cash income. Most
men eventually returned, but it was common knowledge
that ei ther the man or hi s wi fe mi ght have meanwhi 1e
developed other attachments, contributing an added
element of instability within the household. The
exploitative nature of economic relationships, prior to
and after colonization, perpetuated a situation
characterized by weak family ties.

A third factor is the practice of polygamy. While
nowhere were polygamous families the modal or most
common form, polygamy was nonetheless the ideal within
many traditional African societies. The mere
anticipation of a polygamous union changes the nature of
ties within the nuclear family and makes women more
determined to maintain a separate economic base even in
patril·inea1 settings.

Women and Food Production

For these overl appi ng reasons, Afri can women tend
to hold the major responsibi1 ity for growing the food
crops upon which daily life depends. A women and her
children constitute the basic household unit, to which
men are attached for varying periods and by means of
rather unstable marital unions. Farms operated by men
do exist, but often incorporate separate plots for
individuals within the family unit. Women commonly do
most of the work on some plots, such as their food
gardens, and some work on all plots under varying
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expectat ions of shari ng in the yi e1d. In some systems
certain activities or crops are the responsibility of
women and others mostly of children (e.g., bird-scaring
from grain fields). Often, smallstock and poultry are
under the woman's contro1--a substantial source of
income, since these are sold much more readily than are
cattle, and provide most of the meat a family consumes.

_ A valuable comparative study on the role of women
in African rice farming has been completed by Dey (1984,
1985). She notes that generally when rice is grown as
the household's food crop, it belongs to the household
unit (whether grown by men or women) and is not supposed
to be sold, except perhaps in small quantities to buy
other cooking ingredients. However, when women grow
rice as a personal crop:

••• they may dispose of it as they wish.
Some is usually put on one side to feed
guests or labor groups recruited to work
on their rice fields the following season;
some is a1 so reserved for ceremoni a1
obligations. Women sell the rest of their
rice, either immediately after the harvest
(when they generally get low prices) or they
'bank' it and sell small quantities bit by
bit throughout the year as and when they
need money ••• (Dey~ 1985:430).

Indeed, the traditional varieties of rice which were
domest i cated in Afri ca appear to have been a woman's
crop in a number of the farming systems where rice
growing was important.

It seems log i ca1 that the amount of 1abor a women
may contri bute to her husband's i rri gated crops wi 11
depend upon the rate of compensation she receives.
Jones (1983) has tested thi s hypothesi s wi th data from
the SEMRY ri ce scheme in northern Cameroon. She notes
that if husbands gi ve thei r wi ves 1itt1e or no money,
"then women refuse to work on their husband's rice
fields the following year" (1983:174). A simple
optimizing model explains the difference in labor
allocation between married and independent women, with
independent women allocating more labor to rice. Jones
argues that "at the margin, a family member would rather
spend an additional unit of income fulfilling his or her
own ob1i gat ions than gi ve it to other famil y members"
(1983:176), a finding which inva1 idates the assumption
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usually made that participating families constitute
homogenous decision-making units.

It is difficult to substantiate these observations
since many of the earlier rural economic surveys assumed
an integrated famil y holding, and obta i ned data mostly
from heads of households. Table 31 gives data on plot
ownershi p and husbandry from rural Senegal, whi ch
indicates clear differences between types of holdings
and a generally disadvantageous situation for plots held
by women individually. It should be noted that while
such plots were the commonest type in the system, they
were on average the smallest-rn size, obtained the
lowest yields and utilized very little fertilizer.
Jackson found much the same situation among Hausa
farmers near Ni geri a I s Kano scheme, where pagan women
were entirely excluded from farming the irrigation plots
on their own. Where a few did obtain land through their
husbands or sons, yields were very low:

The reasons ••• stem largely from the attitude
of men to these plots; when allocating land
the household head is likely to give women the
least desirable land, i.e., land with poor
soil or waterlogging problems... It was found
that only 1 of 47 women managed to get Fulani
cattle corralled on her farm, only 17 percent
obtained any manure or compound sweepings,
only 6 percent used chemical fertilizers,
and none belong to the Cooperative.
(Jackson, 1984:68.)

Such discrepancies are a logical consequence of a system
where the large informal role accorded to women in
economic transact i onsdoes not extend to the legal and
formal spheres, where men retain the ultimate authority.

On most "officia.l" matters, outsiders deal with
mal e members of the househol d even when the issues at
stake are central to women I s well-bei ng. For the most
part, Africa's extension services, its court systems and
its health care delivery services are staffed by men.
Even in countries like those of West Africa where women
were traditionally traders, they lack the skills and
recognition needed for access to the formal channels for
marketing and credit (Caughman, 1981; Keita, 1982). The
cooperatives established under various colonial regimes
had as members the male heads-of-household, and employed
male officials. Similarly, when outside agencies have
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TABLE 31

ACCESS OF RURAL SENEGALESE WOMEN TO PLOTS

Mean Total Area Under
Status of No •. Plot Groundnuts Ferti -
Cultivator Plots Size Yield 1; zer

(ha) (ha) (%) (kg/ha) (kg/ha)

Compound head (carre) 50 1.54 77 .07 37.9 1309 60

Household head 17 1.27 21.58 10.6 1273 39

Faml1 y 1abor (sourga) 78 0.74 57. IH 29.5 1005 15

Seasonal labor 15 1).89 13.37 6.5 1103 50
(navetane)

Women 86 1).39 33.47 16.4 847 19

TOTAL 246 0.83 203.40 100 1077 31

~: Moussa Fall (1980).

organized irrigation projects, they were directed toward
dealing with male representatives of the household
rather than toward the women.

Impact of Irrigation Schemes

The introduction of irrigation means that a 1abor
intensive crop is superimposed upon a fami1y's
activities, without fully displacing existing food
production. The things which African men often expect
their wives to do within the farming system--se1ecting
seed, transplanting (if required), weeding, bird-scaring
and harvesting--are vitally important for the success of
irrigated crops. And yet, paradoxically, women have
little claim on the returns, while their own household
situation is made more difficult. The family requires
more purchased food (to offset diminished effort on
traditional crops or because in scheme environments food
crops are excluded), firewood becomes difficult to
obtain, there is less opportunity for ancillary
livestock enterprises' and the incidence of parasitic
diseases rises. In those instances where a scheme also
markets the i rri gated crop, payment usua11 y goes to the



336

tenant and not hi s wi fe. Whi 1e on the one hand
irrigated production demands a tightly integrated
household labor force willing to work very hard at
certain times, on the other the environment created
within many schemes is unattractive to women despite its
"modern" appearance.

The specific impacts upon family life which have
tended to accompany externally introduced irrigation
schemes include:

- Most African governments deal primarily
with men when allocating water and
1and ri ghts.

- The weeding of canals becomes very
difficult to organize in those systems
where weeding was traditionally a woman's
task.

- A man's commi tment to i rri gat i on wi 11
often be a speculative investment under
taken without his wife's approval and
intended for his own private profit.
This, of course, ignores the practical
consequence that irrigated production
requires a large input of family labor.
Household plots within large irriga
tion schemes often lack the basic
amenities such as nearby fuel wood or
opportunity for keeping small stock, which
are of significant concern to women.

- When a man dies, his claim to a plot,
the growing crop or a water right
may be transferred to another male
kinsman rather than to his widow and her
children.
The situation of polygamous unions
presents especially knotty issues
concerning distribution of profits and
inheritance within irrigation schemes.

- Extension and credit tend to be channeled
to the men within a scheme, with the
effect that those who need these inputs
most do not obtain skilled advice or
critical financial support.
Increased incidence of diseases (like
malaria or schistosomiasis) which
accompanies irrigation will increase the
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time a woman must spend caring for those
who are sick, limiting her own work input.

- Adoption of labor-intensive crops for
the irrigated cycle, such as rice or
cotton, will accentuate the demands made
upon a woman's time at periods of peak
labor requirements.
A concentration of grain production in
large open fields attracts enormous flocks
of birds. Traditionally, bird-scaring was
often left to women or children.

- To attract outside laborers needed at
harvest, farmers usually offer food and
beer as an incentive. Once again,
preparing this food was a woman's task
within the existing farm system.
Preparat i on of ri ce by hand is a 1abor
intensive task much disliked by women.
but one which becomes even more
important in a formal scheme.

The greatest adverse impacts associated with
large schemes where women gain admittance by being
wives of tenants. Examples would be the situation of
women in Kenya's Mwea and Bura schemes (Hanger and
Moris, 1973) and within Sudan's New Ha1fa Scheme.

Salem-Murdock points out (1979) that women coming
into the New Ha1fa Scheme suffered from a loss of
milk consumed in the household, cash which they
formerly obtained through sale of surplus milk, fuel
rights and access to land.

The degree of intra-household stress being
generated by poor project design will not be fully
evident from the meetings which the scheme or project
management holds with male "farmers." High rates
of marital instabi1i~y may seem part of the
"norma1" African social pattern. It is only
when the situation gets so bad that the labor
supply dri es up or women organi ze a mass boycott
that the scheme managers may begin to take
women's grievances seriously. The fundamental
prob1em is that often women have insecure access
to returns from thei r work, and to control over
household improvements (if the housing is on scheme
land). The unpaid resource transfers which are
assumed to occur freely within a "family farm" can
easily become exploitative.
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However, simila~ difficulties can arise even
within small-scale, spontaneous forms of irrigation
development. Because in many African systems of land
tenure women hold their plot rights through male
kinsmen or affines (relatives by marriage), there is
often a danger that once land becomes valuable it will
be denied to women. An illustration of what can happen
is provided from the KoreSrnallholder Rice Scheme in
western Kenya, where some 60 hectares of rice fields
have been developed by the people themselves in a local
swamp:

The land tenure issue gives rise to a number of
question-marks since the project area seems to
be owned by only a few family clans. But who
are the actual cultivators? What are their
land-use rights? Adult men tend to prefer off
farm income opportunities and women constitute
the majority of the farming labor force on
their husbands' plots. On the other hand, women
traditionally have definite land-use rights
('women plots') which are even inherited
by thei r chil ilren. The Kore case study,
however, reports that those traditional rights
are becoming less secure as land is becoming
a marketable asset. (Kortenhorst, 1983:6)

In this regard, it is instructive that within all five
of the irrigated rice schemes studied by Dey (in
Senegal, Mauritania, Zanzibar, The Gambia, and Burkina
Faso), she found that:

••• the development projects deliberately hand
ed over the improved land to the male
household heads even though in all these
countries women had hitherto been exclusively
responsible for rice production and had often
had independent rights to rice land.
(Dey, 1985:435.)

The conclusion one can draw is that the implementa
tion of donor-assisted rice projects generally results
il1 dispossessing the very people who within indigenous
systems know the most about how to produce rice. Dey's
own extended analysis of attempts to "improve"
indigenous rice farming within The Gambia (1980, 1982)
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is a particularly telling indict~ent of "top-down"
irrigation planning.

Desirable Design Changes

From a policy standpoint, one can identify a number
of changes in scheme design which would greatly benefit
women:

Free family labor should not be assumed
when appraising the balance between costs
and benefits at the household level.
The location and size of houseplots
should be carefully considered when
planning the i~rigation layout.
Attention must be directed toward the
circulation of drainwater and the likeli
hood it will be drawn upon for household
consumption.
Canals should be designed to allow
access for the withdrawal of household
water--which will occur whether planned
or not--and ror- the safety of children
(two contradictory requirements).
Since African families will keep live
stock, the physical layout should
anticipate stock movements and thought
should be given to using ratoon growth
(and other options) for forage~

Large, uninterrupted field blocks with
out sanitary facilities guarantee the
perpetuation and spread of parasitic
diseases. Good layout means taking pUblic
health considerations seriously.
The rights to houseplots (and hence,
house improvements) should be held
separately from those giving access to
irrigation water, so that families
have an incentive to make their own home
improvements.
Women and children should be listed as co
right holders in a man's shares of water,
land or crop returns. Inheritance regu
lations should favor household members
over other relatives.
Special programs employing female ex
tension staff an be organized to upgrade
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women's understanding of irrigation
practices.
Access to credit and scheme services can
be offered to rightholders irrespective
of gender, so that the needs of female
headed households automatically receive
equal consideration.
The great importance of certain
horticultural crops (bananas, manioc,
spices, fruits and amaranths) in the
family diet should be recognized. Given
the high productivity of these plants to
modest inputs of 1abor and water, thei r
production should be assisted.
The all ocat i on of plot and water ri ghts
should assume households of varying size
and composition, automatically
accommodating to either growth or decline
in family size.
An increased 1eve1 of env i ronmenta1
monitoring, disease treatment and pUblic
health education must be built into any
larger scheme from the very start.
The freedom to do their own processing of
food and grai ns is very important to
women. If controls on the disposition of
the irrigated crops must be imposed, they
should be carefully thought through from
the standpoint of thei r impact on
household welfare.
Assistance should be given to establish
rice milling facilities within local
cOlllTlunities.

If we weigh these proposals individually, they do
not seem impossible demands, nor would they be extremely
expensive to institute. Many are already a part of the
rural system in irrigated communities of developed
countries. They are technically feasible, and they
could become a routine part of African-irrigation
planning if there is adequate recognition of their
importance. For example, virtually all the women Dey
visited mentioned their need for grain mills (DeYt
1985:435).

Unfortunately, in aggregate such changes represent
a different set of priorities from what is usually
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encountered in irrigation planning as it presently
occurs in Africa.

The conf1 ict is especially sharp in the larger,
heavily bureaucratic schemes where the. irrigation
authori ty control s farmers I sett1 ements as well as the
delivery of water. We have argued that this linkage is
not necessary: there are other ways available for
recoveri ng water del i very costs. The increased degree
of control over farming which African irrigation
agencies seem to desire can only be realized at a heavy
cost in creating unnecessary rigidities and
dependencies, and in sharply decreasing the benefits
scheme families enjoy. The ironic fact is that changes
whi ch wou1 d assi st women a1 so make fi e1 dwork more
tolerable, reduce alienation, improve morale and raise
the quality of life for all scheme members, male or
fema.le. -

Traditiona.1 Small-Scale Irrigation

Indigenous, small-scale irrigation has a long
hi story in vari ous parts of tropi ca1 Afri ca. Hi nts of
an earl ier irrigation tradition come from an
archaeological site at Engaruka in northern Tanzania,
and from relic terraces found on the Jebel Marra massif
in western Sudan (Grove, 1970 :88) • Over much of Sudan
and West Africa, small oasis wells using a shaduf for
water 1i fti ng are found, whil e north of the Sahara are
Persian style ganats, horizontal galleries cut back into
mountainsides to reach an aquifer. In the "qoz" sands
of north central Sudan and around Tombouctou in Ma.1 i ,
traditional irrigation on the borderlands of the Sahara
was once quite important. Along major rivers like the
Ni ger, the Senegal, and the Nil e, Afri can farmers have
for centuri es grown sorghum, mi 11 et, and perhaps ri ce
under a form of "flood recession" (or d~crue)

irrigation. Along the West African coast from Llberia
northward to southern Senegal farmers developed
indigenous forms of swamp-rice cultivation. In East
Africa, the surviving systems depend upon locally
constructed and maintained furrows. In all of these
instances, the technologies employed are quite simple
even though the resul t i ng system may show compl ex
adaptations to suit local environments (Richards, 1985).
Finally, one should note the traditional wet rice
i rri gat i on found in the hi ghl and s of Madagascar, wi th
strong cultural and historical links to southeast Asia.
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Until recently, no attention was paid to these
types of traditional irrigation by irrigation
specialists. The tiny plots and very crude technologies
were not taken seriously by engineers and planners, who
sometimes had a stake in establishing that riverine
lands were "unused" and unproductive. The complete
absence of reliable information on the spatial extent of
traditional irrigation makes it difficult for planners
even today, when the contribution of indigenous systems
to food production is becoming more recognized.

There are good reasons for payi ng closer attenti on
to Africa's traditional irrigation at present. The most
compell i ng are re1 ated to the constructi on of dams in
Mali, Nigeria and Kenya (and others planned for Ethiopia
and Somalia) which permanently alter the downstream
flood upon which traditional flood recession fanning
depended. It seems only reasonab1 e that planners, at
the least, should know how much production they are
displacing before new large projects are built. More
generally, there is the argument that indigenous
technologies, simple as they may appear to be, for this
reason require far less capital than do modern ones, and
the crops 1-j ke1y to be grown under them may be more
effective in relieving food shortages. The spontaneous
expansion of such technologies under conditions of
population growth in places like northern Nigeria or the
valley-bottom lands of Rwanda and Burundi suggest that
this is the case. Another imponderable is the effect of
spontaneous modernization upon existing small-scale
irrigation. What would be the impact, for example, of
importing a large number of cheap pumps (a matter
recently at issue in Niger)?

Finally, there is the possibility that indigenous
social institutions might be given respons;ibilities for
small- and medium-sized modern systems in an effort to
reduce the managerial load carried by irrigation
agencies. The widely reported "success" of the
Philippine National Irrigation Administration's
devolution of some functions upon local water user
associations is seen as setting a useful precedent for
Africa to follow. Are there in Africa traditional
institutions which might be cheaper and more effective
in operating small-scale irrigation systems? To answer
thi s question requi res detail ed know1 edge of existing
pract ices beyond what has been avail ab1e to date when
irrigation projects were being planned (Mock 1985).
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Swamp Rice (Sierra Leone)

The coastal areas of West Africa from Senegal
southwards through Liberia receive more than 2,000 mm of
rainfall per annum and have developed their own
indigenous traditions of rice production (Rydzewski,
1984·; Pearson et a1. 1981; Dey, 1984; Richards, 1985).
It is not usual to thi nk of the hi gh ra i nfa 11 zone of
Afri ca I s humi d tropi cs as requi ri ng i rri gat ion, but in
fact duri ng the four months of dry season ri ce does
require supplemental water if it is to be grown, either
out of season according to 1oca1 pract i ce or under a
more i ntensi ve two-cyc1 e regime as recommended by some
development projects. The literature has come to refer
to all such instances as II swamp rice ll production in
contrast to lI up 1and ll rice grown under shifting
cultivation, which does not employ any form of
irrigation. There are now several detailed studies of
indigenous West African rice production in addition to
those cited above (Are, 1975; Linares 1981; Njoku, 1971;
Richards, 1986; Spencer, 1981; and Traverse, 1975). The
article by Johnny, Karimu and Richards (1981) is
especially important, and underlies what will be said
below.

The technical feasibility of IIswamp rice ll

cultivation arises because of the peculiar, undulating
terra in found along the coast of Si erra Leone and its
neighboring states. In places the land has become
sUbmerged into the sea, providing IIdrowned" valleys
where the rivers entering the ocean yield an ideal
envi ronment for the format i on of mangrove swamps.
Farther inland, numerous small hills have hundreds of
winding depressions between them. For example, in
Si erra Leone' s Northern Proj ect area (s i te of a Wor1 d
Bank assisted integrated agricultural development
project, or IADP), it is estimated there are about 1,500
such swamps totaling perhaps 8,000 hectares.

A typical swamp is from 60 to 100 meters wide, and
of varying length. The ones most attractive for
cu1 t i vat i on tend to be between 400 and 800 m long and
have an area in the range of from 2-4 ha. C1 ay soi 1s
are found because the vall ey bottoms are very f1 at and
hence have impeded drainage. However, there are usually
underlying gravels or sands and the clay topsoil may be
quite thin (Rydzewski, 1984). Indeed, on one of the
IADP's demonstration swamps to convince farmers of the
benefits of more systematic bunding, a drainage channel



344

was inadvertently cut through the clay Il with
resul ts ••• not unl i ke pull i ng the pl ug out of a bath ll

(Richards, 1986:22). The aim is to improve water
control and drainage in such swamps by subdividing the
central area into flat fields suited to wet rice
production. This is achieved by constructing perimeter
ditches and bunds, and usually a central drainage ditch
with bunds on either side. Where clay soils are very
tlli n, the bunds must foll ow the contour, but engi neers
prefer rectangul ar bunds to faci 1itate access for
equipment. It has been found that for individual
farmers, plots of about a tenth of a hectare are all
that they can manage with typical labor resources
(Rydzewski, 1984). Having urged farmers to work jointly
in making these improvements in the first year, assuming
about 290 man-days per hectare, the IAOP plan was that
farmers would level their plots and install inlet pipes
from the perimeter ditches to achieve a substantially
improved degree of control over water levels in their
rice paddies. Such Ilimproved ll swamp systems built under
World Bank suppl ied farm loans can be contrasted with
farmers' i ndi genous development of thei r own forms of
swamp rice cultivation, which they prefer to combine
with upland rice farming in a ratio of two-thirds upland
rice to one-third indigenous swamp cultivation
(Richards, 1986:25). A further difference was that
initially the IADP plan called for double cycle cropping
of shorter duration rice varieties where swamps had
sufficient water to make this feasible. In some of the
II improved ll proj ects, an attempt was al so made to
introduce Asian wet rice varieties in the mistaken hope
that these might out-yield existing cultivars.

The term Ilswamp rice ll cultivation thus encompasses
at 1east four di fferent types whi ch are all 1abor
intensive alternatives to upland rice growing. The two
indigenous versions--upland valley farming and coastal
mangrove swamp clearing--have been matched by modern
adaptations which entail increased physical construction
and sometimes different rice varieties. As Richards
(1985, 1986) points out, the rationale for extending
loan financing to facilitate "improved" systems was
based on two fal se assumpt ions: 1) that 1and for
production was more 1imiting than labor; and 2) that
the intensive, valley bottom production of wet rice was
more efficient and profitable than farmers'
alternatives.
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Johnny, Karimu and Richards (1981) argue that among
Sierra Leone's farmers, the advantages of swamp
cultivation are recognized but balanced by an accurate
appreciation of less desirable features. On the positive
side, swamp rice is obviously less subject to rainfall
uncertainty. In 1973, for example, rainfall was 40
percent below average in the eastern and northwestern
parts of the country. Wi thi n a season, farmers doi ng
swamp cultivation are less tightly bound by timing
decisions than are those who grow upland rice--an
advantage to househo1 ds short of 1abor such as those
with children in school or doing agriculture on a part
time basis (teachers and businessmen). However, only a
few swamps are situated where they receive water
throughout the year. Most dry out seasona11 y, and are
livery carefu11 y broken down into component soi 1 and
moisture facets, with farmers choosing rice varieties
appropriate to each set of conditions" (Johnny, Karimu
and Richards, 1981:599).

On the negative side, swamp cultivation requires a
high initial input of labor (roughly equivalent to one
season's work); the varieties of rice grown are less
palatable and less easily sold; sickness is much greater
for those living near the swamps; the work itself, while
more flexible as to timing, is harder and more
uncomfortab1 e; and if two cyc1 e croppi ng is attempted,
one crop will mature in cloudy and wet weather making
harvest i ng and storage very di ffi cu1 t. Swamp farmi ng
obligates households to specialized mono-cropping of
rice, whereas in upland farms rice is intercropped with
a range of other food and cash crops. The differences
in mean yi e1 ds are not as great as the proponents of
"improved" systems claimed, both because yields from the
intercropp~d upland system were underestimated but also
because, ironically, there has been a high failure rate
from the supposedly more secure swamp rice projects.
Ri chards summari zes the resu1 ts from numerous recent
eva1 uat ions on the attempted transfer of the II Asi an
model ":

Many swamps quickly dry out when the rains
cease, and the promised benefit of double
croppi ng proves to be unatta i nab1e. Des i gn,
layout and construction work is often carried
out to inadequate standards. Surveyors and
extension workers frequently give farmers
inappropriate advice on the location or size
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of the head bund •••• Swamps with insufficient
water flow are vulnerable to a number of soil
management problems, including iron toxicity.

Farmers ••• frequent1y find that their yields
drop below those achi eved by local management
practices without water control. Abandonment
rates for developed swamps are hi gh, and
recovery of swamp loans is, not surprisingly,
then very difficult. (Richards, 1986:33)

Owen (1973) suggests that swamp cultivation exposes
farmers to heavy weed infestation, so that the women who
used swamps generally abandoned their small plots after
a few seasons to start afresh elsewhere.

In point of fact, swamp cultivation is
traditiona.lly a woman's enterprise, undertaken on very
small plots to supplement household food and income
(Dey, 1984). Of the 45 women farmers interviewed in the
Johnny, Karimu and Richards' study, 32 cultivated swamp
ri ce and only two--both wi dows--had upland ri ce farms.
Women in Sierra Leone find it difficult to undertake the
complex negotiations to obtain land for upland farming,
and much of their interest is to produce crops for cash
sa1e to give them an independent income. None of the
men in an earl ier 1978 village survey cultivated in a
swamp, even though land was available, and none applied
the Mende term kpaa (or IIfarm ll

) to cultivated swamp.
Finally, in 1980:-a-group of farmers joined together to
clear a swamp for planting an improved rice variety, but
their activity was viewed strictly as a business venture
separate from their normal household farming. When
severa1 years earl ier a promi nent chi ef had organi zed
communal labor for swamp improvement in response to
government exhortation, lithe work was pursued in
desu1 tory fashi on ••• and was subsequently abandoned ll

(Johnny, Karimu and Richards, 1981:603). The authors
conclude:

Most farmers were aware that government wanted
to encourage swamp work. The plight of urban
workers evoked little sympathy. Several times
it was suggested that if food in Freetown was
short arrangements might be made to ship some
of the labour force back to the countryside.
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Official atte~pts to upgrade swamp cultivation
through offeri ng externally-backed loan fi nanc i ng have
been, it wou1 d seem, prematu re. Fi rst, double croppi ng
of Asian rice varieties· (assumed in project appraisal)
has not been successful: 1oca1 vari et i es cont i nue to
outperform introduced ones (Richards, 1986:131-155).
Second, women who knew the most about trad i tiona1 ri ce
cultivation have usually been bypassed in the allocation
of loans and plot rights (Dey, 1985:435). Third, the
"improved swamp rice" option (or "package") was treated
as a general solution to the problem of
"overpopulation." In actuality, the farming systems are
often short of 1abor, and the "pac kage" suits only
certa in types of producers in pa rt i cu 1a r resou rce
situations. Fourth, valley bottom and mangrove swamp
settings require unusually careful land preparation if
their productive potential is to be retained. When
building soil bunds and drainage ditches in shallow clay
soils, swamp rice projects sometimes destroyed the water
holding capacity of the very areas they were trying to
"improve. II And, fi fth, it seems that the hi gh i ron and
aluminum content of many West African soils pose a
special danger when land is drained to permit more
intensive production. IITA's experiments in Nigeria
found that a rapid depletion of micronutrients made
plants much more susceptible' to ferric and a1 uminum
toxicity, as soil acidity increased (1984:123). It is
said that on some of the "improved" mangrove s\'1amp
projects, a similar process rendered fields completely
sterile after a few seasons.

Taita Hills (SE Kenya)l

Kenya's Ta.ita Hills which rise abruptly to about
2,000 m from out of the coastal plains are densely
popu1 ated. Farmers attempt to obta in plots on whi ch to
grow their staple crops of maize and beans in the three
ecological zones recognized as one moves from the cool
uplands down onto the surrounding plains. Along the
sides of streams which descend rapidly from the forests
above are grown sweet potatoes, taro, yams, bananas,
cassava, and even rice. In the upland, cool zone,

1This account is based entirely upon F1euret
(1985), who did fieldwork in Taita/Taveta District from
January 1981 to May 1982.
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"European" vegetables and coffee are the major cash
crops.

Like most of their neighbors, the Taita people were
organized traditionally on the basis of clans and
1i neages • One's res i dence depends ei ther upon marri age
or one's membership in a "great lineage" which controls
access to land, grazing rights, and residence in a strip
of territory which preferably stretches across the three
maj or zones. In each 1oca1i ty or nei ghborhood wi 11 be
found two or more "great lineages" which divide
ultimately into exogamous small 1ineages within which
genealogical links between members can be explicitly
traced. Status di fferences based on gender, age, and
generation are also important, with particular deference
being accorded to one's grandfathers, fathers, father's
brothers, and elder brothers. Such peopl e are expected
to assist in acquiring land and becoming married.

Boundaries of neighborhoods coincide roughly with
those of sublocations, under an administratively
appoi nted sub-chi ef • Access to 1and, except for those
purchasing it (usually either the rich or salaried
staff), depends upon one's inherited lineage membership
or upon marriage. Because of severe overcrowding, there
has been a movement in recent years of younger men out
onto the surrounding plains. In the hills, land is
still associated with lineage membership even though in
parts of the area land registration has been completed.
The fact that access to 1and depends on ki nshi p means
that the land registers are soon outmoded by subsequent,
unrecorded land transfers. While buying and selling of
1and is infrequent, 1and is often loaned temporari 1y
between agnatic and affinal kin.

In this setting, furrow irrigation has been
practiced for many generations. Irrigation works may
have been more extensive and better maintained during
the precolonial era than they are today. The system
Fl euret descri bes occurs in the upper reaches of the
Mwatate River, which flows through a steeply banked
gorge. Within less than three kilometers some 16
furrows take di verted water along the contour to
farmers' fields. The intakes are constructed of sticks,
rocks and earth in the tailwaters of small pools formed
as the ri ver tumbles down its gorge. The intakes are
repaired each year after the heaviest rains are over;
the tempora ry natu re of the i nta kes protect s the
furrows, which are dug into the slopes and built up at
pl aces where they must skirt 1arge rocks. Furrows are
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less than a meter wide and about a foot deep, with
footpaths along their narrow banks giving access to
adj acent fi e1ds.

Customarily, those on a furrow get water in turn
for a 12-hour stretch (midday to midnight or midnight to
mtdday), starting with fields nearest the intake and
then progressing down the furrow to its end before again
returning to the intake. At the upper end with its
stronger flow, two fields can be irrigated at a time,
while there may be little water left by the time
IItailenders" receive their turn. Similarly, the
communa1 rehabi 1i tat i on at the sta rt of the i rri gat ion
season begins from the top and will involve half a dozen
users or so in sequence as the furrow is brought back
into operation. Water application is achieved by the
simple expedient of digging a gap into the furrow wall
on its downslope side, and then putting in a rock to
divert the flow. Farmers exercise considerable
ingenuity in guiding the water through their fields by
hand, creating temporary channels as required. While
small fields are served by a single outlet, larger
fields may require six or seven. When the irrigation
period is over, the farmer rebuilds the bank and removes
the stone--a task his downstream neighbor will do if he
shoul d forget.

The principal use of furrow water is to extend the
growi ng season, both du ri ng the "1 0ng ra i ns" (March to
June) and the "short rains" (October to December). If
in either season the rains stop early, furrow irrigation
is vital to carry the growing crops through to maturity.
It takes a great deal of work to prepare a furrow for
irrigation, so in years of heavy rainfall the system is
not employed. Maize, beans, and sweet potatoes are the
main irrigated crops, though higher up some commercial
vegetab1e production occurs. After harvest, water can
be diverted to other purposes such as irrigating
pastures or serving livestock (otherwise taken to water
in the vall ey bottoms by chi 1dren) • Si nce houses are
often built at the foot of irrigated fields, many
farmers will open a small tertiary furrow only a few
inches wide to serve household needs. Ouring the driest
parts of the year, 1i vestock are supposed to be gi ven
preferential access to the little water that remains.
Of course, this benefits mostly the senior men in a
lineage, who own most of the livestock.

Routine "water management" is thus mainly seeing
that each furrows are reconditioned at the start of each



350

irrigation season, encouraging users to keep their
sections maintained, and deciding upon water allocation
when water is scarce. The bas i c ru1 e is that work is
done by the potenti a1 benefi ci ari es. Un1 ike in other
agricultural tasks, furrow cleaning and repairs are done
by men rather than women; and men a1 so organi ze the
meetings where decisions are reached. Each main furrow
has its own committee with an elected chairman and
representatives from the principal l"ineages using the
water. The committee sets the days for furrow
maintenance, and if necessary assesses fines upon those
who shirk their duty or who infringe upon a neighbor's
water turn. However~ since people live near their
relatives most water disputes are resolved by senior
kinsmen without taking the matter to the furrow
committee. Public disputes are more corrunon between
upstream and downstream furrow users shari ng a common
source, since upstream withdrawals to support year-round
vegetable production have increased and there is now
insufficient water to meet demand. Such disputes go to
the sub-chief for adjudication, or even to the chief if
the two furrows lie within different sub-locations.

In his analysis, F1euret stresses that the kinship
ties linking users are of central importance to explain
the smooth operation of the furrows. Where water
relationships are an epiphenomenon of pre-existing
social relationships, it takes little apparent effort to
operate the system. There are few purchased items
required--a little cement perhaps for repairs or an
intake foundat i on--and the problems whi ch ari se can be
resolved within the framework of multipurpose local
institutions which were not created specifically for
water management. The furrow commi ttees work because
their members are friends, neighbors, and kinsmen.
Whether such bodies would be equally effective in
operating introduced systems with major water control
structures and a need for conti nui ng cash inputs is
doubtful. Even II sma11-sca1e" expert des i gned systems
would probably ignore the multiple uses of water in the
present system, while leading to a loss of local
autonomy as new organizational features are imposed from
above. The Taita furrows have supported vegetable
producti on for over forty years because they did not
entail such changes for their operation.
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Marakwet (Kerio Valley, Kenya)

Proong the Marakwet and Pokot peop1 es on the west
side of Kenya's Rift Valley, particularly along the very
steep Elgeyo escarpment, farmers have long depended upon
furrow irrigation. Within a 40 km stretch of the
escarpment, there are some 40 main irrigation furrows,
totaling about 250 km in length, with the largest being
up to 14 km long and descending over 1400 m (Soper
1983). While this system goes back to pre-colonial
times, it has been described in detail only Quite
recently through the work of Ssennyonga and others. l

The Marakwet furrows seem deceptively simple, based
upon permeable wei rs bui 1t across fast f1 owi ng streams
as they come off the escarpment to channel water into
diversion furrows only 60-90 cm wide. The combination
of rudimentary construction and steep initial gradients
imposes an effective 1imit to a furrow's flow capacity
of between 150 to 200 liters per second (Soper, 1983).
On the larger streams, there may be four or five
parallel offtake furrows, crossing and recrossing each
other as they descend along the steep slopes. A
narrowed section near the off-take weir is usually
provided to act as a sluice, which can be closed off
with rocks and brush to protect the furrow during times
of heavy flow in the source stream. Th~ areas
eventually commanded from a single furrow range from 270
to 725 ha, and occur on benches along the escarpment or
on the pediment slopes below. Most of the furrows are
steep in their upper portions (e.g., the Karel furrow
whi ch drops 80-90 min 1 km), but become much f1 atter
lower down where they reach farmers' fields. At points
a furrow may be carri ed across a rock face, f1 owi ng
along a plat form bui 1t up of tree trunks and branches;
where there is a steep gradient it may be lined with
rocks or a natural watercourse used; and ina few
instances furrows are employed to augment water in
existing streams. While some furrows are said to have
been already in place when the Marakwet people arrived,
much of the construction" is fairly recent and reflects
efforts by di fferent cl ans to obtai n a more assured
water supply for thei r crops and animal s. The furrows
must be maintained constantly, since during heavy rains

lSee contributions by Soper and Ssennyonga in
Kipkorir, et al. (eds.) Kerio Valley (1983) and
Ssennyonga (1986).
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they become clogged with mud and sand and the locally
bui 1t construct ion requi res frequent repa irs.
Nevertheless, since the furrows depend entirely upon
gravity and local materials, they require no external
input beyond what villagers can themselves supply.

Where water is plentiful, each furrow is owned and
maintained by a single clan, but where water is scarce
up to six clan sections may have been involved in its
construction. Only two of the streams provide enough
water for simultaneous use of all their furrows.
Otherwise, and in the dry season, the smaller streams
can supply only one or two furrows at a reduced flow,
and then the di st ri but i on can become qu i te comp1i cated
(Soper, 1983:89-92). It is customary to open furrows to
allow a small flow during part of each day for domestic
use, termed II water for goats. II On shared furrows, clans
may take turns for a year at a time in obtaining access.
For exampl e, the Kabarmwar furrow is owned by the
Kabarmwar and Karmdriny clans who cooperated in its
construct ion. In 1980, when the Karmari ny had the
right of use, some water was let down the Kabarmwar side
each day from 3-6 p.m. for domestic use. In Mokorro
Location, served only by two small streams, village
groups take their turns, in every year about half do
without. Here the water is so scarce the plots have
become stri ps a few yards wide and between sixty and a
hundred yards long. As, a rule, furrow water is employed
to supplement and stabilize rainfed cultivation: fields
are saturated at the time of planting, and then as
rainfall tapers off continue to receive furrow water
until crops are mature. The major inefficiencies which
have been observed deri ve from conveyance losses where
soils are more porous and from an individual farmer's
inabil ity to adequately use water as it flows across a
field, sometimes with considerable velocity because of
the slope. The size of the areas being irrigated depends
obviously upon the capacity of the furrow and its
1ength: the peopl e of Endo who had the 1argest supply
also had the largest fields; and one field might receive
water for a whole week at a stretch.

How scarce water is allocated and the furrows
maintained has been studied by Ssennyonga (1983, 1986).
The four groups living in the Kerio valley--the Pokot,
r~arakwet, Keiyo and Tugen--all speak Kalenjin dialects
but were organized traditionally under patrilineal clans
which operated through neighborhood councils rather than
centralized authority. Those who construct a furrow are
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thought to own it, ownershi p bei ng by named corporate
groups which are either clans or sub-sections (lineages)
of a c1 an. The farther a c1 an I s terri tory from a water
source, the greater the effort requi red to gain access
to water. A long furrow might be jointly constructed by
several clans, and even in a few cases by "landless"
clans who negotiate from a distance to obtain some
access to land and water. Individuals acquire specific
rights to withdraw water when a furrow passes near their
fields. Since people live on lands obtained from their
patrilineal relatives, IIthere is no water bureaucracy
nor does one have to seek permi ss i on or even to not i fy
anybody else in order to get irrigation water"
(Ssennyonga, 1983:105).

Those usi ng a furrow meet once a month or so to
work out the distribution schedule, except at times like
the heavy ra ins when there is no need. When water is
ample, each locality along a furrow gains access to its
water for about a week at a stretch, with individuals
often bei ng gi ven uni nterrupted access for si x hours
duri ng the day or throughout the ni ght. C1 osi ng or
opening a furrow at the diversion point is done by
stones or logs in accordance with the agreed schedu1 e.
A green branch beside the diversion may signify it is
open and should not be tampered with; each user does the
cleaning and opening and closing for the supply to his
or her fields. People take these arrangements
seriously, either attending the meetings where the turns
are decided or making su re to have someone to report
back what was decided.

When needed, canal cleaning is done by all users on
an agreed day. There may be more elaborate arrangements
on the jointly owned canals. In one case, the clans
along the furrow do the regular checking and maintenance
but expect to participate in any ceremonies carried out
by the other group. Ad hoc repai rs are call ed for at
the time when not iced, usua.11 y by the person appoi nted

. to do the routine check who gives a loud shout taken up
by neighbors until a repair group is mobilized. For the
repair of major damages, some clans have "blowers" who
live at strategic sites and will blow special horns to
spread the warning from one blower to the next over an
extended distance (Ssennyonga, 1983:106).

In summary, then, Ssennyonga identifies five tasks
which were provided in the local social system to
facilitate furrow operation:
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1. Routine inspection;
2. Monitoring and regulating water level and

flow;
3. Opening and closing the diversion points;
4. Cleaning; and
5. Repai rs.

It is significant that conflict is not identified in
this listing. Ssennyonga argues that the clan leaders
resolved conflicts in their traditional council (Kokwo)
meetings. There appeared to be few conflicts between
users, but an emerging area of potential conflict caused
by the i ntervent i on of externa11 y appoi nted government
agents and by ambi t i ous hi gher 1eve1 p1 ans for the
deve1opment of the Keri 0 Valley. Here the fact the
system was studied by Soper and Ssennyonga before major
developments had been implemented provides a valuable
baseline for analyzing SUbsequent changes.

Already by 1980 major changes were in the offing.
Fi rst, the Kenya F1 uorspar mines at Kimwarer were
alleged to have polluted the Kerio River at source,
making its water "unfit not only for human and animal
consumption but also irrigation" (Ssennyonga, 1983:100).
Whi 1e thi s wou1 d not have affected the water di verted
from the smaller rivers coming off the escarpment, it
may have made people more dependent upon them.
(Fluorspar occurs in commercially viable quantities
throughout much of the vall ey.) Second, i ntensi fi ed
settlement with attendant loss of forest and exposure of
slopes in the upper zone feeding each river has reduced
furrow yi e1 ds, both because of there bei n9 1ess water
and because of increased siltation. Third, the
authority of the clan leaders' councils (kokwo) has been
effectively eroded by the interposition--orthiefs and
sub-chiefs into the local political system. Today it is
the appointed subchief "who takes the people's problems
to the higher levels and articulates their needs"
(Ssennyonga,1983:107). Fourth, the Ministry of
Agricu1 ture has entered with its own p1 ans for an
officially sponsored irrigation scheme at Tot; there is
equally wide scope afforded by the terrain for
introduction of hydropower installations. And, fifth,
the Kenya Government created the Kerio Development
Authority in 1979 to coordinate development planning
throughout the entire valley. Even at that time it was
obvious that better roads would be required, bringing
the Kerio Valley into the mainstream of Kenya's tourism
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and mineral development. Soper (1983) warns that the
apparently minor structures such as embankments and
drainage ditches required for a highway could have major
negative impacts on the many furrows it would cross.

The transition from a locally built and controlled
system to one which depends upon external initiative and
support is perhaps i nevi tab1e. Ssennyongagi ves as an
example the role of the assistant chief at Arror in
raising funds to repair the Kapkamak furrow (Ssennyonga,
1983: 107) • Soper notes that th is fu rrow conta i ned a
stretch of about 50 m which had a serious break in
January 1980. Through intervention of the sub-chief,
its repair became a lIHarambee project ll whereby all males
in the sub10cation were required to pay two or three
shillings, and those working outside ten to fifteen
shi 11 i ngs. The money raised bought pi pes, cement, and
the skilled work to build a masonry wall 10 m long and
2m high. The project was judged a great success, but at
the same time represented a significant step away from
clan-based initiative. In this instance, the precedent
may be quite important, since there is another nearby
furrow which was dug for some five kilometers before
being abandoned:

Its effective length is now less than a
kilometer, the small flow serving the danestic
needs of the Kapchebar area. The wasted
labour investment in this furrow is appalling,
though the dynamic sub-chief of Arror has
plans for resuscitating it. The main reason
for the failure, however, appears to be the
rather sandy, 1arge1y decomposed gnei ss bed
rock through which large stretches of it are
cut.... (Soper, 1983:83)

One can foresee that a lined, cement canal would solve
the problem and provide output from a substantial local
effort. At the same time, to realize this relatively
minor technical intervention would mean involving
outside experts and higher level officialdom. As
Ssennyonga asks:

Will the people lose their sense of initiative
and instead adopt an att i tude of dependence?
And yet without cooperation at a level larger
than the clan unit it is not easy to exploit
the economies of scale especially in the
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context of increased water demands.
(sennyonga 1983:107)

Pare Mountains (NE Tanzania)

Looking at traditional irrigation along three
rivers in Tanzania's Pare Mountains (which face across
open plains towards the distant Taita hills), Yoshida
(1985) found many of the furrows had been dug more than
100 years ago and were owned by specific clans
associated with their construction. In the upper area
near the forest there were also found collecting pools,
roughly five by ten meters in size, and named after the
person who had built the pool (also more than a century
earl i er) • These co11 ect water from a spri ng or nearby
stream for rel ease duri ng day1 i ght hours down a small
furrow (Yoshida, 1985:51). However, the larger furrows
occur at various points along each river's drainage as
it drops rapidly towards the plains below. The water is
used for irrigating crops, watering livestock, and
making bricks. It allows cultivation of maize, beans,
vegetab1 es, sugarcane and cardamom duri ng the dry
season, but is of equally great importance to insure
that crops planted in the "short rains" (October
December) can be brought to maturity. These days people
try to have separate sources for drinking water because
of contamination of furrow water by insecticides used on
the coffee. Lower down, there are also some places
where furrow water permits irrigated ,rice growing
(Yoshida, 1985:53).

The responsibility for allocating water and for
summoning people to make repairs after each rainy season
falls upon a senior male in the relevant clan, an unpaid
ro1e termed in Ki swahil i "1 eader of the fu rrow( s) • II

Those intending to use water arrange when they will get
thei r turn--norma11y six hours at a stretch--with the
furrow 1eader. All such arrangements are verbal, but
backed by the threat of a communally enforced fi ne--a
goat, or from three to fi ve kgs of sugar and tea for
all, or perhaps fifty shillings--1evied against anyone
tak i ng water out of tu rn. There are no water charges,
and access to water depends very much upon the preci se
location of a person's plots. Since many farmers have
several plots, it is quite common for an individual to
belong to two or more furrow groups. Farmers with
1arger plots get the use of furrow water for longer
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periods, though in some villages Yoshida reports it was
claimed tai1enders receive priority (Yoshida, 1985:57).

The Pare furrows are rarely more than 10 km long.
They employ the same construction techniques already
described above for Kenya. After the heaviest rains in
each season have passed, the furrow leader will mobilize
its members to· repair the temporary intake weir. Such
repairs and cleaning of the main furrow were
traditionally done by men, it being said that if women
did it the water would go backwards rather than flow.
In practice, women do sometimes participate, and usually
do so in the 1owl and areas where water is most scarce
(Yoshida,1985:58). At this time there is usually a
communal c1 eaning of the enti re furrow to prepare for
the irrigation season, a task organized by the furrow
leader. While the furrow is in use, members are
supposed to contribute to its maintenance (sometimes
done jointly on a given day of the week). On branch
furrows, each plot holder cleans the portion nearest his
plot.

As can be expected, there are co·nf1 icts between
vi 11 ages where fu rrows draw water from the same ri ver.
The usual custom is for each vi 11 age to take its turn
(zamu) one week at a time. On one furrow with branches,
t~f10w regime has been divided into five sections,
with each getting three days in turn. Without having
any volumetric measurement, villagers adjust to scarcity
by shorteni ng the duration of access but keepi ng the
proport ions between users the same. Duri ng the dry
season, it has been the customary practice that upstream
villages nearer the source use the water during the
morning and afternoon, leaving night watering to the
downstream villages on the plain. In the severe 1984
drought, the 1ack of any water, even at ni ght, forced
the chairmen of the downstream villages to negotiate
with the mountain villagers for release of more water
(Yoshida, 1985:60-61).

The trad it i ona1 arrangements for water management
just described has been modified further following the
Tanzania Government's creation of village government
units from the mid-1970s onwards. The village
government established for each neighborhood consists of
a vi11 age council (with a Chai rman, Secretary, and
Village Manager) and five sectoral committees: 1)
security and defense; 2) production; 3) planning and
finance; 4) building and transport; and 5) education and
welfare. Most villages have taken over responsibility
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for furrow management if one or more furrows are
important to members. Typi ca11 y, a subcommi ttee in
charge of irrigation affairs has on it one
representative for each furrow or section of the
village. Yoshida notes (1985:55) those appointed to the
irrigation sub-committees were probably already the
traditional water managers.

Co-opting Traditional Institutions?

As indicated earlier, the contemporary interest in
African traditional irrigation has arisen by analogy to
the Asian experience. The underlying hope has been that
by bui 1din g up 0 n ex i stinginstit uti 0 ns , farm e r s '
participation in and acceptance of irrigation could be
increased (FAO, 1985; Mock 1985). To what extent does
the detailed evidence reviewed above support this hope?

Fi rst, most of the systems encountered in Afri ca
are by ci vi 1 engi neeri ng standards of mi nuscu1 e si ze
without a major technological input into the water
conveyance system. If such systems have strategi c
importance, as indeed the "swamp rice" and "fadama"
systems of West Africa do, it is because of their
aggregate impact upon securi ng the food supply of
hundreds of smallholders. It is extraordinarily
difficult to deal with a dispersed network of very small
plots by means of modern engi neeri ng approaches. Even
when suitably "small-scale" units are designed, they
require machinery, construction and a financial
structure quite different from most indigenous African
systems. This is abundantly clear from the failure of
Wor1 d Bank attempts to assist "swamp ri ce" proj ects in
West Afri ca, and seems equa11 y the case for externa11 y
sponsored small projects in Niger, Senegal and Kenya.

Second, Africa's small-scale irrigation is labor
intensive. Even where the traditional technologies are
widely employed, when farmers have the option of buying
modern pumps or obtaining salaried employment, they
quickly abandon their indigenous technology. It has
been the spread of high volume pumps which has
eliminated traditional shaduf and sagia pumping from
Sudan and the Sahel. Small systems are as vulnerable as
larger ones if farmers discover more rewarding uses of
their time.

Thi rd, many small systems have suffered from
dec1 ining water supp1 ies, either a fall 1ng water table
during the extended drought of 1983-85 or the removal of
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forests which protected the catchment areas. Under
conditions of drought or of population increase, small
systems enjoy no automatic advantages. In East Africa,
the proportion of the national population which relies
upon small-scale irrigation remains extremely low.

Fourth, traditional water management appears to
have been closely interconnected with local rel igious
and political authority (in Sahel ian West Africa) or
with clan and neighborhood based elders' committees (in
East Afri ca). Ri ghts to use water were acqui red by
virtue of residence, kinship, and propinquity. It is
misleading to tenn these systems as ,being "village" or
"community" owned. Specialized corporate bodies to
supervise, maintain, and expand the system did not exist
in thei r own ri ght, but were rather an outgrowth of the
social network. People gained access to water by being
or marrying clansmen. To obtain benefit from water
required a large labor inputs which discouraged many
households from making the attempt even when it was
technically feasible.

Many Afri can regimes have acted as if trad it iona1
authori ties const i tute a barri er to fu 11 nat i ona1
integration. In Tanzania after independence one of the
first steps taken was to remove the chiefs and then the
local councilors who had been the link between
communities and the nation. At a later date, Sudan
sim"ilarly abol ished its local authorities. In Kenya,
the influence of clan leaders is often perceived as a
threat to national unity; the chiefs and sub-chiefs who
represent the government are appoi nted offi cia1s.
Across much of the continent increased commercialization
is eroding traditional mechanisms for co-operation,
while increased bureaucratization of the political
system excludes the kinds of leadership which might
support indigenous irrigation. Pump-based projects
which are spreading rapidly for the commercial growing
of spices and vegetables are generally undertaken as the
private investments of the local elite.

The prospects for community-managed, surface
systems appear most promising where the national regime
encourages the formation of village-level committees or
village government, as Tanzania has since the mid-1970s.
What matters is not whether the i nst i tut i ona1 form is
i ndi genous or introduced, but rather that the locus of
control should remain within the community.
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Pastoralism and
Irr1gat10n Development

In Chapter Four, the "probl em" of 1i vestock was
touched upon, since this is indeed how technical staff
view animal production in the scheme environs. However,
it is also true sociologically that often the people who
are supposed to take up irrigated production have come
from pastoral backgrounds. The 1ack of congruence
between the att i tudes and ski 11 s requi red for successful
pastora1i sm and what is needed in i rri gated farmi ng is
extreme. The difference is that pastoralists must
remain highly mobile, have minimal fixed investment in
houses and equi pment, uti 1i ze a very 1arge area, and
show a high degree of flexibility and independence.
Irri gators, on the other hand, have a 1arge fi xed
investment, use a small area intensively, are tied to
growing crops and must closely synchronize some
activities with their neighbors. The habits of thought
and act ion requ i red for success fu 1 i rri gat i on are
antithetical to those needed for success in pastoralism.

The involvement of pastoralists occurred initially
when a number of Africa's larger schemes were located in
"unused" pastoral rangelands. Notable examples were the
Office du Niger in Mali, the Gezira, Rahad and New Halfa
Schemes in Sudan, and the Pekerra, Mwea and -Bura
settlements in Kenya. In our earlier discussion, we
pointed out that these are only a few of the many
examples: virtually all irrigation development in the
semiarid lands of Afr1ca has taken place on pr1me
range 1and s. The general 1e s s on from all of these
projects 1S that local pastoral populations have shown
little enthusiasm for joining officially-sponsored
i rri gat ion proj ects. As a consequence, even when
located wi thi npastoral areas, Africa's larger
irrigation schemes have been settled by outsiders.

Large-Scale Schemes: The New Halfa Case

To illustrate the complications for pastoralists
when a large-scale scheme is located in their midst, let
us take the exampl e of Sudan's New Hal fa Scheme,
formerly known as the Khashm el-Girba Scheme. The task
is greatly facilitated by the fact that the New Halfa
Scheme is by far the best documented case of attempted
sedentarization of pastoralists (Agouba, 1979; Oafalla,
1975; Salem-Murdock, 1979, 1984; Fahim, 1980, 1983;
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Sorbo, 1977, 1985; Hoyle, 1977; Pearson, 1980; and
Shepherd, 1985).

The f1 at Butana p1 ai n of eastern Sudan where New
Hal fa is located consi sts of a vast expanse of mostly
treeless, clay soils lying between the Atbara River on
the East and the Nile on the West. Historically, the
area was known 'as a III and of thi rst II (Ba1ad e1 attash) ,
where 1itt1e water could be found away from the major
rivers during the months from March to July. Rainfall
in the North is as low as 75 mm per year, dictating
camel-based nomadism as the traditional livelihood,
increasing gradually to about 500 to 600 mm in the
South, where mixed herding of cattle, sheep and goats
occurs in an acacia studded savanna environment. About
20 different groups of pastora1ists inhabited the Butana
plains, with the Arabic speaking Shukriya numbering
between 300,000 to 500,000, being the largest.

Thi s was the 1and, then, chosen by the Sudanese
Government for resettling the Nubian people of Wadi
Ha1fa, whose holdings along the Nile were flooded by the
Aswan High Dam. However, a very large area to the South
(2,600,000 feddans officially demarcated by 1979, and
a1most as much under unoffi cia1 use) was taken up for
mechanized large-scale rainfed cultivation (Shepherd,
1985). This squeezed the existing pastoral peoples
northward into the drier zone of the Butana itself,
where from the mid-1960s onward the Sudanese Government
took a further half-million feddans for establishing the
New Hal fa Scheme. The proj ect area stretches some 100
km along the western bank of the Atbara Ri ver, from
which it draws its water by a dam not far from the
Khashm e1-Girba settlement. About half the 300,000
people inhabiting the Scheme in 1978 were ex-nomads; of
the offi cia1 tenants (i n contrast to the freeholders
from Wadi Hal fa), a1 most two-thi rds (63 percent) were
from a pastoral background (Sorbo, 1985).

The New Hal fa Scheme has become a key example of
the Sudanese Government I s attempts to sedentari ze its
pastoral populations. However, initially all the
attention and most of the benefits went to the
relatively urbanized IHa1fawieens," most of whom were
opposed to being resettled at Khashm e1-Girba (Fahim,
1983). As a consequence, the Wadi Ha1fa settlers
received freehold land (twice the surveyed size of their
original holdings), houses and village services
(schools, water and health). In marked contrast, when
ex-nomads were recruited in later phases of scheme
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development (1967-69), they received neither village
services nor houses, and became tenants rather than
freeholders (Pearson, 1980). This solution left both
maj or groups who 1i ve in the scheme feel i ng cheated,
with each group claiming a moral right to lands it had
lost. Despite the scheme having been in operation for
over 15 years, nei ther the II Hal fawi eens II nor the ex
pastoral ists regard it as their permanent home (Fahim,
1980).

For the ex-pastora1ists, the crucial issue was
whether life in the scheme could provide a viable
1ive1 ihood. Almost all hedged thei r bets by continuing
to keep substanti ally more animal s than the one animal
unit per fifteen feddan holding which is permitted under
the tenancy agreement. Tenants' animals are allowed to
graze the banks of canals and on land not being cropped,
but are not supposed to enter the fi e1 ds unti 1 after
crops are harvested. In practice, it has proven
impossible to determine the real numbers of animals a
household owns, since at different seasons they are
transferred in and out of the scheme and many tenants
own substantial herds kept outside within the Butana
(Pearson, 1980). It ~sohappens that nomads from
outside the scheme bring their herds into the fields at
night in search of fodder and water. Some tenants claim
there are western Sudanese who have established
themselves on the scheme boundaries and who sell dairy
products in New Ha1fa in competition with the
"Ha1fawieens" \'1ho can keep as many animals as' they wish
on their freeho1dings. In any event, during the long
dry season, and especially in times of drought, trespass
becomes a major problem. The scheme's management has
regularly called upon the police and even the army to
protect growing crops (Pearson, 1980).

Sorbo (1977, 1985) provides detailed analysis of
non-agricultural incomes and the growing socioeconomic
differentiation within the Scheme area. The Nubian
"Ha1fawieens" have in fact done quite well. New Ha1fa
town, with 35,000 residents (in 1978) and a range of
subsidiary occupations and services, is more than three
times the size of old Wadi Ha1fa. Among Butana's
ori gi na1 i nhabi tants, the mai n advantages have gone to
the traditional elite who received first claim on
tenancies and who have accumulated fairly large holdings
and herds. There has been a 1arge increase in numbers
of animals using the Butana plain, by outsiders as well
as original inhabitants, leading to a serious
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deterioration of pastures (Shep~erd, 1985). For smaller
households, livelihood from the scheme remains marginal.
They are only able to survive by mutual transfers of
resources between irrigated agriculture and the
1i vestock sector, and by working as hi red 1aborers for
larger households.

Small-Scale Irrigation for Pastora1ists

The more recent involvement of pastora1ists in
irrigation projects has come about as an indirect
consequence of major African droughts, particularly in
1972-73 and 1983-84 (affecting most of the Sahel and
Horn of Africa), but also localized droughts (such as
the 1979-80 drought within northern Kenya). What
typically occurs is that as food supplies fail within an
area, various NGOs and national agencies become involved
in distributing famine relief to destitute ex
pastoralists. Within the most severe droughts,
1ivestock either die or are driven out of the area in
search of better pastures. If the ab1 e-bodied men have
left with the surviving animals, those remaining at home
wi 11 be the aged, the women and thei r chi 1dren. Such
popu1 at ions qu i ck1y become ent i re 1y dependent on
externally supplied food and many may die when the food
distribution system for one reason or another fails.

It is easy to see why irrigation can appear an
attractive solution to a relief agency which finds
itself supporting ex-pastoralists at remote locations
within the semiarid zone. For people to live in famine
relief camps there must be a water supply, a prime
consideration in the siting of food distribution points.
As the immediate crisis passes, the water availabil ity
will improve, while at the same time external food
supplies become more erratic even though the most
destitute residents of a camp will remain, having lost
the herds which allowed them to participate in the pre
drought economy. Willy-nilly, the relief agency finds
itself still entirely responsible for the feeding of a
sizable community which could be producing at least some
of its own food within the immediate locality.

A good example is provided by Helland's (1980) case
study of a drought rehabilitation project for the 'Afar
people of northeastern Ethiopia after the 1972-73
drought. Wi thi n the area he stud ied there were some
eight irrigation projects established, based on flood
irrigation of maize or sorghum for 2,000 people.
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Participants received 3 kg of grain daily, irrespective
of either their work or the success or failure of
irrigated farming (Helland, 1980). This was, of course,
very popu1 ar with the semi -nomadi c I Afar, who then put
thei r 1east productive members, such as 01 d women and
children, into the schemes, while the menfolk continued
in livestock production. This facilitated a rapid
recovery of the I Afar herds and di sgui sed the fact the
irrigated plots "were never viable economic enterprises
but were heavily subsidized by relief supplies."
Helland concludes:

Some of the irrigation projects initiated
during the initial phase have been
discontinued, mainly due to technical problems
involving the control of the flash floods. In
several project areas, fields have been washed
away and barrages and diversion channels have
been destroyed and no crops have been
harvested after three or four years of
operation. Nevertheless, these projects still
seem to be attractive to the I Afar and there
is no lack of participants. (Helland,
1980:123.)

A number of additionai examples can be found in the
dry areas of northern and eastern Kenya. Some of these
small-scale projects depend on "boreholes" (tubewe11s in
Asian parlance), but more typically they use small
diversion canals from seasonally-flowing rivers that
originate in higher rainfall areas. Three such schemes,
at Katilu, Amo1em and Kakorongo1e, constitute the
"Turkana" cluster (though the Amo1em scheme includes a
higher proportion of West Pokot people). The Kati1u and
Amolem projects are described by Schwartz (1983),
Broche-Due (1983), and Broche-Oue and Storas (1983).

Irrigation was introduced into this part of
northern Kenya by NGOs in the late 1960s. Subsequently,
a national steeri ng commi ttee was set up, whi ch 1ed to
Ministry of Agriculture involvement throughout the 1970s
and eventually to UNDP/FAO assistance, followed in the
late 1980s by NORAD assistance. The schemes which
remained, primarily NGO efforts, have stayed small and
simple, at around 30 ha (considered the "ideal" size by
NGO staff involved with such projects). Kati1u Scheme,
however, which became the focus of FAO/Ministry of
Agriculture efforts, was provided with heavy equivalent,
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pumps and a ridge-and-furrow system of water allocation.
It had been intended to irrigate almost 500 ~a. A total
investment of about seven million dollars to serve 710
tenants on one hectare plots was ant ici pated for the
three IITurkana ll cluster projects. The Ministry
appointed its own staff to operate the scheme, which was
supposed to grow cotton as a cash crop to repay costs
and maize, sorghum and green grams as food crops.

Achi evements in practi ce have been much 1ess than
planned. The infornlation provided by Schwartz (1983) is
summarized for Katilu and Amo1em Schemes "jn Table 32.
Plot sizes have ranged between .2 and .5 ha, with maize
grown for home consumption being the main crop, but some
cotton also grown at Kati1u. Breakdown of pumps,
inability to get diesel and spare parts for machinery, a
high rate of absenteeism and turnover among Ministry
staff posted to the area, and the flood i ng "j n 1981 of
some 60 hectares of new1 y 1eve1 ed 1and, have
necessitated a shift to a much simpler system based on a
gravity fed canal and basins rather than furrows. Since
the schemes are located "j n the ri veri ne thickets which
are also the main source of dry season browse and water
for both wi 1d game and cattle, losses to the crops by
depredation have been substantial and yields low. The
destruction of trees bordering the river and intensified
land use have caused changes in the riverbed, resulting
in destruction of the intakes and siltation of the
supply canal. The Ministry, with FAO/NORAD assistance,
has tried to devolve managerial responsibility on a
growers' committee, which is supposed to recover its
cost from a cess on the cotton grown. However, cotton
prices have been low, the quality and yield
disappointing and the marketing parastata1 delinquent in
making its payments to farmers.

The more basic question is what some seven million
dollars of external assistance has gained for the
pastoral i sts themse1 ves. l The Turkana and other peop1 es
like this have been the almost continuous recipients of
external assistance since the mid-1960s, with about one-

1Schwartz itemizes just under four million dollars
contributed to Kati1u and Amo1em projects by ten donors
during the period from 1966-1981. More recent
tabulations of total cost for the Turkana cluster by the
Kenya Ministry of Agriculture and by FAO/UNDP staff
indicate well over seven million dollars if one includes
staffing costs.
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TA8LE 32

TURKANA CLUSTER SCHEMES

Scheme KATILU AMOLEM (AMULEM)

Date begun 1970 1976

Predominant groups Turkana West Pakot

Size 220·na 30 ila

Plot size {mean) 0.5 ha 1).2 ha

~o. tenants 450 150

rio. 1aborl!rs 301) 250
(food for work)

Fal:'line rel1af 2.500 1.500
recipients
(approx. no.)

Total population 8.000 5.000
of settlement

Source: Sabine Schwarz (1983). p. 194.

third the total district population still recelvlng food
relief in the early 1980s. As Schwartz notes. the
Turkana have been opposed to external pol itical control
but receptive to economic assistance. taking up in turn
whatever donors have suggested: irrigation. water
harvesting. camels. milking goats. etc. Households on
the schemes are nearly double the average size. and also
own livestock away from the scheme (Schwartz. 1983).
They continue to make 1ivestock payments requi red of
them under traditional obligations. using their profits
to reinvest in 1ivestock. When gol d was found in the
early 1980s~ 60 to 70 percent of the farmers abandoned
their plots and new p10tholders had to be recruited.
The concentration of people and animals around the
schemes has caused the destruction of the trees and the
rangelands leading to "over-crowding. over-grazing.
shortages of water and fuel. with the attendant social
problems of crime. alcoholism and prostitutes"
(Schwartz. 1983:206).
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Some Lessons for Pastoral Development

Operational lessons from Kenya's drought relief
irrigation projects have been summarized by Kortenhorst
(1983) and Asmon et al., (1984), and are itemized at the
close of this chapter. Specific to projects aimed at
employing destitute pastoralists, there are several
further observations one might make:

Men of a farming age whose labor input
is essential are the. most likely to
be attracted elsewhere in response
to temporary opportunities. The
instability of family groups may make it
necessary that plots are given to
individual adults as their per-
sonal responsibility.
In a dry ·environment, springs and
riverbeds where water can be found will
also constitute critical sources for
wildlife and semi-nomadic pastoralists.
Other users' needs must be reckoned
with when laying out small-scale
irrigation.
Fuel and parts to keep pumps in opera
tion exceed what small communities in
remote locations can organize for
themselves.
Irrigation depending upon imported
pumps should be avoided.
The "cloudburst" nature of rainfall
in dry areas means that intake works
and canals are frequently damaged by
flooding. Either intakes should be
sited to minimize this danger, o~ they
should be constructed of traditional
materials which can be locally repair
ed each season.
The amount of labor a woman and her
children can contribute to farming is
very small. A plot of 0.1 or 0.2
ha may be all such households can
manage effectively. Asmon et al. (1984)
suggest plots of half an acre should
be allocated per adult. It is essential
enterprises are chosen to minimize cash
and labor inputs.
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Security for crops and household members
is often an issue in the environments
where ex-pastora1ists are found. These
risks should be assessed when locating
and planning schemes.
Ex-pastora1ists require more training
and closer supervision than would other
wise be the case.
If households concentrate upon meeting
subsistence needs, it can be predicted
they will have little surplus production
to sell. Any services requiring cash
payments from them will be a source of
continuing difficulty.
Settled households depending on cereal
foods require far more firewood than
do semi-pastoral households relying on
milk. Adequate provision of fue1wood is
an essential part of any 10ng
term sedentarization.
Outsiders should expect that a great
deal of effort will need to be devoted
to encouraging leadership skills within
the project community. Among the
hardest skills to convey are those
associated with accountancy and the
control of common savings on behalf of
project members.

Conflict Resolution

The sources for conf1 i ct assoc i ated wi th the
practice of irrigation are many and varied. As a heavy
user of a finite and often scarce resource, irrigation
development embodies claims which will often be
controversial and sUbject to dispute. As implemented in
Africa, formal irrigation schemes have been imposed upon
pre-existing systems with little consideration of what
will happen to those whose rights are extinguished.
Sometimes without consultation whole communities will be
relocated and permanent structures constructed on the
1ands peop1 e once thought they owned. On many of
Afri ca I s ri vers the extended peri od when water 1eve1 s
are low is already a time of hardship; unanticipated
diversions to permit irrigation at points higher in the
system are bound to increase tension. Then there is the
issue of what to do about pollution which surface
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irrigation may return to the river system via drainage
lines. In general, irrigation changes the distribution
of benefits in the local system, and is frequently a
source of new conflicts.

The amount of conflict associated with water
management is a function both of water scarcity and of
the particular design of the distribution system.
Obviously, it will also reflect (inversely) the degree
of consensus among users concerning how water should be
allocated and what exceptions are legitimate. Where the
allocation system is perceived as being fair or
necessary, conflict may be low even when water is
scarce. For exampl e, in the huge Gezi ra System by long
convention tail enders are allowed to withdraw their
water first; similarly, lIindents" (orders) are
accumulated from the outermost sections back to the main
cana1 in such a way that those nearest the source must
absorb any shortfall which occurs. The sociological
fabric of understandings within a system about who gets
water when, where, and why is therefore a key
determinant of the level of conflict actually evidenced.

When confl i cts erupt, they can occur at di fferent
levels within the system (and thus require different
conflict resolution mechanisms): between adjacent or
neighboring users on the same tributary (the age-old
tail-ender versus front-ender problem); between
competing segments or villages on different secondary
canals; between farm tenants en masse and the water
authori ty; or even between di fferent countri es shari ng
the same river system (e.g., Ethiopia and Somalia). At
whatever level, water-linked conflicts can be taken up
under a vari ety of organi zat i onal sett i ngs--some more
effective than others in achieving a lasting resolution.
They may be dealt with as ordinary civil cases within
the judicial system; alternatively, they may be the
reason for activating traditional dispute containment
procedures, e.g., by clan elders in a village; or they
may be categori zed as a "water di spute" under separate
regulations. and jurisdiction. What seems to be
generally absent in Africa are recognized traditional
roles assigned the special duty of administering water
rights--most likely a reflection of the limited use made
of irrigation (except in Madasgascar and the Arab
influenced northern countries). Given the array of
other possibilities for handling water-related disputes,
it is likely that both the incidence of conflicts and
the devices employed for resolving them will strongly
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reflect cultural patterns in the surrounding area except
insofar as the state itself becomes an interested party.

Evidence of inadequate adjudicating mechanisms can
take several forms. In extreme cases, there may be
actual violence (see the Bako10ri case given in Chapter
Five). There may be damage to canal systems, giving
excluded farmers access to water. Alternatively,
farmers may refuse to pay scheme charges or may withdraw
completely from joint activities such as canal
maintenance. Poor conununication and a lack of mutual
confi dence between farmers and i rri gat i on managers is
common with large, bureaucratically controlled
irrigation schemes. Some of the more apparent problems
of irrigation, such as delinquent loan 'payments or the
rapid deterioration of physical structures may in actual
fact originate from high underlying levels of tension,
which in turn reflect unresolved disputes. The
particular layout of the water distribution system is
also significant. Some systems pit farmers and groups
against each other in ways which continuously fuel
competition when water becomes scarce. Since irrigation
involving smallholders usually requires a high degree of
voluntary cooperation, a failure to resolve conflicts-
whether initially or later during routine scheme
operations--can cripple irrigation efficiency.

A significant feature of African social systems is
that a person's ethnic (or "tribal") ties have a great
deal to do with how disputes will be treated. Disputes
involving outsiders (especially if they are powerful),
tend to be hand1 ed wi thi n the cou rt systems, but
di sputes between fell ow c1 ansmen are often acted on by
village elders outside of the formal system. The
difficulty on Africa's larger irrigation schemes is that
those recrui ted as tenants or as 1aborers frequently
come from a distance, perhaps having a different
language, culture and religion from what predominated
locally. Where theorigina1 users ·of land were few--as
wi 11 be the case if they were pastor1 ali sts--the
"outsiders" who enter an official scheme will soon
outnumber them, and there may be a protracted strugg1 e
not over water rights per se (though these too can
become an issue when the pastoral herds arrive at the
water source) but between scheme tenants and the
dispossessed right-holders. For example, on both the
Gezira scheme and the Office du Niger, a substantial
number of those receiving plots or working in the
i rri gati on systems were not even from the same country
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as previous residents. A polarization between "locals"
and "outsiders" is common within many of Africa's
development projects, and puts a strain upon the formal
systems for dispute resolution, which are not well
suited for dealing with water-related conflicts.

The basic situation is that where local farmers-
strangers or otherwi se--hol d such ti ny plots (of one
hectare or less) and are there by bureaucratic
sufferance or through undocumented oral agreements, they
have very· 1i ttl e 1everage aga i nst the scheme or
irrigation authority. Recourse to the "paper" system of
tribunals and formal hearings will only be effective if
the claimant has backing from above (e.g., a "big man").
On the i rown, farm er s may not ex pect a fa irand
impartial resolution of their disputes. In much of
Africa, "paper" justice is still asso,,:iated with the
colonial past and with the arbitrary exercise of raw
political power. Thus enactment of water laws at the
national level is usually an ineffectual device for
improving dispute resolution locally.

Here those communities which were already involved
in traditjonal irrigation have an advantage, e.g., those
living in the wet-rice zone of Madagascar. For the
remainder of Africa, the introduction of irrigation
necessitates that measures for conflict resolution be
instituted. Otherwise, the spread of the technology may
be curtailed. An excellent illustration is furnished by
Roder descri bi ng the i ni.t i al spread of i rri gat i on in
Zimbabwe:

Since the Shona had no history of irrigation,
they had no customary concepts of water appropria
tion. At Mutambara the participation of a strong
chief ensured that inevitable disputes over water
allocation found a court settlement ••• it appears
that the chief and his relatives took a lion's
share... Where traditional leadership failed to
combine with new learning, water disputes are
argued by force rather than settled, as every man
felt entitled to use water as and when he pleased.
Informants tell of getting to their fields early in
order to be first when opening inlets and of
ensuing fist fights with late comers who thought
their supply curtailed. Lack of agreement
probably prevented the growth of other irrigation
projects greater than those managed by one or two
families. (Roder, 1965: 99-100.)
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A similar situation arose more recently within Senegal:

••• near Rossa, a group of former slaves
set up an irrigation project on dry steppe
land. They believed their tenure was
secured by the work they put into develop
ing the land and the government's grant of
the land to them for that purpose. However,
when harvest time came, the head of the
local Moor community arrived to claim his
half of the yield. His ancestors had con
quered the area and he had papers from the
colonial government· to confirm his title •

.The local gadi (Islamic judge) ruled that
the documented historic claims outweighed
the more recent government grant. (USAID,
1983, 111:107)

On a visit to Mali's Bandiagara Plateau in mid-1983, we
observed one vi 11 age where despite the onset of the
summer rains (in a very dry year) the removable gates on
a sma 11 dam had not been i nsta11 ed because of a
continuing dispute between villagers and the three
families claiming the land which would be flooded.

One can assume peasants with conflicts at the local
level will choose their own means for obtaining redress:
perhaps witchcraft accusation, social ostracism,
expulsion of the offending party, the levy of a fine by
the elders, or even physical violence. Use of written
legal precedents will be confined to the educated elite,
or, more commonly, to the government's own efforts to
increase its control over farmers' land and water. When
high status outsiders do take legal action, it may well
be to use their superior grasp of legal procedure. to
dispossess rightful claimants (Francis, 1986). A major
weakness of present systems in much of Afri ca is that
traditional claims upon land and water lack the formal
documentation needed to support legal action in a
"modern" system. As Chapter Seven shows in regard to
land tenure, there are many contradictions and
ambiguities in the evolving system. Rights of easement,
sharing of profits, inheritance by women and minors, and
the temporary use of land all occur commonly, but on the
basis of social convention rather than with the written
protection of the law.

The Is1 ami ci zed areas of Africa--where the larger
share of the continent's present irrigation developments
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are found--are a partial exception. Islamic law is
accepted and used at the local 1evel in many
transactions involving property and inheritance.
Religious leaders at the village level may wield a great
dea 1 of power and the di sj unctu re between what is
accepted practice locally and what appears in the
national legal codes may be less. As the provisions of
Islamic rater law are well documented in the
literature, it would make an "interesting comparative
study to see to what extent levels of conflict are lower
i n Mus 1i m comm unit i es • E1sewhere, Part y 0 f f i cia1s
sometimes play this role in the socialist countries as
do the Village Headmen or Chiefs in central and Southern
Africa.

In the last analysis, then, it is likely to be the
people's own institutions--the degree of trust shared
between them, an absence of pronounced i nequa1it i es, a
recognition that· they have been fairly treated by the
government, and the acceptance of certain rules for
settling water-related disputes--which minimize friction
in irrigation management.

The Bureaucratization Issue

The commitment of funds to irrigation usually means
adoption of the project mode: designation of
specialized management, appointment of salaried staff,
identification of target outputs phased over time, and
perhaps acceptance of external evaluation. These
features have become the standard format for techni cal
assistance interventions during the past three ·decades-
becomi ng in effect an "embedded model II about how
development should be done--but nonetheless constitutes
a marked change from what would be necessary if
irrigation were adopted mainly at farmers' own
initiative. In particul~r, the involvement of external
financing on larger projects brings with it many
additional requirements: legal recognition, conditions
precedent, disbursement and account i ng procedu res, and
so forth. These requi rements vi rtually guarantee that
the implementing agency is itself a bureaucratic unit.

The "embedded" bureaucrat; c mode of do; ng bus; ness
comes with its own set of probl ems, probl ems better
recogni zed by farmers than by pl anners. Perhaps the

1See particularly a series of FAO reports by
Caponera (1973, 1978, 1979, 1981).
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most obvious one is the need to achieve a relatively
high volume of production before the turnover can repay
staff salaries. There is in many African countries a
long tradition (going back to colonial times) of
employing people in specialized, low-level occupations:
drivers, mechanics, pump operators, water guards,
accountants, and the 1ike. Estab1 i shi ng a management
unit for even a small perimeter will generally require
from 5-10 peop1 e, not the one or two its output can
support. While individual salaries may be relatively
low, when these are linked to a tradition of inflexible
job assignments, the overall unit costs of production
become qui t e hi gh•1 It i s a ston ish i ng justhow
persl stent such "management" units can become. Kenya' s
Ma1ka Dakaa Scheme (described below) when visited in
early 1987 still had a full complement of salaried staff
even though no water had flowed through the furrows for
several years and there were small trees growing in the
dry canal beds.

The ernp1oyment of sa1ari ed staff can also mean the
appointment of outsiders who share neither farmers'
1anguages nO'r the i r soc i a1 bac kg round. As a1ready
noted, tribalism is the scourge of the African
continent. It is not so much a survival or
traditionalism, but rather an emergent po1iticization of
a person I s 1i ngu i st i c ident i ty to become a badge of
group membershi p. Because access to western educat ion
is not evenly spread between all groups (with
pastora1ists and Muslims often being underrepresented),
when employment is based on educational attainment it
will in practice result in bringing outsiders to become
scheme staff. Such individuals are commonly younger men
who had hoped to progress into higher education and who
st ill aspi re to an urban standard of 1i vi ng. Some are
themselves from an urban background. Their divergence
in attitude, language, education and farming experience
from their supposed clients becomes a potent source of
alienation on both sides. Overlaid upon and reinforcing
these sociological cleavages is the fact that often

-lHer;, see discussion of this problem in relation
to ranch management given in Moris (1981:56-57). The
effect of a high cost operational structure of this type
is to make it impossible for field production units to
grow incrementally from a small beginning. Instead, to
cover costs a perimeter must achieve high volume output
from the start (with all its attendant risks).
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proj ect obj ect i ves had been set to serve nat i ona 1
interests which diverge sharply from what may be in the
farmers' own best economi c interest (Fak i, 1982;
Tri1sbach, 1986).

The divergence in production objectives becomes
translated into specific grievances through the
application of official decision-making and bureaucratic
rules. This outcome is precisely opposite from what
theoreticians would have predicted. The sociologist,
Max Weber, saw bureaucratic decision-making as being
based on expert, techni ca1 know1 edge; it wou1 d be, then,
less reflective of politics and favoritism. However, in
~ura1 African setting, a project1s salaried staff
control access to many benefits. They may allocate the
best plots within the water distribution system to
themselves or their relatives. They may divert fuel and
water intended for scheme use to non-scheme, pri vate
irrigators (as Tri1sbach notes for Sudan's QOz en Nogara
scheme, 1986). Government offi cia1s may ins i st upon
1ega1 proof of ownershi p before payi ng compensation to
those di spossessed from thei r fi e1 ds, thereby
disenfranchising those who are not skilled in
manipulating the paper requirements for establishing
1ega1 c1 aims in the "modern" nati ona1 system. Each
procedural step--of whi ch there are hundreds requi red
for the normal operation of a complex production
system--can become a potential obstacle, requiring
pleading and bribes and gifts before officials take
action.

Such tendencies are reinforced within irrigation
projects because of their high costs, the need for
specialized surveys, and the fairly substantial
construct i on component. Wou1 d-be tenants fi nd that in
joining an "irrigation project they are forced to deal
with an array of bureaucratic service institutions not
only to acquire land and water but also for seed, land
preparation, credit, inputs, and marketing assistance.
These requirements can become so burdensome that tenants
view themselves as being government laborers, a
perception Bellonc1e reports for Sahe1ian schemes but
one which is also widespread in East Africa.

On the Mwea Settlement in Kenya (as on the Gezi ra
in Sudan), one fi nds that the tensions between farmers
and staff have become crystallized into two, contrasting
images of scheme life (Chambers and Moris, 1973).
Official visitors are told what can be termed as
IImanagement myths," stressing the scheme's technical
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achievements and the consequent well-being of its
"fortunate ll tenants. However, behi nd the scenes one
will hear equally persuasive "tenant myths ll which
highlight the hardships of living in a malaria-ridden
environment and with the relatively low real incomes
which tenant families enjoy. Perhaps neither viewpoint
constitutes a balanced picture of what actually
transpires within a complex and large undertaking,
havi ng diverse posi t i ve and negat i ve impacts.
Evaluation becomes quite difficult, with the increased
commercialization of tenant farming being accompanied by
high levels of indebtedness and deteriorating public
health.

Trilsbach's review of administrative problems on
Sudan's QOz en Nogara Scheme (1986:59) illustrates the
reason why its farmers remain "highly critical II of the
White Nile Agricultural Corporation which manages the
project. They claim administrators are "out of touch
with the farmers' needs," fail to visit the scheme
regularly, lack managerial skill, and some are even
wi thout such basic knowl edge about the scheme as its
size, tenant numbers, and crop water requirements. The
project administration often fails to provide water
during the season when it is required for farmers'
valued dura crop. Land leveling done by the Corporation
and charged to farmers is often poorl y carri ed out,
leading to large losses by individual tenants. Scheme
staff permit illegal sale of water to nearby private
schemes in order to boost thei r own incomes. The
official labor unions are ineffective. Farmers believe
the richest tenants are thos.e with relatives in the
White Nile Agricultural Corporation, which gives them
and scheme staff the most favorably located plots
(hawashas). Management decisions such as the
abandonment of fallow in the rotation (yielding
declining output) and a refusal to permit
diversification into other crops are resented. The late
del i very of fert il i zers has severel y depressed cotton
yields, while the Corporation has been accused of being
slow to pay farmers for their cotton. Farmers
consequently experience serious cash flow problems.
Trilsbach notes that since there are no formal lending
institutions on the scheme, "farmers are able neither to
finance adequately the inputs for the early part of the
next season nor to arrange for work to be done at the
best time. 1I From a tenants's viewpoint, the resulting
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low yields (and hence returns) are largely caused by
factors in the Corporation's sphere of responsibility.

There are obvious analytic reasons for believing
that farmers' rather pessimistic accounts of daily life
within Africa's larger irrigation schemes are nearer to
the mark than the managerial views represented in most
official reports. The underestimation of production
costs by managers (and appraisal experts) has meant that
the project benefits have taken much longer to
materialize than planners expected. On the Gezira, for
example, Sudanese investigators suggest that tenants
obtained little lasting benefit before the late 1950s,
when the scheme had been· in operation more than two
decades. Similarly, on Mwea in Kenya we found little to
support management c1 aims of tenant well-bei ng by the
mid-1960s when the scheme had been in operation for nine
years--it took an additional 4-5 years before scheme
benefits finally became visible (Chambers and Moris,
1973). In particular, the refusal of many irrigation
agenci es to acknow1 edge that tenants incur substant i a1
labor costs is a major reason for the overestimation of
farm-level benefits.

The high risks and relatively low value of official
crops leave tenants with little margin of security
should any support arrangements fail. High input
farming under the high levels of aggregate institutional
ri sk . whi ch most schemes encounter is a1 most certa into
result in a fairly substantial number of seasonal
failures for individual farmers. Mean output figures
(as earlier noted) can mask the number of individual
failures in each season (as well as of whole sections
with very poor crop output).

The burden of growing tenant indebtedness is seldom
mentioned in project documents, but is a real concern on
many schemes. Sorbo cites figures given by Sa1em
Murdock for Sudan's New Hal fa Scheme that in 1976-77
while individual tenant's gross returns. were on average
144 Sudanese pounds, 110 pounds went immediately to
repay individual joint account expenses and of the
rema i ni ng 34 pounds tenants had still to repay thei r
individual cotton account expenses (Sorbo, 1985:40).
For poorer tenants, Sorbo found that scheme production
frequently fell far short of a modest subsistence goal,
"resulting in widespread, chronic dependence on private
credit and subletting of tenancies" (1985:53). In the
Office du Niger, out of 5,500 tenants 36 percent (about
(2,000) were to receive nothing at all in payment for
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the 1983 season after deduction of expenses, and the
total tenant indebtedness to the Office had reached one
half a milliard in Malian francs (Fresson et a1.,
1985:203). Richard Miller's observations about Bakel in
Senegal can be taken as being broadly representative:

Many peasants found it harder than they
had anticipated to reimburse the debt incurred
to SAED for supplying the agricultural inputs.
Due to the heavy cash flow burden on the
peasant, there had been a general malaise
concern i n9 the u1 t i mate benefi ts of the
irrigation scheme. The peasants feel that
most of their time and effort goes toward debt
repayment to SAED, with 1itt1 e compensation
for themselves. (Miller 1985: 105-106.)

Any dense sett1 ement of peop1 e on the f1 at, c1 ay
plains where most of Africa's larger schemes have been
placed can become an uncomfortable and unsanitary place
to 1i ve duri ng the rai ny season. The di sease ri sks
reviewed in Chapter Four are usually recognized by those
1iving in the area. Many schemes have attempted to
restri ct fanner's growi ng of fuel wood, the keepi ng of
livestock, and the planting of high calorie root crops
(like bananas and tUbers). They sometimes also impose
small houses and tiny housep1Qts upon families, forcing
people to live in what they consider are immoral
circumstances (a fi nd i ng encountered on Mwea in Kenya,
where the original two room houses forced parents to
share sl eepi ng space wi th grown chi 1dren). Whil e some
of these featu res become ameli orated as a settlement
matures, others--such as shortages of fuel wood and
overcrowdi ng--may worsen.

It would be absurd to claim that life in an African
irrigation settlement is necessarily unpleasant. The
1a rger sha re of Sudan's modern economy outs i de of
Khartoum is situated in and around its large-scale
irrigation schemes, which have sent thousands of second
and third generation residents onwards into colleges and
university educations and eventual civil service
employment. But for the poorer fami 1 i es wi th
insufficient labor who remain behind, 1ife on many of
Africa's larger schemes is still not very different from
how Sorbo describes it for the New Hal fa Scheme in the
early 1980s:
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Production was low; absenteeism was high;
there were repeated shortages of water,
vehicles and fuel; pests and weeds invaded the
fie1ds ••• required inputs of seeds, fertilizers
and pesticides rarely arrived on time; poor
storage facilities caused deterioration and
1<?sses; and tenant incomes were low and
extremely irregular while production costs
rose continuously. (Sorbo, 1985:40.)

Since such tendencies persist despite (and perhaps
because of) the employment of bureaucratic scheme
managers, reforms in how irrigation schemes are planned
and operated in Africa are long overdue.

For African irrigation planners, the
bureaucratization issue needs to be dealt with more
explicitly in three respects. First, it should be
recogni zed that where new, "modern II proj ects are bei ng
interposed on top of exi sti ng, sma11-sca1 e i rri gati on,
the chances for mi sunderstand i ng and conf1 ict are very
great. The mi stakes made at Bakel in Senegal and at
Bako10ri in Ni geri a were qui te predi ctab1e in vi ew of
how irrigation projects are usually implemented. Here
we could learn from Siy's Philippine case study (1986),
where because of the upheaval which occurred when a
modern irrigation project wa~ superimposed over
traditional irrigation, the implementing agency re
assessed its approach and made significant changes even
as the project was being implemented. The failure to do
the same in places like Bakolori' indicates just how
se rio us the II bureauc rat i zat ion prob1em II i s wit hi n
Africa.

Second, on Africa's larger schemes there is
certainly room for a devolution of some scheme powers to
farmers' own control. In Senegal, the term
deperissement is used to describe this objective (a term
deri ved ori gi na11 y from Marx's concept of the wi theri ng
away of the state under socialism). Bloch (1986:7-8)
has argued that while some centralized initiative is
probably necessary at the start, the field organization
should anticipate and provide for its own disengagement
from perimeter management once a perimeter becomes
operational. In this regard, Korten (1982) and Uphoff
(1985) warn that farmers' eventual involvement must be
encouraged by their participation from the very earliest
stages of proj ect p1 anni ng. Otherwi se the procedu ra1
obstacles to their effective participation are so great
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they becomeal ienated. When at a later stage scheme
managers may wi sh to devol ve functions upon farmers the
farmers may have become so dependent upon the scheme and
so distrustful of its management that such efforts will
usually fail.

Thi rd, it should be recogni zed that the tendency
towards increased bureaucratization is built into the
very fabric of how modern specialized organizations
operate. The two main causes of overbureacratization
are farmers' needs for specialized services which they
cannot easily supply on their own, and the government's
need to recover its costs and hence to control farmers'
economic activities. Bureaucratization becomes a
prob1em, however, when the si ze of a proj ect is too
small to justify specialized assistance, and when the
economi c turnover cannot support a nuc1 eus of several
salaried staff. This is why IIsmall-sca1e irrigation ll

tends to become a topic in its own right when irrigation
performance is compared between different systems. The
technologies for moving water about the landscape are
not greatly different in small systems, but the
managerial and economic constraints are much tighter.
We turn, then, to this topic in the concluding section
of this chapter •

.~a1l-Scale Modern Irrigation

Recent attention to small-scale irrigation in
Africa is derived from the dissatisfaction of donors
wi th the performance of thei r externally funded 1arge
scale projects. The bureaucratic rigidity and high
costs of these projects have become well-known (see

. Chapter .Fi ve) • Donors have begun to ask whether a
shift of assistance to smaller project or traditional
irrigation might be more cost-effective. This
conclusion was initially advanced by Carruthers and
Upton in an unpublished FAO paper (1982), and reinforced
by much sUbsequent work (Adams 1977 and 1981, Stern 1979
and 1981; Diemer and van der Laan, 1983; Be110nc1e, 1982
and 1984; Moris, Thom and Norman, 1984; Kay et a1.,
1985). Useful general reviews of African small-scale
irrigation include Underhill's FAO paper (1984), Barnett
(1984), a Sil soe report (1985) commissioned for IFAD;
and the Harare Conference proceedings, African Regional
Symposium on Small Holder Irrigation (Blackle et aT::
1984 ) and Moe k "Tf985T. L00 kin gat sma 11 - sea 1e
irrigation nearly a decade ago, Zondervan-Droz (1978)
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advised USAID that while such' projects are not
necessari ly easi er techni cally nor more equi tabl ethan
large-scale projects, they are generally less expensive
and more likely to gain local support.

Underhill (1984) makes the theoretical case in
favor of small-scale irrigation. When suitably
implemented, small projects may enjoy the following
advantages:

the technology is closer to farmers·
existing knowledge;
they are more sustainable and less import
dependent;
it is possible to mobilize local skills

'within the project;
they are amenabl e to incremental
implementation which allows IIl earn ing by
doing;1I
there is usually no need to resettle
famil i es;
they require a relatively minor degree of
infrastructure;
the low degree of investment means they
have also a lower "success threshold;"
the low dependence upon external inputs
and skills yields greater self
confidence; and
investment is concentrated upon improving
social organ'ization rather, than upon
machinery.

These are indeed attractive benefits (particularly when
seen in contrast to Africa·s overly bureaucratic large
schemes). As already indicated, it is also widely
assumed that small-scale irrigation is cheaper than the
large-scale alternative.

Actual Performance

The actual performance on officially sponsored,
small-scale irrigation in Africa is not nearly as
promising as these potential advantages suggest. By far
the best known African example consists of SAED·s small
scale perimeters in Senegal, where the Bakel project has
been documented by a succession of observers (See
Chapter Five). SAED had the misfortune to pick a
perimeter where Adrian Adams, a resident social
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scientist was in a position to observe and record what
happened when a group of local farmers, already
receiving assistance from a volunteer, came under SAED's
official program (Adams, 1981). The Agency's ignorance
of local conditions, its disregard of farmers' wishes,
and its preference for a technocratic, IItop down ll

approach are described at length in Adams' various
wri ti ngs. They shou1 d be compu1 sory read i ng for those
intending to embark upon similar programs in other
countries. A closely comparable instance "in our case
studies is Mali's Action B1e-Dire,again a USA1D
assisted effort.

At the other extreme, in an urban setting, we have
Nelson-Richards' disturbing account . (1982) of a small
irrigation scheme started with political backing in a
suburb of Lusaka, Zambia. Despite political patronage,
high youth unemployment, and the proximity of urban
demand for i rri gated vegetab1 es, the project st ill
fai1ed--1argely, it would seem, because of the overly
bureaucratic mode of its implementation.

Reference has already been made to schemes intended
for introducing destitute pastora1ists to small-scale
irrigation (Helland, 1980; Schwartz, 1983; Broche-Oue,
1983; and Broche-Oue and Storas, 1983). A good overview
of Kenya's Turkana experience is contained in Brown
(1980). Equally instructive for our purposes here is
the record of the 1sio10 cluster projects (Arunda1e,
1978; Hogg, 1983, 1985, 1986 and n.d.; and Kuester and
Wiggins, 1982). Within the 1sio10 cluster are a number
of small irrigation schemes, some started by the
government, some by NGOs, and at least one (Garfassa) by
local initiative. Hogg draws an illuminating contrast
between the Garfassascheme, which remains partially
viable despite many setbacks, and the- officially
sponsored MaIka Oakaa Scheme, which is a complete
fail ure.

Garfassa was begin in 1971 by a destitute farmer
who had been refused admi ss ion into one of the other
small schemes. Gathering his friends around him, he
organized the digging of several small supply channels
from the river to their fields. When others began to do
the same, the group copied the nearby Bulesa Scheme and
elected a Farm Committee to oversee the distribution of
plots, the digging of irrigation ditches, and the
allocation of water. . Eventually, Garfassa contained
several hundred peopl e, each family with 1ess than an
acre, but achieving comparably high yields of maize for
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that area. In 1977, a major flood filled the supply
canal with sediment and destroyed the intake, leaving
the scheme wi thout water for two years. Du ri ng thi s
time a new leader supported by the local Chief was
elected, who rallied farmers and got assistance from the
nearby Ma1ka Dakaa scheme for equipment to clear out the
sediment choked supply canal. A food-for-work program
wa s sta rted; and the scheme wa s broug ht under the
government assisted Isio10 cluster. In asking for
government help, the Scheme committee insisted that
control over it would remain in their hands. In 1979
the canal finally became operational again, and for a
brief period the scheme resembled one of the government
projects, with its own labor camp, tractor (on loan),
and storehouse. It had then a staff of seven: two
surveyors, two carpenters, two cement block makers, and
one "office boy" (Hogg, n.d., 92).

After lINDP/FAO support to the Is i 010 c1 uster was
terminated in 1980, Garfassa reverted to the control of
its Committee. A locally recruited surveyor was found
who is described as "officer-in-charge," but the supply
cana1 has been silt i ng up after each flood and scheme
production has become at best intermittent. In 1982 the
second chairman, who was from one of the minority groups
in the area and had been a forceful opponent of the
heavy government i nf1 uence over the scheme, lost hi s
place on the Committee. The Committee was reconstituted
as a co-operative society, and a young man from the
chief's group put in as Chairman. However, the drought
of 1984 and the continuing siltation problems have
brought scheme production nearly to a standstill. Hogg
reports that about 40 percent of the scheme's registered
adu1 t males 1eft to seek thei r fortunes e1 sewhere, and
the remainder stay on ma in1yin hopes Garfassa mi ght
receive a new EEC funded gravity-fed canal.

We can take Garfassa to be, then, a locally
initiated scheme which received a modest amount of
external assistance (from the German Freedom from Hunger
Campaign, food-for-work, and the Ministry of
Agriculture) but whic~ retained a substantial degree of
autonomy. Its "success" has not been maintained. With
the departure of a dynamic leader because' of factional
in-fighting, most of its initial membership and momentum
have been diss i pated. It illustrates how vu1 nerab1e
such schemes are, both to i nterna1 fact lona1ism and to
environmental risks. Its modest performance would not
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merit comment were it not for the contrast to a nearby
officially sponsored irrigation scheme at Malka Dakaa.

The Ma1ka Dakaa Scheme is today much as it was
descri bed by Kortenhorst in 1983 (see Chapter Four).1
The main supply canal is still incomplete, leaving the
scheme's distribution system disappearing into weeds and
thick dust. People living around and within the scheme
suffer from cerebral malaria, which is especially
virulent when it rains, and from hunger when it does
not. The main source of cash other than scheme salaries
(a sizable labor force remains on site) comes from
retailing miraa, grown at some distance by Meru farmers
in the Nyambeni hi 11 s. Those who can afford mi raa--a
powerful a1 ka1 oi d--are sai d to forget thei r m~es.
Most disturbing of all, from an engineering standpoint,
is that the scheme's cement and tin offices are located
high above the river where inevitably they will be
destroyed as the river continues to undercut its banks.

Ma1ka Dakaa was established in 1976, one of several
UNDP/FAD assi sted small-sca1e proj ects scattered over
northern Kenya. Approximately 60 ha were developed,
with less than one acre per family among those given
plots. The water supply was by diesel pumps out of the
nearby Ewaso Nyiro River, but the distribution system
was laid out on a very flat gradient (a fall of 1 meter
in 1,000) rendering it subject to rapid siltation. A
technician visiting in 1983 when the scheme was still
operational warned that water losses from its un1 ined
canal s were hi gh, and observed that the pumps were run
only during government working hours so that the system
dri ed out between each wateri ng. A1 though the 1oca1
Boran and Gabbra keep livestock, all the operations
depended upon access to heavy equipment, free water, and
food aid.

By 1979, the scheme had a population of about
2,000, but of the 360 registered members only 130 had
received plots; the remainder were "harambee workers"
receiving external food relief in return for joining the
daily workforce. Some of those receiving plots had
waited a year and a half or more as "harambee workers. 1I

There was an impressive managerial infrastructure,
however: an FAD agronomist; five expatriate volunteers;
two Kenyan managers (one for the scheme and one for the
entire cluster); and numerous other mechanics, drivers,
pump operators, surveyors, clerks, storekeepers and the

lComments based on a site visit in early 1987.
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1ike; as well as extension offi cers to deal wi th the
tenants. The senior staff houses had electricity, piped
water, and indoor p1 umbi ng. There was a well-equi pped
garage/workshop, a bulldozer, an earthscraper, four
1and rovers, and an 8 ton truck. All of thi s located
down a 40 km bush track from the main road (Hogg, n.d.,
51) • However, three further events destroyed even the
small progress which had been achieved in the first four
years: the withdrawal of FAO/UNDP assistance; a major
flood which destroyed the intakes for the pumping
station; and a severe drought in early 1984 which drove
nearly the whole population back onto famine re1ief. 1

The Mal ka Dakaa case he1 ps correct the not i on that
operating on a small-scale necessarily brings lower
costs and less formal ity within scneiii'elmplementation.
De p'atou1 (in an unpublished 1985 FAO memorandum)
documents a wide range in the unit costs for small
African schemes. Some, such as rehabilitation of
community systems in Malawi and Kenya (Kangocha in
~eri) claim per ha costs as low as $100 to $250. More
typically, others--such as Niger's small-scale
irrigation or Kenya's Kibirigwi project--have costs of
about $5,000 to $7,500 per hectare. Kortenhorst put
Ma 1ka Dakaa 's capi tal cost at $16,000 per ha, whil e
Kuester and Wiggins (1982) put its overall per hectare
development costs at above $30,000. Very remote
schemes, such as those in Kenya's Turkana cluster, cost
in excess of $60,000 per hectare. In Burkina Faso,
three different schemes are shown to have costs of
$4,000, $4,500 and $8,700 per hectares--about what the
IBRD's larger formal schemes have cost.

When ~onfronted with such a wide range in per
hectare costs, it would be foolish to employ mean cost
figures when defending small-scale irrigation as a
general policy for intensifying African agricultural
production. What is more interesting is to investigate
why schemes of simi1~r size and complexity show such
vastly di fferent unit costs for thei r development and
operation (here see Chapter Eight). Some of the
estimates just reviewed count only actual construction
costs for mi nor rehabi 1 i tat i on wi thi n al ready
estab1i shed systems--a common reason for very low

1Fu11 details on Malka Dakaa are, contained in
Kuester and Wiggins (1982), supplemented by Hogg (n.d.)
on sociological aspects.
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quoted for assistance to "traditional" irrigation.
Others may omit charges for the technical assi stance
component. In the Mal ka Dakaa instance, one can
comprehend quite readily that to exclude the six
expatriates, their houses and support from overall cost
calculations could make a dramatic difference when
appraising a small scheme. Still other estimates take as
a given that projects effectively utilize all of the
1and targeted for development. What are we to make of
instances like Ma1ka Dakaa, where fields are used only
for a few seasons before being abandoned? And, finally,
the number of beneficiary households is sometimes quite
sma11, so that even a modest scheme cost wi 11 become
comparatively expensive when allocated on a per
beneficiary basis.

More generally, Underhill has warned that where
African governments deliberately foster small projects,
there have been six cOl1lTlon causes of failure in these
state-aided systems (in B1ackie et a1., 1984:9):

Alack of understand i ng by planners of
what fanmers really feel and want;
The assumption farmers will become
experienced managers without external
assistance;
The adoption of plans which assume higher
levels of training, motivation and
management than the civil service can
actually supply;
Underestimation of the foreign exchange
requirements for inputs;
A failure to draw upon farmers' own
knowledge about climate, soil, water and
crops; and
A lack of genuine. concern about project
success, 1n part because project staff
become the main beneficiaries.

Inappropriate System Architecture

Wens1ey and Walters (1985:22) argue that irrigation
planners need to distinguish between poor technical
design and inappropriate system architecture. System
architecture should occur, in their view, "as an
imaginative process of piecing together the various
parts of a system by a multidisciplinary group including
local farmers," whereas component design is generally a
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relatively straightforward technical task governed by
standard engineering conventions (1985:21). They warn:

Where systems fail to perform as intended, it
is usually because of poor or no system
architecture rather than poor technical
des i gn. The qua 1i ty cont ro1 of component
design (the stage following feasibility) may
be quite good in terms of meeting accepted
desi gn standards but thi sis somewhat
immaterial if, based on nontechnical factors,
the chosen component is inappropriate.
(Wensley and Walters, 1985:22.)

Probab1y they overstate thei r case in regard to sub
Saharan Afri ca: here (as Mal ka Dakaa illustrates) poor
technical design is often apparent. Nevertheless, the
larger point they are making is extremely important. A
fundamental cause of the many problems evidenced in
Africa's officially sponsored small-scale projects has
been that the methodologies employed for their
planning, construction, and operation are derived from
system architecture suitable for large rather than small
projects. As Wensley and Walters put it (1985:3): "In
genera1, government assistance to small-scale proj ects
appears to involve scaled-down versions of the same
procedures used in the design of large-scale systems."

Anyone famil i ar with how 1arge donors uti 1i ze the
project cycle will recognize certain basic features
shared by most large-scale development projects:

definition of goals and objectives by the
financing agency after consultation with
national level officials;
a proliferation of preliminary surveys
and studies, undertaken typically by
external consultants;
highly specialized evaluate procedures
applied in each field;
local peopl e regarded as obj ects for
study and measurement;
a phasi ng of fi nanci al investments to
achieve the desired rate of return.
most resources are concentrated on the
initial, investment phases; and
basic physical investments made early in
a project predetermine many sUbsequent
elements.
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In short, this is what many observers call "top-down" or
"blueprint" planning.

The resulting "system architecture" for project
development has become highly standardized, and is
widely taught in the accepted texts on project planning
and management. Neverthe1 ess, it is i nappropri ate for
the kind of ongoing, evolutionary irrigation investment
which successful small-scale systems often employ.
Wens1ey and Walters contrast the conventional
engineering design process with a more evolutionary
approach which they urge should be adopted within smal1
scale irrigation. Taking their descriptors and adding
some of our own (Moris, 1981), one can contrast how the
two approaches differ in a number of key respects (Table
33). What clarifications does this typology offer in
pinpointing why official small-scale projects have
tended to perform so poorly?

One basic problem is that standard approaches lack
any means for incorporating local expert knowledge. The
expertise is assumed to reslde within the external
analyst, who requires data rather than insights from
local practitioners. And yet the nature of sma.ll-scale
irrigation is such that it must be intricately adjusted
to local complexities which the outsider rarely
understands fully. It would seem also that indigenous
systems within Africa have tended to be adaptive, where
as introduced technologies aim towards achieving a high
degree of control through physical structures interposed
within the local environment.

A second point of friction between the two
approaches is in regard to how and where planners spend
thei r time duri ng the extended preparatory stages of
project evolution. The highly specialized and detailed
su rveys requi red to feed into data i ntens i ve component
designs can be very expensive when introduced into
settings which lack organized data sets. The attention
managers must devote to project appraisal comes at the
very stage in the evolution of a project when otherwise
they might be talking to potential beneficiaries and
refining the project design (Moris, 1981:32-34).
Specialized planners often object that evolutionary
approaches are very slow to produce resul ts. It is
probably more accurate to say that they allocate their
effort differently: detailed planning of structures may
be left to mid-point in the evolution of a system, when
it is made more reliable by expanding or changing
certain key facilities. A "process learning" approach
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TABLE 33

CONVENTIONAL VERSUS EVOLUTIONARY APPROACHES TO

IRRIGATION DEVELOPMENT

Conventional Large-Scale
Development

Top-down approach
May derive from a larger

Master Plan
Little predesign or pre

construction local
involvement

Project selection by
government and
external donor

All major decisions made by
government agencies

Data intensive design
procedures

Design done at distance
by specialists

IB1ueprint p1an l arrived
at to guide all imple
mentation activities

Schedu1 ed within fixed
timeframe

Large initial investment
in physical works

Low initial utilization.
rapid deterioration.

Users expected to conform
to planned layout

Facilities completed at
outset and secure if
properly used

Physical reorganization
of fields and farms often
required

Evolutionary Small-Scale
Deve10pnent

Bottom-up approach
Evolves out of perceived

local needs
Often intensive discussions

and debates preceding
commitment to project

Activities not seen as
constituting a develop
ment project

Major decision made by var
ious interested parties

Minimal formal acquisition
of planning data

Design done in locality.
by contractors

No overall plan to guide
implementation acti
vities

Open-ended time frame for
gradual developnent

Major construction often mid
way in system evolution

High initial use of fairly:
modest physical works

Users improve and adapt the
system as they go

Facilities SUbject to catas
trophy such as loss of
headworks or main canal

Minimal reorganization of
fields and farms in gradual
developnent of system

Source: Adapted from Wensley and Walter (1985). Moris (1981). and Moris
et al. (1984).
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requires that much more time is spent in talking with
local people before commitment to a project design
occurs (Bagadion and Korten, 1985).

A thi rd fundamental di fference rel ates to the
greatly reduced role of salaried staff within
evolutionary, small-scale systems. In the planning and
investment stages, small proj ects simply cannot afford
the array of experts customarily employed in project
preparation. They need a few hours at a stretch of
judicious advice at various points as the joint activity
evolves, quite possibly in response to unanticipated
difficulties. Such inputs are hard to schedule in
advance, since a given expert's salary costs must then
be spread over many di fferent proj ects to generate a
reasonabl y cons i stent workload. Thi s requi res an
entirely different approach to the provision of expert
skills within project development.

Salaried staff are an even larger burden once
small-scale projects become operational. Most locally
initiated projects depend upon part-time or non
reimbursed assistance from skilled staff. Such non
market transfers based on reciprocity and recognition of
common need are typical within many small enterprises.
However, they are exceedingly difficult to arrange from
a di stance by outsi ders, or in advance of the
articulation of location demand. When a small-scale
system loses its intake because of a flood, the whole
system is put in jeopardy. However, it cannot afford to
employ a full-time civil engineer to await this
eventual ity. As soon as small-scale projects begin to
employ a nucleus of salaried staff, they must evolve
internal taxing mechanisms to pay these costs as well as
a tu rnover wh i ch can support the added load. On
Africa's small schemes (particularly those located in
remote environments), farmers prefer to grow crops which
increase household-food security. If so, we can predict
they wi 11 encounte r severe di ffi cul ty in supporting a
cadre of salaried staff to operate the technical aspects
of their common production system. Government schemes,
to the contrary, almost always start by engaging an
array of occupational specialties which planners see as
being necessary to carry out high volume agricultural
projection.

A fourth difference concerns the degree and nature
of farmers' participation in all aspects of project
development. Analytically, one can distinguish at least
25 di ffe rent as pects where fa rmers mi ght sha re in
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project activities (Table 34). It is sometimes
forgotten that large farmers in developed countries do
control many aspects of their production. relying on
agency expertise for only a narrow range of water supply
functions. In Africa. instead. irrigation authorities
have kept control over many of these aspects. 1eavi ng
only the more onerous ones such as canal maintenance or
field leveling to farmers. 1 Traditional irrigation by
way of contrast leaves almost everything to farmers' own
initiative. giving them maximum benefit from whatever
improvements they choose to implement. In such
circumstances. while outsiders may advise and encourage
farmers to take certain actions. the outsiders control
very little. Most African governments have in the past
found this an unacceptable constraint if they were
financing components within local irrigation systems
(especially if their contributions were built under loan
financing).

The somewhat pessimistic conclusion which can be
drawn from this analysis is that merely "down-sizing" of
standard approaches to fit small projects has not proven
sufficient. African government departments and
i rri gat ion agenci es do not yet know how to foster and
support small-scale irrigation (Barnett. 1984). As
Barnett notes. most of the 1iterature on small schemes
looks at technical and economic aspects from an external
observers' perspective. There are few accounts that get
to the roots of the social. organi zational. and
mot i vat i ona1 aspects whi ch we suggest are cruc i a1 for
high irrigation performance. Two topics which are
conspicuously missing in the huge literature on African
irrigation are the role of local leadership and
irrigation extension. Field interviews suggest that in
communally managed i.rri gati on. the support and
initiative of an influential local leader is often a
critical element responsible for the successful
establishment of irrigation. Similarly, farmers
obviously lack certain skills (both agronomic and
organi zat i ona1) requi red for successful i rri gat ion. but
receive no guidance at all from the extension service.
There is a very str'ong case for i nstituti ng further
exchanges of experience and insight between African
countries 1ike Senegal. Niger, Kenya. Tanzania and

1Here. see al so Barnett' s "Water Control Matri x"
(1984:40) as a guide to deciding which water functions
merit centralized control.
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TABLE 34

POTE~TIAL TYPES OF FARMER PA~TICIPATION

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)

Source:

Problem diagnosis
Project location
Field and channel layout
Land ownership
Financing of capital works
Construction of capital works
Ownership of roads dnd access rights
Sp.l~ccion of service agencies
Selection of enterprises
Decision on enterprise scale
Deciding on water rules
Oetermination of water delivery schedules
Resolution of disputes
Sharing of operating expenses
Sharing of input orders
Access to agency/scheme employment
Pol icing of l:lembers· obl igations
Sharing of field equipment/operations
Sharing of storage/transport
Sharing of system maintenance
Access to profits (~hat shar@?)
Sharing of liabilities/risks
Sharing of enviro~ental impacts
Degree of control over houseplots
Right to designate inheritance

Moris, Thom and Norman (1984) p. 24.

Zimbabwe which are developing new approaches to
communally managed irrigation.

Guidelines for Small Projects

In summary, we have tried to distill what we have
learned into a few rules-of-thumb for potential project
designers and field staff. No individual guideline is
appl i cabl e under all ci rcumstances. We warn that
experienced field engineers might give different advice
on some points. Users of this report are urged to
consul t al so val uabl e presentati ons of the Kenya
experience by Kortenhorst (1983:28-51) and by Asmon,
Njoroge and Wandurwa (1984).

1. Assume there will be existing right holders,
seasonal as well as permanent. If all interested
parties stand to gain something, a project is much
more likely to succeed.
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2. Do not proceed in 1ocat ions where 1and or water
rights are already contested.

3. Devote extra effort to securi ng a rel i ab1e water
suppl y. Do not depend on small dams unless there
is ample local experience to draw upon.

4. Check out hydrological estimates of high and low
water levels by actual field interviews with
farmers.

5. Use involvement of farmers at the planning and
construct i on phases to create a pool of local
skills and to compensate them for disruption of
their own activities.

6. Anticipate training and assistance to farmers in
doing field leveling.

7. Avoid unnecessary pumping. If pumps must be
incorporated. choose them to take into account
fluctuating water levels and available support
services.

8. Never include "orphan" equipment which is not
already supportable within the country and region.

9. Allow double the planned time for establishing the
project if it has a major element of construction
and is in a remote location.

10. Other thi ngs bei ng equal. the proj ect desi gn w·i th
the lowest recurrent costs is to be preferred.

11. Avoid loan financing for infrastructural costs.
Intens i ve preparatory work wi th farmers can often
generate simple structures from their own
resources.

12. Include subsistence security within irrigation
plans. since this will be uppermost in farmers'
minds.

13. Incorporate at least one high value "cash crop" to
serve as an income generator in the initial years.

14. Pay particular attention to transport costs unless
the project is already within a center of demand or
will be part of an already operational marketing
chain.

15. Make allowances for regular use of irrigation water
by households and livestock during dry periods.

16. Assume farmer's with only hand .labor cannot
cultivate more than about 1-2 hectares of irrigated
cropland, maybe half a hectare per adult.

17. Assume that there will be competition for labor at
peak peri ods and that 1abor costs wi 11 ri se over
time.
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18• I nvol vel 0cal w0men i nthe p1a nn i ng and
implementation of the project, and obtain thei r
views on all organizational and procedural aspects.

19. Do not expect farmers to mai ntai n structures at
thei r own i ni t i at i ve if these are not located on
their land.

20. Avoid plans for double-cycle cropping until farmers
are experienced and a commercial input and
marketing system has evolved.

21. Minimize paid emp10Yll1ent and channel any employment
opportuni ties toward the chi 1dren of proj ect
partic"j pants.

22. Expect that cost recovery wi 11 be di ffi cu1 t and
painful to all concerned. Recovery devices should
be preplanned to coincide with times when farm
families have access to ready cash.

23. If the scheme design assumes that ei ther money or
fuel must be kept \'1ithin the community, be sure
institutional arrangements for this purpose are
already effective.

24. Locate the potential sources of health hazards and
investigate the alternatives for minimizing them.

25. Avoid becoming a settlement agent. Keep it simple!
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Land Tenure Issues
Mary Tiffen

Land Tenilre

It ·is impossible to understand land tenure in
relation to irrigatio~ in isolation from generalized
land tenure concepts. Unfortunately, it ;s· very
difficult to make exact statements except on the basis
of 10 cal i zed i nvest i gat ion. . Cus t om can 0 n1y be
synthesized with caution. To everything that follows,
therefore, exceptions and variants can be found.

Customary Law

Customary law is still the basis on which the
Afri can farmer acts and deci des hi s economic strategy.
Two groups of customary tenure may be distinguished. On
the one hand, there are various communal systems in
which land is owned by a lineage or a village.
Customarily, there was not outright sale, s;nc~ the
owners included the dead and the unborn. Usage ri ghts
are heritable, and can also be ternporarily assigned, by
pl edge, 1ease or loan to another, i nc1 udi ng strangers.
Usage ri ghts may be rea11 ocated yea r1 y by 1i neage or
v'illage head or held for life. They may be held only by
the household head or a1 so by wives, chil dren and
dependents, depending on the farming system, and also on
religion. (In Islamic areas women play less role in
farming than in non.-Is1amic societies.) Rights are
generally based on the cl aim of first <:1 earance for
cultivation; a lineage may control a large area over
which ancestors cleared scattered, shifting fields.
Consequently, descendants of more recent immigrants have
less land, or hold it by favor of the first claimants.
However, this already reflects a situation of some
population growth; in very lightly populated areas the

395
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original "immigrants can simply clear it (Tiffen, 1976).
An element of f1 ex i bi 1i ty is the abil i ty to adopt
strangers into the lineage/village, thus conferring
equal rights to land (e.g., Chambers and Moris,
1973:55). A second group of customs derive from rights
of conquest, and this is sometimes strengthened by
reference to Islamic law on the rights of Moslem
conquerors. to take over pagan 1ands. In this case, a
military ruler may have given out territory to his
chiefs, whose descendants may still claim to be "maltres
des terres" with rights of allocation and control.
Genera11y~ however, these rights are exercised in a way
that reSpE!cts local inheritance customs. They are also
modified by the low value of land in sparsely populated
areas, and the need to encourage immi grants as c1 tents,
if a chief is to retain his influence. With the Mende
of Sierra Leone (Little, 1951) and the Toucou1eur of
Senegal and Mauritania, (Crousse, 1983) society may be
stratified into descendants of warriors and descendants
of captives. While the powers of the elite group
declined in colonial and post-colonial times, they
sometimes still retain enough inf1uence.to manipulate
land control at village level.

Changes in Custom. Group control can become so vague it
1S just the payment of a due or tax. In the northern
states of Nigeria taxes paid by farmers to the "Native
Authori tylB 1 were the direct replacements of dues in kind
previouslY paid to emirs and chiefs. The British found
it useful to conceive that they had, by conquest, taken
over the ri ghts of the Su1 tan of Sokoto as u1 t imate
controller' of the land. All land was therefore state
1and, on ~,hi ch farmers had customary ri ghts of usufruct.

Even when there was not such a convenient Moslem
doctrine to hand, colonization created the concept of
State land, Crown land and R~gime Domainial for
unclaimed or "unused" land. Thus, colonial powers found
it useful to emphasize the State1s national control,
often delegated through local authorities and local
courts who could take account of II na tive law and
custom." As Caponera (1979) said (in respect of water),
the princ'ipa1 of IIcommunity interest" or "ownership" in
land and water II may greatly facilitate legal and
institutional measures for bringing all water resources
under centralized state contro1. 11 The principal also

1The local authority unit under the British r~gime.
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appealed to the socialist philosophy of many leaders of
new1 y independent states. Agri cu1 tura1 offi cers were
amongst the keenest advocates of retaining state control
and preventing any move to a freehold-type tenure, in
order to be able to enforce soil conservation and "good"
farmi ng methods and to prevent fragmentation and 1and
speculation. Dumont, in his influential book False
Start in Africa (1966 in English, 1962 in French)--wa5
much against freehold for IIi gnorant and 1azy Afri can
peasants." Masefi e1d (1952) rev i ews other reasons for
limiting rights in land.

Political officers, more in touch with what was
going on in native authority courts, more conscious of
the dangers of ri ot and discontent st i rred up by
interference with land rights, were usually more
cautious (Palmer-Jones, 1981). A1 ready in 1952 Meek
recogni zed and 1i sted the soci a1 and economi c forces,
coming from population growth, the opportunities for
commercial sales, the greater independence of young men,
the smaller need for protection from chiefs and elders,
which were leading, particularly in areas where land had
become permanently farmed and commercial crops grown, to
recognition of individual rights to particular fields,
which included the right of outright sale. There are
several references in the 1iterature to African farmers
having become de facto freeholders (e.g., in Meek, 1952
and Biebuyck,--l~and the process was also being
recognized in local authority courts. For example, in
1960 in Gombe, Northern Nigeria, the Itnative authority"
recognized the right of sale of land which a man had
himself cleared from bush. By 1970 the Native
Authorities' chief judge recognized also the right to
sell land that had been inherited or bought (Tiffen,
1976). In countri es 1ike Kenya the prospect of
individual registration of titles, which began in the
1950s, must affect even those areas still awaiting
regi strat ion. The spread of Is1 am al so has served to
spread notions of individual tenure. In less densely
populated areas land is still likely to be controlled
according to older custom.

Customary Law on Improvements. It should be recognized,
however that custom generally gives considerable
protect i on to improvements. Thi s was one reason why
improvements--manuring, irrigation, etc., were not
allowed on loaned or pledged land (Rowling, 1952).
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Row1ing noted that in African eyes the man who plants or
buil ds on 1and he is 1awfully occupyi ng owns the
improvements. Even if he is ej ected from the 1and and
village, he has the right to reap his tree crops.
Row1 i ng wl:!nt on to comment that thi s ra i sed prob1ems in
ejecting il "settler" from a scheme or a crown tenant for
failing to pay his rent; what to do about his house and
trees. The African would think it inequitable he should
lose these as well as his lease. In Mende society, by
1951, if people had cultivated a piece of land for 20 to
30 years, the owner would not be allowed to dispossess
them without their agreement, and without providing at
the same time, a1ternat i ve 1and, and even houses
(Little, 1951).

Moslem Inheritance Rules

Mos1E~m laws on the inheritance are enshrined in the
Shari a, and are therefore not suscepti b1 e to change by
legislation. They are respected by all good Moslems.
This is pclrticu1ar1y so in long Is1amized countries like
the Sudan; in the Sahel and Savanna areas Mos1 em 1aw is
gradually affecting traditional custom. It prescribes
land division with two shares for a son and one share
for a dau'ghter and a widow's portion. It app1 ies both
to land and improvements, e.g., trees, which can
therefore be separately owned. As Islam recognizes
pri vate ownershi p of 1and by Mos1 ems, thi sis another
influence toward individualization (Adam, 1966; Crousse,
1983).

Tension BE~tween Governments and Farmers

The situatiDn frequently is, therefore, that in the
more dens.!1y popu1 ated areas the farmer has moved to a
position 'where he feels the land belongs fully to him;
while the politicians have moved to enshrine state
control in new national legislation. Thus, we can get a
consultant reporting in 1984: "Officially, all the land
in the aI"ea is owned by the Government; small ho1ders
claim to be owners of their land but in fact they only
have a right of use of the land." They go on to
recommend that the 1and become an estate. In densely
populated areas, however, farmers are able to organize,
or are sufficiently politically important, to enforce
recognition of their rights of ownership, as has
happened in Nigeria.
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Where the state does promulgate new national laws,
it is the educated and commercial classes who first
realize the new opportunities. The concept that the
land belongs to him who develops it--"mettre en va10ir"
-is enshrined in the 1980 Senegalese law, and gives
rights to those with money to put in an irrigation pump
(Mathieu, 1985). It can be at odds, therefore, with the
social ist phil.osophy supposedly behind it.

Such national ~aws, Mathieu shows, tend to rigidify
tenure. "Owners" refuse to 1end or 1ease as eas'ily as
before, for fear of losing their land. Uncertainty is
created over rights, but as Bromley (1982) has observed,
predictability of rights, duties and obligations are
necessary conditions for a dynamic society. As Coward
has observed, it is particularly so in irrigation, where
management and maintenance are linked to ownership
(Cowa rd, 1983).

Water Rights

Moslem Countries

The main sources are the FAO reports, by Caponera
1973 and 1978. The first volume reviews general Islamic
thinking and that of different legal schools on water
law, before giving individual country studies. The
country studies continue in Volume two. Islamic law
evolved in the arid countries of the Middle East. As
Caponera states:

In such areas, the land itself is of secondary
importance, its only value being derived from
its productivity which, in turn, depends on
irrigation rights attached thereto. As water
becomes scarcer, it becomes more essential to
soil fertility and gradually develops into an
object of ownership independent of ~he land •••

In this case, water becomes the main object of
ownership. It is purchased, sold, allocated
or constituted in wa~f or habous, often along
with, and sometimes lndependently of, the land
it irrigates. (Caponera, 1973:29)

Some general principles common to all schools
derive from agreed sayings of the Prophet; these include
that hi gh-l yi ng areas shou1 d be i rri gated before 10w-
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lying ones (leading to a frequent presumption that
upstream owners may take water for irrigation, provided
they retur'n the surp1 us to the stream, regard1 ess of the
effect on downstream irrigators), that the quantity of
water used should not exceed ankle depth; that ownership
of canals, wells, etc., entails rights to a certain
extent over nei ghbori ng 1and--there is a harim or
protected area, within which rival works are not
permitted (Caponera, 1973).

The 'importance of these precepts is that they are
based on religion. Like the Moslem precepts for
inheritance, they are not susceptible to change by
national legislation. They may be ignored in practice,
particularly in African countries where Islam is a
recent i ntroduct i on and ori gi nal customs sti 11 prevai 1;
but all strict ftbslems will consider themselves bound by
them, whatever man-made 1aw may say. The" ri ght of
thirst," the duty to provide water to the thirsty
(inc1udinH, secondarily, animals), is also a religious
precept.

the most Is1amized of the countries here under
survey arle northern Sudan and Somali a, whi ch also have
the arid climate characteristic of the Middle East.
However, Islam is influential in most Sahel ian countries
(covered in Caponera, 1978), and in the savanna areas to
the south (not included in Caponera, 1978).

In a thi rd report on other Afri can countri es,
Caponera (1979) singles out one tradition that all
waters are the common entitlement of the whole
community.. It is, however, quite c1 ear from the earl i er
work that pri vate ownershi p of water, apart from 1arge
rivers and lakes, is accepted (Caperona, 1973). The
i nterpretcit ion in the 1ater work appears to ref1 ect the
author's desi re for national control of water.' Adam et
al.(1971) explains how water charges on the private
pump schemes in Sudan vary according to land cultivation
ri ghts and croppi ng pat terns ina fashi on very typi ca1
of the Middle East.

National legislation

National legislation on water is summarized in
Caponera (1973) for Somalia, Caponera (1978) for Chad,
the Gambia, Ma,li, Mauritania, Niger, Senegal and Sudan,
and Caponera (1979) for Benin, Burundi, Ethiopia, Gabon,
Kenya, Mauritius, Sierra Leone, Swaziland, Burkina Faso
and Zambia.
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In most of the former French colonies, all waters
belong to the public domain by law, except for wells and
cisterns built by individiauls on their own land.
However, it is noted that the population IIfrequently
behave as owners of water and not just as users ll (Mali,
Niger, Senegal, Benin, Burkina Faso). In Gabon
irrigation channels, etc. on private land are
specifically private. In countries deriving their legal
system from British common law, water in drains,
reservoi rs and underground is pri vate so long as it is
in the abstractor's possession. The right to use water
is somewhat more extensive, particularly for owners of
riparian land. The United States' II prior appropriation ll

doctrine giving priority to the first constructors does
not apply in Africa. For many countries, water law is
vague or leaves important gaps. The countries with the
most comprehensive laws amongst those studied by
Caponera were Sudan, Kenya, Mauritius and Zambia.
Zimbabwe, not studied, is similar to Zambia.

In Sudan water rights attach to land. The Nile
Water Use Control Board monitors quantity and control s
pumpi ng from the Ni 1e, for whi ch it issues 1i censes.
These speci fy the season water can be used, si ze of
intake, etc., and are automatically renewed every ten
years. The pump owner, an individual, a cooperative or
a government agency, takes 50 to 60 percent of the crop
in payment (Barbour, 1972; Khi der and Simpson, 1962).
Well and hafir construction is subject to permission
from the Rural Water and Development Corporation
(Caponera, 1978).

In Zambi a the Water Board· grants water use ri ghts,
including rights for irrigation after investigation and
subject to conditions, including respect of existing
ri ghts and to payment of compensation for any expenses
incurred by a depri ved party. There is no groundwater
legislation. Swaziland revised its legislation, based
on ri pari an ri ghts, in 1967 (Caponera, 1978). -

In Kenya the Water Act gives domestic users
pri ori ty. The use of water for i rri gat ion requi res a
permit. There is some control of groundwater
abstraction and some juridical protection. of rights 'of
existing users, e.g., before draining a swamp (Caponera,
1979).

Some very 1arge Afri can countri es such as Ni geri a
and Zimbabwe are not yet covered by the FAO review.
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Customary Law and Local Authority Bylaws

Despite the note made concerning the individual
countries cited in the previous section on the
populat ion behav i ng as if they owned water, Caponera
(1979) states in his introduction that under existing
African customary law, private ownership of water has
remained generally unknown and individuals have only a
ri ght to use water. As already mentioned, thi sis a
measure of hi s preference for State ownershi p of 1and
and water'. In fact, 1itt1e work has been done on
customary water ri ghts. Meek noted the fo11 owi ng as
areas needing study: village rights over waterways,
beaches and fi shi ng grounds and the concept of vi 11 age
ownership of undeveloped land, including swamp land (in
areas where village boundaries were fixed) (Meek, 1952).

What work has been done has been mainly in
connection with pastora1ists. This is mainly with
regard to arid areas where it is likely that water
supplies are too scarce for irrigation and will be
mainly used for human and animal consumption.
Generally:, dams, hafirs, cisterns and wells belong to
the person or group who have constructed them, or to
particular villages. Sandford (1983) notes examples in
Sudan and Ethiopia. He also notes the lack of
information on rules for water management, control of
access and on the location of authority. In Botswana, a
government program gave District Councils the option of
managing themselves new hafirs or dams constructed with
Governmen1; aid, or of handlng over responsibility to
user groul>s. Here, dam groups assume di rect management,
though fo,rma1 handovers were rare (Fortmann and Roe,
1981). As a working hypothesis, it seems reasonable to
assume that pastoral groups in arid areas will consider
themse1ves to have ownershi p and management ri ghts over
their constructions.

In ~~chako~ District, Kenya, the County Council
derived revenue from a cess on 1orri es remov i ng sand
from the river bed, and were upset over 1ack of
consul tat'ion by the central government I s aided Machakos
Integrated Rural Development Proj ect. The 1atter fai 1ed
to consult the County Council in its water development
plans, which would have banned sand extraction. This is
indicativl~ of a conf1 ict of jurisdiction over river
beds, which could also affect irrigation (Tiffen, 1985).

In regard to canal construction, few indigenous
schemes have yet been studied. Gray studied the Sonjo
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system in operation in Tanzania in the 1950s t a
considerable time after construction. Ultimate control
belonged to 17 hereditary elders who had priority rights
(GraYt 1963). This system is no longer operating. In
the Marakwet system in Kenya the furrows belong to the
clans or lineages constructing them; individuals have
water ri ghts attached to thei r 1and ri ghts. Some
"modern" trading t health or educational institutions
have tapped the furrows for piped water t arousing little
or no opposition. But there is potential confl ict if
their demands grow (Ssenyonga t 1981).

Main Issues

Ma ny Af ric anco unt r i es have no 1egi s 1at ion 0 r
juridical principles on areas central to good water
resource planning and irrigation planning.

Deciding the priority between uses--human,
especially urban needs t versus agricultural or livestock
needs is an isssue that is vital to river basin
planning. Yet it is not t apparentlYt among the tasks
given to the River Basin Development Authorities (RBDA)
in the Nigerian Act establishing them in 1979 (Griffith t
1982 t lists their main duties). Their tasks are to
develop water resources for multi-purpose use, provide
water for irrigation and urban supplYt but not establish
priorities, monitor use, or ration water. As a
consequence, a RBDA can commi ss i on stud ies for farmi ng
use of water, whi 1e a State Water Corporat ion concl udes
all the water is likely to be needed for domestic and
industrial use (Siann, 1980). The Marakwet example
cited above shows that a similar conflict could arise in
Kenya. (Nigerian legislation on River Basin Authorities
and land tenure is now changing--West Africa, 14 May
1984:1009). A similar possible confl1ct between urban
and agricultural needs is noted in Burkina Faso (D'At de
St. Foul c, 1985).

Irrigation Priorities. Only a few countries have
establlshed systems for monitoring existing irrigation
uses, and establishing priority rights as between
upstream/downstream irrigators; first in time, later in
time users, etc. A textbook on irrigation planning
using the Usangu Plains of Tanzania as an example notes
the existence of furrows already constructed by farmers.
It is probable the farmers concerned feel they own these
improvements. The book consi ders a project for hi gher
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techno10g,), irrigation for State and cooperative farms
without discussion as to whether the furrow constructors
have pri or water ri ghts, or indeed any ri ghts
whatsoever': for instance, ri ghts to consul tat i on or
compensation when their water is diverted (Hazelwood and
Livingstone, 1982). The rights of existing users of
water from floods or groundwater which may be modified
by dam construction ar.e also neither monitored nor
protected, although they can suffer substantial loss
(Adams, W.M., 1983; Stock, 1977). Farmers in northern
Nigeria are currently making substantial investments in
we11 s and pumps whi ch may be null i fi ed if groundwater
regimes are altered by government schemes upstream
(Chapman, 1984).

Monitoring and Licensing Systems. Few countries
have these, either for groundwater extraction or river
water extraction.

It has been said that pred i ctabi 1i ty of ri ghts ,
duties and obligations are necessary conditions for
dynamic society (Bromley, 1982). Without
predictab~i1ity, farmers cannot make sensible plans for
their economic strategy, nor will they be encouraged to
invest. Generally speaking, legal predictability is
lacking in sub-Saharan Africa.

Tenure and Management in Farmer-1nitiated Systems

Irri~Jation's place in the spatial context and in
the histol"ica1 development process is well considered in
RuthenberH (1980). Full irrigation systems, and farms
which are entirely irrigated, have not yet generally
been found sufficiently worthwhile for farmers to
initiate themselves in Africa except in certain special
circumstamces. Partial control systems are more
typical.

Types of Systems

Partial Control Systems. Partial control systems are
those where either the inflow or the outflow of water is
regulated or partially regulated by human constructions,
but where there is no full control over quantity and
timing of both flows. One is concerned here with flood
recession land, swamps, polders and valley bottoms
(wetlands).
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The value of such land-use depends on two factors:
rainfall and marketing opportunities. Where consumption
crops can be grown by extensive methods on rainfed land,
this is preferred as less labor-demanding, and the
swamps, valley bottoms, riverine lands, etc., are used
mainly for dry season grazing. It seems generally
accepted that if local villagers do decide to cultivate
these 1ands, in accordance wi th customary 1aw, thei r
right to do so takes precedence over users of the land
for grazing. Conflicts can arise if the- land is not
cultivable by means within local resources, and the
government takes it over for state purposes; 1i kewi se,
if a chief sells village rights, without consulting
other villagers, to outsiders who use mechanical
tillage, drain swamps, etc., as in Ghana (Goody, 1980;
Konings, 1981). It is only in exceptional political
circumstances that pastoral i sts are able to get some
recognition of their rights, e.g., the Afar in Ethiopia
(Beshah and Harbeson, 1978; Simpson, 1976; Emmanuel,
1975; Harbeson, 1975).

When wetlands are near a lucrative market, they may
be developed for hi gh val ue crops such as sugarcane or
vegetables, while rainfed lands are used for cereals,
etc. In thi s case thei r sale or rent value is hi gher
than that of ra i nfed 1and (Turner, 1977, for northern
Ni geri a) •

Where rainfall is unreliable or inadequate, a plot
of wet land is valued. If markets are not available and
population is sparse, a small area only is needed for
consumption, and the land has no cash value. Here,
however, customary controls by lineage heads, maitres
des terres, etc., are manipulated to ensure priority
access as against "strangers" or politically less
powerful groups (many exampl es in the 1i terature from
Senegal). In very arid areas this land has a high value
and may be individually held and cOl1lTlercialized, as in
the Sudan (Dafalla, 1975). In the Jamu'ija area
government attempts to nat i onal i ze thi s 1and were
resisted with violence (Shepherd, 1980). Such land has
been developed in the past under a variety of tenure
systems. Only a few of those menti-oned in the
1iterature will be singled out here. The traditional
polders in Lake Chad seem to have been constructed by
corv~e labor under the local chief's direction. The
workers were later rewarded by a plot. Later government
developments went in advance of demand, so labor had to
be paid with Food Aid. The rights already acquired by
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villagers came into conflict with the requirements of
development projects (Bouquet, 1985). Linacres (1981)
found different types of tenure among Oio1a cultivating
swamp and valley bottoms in Senegal. In one case, a
large dike was constructed collectively, but each
section was maintained by those now owning the adjacent
field, with collective responsibility only for a key
danger point. The fields were worked jointly by
husbands and wives, with tenure and inheritance going by
the male line. In an inland swamp ~rea, owned by
descendants of the original three families developing
it, the swamp plot was often worked by a woman lent the
land by brothers and uncles and passing the land to her
chi 1dren. It is connon for women to have ri ghts in
swamps in The Gambia and Sierra Leone, also (e.g., Oey,
1980). In Burki na Faso Mossi 1i neage heads manage the
bas-fond 1ands. Whi 1eli neage members can .pl ant trees,
TOr non-lineage members the loan of a plot specifically
excludes use for trees. The lineage enforced its
control much more strictly on bas-fond land than on
uplands (Lahuec, 1970).

In Madagascar, the oldest immigrants, developing a
valley bottom for rice cultivation, became its owners.
Latearri val s became sharecropers or from 1931, bought
the developed plot. The upper slopes were collectively
owned and used for pasture; the lower slopes were
i ndi v i duell 1y owned. However, sales, leases and
sharecropping occurred only in the valuable rice lands.
It is not clear who owned and maintained the irrigation
channels (Marchal, 1970).

In the Hadej i a Valley', Ni geri a Sokoto immi grants
took up land in the f10dp1ain, bringing with them their
techniques of channel construction and floating rice
varieties to make effective use of the annual flood
(Stock, 1977).

In all systems noted, the wetland plot is only part
of the family's total activities. It is invariably
combined with either or both wet season cultivation of
uplands, and livestock rearing (many literature
reference:s; summary in Kortenhorst, 1980).

Full Control Systems. One can distinguish three main
types.

Individually Owned Systems. These are quite
common in West Africa, probably covering more hectares
in total than large-scale schemes in many countries, but
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have not been much studied,particu1a~ly in their tenure
aspects. The main technology is the lever device, the
shaduf, whi ch enab1 es a man to i rri gate about 0.1
hectare. Normally, thi sis on hi sown 1and, and thi s
may be either fully in his own control, with sales, cash
leases, etc. in densely populated areas (Ega, 1984), or
subject to attempted control by village heads (exacting
payment of dues) in the case of newly developed lands in
1ess popu1 ated areas. Recent 1y, farmers have been
investing in small pumps and wells to replace the
shaduf, enab1i ng them to farm more 1and. In some cases
they have come to various arrangements for payment by
others for the use of water or 1and whi ch the owner' is
unable or unwilling to manage directly himself. For
many years farmers owning small wet season farms in the
densely populated Kano zone have migrated in the dry
season to cu1 ti vate vegetab1 es on i rri gated plots they
acquire on temporary loans or leases in suitable
villages (Tiffen, 1984). While such migration may be
less common elsewhere, the use of the shaduf, and its
substitution-by the pump, also occurs in Nlger, Burkina
Faso and Mali (FAO, 1983). There is often a preference
for individual ownership. In Mal i, when USAID proposed
four associate owners per pump, farmers were opposed and
a single owner per pump was agreed upon (Moris, 1984).

Capi ta1i st Systems. By capi ta1i st systems, is
meant irrigation covering a larger area than the normal
area that an Afri can farmer manages on. hi sown, and
where workers, sharecroppers or tenants are used for
part or all of production. Such systems have long been
known in the Middle East, and Gaitskell (1959) records
the division between suppliers of capital (water wheel,
cattle) land and labor in the Gezira area early in the
century. In the 1950s there was a boom in pri vate pump
schemes in the Sudan, when cotton prices were high and a
pump investment could recover costs in three years.
Leading families and politicians were among the
investors (Barbour, 1972). The fall in cotton prices,
and the rise in fuel prices and difficulties in
obtaining fuel, have since affected profitability.

In the 1960s many o~ these schemes were officially
converted into cooperati ves, a change that was often
only nominal, with 50 percent of crops being paid over
for expenses, and the surplus, if any, much at the
disposal of the officers (Khider and Simpson, 1968). On
some schemes there has been pressure for water rates
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paid in cash, but members who hold land as tenants still
pay by sharecrop. Fruit, vegetable and fodder producers
pay cash (Adam, 1971). In Nigeria, at least some
farmers have invested in 1arge pumps and 1arge farms,
but no details on tenure arrangements are available.

In Z'imbabwe some white farmers, as individuals or
as syndicates, obtained grants of low veldt land and
established irrigated estates for sugar, citrus and
beef, from the 1920s onward. Certainly in the 1950s
these werl~ government-aided; the State paying the cost
of constructing dams, canals and communications, and the
irrigators paying for the internal water distribution
system, clearing and leveling, housing and other
facilities. They appear to have been profitable
(Pollock, 1968). There are also medium-sized private
cOlTl11erci al farmers who have constructed thei r own dams
and weirs, with or without assistance from the
Agricultural Finance Corporation. Like the large
estates, they are generally efficiently run (Mupawose,
1984). There are known to be other commercial estates
el sewhere in Afri ca, but 1iterature on these has not
been found. In Kenya at the end of 1978 there were
10,000 irrigated hectares in the publ ic sector, 15,000
in the private sector a,nd 800 in the communal, and it
was the private sector that was expanding most rapidly.
However, Toksoz (1981) gives no details.

Communal or Cooperative Systems. These are systems in
'which control and ownership of the irrigation works are
located "in a corporate body, either traditional or
modern. As al ready mentioned, the furrow systems of
East Afri ca appear to deri ve thei r corporate control
from clan or village institutions. This is also the
case in the Taita Hills system, Kenya, recently observed
by Fleuret (1985). In the Anlo system-in Ghana, which
combines communal flood control and regulatory works and
privately dug wells for supplementary irrigation, the
land is held by 15 clans. Planting dates for the
shallots ,are chosen by community leaders, usually large
farmers, to prevent the spread of pests. Land
distribut'ion is uneven, with some individuals having a
thousand beds, others 1ess than 10, deri vi ng both from
usufructuary rights at the time of settlement, and
i nheri tanl:e patterns. However, there are many ways by
which young men can enter the system or by which those
with too much land to manage effectively Cdn pass it to
othe r s - - by s h.o r t - term fix e d r e nt s, 10 nge r term
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sharecropping arrangements, mortgage/pledge
arrangements; seed and land sharing arrangements, etc.,
and even sales (Chisholm, 1983; Grove et al., 1982).

In at least one Senegalese village having a
tradition of some communal fields, local people, led by
a returni ng m; grant as pi ri ng to develop hi s vi 11 age,
wanted to organize a cooperative irrigation scheme with
the help of a French technician, using indigenous
institutions. In this case their plans were frustrated
by SAED, which had a preconceived development program
(Adams, 1981). In other cases educated and enterprising
members of a community have been abl e to organi ze a
western style cooperative (Khider and Simpson, 1962,
regardoing a New Halfa vegetable coop). D'At de Saint
Foul c (1985) descri bes how some Burki na Faso peasants,
abandoni ng an offi ci al scheme for green beans, set lip,
as individuals or small groups, their own irrigated
gardens with small pumps and 1ater accepted a French
volunteer's help in organizing a cooperative for
marketing functions only.

Characteristics of Farmer-Initiated Schemes

The most characteristic type of full control system
in Africa is a small, individually owned plot, with
individually owned irrigation equipment. In partial or
full control systems involving communal efforts to
construct works, control of the land, farming processes
and output is typically in the hands of individual
famil ies even if land allocation and some regulatory
functions are carried out by lineage heads, chiefs,
elders, etc. If marketing is cooperative, which is
except i ona1, the cooperative seems to be usua 11 y more
under farmer control than in the normal government
designed cooperatives. Normally, however, farmers
market their own crops and many systems are obviously
very much adjusted to market requirements. Holding size
is usually variable as between families, and adjustable
by various loaning, renting, pledging or selling
mechanisms. There are a few exceptions to this in the
Sudan, where the Gezira model is all pervasive. There,
at least one farmer's cODperative also held land as a
cooperative and divided it equally among members, who
then made thei r own crop choi ces and cul tural pl ans
(Bri ggs, 1983). The ownershi p of the protective works,
channels, etc. is more likely to be collective, though
sometimes arrangements are made to give maintenance
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responsibilities to adjacent land holders. Communal
work andresponsi bil i ty tends to be restricted to the
essential minimum. The schemes are necessarily run on
lines that are profitable to the owners. covering their.
costs and producing either for the market or for local
consumption. as appropriate. It is particularly
noticeable that in isolated. lightly populated areas
plot size is small. producing simply for family needs.
Operators have been known to reject. correctly.
expensive cash inputs of tractor services. etc •• which
might raise output. but for which an adequate cash
return could not be achieved (de Wilde. 1967. regarding
the Maraklflet system). It is al so noti ceabl e that the
labor-intensive small plot is often only part of a
farming ~)ystem which incl udes less costly rainfed
farming. particularly for low value cereals. livestock
raising. etc.

Issues

IssuE~s whi ch requi re further research i nvol ve the
rights and productivity of flood recession land users
and groundwater users. parti cul arly when these may be
affected by dams for irrigation schemes; the whole area
of small swamp. fadama. or dambo development (wet lands)
and wheth1er this should nOtlie left mainly to private
and/or local village initiative; whether the rights of
const ructors of pa rt i a1 systems or low technology
systems should be respected; the links between
marketing. size of plot and technology used; the
economi cs of farmi ng systems in whi ch i rri gat ion is a
partial element. and is combined with rainfed farming.
and livestock raising. etc. In schemes where communal
activity has created dams. canals. and other structures,
there is a need for a clear definition of the ownership
and control of these assets, for an agreement among
those concerned about the divi sion of water and for
clarity over the tenurial status of the irrigated land,
but there is little literature.

It is noticeable that there is almost no literature
on large private irrigation. nor on semi-commercial.
semi-state estates, such as those initiated by the
Commonweal th Development Corporation. In the 1atter
case, there is more 1iterature on the relatively small
outgrower element at Vuvulane, Swaziland (Tuckett, 1977;
Cobban, 1981) than on the nucl eus estate. There are
many examples of sugar plantations on this kind of
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model, whose success has varied with the price of sugar.
In some cases they have been taken over by Government
and have continued on efficient lines (informal talks
with Commonwealth Development Corporation officials).
There is also the rather similar example of the SEr~RY

rice production unit in north Cameroon (Buchmann, 1985).
A significant comment on the Gezira is that "early
commerci a1 management • • • was responsi b1 e for the
satisfactory attitude towards cost control • which
has not been easy to achi eve e1 sewhere" (E1 Hadari,
1972).

Tenure Issues During Planning and Implementation

At the planning and implementation stage it is
necessary to establish the existing situation in regard
to land use, productivity and rights and the number of
people involved, in order to calculate benefits and
costs in the with/without project situation, to make
adequate arrangements for those who may be di sp1 aced,
and to plan, in the 1ight of the needs, resources and
rights of the people concerned, physical and
organi zat i ona1 arrangements for the new scheme. Thi s
may entail making decisions on housing provision,
sett1ement 1ayout, selection of i rri gators and size of
irrigated plot. It is not always easy to know how this
was done, since the relevant documents are usually
confidential feasibility studies. Reports after the
event make it clear that the necessary investigations
have often either not been made, or not thoroughly made.
The result has been unanticipated costs, unanticipated
loss of production, particularly off-scheme,
unanticipated lack of commitment by the irrigators, who
have other interests, displacement of people who have
often quit farming and suffered much hardship, and the
hostility of those who were supposed to benefit. In the
few schemes where proper invest i gat ions were. made and
taken into account, the initial years of the scheme seem
to have been relatively trouble-free. Problems have
been particularly acute in schemes that have involved
considerable displacement of the population.

We wi 11 therefore Jook fi rst at schemes where
ei ther the ex i st i ng popul at i on can be accol1l11odated on
the new scheme or where the development is in nearly
"empt y" 1ands currently only seasonally used by pastor
a1ists, or with only scattered rainfed farms. We will
then look at schemes for areas already intensely farmed
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where considerable numbers have been displaced,
temporarily or permanent1 y, by reservoi rs, headquarters
sites, construction activities, etc. The issues raised
by faulty or inadequate investigations at the
feasibility stage will then be considered.

In many cases it is decided to have what is known
in Africa as a settlement scheme. This involves taking
further decisions on tenant se1ectioncrtteria, tenancy
size and housing and village provision. The criteria
used for these dec; s ions wi 11 be exami ned. The
justification of the settlement model and its management
implications will be reviewed in the next section.

Schemes riot Planned to Involve Displacement. The
investigations into land tenure in the Gezira are
described in Gaitske11 (1959), Miskin (1953), Khalil
(1970), and Salam (1979). The assumption that land was
state owned was soon proved wrong (Kha1 il, 1970) and
many owners produced written title deeds (Gaitske11,
1959). The process of regi steri ng ri ghts was not
simple, due to Moslem inheritance rules (Miskin, 1953).
It is clear that trouble was taken to ensure general
consent, to avoid political difficulty.

The pilot demonstration projects had an important
role in this, preceding the main scheme by several years
(Tiffen, 1984). The land was leased at its highest
rainfed value for 40 years; much was bought by
Government during the 1930·s depression or later (Salam,
1979; Khalil, 1970). Khalil raises the issue as to
wheth e r 0' e a sing i san a ppro pria t est rategy for a
national government, as opposed to an expatriate agency
anxious to avoid conflict. Allocation of tenancies was
done with and through the owners, and appears to have
gone smoothly, so production acivities started on time.
The cropping pattern allowed for the desire to continue
sorghum and livestock production. .

The Gezira has in many ways been the model for
subsequent Sudanese schemes, although the e1 ements of
pilot prl()jects and of consideration for existing
activities have tended to be neglected. In later
schemes it has generally been thought sufficient to
record ri ghts and to offer compensation for \loss of
grazing and rainfed farms by offering priority access to
tenancies on the scheme. This has been continued after
the nationalization of land in 1970 (Benedict, 1982;
Ebrahim, 1983). The consequence is that the farmers
concerned feel they have a moral ri ght to thei r
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tenancies, although these are theoretically renewable
annually. Owing to disputes about terms, neither the
existing semi-nomadic farmers nor the displaced Nubians
on the Khasm e1 Gi rba/New Ha1fa scheme had by 1979
signed their tenancy agreements. However, when the
management tried to evict poor performers, protests were
so strong that they or relatives got the land back

. (Pearson, 1980).
Main problems arising on this and similar schemes

such as Rahad have been due to the failure to allow for
continued interest in livestock, and the fact that
sett1 ers sti 11 have access to rai nfed 1and for sorghum
off the scheme. The Gezi ra has been except i ona1 in
i ncorporat i ng even a sma 11 fodder crop component.
Consequently, settlers have generally maintained off
scheme interests, gi vi ng 1ess than the opt imum 1abor
input to their tenancy, or appointing sharecropping
managers to look after the 1ess profi tab1e i rri gated
tenancy (Benedict, 1982; Ebrahim, 1983; Heinritz, 1978;
Hoyle, 1977; Pearson, 1980; Sorbo, 1977). Similar
failures to realize that settlers who previously lived
in the area may retain rainfed land and will continue to
own livestock', both of which they will take into
consideration in planning their labor allocations, have
been r~ported from many parts of Africa, east, south and
west (e.g., Kortenhorst, 1983 for Kenya; Hartog, 1979
for Burkina Faso).

Schemes Involving Displacement of Existing Farmers. The
dlfflcultles, costs and stresses of resettlement of
populations displaced by large reservoirs have been
extremely well documented (Brokensha and Scudder, 1968;
Scudder, 1973 and 1975; Chambers, 1970). The demanding
preparatory work, including identification of the rights
and numbers of those entitled to compensation, and
arrangements for thei r new acconunodat i on and economi c
livelihood, has been detailed by Butcher (1971) and
described by an administrator responsible for the
evacuation of the Sudanese Nubians (Dafa11a, 1975).

The Nubi ans di sp1 aced by the Nasr Reservoi r had a
certain political importance. The Sudanese government
also received compensation from the Egyptian government,
so money was available to treat them as fairly as
possible. Their rights, down to the last fraction of a
date palm, were recorded and compensated. The local
village and district authorities were involved in the
planning (Dafa11a, 1975). They regarded their new
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tenancies at New Ha1fa as compensation for disturbance,
and insisted on also receiving double the quantity of
freehold land that they had previously had, although
this dislocated original plans for the division of the
irrigated land (Heinritz, 1978). New Ha1fa had problems
due to the Nubians' propensity to maintain their non
agricultural work interests, which have been more
1uc rat i vet han farm i ng , but· at 1eastadiff i cu1t
operation passed off peaceably.

Available literature on resettlement does not seem
to have been fUlly considered by the p1 anners
responsible for the recent large schemes in northern
Nigeria. The main issues involved are:

Land use and rights by those outside the
project area who will be affected by
changes in water aval1abi1ity;
Ownership of land and issues of
compensation within areas that will be
needed for reservoi rs, headquarters,
etc. ;
Compensation for disturbance for fanners
losing income while construction
activities take place on their land; and
Ownership of land within the project
areas, and any necessary rearrangements
of holdings sUbsequent to development.

The position has been complicated by differences of
view among the farmers concerned and Federal authorities
(the River Basin Development Authorities - RBDAs) on
whether 1,and was individually owned. The RBDAs view was
enshrined in the 1978 Land Use Act, which asserted
ultimate government ownership and gave State governors
the ri ght to revoke "customary ri ghts" and to grant
leases, after compensation for standing crops and
improvements. The farmers, and local pol iticians and
entrepreneurs, knew that tenure had evolved toward
something close to freehold, and that land was commonly
bought and sold in the bel ief that such transactions
conferred permanent rights (Wallace, 1981; Bird, 1984).

In the case of the Kano scheme, the Dutch
consul tants ori gi na 11 y recommended that the Government
buy in the project 1and and treat it as a sett1 ement
scheme. In a heavily occupied area this would have been
both expensive and unpopular and it was agreed the
farmers concerned should receive their land back less 10
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percent. It is not clear if they were compensated for
disturbance duri ng construction. The di srupt ion 1eft
many disadvantaged families, while giving opportunities
to land speculators from the towns (Wallace, 1981). The
high-handed treatment of the farmers, failure to convey
to them information on, e.g., the costs of the
irrigation works provided, and the feeling that
influential persons were able to gain advantages during
the reallocation, ,have caused continued disgruntlement,
a1 though those who recei ved back thei r 1and seemed by
1982 at 1east not to be worse off than before, if
promised management services were delivered (Roy, 1983).
Farmers displaced by the reservoir or scheme works
recei ved ei ther poor qual i ty 1and in new vi 11 ages or
monetary compensation. This was eventually raised from
Naira 80 to Naira 250 per acre, an,unforeseen cost which
was still generally insufficient to enable them to buy
replacement land (Wallace, 1980).

In the Baka10ri operation farmers were supposed to,
but did not, receive compensation for seasons when they
could not farm due to construction works. This issue,
plus the issue of compensation (also delayed) for those
who lost land outright, led to physical obstruction
organized by farmers and their traditional village
leaders, close together physically and socially. This
had to be quell ed by mil itary methods. At the cost of
many deaths, they finally received monetary
compensation. After construction the farmers were
supposed to be reallocated thei r own 1and; thi s proved
so difficult when landmarks had been destroyed that the
task had to be handed over to traditional leaders, who
eventually got some farming restarted (Bird, 1984).

The Dad i ri Kowa Dam is now fi 11 i ng up a 1arge area
previously densely farmed. Here lessons have been
learned, rights and boundaries have been mapped, people
and thei r 1oca1 authority 1eaders have been consul ted
over resettlement wishes and compensation, with
difficulty, has been paid. One problem has been that
one of the States involved pays compensation for land
itself, as this has long been legally sold (Tiffen,
1976), while the others pay only for improvements (Bird,
1984; Griffith, 1982).

There is no evi dence in the 1iterature that the
cost-benefit analysis of these large-scale Nigerian

,schemes took proper account of the with/without project
situation. In most cases the land flooded by the
reservoi r was al ready farmed one season, and was 1arge
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in proportion to the area developed for irrigation.
further, the dams for both Bakalori and Kano are known
to have damaged or ha 1ted cul t i vat i on of ri ce and
vegetables on flood recession land and valley bottoms
downstream. Because of failure to consider land use
outside the project area, more production may have been
lost than gained (Stock, 1977; Adams, 1983).

Issues at the Feasibility Stage

Several important issues are involved as follows:

1. The need to consi der 1and use in the
with/without project situation, taking
into account down-ri ver effects and the
reservoir area. Ruthenburg (1980)
queries the economics of some Asian tank
schemes wi th rat i os of rese rvoi r to
irrigated area of 1:4. The Nigerian
schemes quoted above have far lower
ratios, e.g., Kano, 58,000 acres
irrigated from the Tiga Reservoir,
covering 44,000 acres (Wallace, 1981).

2. Is it pol itically possible to ignore a
situation in which people for many years
have acted as if they owned land, bought
and sold it, believed securely in their
ri ghts to pass it to thei r hei rs, etc.,
on the grounds that traditionally the
local rule "owned" it and the peasant has
only usufructuary rights? As a President
of a Ru ra1 Counci 1 sa i d in Senegal: "Au
F0 uta, i 1 y a 1a 10 i sur 1a dom a i ne
nationale, mais 11 y a aussi les faits"
(Mathieu, 1983). In Nigeria local
realities had to be recognized, at the
cost of unexpectedly high levels of
compensat ion. It is never enough in
feasibility studies to accept the
assurances of central governments on the
state's legal rights without ascertaining
on the ground 1oca1 vi ews, though there
are obvious diplomatic difficulties.

3. It is necessary to incorporate provision
for compensation and the cost of
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resettlement in the initial economic and
financial plan. This is often not done,
either because it may adversely affect
the calculations on economic viability,
or because it is fel t to be the
responsibility of the national
government. As a result, money is simply
not available, or arrives in very delayed
fashion, for farmers who are in immediate
need because they have lost thei r
livelihood (Bird, 1984).

4. There are rarely either up-to-date
population figures or cadastral maps.
Time must be allowed during the planning
stage for the coll ecti on of thi s
information if resettlement is to go
smoothly. The collection of these data
can be quite expensive if it means
special surveys by expatriate consultancy
com pan i e s, tho ugh it can bed 0 ne
efficiently in some countries by local
administrators working with the local
authorities (as in Sudan).

5. It is necessary to consider if the
population to farm the irrigated area
will retain land and assets off-scheme
which may affect labor availability.

6. Pastoral ists' rights have usually either
not been compensated, or compensated by
the offer of a tenancy. Only
occasionally, as in the case of Afars,
are the nomads in a pol itical situation
at least to get discussion of other forms
of compensation (Harbeson, '1975).
However, sma.ll monetary payments for loss
of grazing rights to schemes taking over
land for state or convnercial farms have
been made in Senegal (Mathieu, 1983).

Tenure and Management on Settlement Schemes

Settlement schemes are those where land as well as
water resources are owned or control 1ed by the scheme
authority, and on which farmers have the status of
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tenants, ob1i ged to foll ow orders wi th respect to most
important farming activities.

Settlement Scheme Planning

The typi ca1 Afri can i rri gat i on scheme has been
modeled on the Gezira, with annual, standard-sized
tenancies.. Having either bought out or ignored local
rights, it then becomes necessary to make decisions on
tenancy selection criteria, tenancy size and housing and
infrastructure provision.

Tenancy Selection Criteria. Tenant selection in
the Sudan is normally, as we have seen, done by giving
priority to owners of land and grazing rights, provided
they meet certain conditions on age, willingness to work
the tenancy, etc. Large 1andowners can regi ster more
than one tenancy under the names of dependents and
relatives. Next come local landless laborers with
agricu1 tur'a1 experi ence. Outsi ders may be offered any
remai ni ng ho1 di ngs. Se1 ect ion is done in cooperation
with leading sheikhs and local authorities. The main
exception has been Khasm e1 Girba (New Ha1fa) where the
displaced NUbians were given tenancies as compensation
regardless of the usual conditions (Adam, 1971;
Benedict, 1982; Gaitskell, 1959; Kha1 i1, 1970; Pearson,
1980 ; Salam, 1979; Taha, 1975; andothe rs) • Once
landowners nominate a relative or landless laborer to a
tenancy, the person concerned should receive a legal
contract with the irrigating authority, which reduces
his fonmer' social dependence, and substitutes dependence
on the management (Gaitskel1, 1959; Salam, 1979;
Barnett, 1977; Beer, 1953). Village Production Councils
have a voice in the selection of new· tenants (Beer,
1953). .

In Kenya most schemes, part i cu1 ar1 y those managed
by the National Irrigation Board, are intended to select
tenants from the landless, so easing population pressure
on overcrowded qual ity rai nfed 1and (ILO, 1972; Chambers
and Moris, 1973; Fitter, 1983). South Kano is
exceptional in that it was p1 anned to provide for those
with existing land rights. As a1 ready noted, early
schemes were set up to cater for Mau Mau detai nees,
particu1ar'ly Kikuyu, settling them in non-Kikuyu land.
Si nce 1960 new tenants have come from the local
di stri ct. C1 an e1 ders select them, supposed1 y on the
basi s of 1and1 essness and j ob1 essness. They are
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recommended to select married men aged 35 to 40 (Veen in
Chambers and Mori s, 1973). Many of the small schemes
set up by voluntary agencies cater especially for cattle
owners destituted by drought, who live in adjacent areas
(Hillmann, 1980; Kortenhorst, 1983; Brown, 1980). Often
the main requirement is destitution--difficu1t to prove
or quantify.

The very 1arge Offi ce du Ni ger scheme, ina very
sparsely popu1at~d area, has never been able to be
selective on tenants. Originally they were recruited
from the whole of francophone West Africa, often using
compulsion. After 1945 compulsion was withdrawn, and
many departed between 1950 and 1963 (de Wil de, 1967;
Zahan, 1963). Since independence, settlers have been
Mali nationals. There is little information on criteria
for selection on most large schemes in francophone
Africa. In Kou, Burkina Faso, migration was incited by
broadcasts, and achi eved 940 fami 1i es between 1967 and
1978. These took up all the irrigab1e land (it was
originally designed for 1,200 families, but some land
was lost by poor drainage). The inunigrants, mainly
Mossi, were supposed to have four acti ve workers per
family; this condition had to be waived for the 250
families originally living in the area. Even so,. there
is a fluctuating participation ~f less than 100 of these
families, as they have other interests (Ouedrago, 1979;
Hartog, 1979). In Niger the order of priority is:
(1) original occupants of the land; (2) professional
farmers; and (3) traders, officials, etc. (Cisse, 1983).

On most large schemes in ang10phone countries, the
tenancy size is standa rd i zed. Equ i ty of income
distribution may be the objective. The size varies from
0.1 hectare to several hectares, and is given in most of
the literature on the schemes. It may be determined by
calculating the area necessary to yield, from a fixed
croppi ng pattern, an income suffi ci ent to stop urban
drift. Alternatively, it is planned to be· workable by
the family without resorting to hired labor. In either
case, it is norma 11 y assumed the famil i es have no off
scheme interests. Zimbabwe is an excepti on, wi th some
vegetable micro-plots intended to supplement other
activities (Makadho, 1984). The large Gezira holding
was planned to incorporate fallow, for reasons of
fertil ity and crop hygiene, as water rather than land
was the scarce factor. Most 1ater schemes have assumed
mechanization, because of labor shortage, so holding
size has remained relatively large. . The literature
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shows that planners have frequently over-estimated
income levels and under-estimated labor requirements and
the will ingness/availabil ity of all family members for
farm work. Not much has been found on criteria for
holding size in francophone countries. There does,
however, seem to be more provision for size to vary
accord i ng to fami 1y labor capacity (de Wi 1de, 1976, re
Office du Niger, Mali; Moris, Thorn and Norman, 1984, re
ONAHA schemes in Niger).

Provisions of Housing and Village Amenities. This
is noral ways necessary. In the fl rst phase of the
Gezira, the population remained in existing villages,
canals taking slight detours if need be. However, quite
frequently housing has been built for tenants, or
tenants have been gi ven loans to bui 1d houses. Thi s
immediately raises the issue of the ownership of the
house if the tenant is on a yearly lease subj ect to
eviction for bad cultivation. As we have seen, almost
all African customary law recognizes a man's right to
his "improvements," and the possible conflict with
settlement disciplinary policy was raised by Rowling
(1952), but not faced.

In the Sudan the minimum has normally been, done.
Existing villages, if any, have usually been
incorporated, and additional ones laid out with plots.
The displaced Wadi Halfans got some village amenities
and two-room concrete houses. They found the 1atter
overcrowded, but the design did not make it easy to add
rooms (Heinritz, 1978). In the same area the nomad
tenants got no housing or services, only some timber for
construct'j on (Pearson, 1980). On the Rahad, vi 11 age
areas were laid out and landless laborers and nomads
were given a plot and a small grant (£5 50) to build a
house. The planners tried to reflect the original
social groupings in the v"illages, but it was not always
possible (Benedict, 19821.

In the Office du Niger the tenant received housing
and equipment on credit; it was originally envisaged he
woul d recei ve a permanent occupati on permi t after ten
years, but instead the land was nationalized (de Wilde,
1967). The cultivation right is transferable by
inheritance, but many settlers in fact leave after some
years, abandoning their houses. In planning settlements
the Office tried to group settlers by tribe (Zahan,
1963). In Kou, Burkina Faso a badly built house of 8.4
x 3.5 meters was provided for the typical family of 8.5,
leading to overcrowding (Ouedraogo, 1979).
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In Kenya, ·Mwea was concei ved as a pi ece of soci a1
engineering. Clans were deliberately mixed in the
villages, which created some social problems. Until
1964 housing was provided. After 1964 there was a
system of loans repayable in three years, whereby a
better standard house was built for the tenant. In 1970
the terms, and the house, were improved, but people off
scheme could get longer term loans for their own designs
(Chambers and Morfs, 1973).

On Ahero housi ng was buil t for all tenants,
incorporating the existing villages (Boodhoo and Fuller,
1981). However, many of the new settlers were not
accustomed to living in concentrated settlements and
resented all the rules and regulations. Over time they
opportunistically reorganized the houses, spacing them
further apart, using indigenous material, growing
vegetables on field bunds and keeping cattle nearby
(Baum and Migot-Adholla, 1982).

In Nigeria at Bakalori, where a substantial market
town was drowned by the reservoir (Wallace, 1981),
people were moved on time to new sites, but there was no
provision for economic life. There was no water, no
fuel and compensation was delayed. By the time people
had secured their compensation by direct action, a third
of the resettlement villages had been abandoned, as
people had cut their losses and moved (Bird, 1984,
1985).

Issues Arising in Planning Settlement Schemes

If it is necessary to provide new villages, several
difficult questions have to be faced, ~uch as~ whether to
try to integrate peopl e of several tribes, or to soften
the blow of translocation by keeping social groups
together. On housing it has to be decided whether to
build an "improved" house, whether indeed to give
nothi ng on the grounds that people normally bui 1d for
themselves, or whether to help them do this by a loan.
Underlying these issues is the question of whether
security of ownership of the house can be combined with
an insecure annual agricultural tenancy. There are very
important issues to consider in tenant selection
criteria and choice of tenancy size:

Is there a clear understanding of
scheme objectives and the relationship



422

of this to tenant selection criteria?
The best discussion of this is in Clayton
(1978). The target of a high farmer
income will reduce the number of settlers
and the impact on the unemployed. Lower
incomes may not hal turban dri ft (ILO,
1972, on this conf1 ict). Maximum
production needs experienced farmers, and
the 1and1 ess/unemp1 oyed are often young
wi th non- farmi ng backgrounds. Because
they are young, they have small families,
and therefore, not enough fam; 1y 1abor
for the tenancy.
It is not often con side red whet he r ,
given human variety, it is justifiable
to plan on uniform holding size. It is a
statistical inevitability that there will
be below average farmers, and these may
absorb a d i sproport i onate amount of
management time if they cannot be given a
smaller holding (Tiffen, 1984).
One of the obj ect i ves may be equ i ty of
income distribution, but Clayton has
shown there is a spread of income within
schemes in Kenya, and farmers accept this
as reflecting different family attributes
(C1 ayton, 1978). There is a1 so a very
wi de . range of incomes on the Gezi ra
(Salam, 1979).

Many of the issues raised in this section assume a
settlement type scheme.

Justifi'cation for Settlement Schemes

The usual justification for this arrangement is
that the state, or a commercial company, is providing
important and expensi ve assets J and must be ab1 e to
ensure that they are used in a manner that wi 11 ensure
high yields and a good economic return (Tuckett, 1977).
Usua11 yin Afri ca the farmers for whom the schemes are
intended have no experience in irrigation, so it is felt
essential that they farm under direction, at least in
the initial years. In practice, the teaching period
gets extended for decades. A settlement scheme enables
rules on cropping patterns, irrigation practices,
rotations and cultural methods and timing of operations,
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etc., to be enforced. Frequently, marketing has to be
through speci fi ed outlets, so that the authori ty can
recover loans and water and mai ntenance charges, etc.
Part of the rationale for the authoritarianism of
management, as in Mwea, is that in irrigation timeliness
and effective crisis management is all important
(Chambers and Moris, 1973).

The undoubted complexity of water delivery,
maintenance and ~epair and cost recovery, etc. means
that it is norma 11 y much simp1er to entrust these
functions to a new state agency than to assi st farmers
to set up their own institutions and to provide them
with tuition. This is especially so in cases where the
advantages of irrigation are not clear to the farmers,
when there is need for some coercion to make them take
up irrigab1e land and to farm it intensively. This was
frequently the case in some systems introduced in areas
of low population density where rainfed agriculture
remained a viable alternative.

The settlement schemes give planners further
advantages. Plot layout can be decided by technical
requirements, rather than by existing ownership
patterns. The size can be controlled according to the
scheme objectives. Suitable tenants can be selected
instead of relying on those already there (Palmer-Jones,
1981, summari zes the advantages. quoted by advocates of
sett 1ement) • The system shou1 d theoret i ca 11 y also
facilitate bulk-buying, low marketing costs and low
administrative costs (E1 Hadari, 1972).

The structure of the settlement scheme is supposed
to prevent fragmentation of holdings by inheritance, and
to protect the tenant from unwisely mortgaging his land
and losing it by indebtedness (Gaitske11, 1959).

Rights and Duties of Tenants and Management

Degree of Formalization. In the Gezira the tenant
had a written agreement, which he signed annually until
1950. By then tradition implied continued renewal, if
the tenant had kept to the terms (E1 Hadari, 1982). An
initial written agreement has been the general model in
the Sudan, though, as we have seen, it was not always
signed if tenants disputed the terms (Pearson, 1980).
Tenants have individual accounts they are entitled to
inspect.

It is rarely clear in the literature on other
ang10phone countri es how the terms of hi s 1ease were
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conveyed to the tenant, and whether or not he had an
individual written agreement, and what occurred if
changes were made in the conditions of the tenancy.
Tenants on the CDC scheme at Vuvu1ane in Swaziland
certainly had a lease, which provided for increases to
be made in rents at the end of ten years (Tuckett,
1977). In Kenya all settlement schemes run by the
National Irrigation Board come under the Trust Land
(Irri gati on Areas) Ru1 es of 1962- and the Irri gati on Act
of 1966, which give the scheme management powers to
control virtually all economic activity. Separate
accounts are maintained for each tenant (Fitter, 1983).

In some franco phone countri es the 1ega1 contracts
are with cooperatives (see below). However, in the case
of an irrigated palm plantation in Benin peasants were
said not to be clear whether it was functioning as a
cooperat i '/e or as a state farm whi ch shou1 d pay them
wages (Oissou, 1985). In Burkina Faso all land equipped
with irrigation automatically becomes state land. The
allocation to peasants fail to make clear the legal
position on improvements.

Out i I:!S of Tenants. The Vuvu1 ane scheme seems
fairly tYP1cai 1n the powers given to the irrigating
authority. The management could "define standards
and ••• issue instructions to cover:

Strict control over livestock and grazing
areas;
Construction, maintenance or demo1i~ion

of buildings, roads, canals, drains and
other structures;
Use of vehicles;
Prevention and control of pests,
diseases, fire and soil erosion;
Maintenance of boundary beacons;
Sanitary arrangements and hygiene; and
Agricultural methods and practices in
general" (Tuckett, 1977).

As in the archetypal Gezi ra, management i nvari ab1y
decides crops, cropping patterns and cultural practices
for at least the main crop. Almost all schemes require
the main crop to be marketed through the authority; in
the case of one crop schemes like Mwea, this meant
control of all marketing.
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In franco phone Afri ca the tenant is common1 y
obliged to become a member of a cooperative. The
authority deals with the heads of the cooperatives.
Thi s pattern was i ni t i ated by the Offi ce du Ni ger (de
Wilde, 1967). On the large Senegalese schemes the
cooperatives were at fi rst the means by which the
authority, SAED, could distribute inputs and market
outputs. However, they have evo1 ved to pennit closer
control. Peasants are formed into "groupements de
producteurs" of 12 to 20 farmers and equipped with
animal power. One SAED employee supervises two groups.
A legal contract links the peasant to the group and the
group to SAED. The duties of peasants are to p~epare

seedbeds, sow in line, weed, maintain and to repay
collectively the debts of all members. SAED must
provide water control, execute the necessary cultural
operations and assure the supply of factors of
production and advice (Diagne, 1979). In Niger the
cooperatives are formally responsible for planning all
agricultural operations and for irrigation operation and
maintenance. The land and the permanent infrastructure
belong to the State, but are put at the disposition of
the cooperative. In practice, the Director of the
Scheme, an employee of the National Authority for
Irri gati on (ONAHA) is the key person. In November 1982
a nat i ona1 semi Aar recommenEted that more functions be
delegated to the cooperative officers, but that the
staff should continue to be responsible for the cropping
plan, calculation of dues and management of funds
(Cisse, 1985).

The functions of the management authority
everywhere include the delivery of water. Schemes vary
as to whether management is also responsible for
mechanized operations. This is most frequently the case
with rice and sugar schemes, e.g., Mwea, Vuvulane. The
evol ut ion in the Sudan has been for management to
perfonn more and more of the agricultural functions.

Sanctions for Non-Perfonnance. Formally, the main
sanction for non-performance of work by the tenant is
eviction. The need for this sanction is one of the main
justifications of the tenancy system. It is, however,
difficult to enforce since the political system gives
tenants some 1everage and it is di ffi cul t to rep1 ace
tenants. When management tri ed to ev i ct some 500
tenants from New Halfa after years of poor performance,
protests secured the return of most to the holders or a
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relative (Pearson, 1980). In the Gezira, management
coul d enter the tenancy to perform the negl ected
function, charging costs to the tenant's account (Salam,
1979). In Mwea there is a series of warning letters and
fines before eviction (Clayton, 1978). In Senegal
tenants have been dismissed although the failure of the
ri ce crop was at 1east part i ally due to a stri ke by
tractor drivers (Bonnefond and Caneil, 1981).
Generally, management has a legal right to punish
tenants for nonperformance whi 1e tenants can at best
exert informal pressures on management to reduce charges
when services are not delivered.

Methods of Charging Tenants for Management
Services. The Gez; ra system of rewarding management by
a share of the rna in crop was followed on schemes
initiated in the 1960s, but changed to fixed charges for
land and water in the 1970's (Ebrahim, 1983). The
s ha ri ng !iystem had the advantages of prov i ding an
incentive for management efficiency, and meant that
management shared with tenants the risks of low prices,
losses from disease, etc. This was particularly
important in the 1930s (Thornton, 1972). The fixed
price system means that the tenant carries the whole
burden of risk (Benedict, 1982). The drawback of the
cotton shari ng system became apparent when other cash
crops entered the rotation in the 1960s. As tenants
paid only on their cotton, they gave preference to other
crops. The pros and cons of extending the sharing
system to other crops and of rental systems are
discussed in Salam (1979) and El Hadari (1972).

Tenants on NIB schemes in Kenya pay a combined land
and water charge which varies from scheme to scheme, but
which is theoretically calculated to cover current
expenditul"e and to make a contribution to investment
costs. In fact, it has to be fixed in relation to the
tenant's need o'f a minimum income, and only at Mwea is
it high enough to cover these costs (Fitter, 1983).

, Tenants may al so have to pay for other services
such as tractor plowing, crop spraying, fertilizer
appl i cat ion, etc. In some cases these are compul sory,
and are automatically deducted from the tenant's account
(e.g., Mwea, Gezira, Rahad and large schemes in
Senega1) • In a few cases, tenants ha ve the opt i on of
asking management for them, or making their own
arrangemE~nts (e.g., for some services at Vuvulane
[Tuckett, 1977]). In the Gezi ra, management suppl i ed
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tractor services for cotton, but tenants could and did
hire tractors from other sources for their other crops.
Gezi ra tenants were charged a standard rate for these
services, i.e., it made no difference if they had one or
two crop sprays, light or heavy plowing (Salam, 1979).
The complications of the charging system, and the
standardization, made it very difficult for tenants to
see any relationships between inputs and income, as
noted both in the Gezira and Mwea by several observers.

Attitudes of Tenants to Their Status

Tenant is a mi s1ead i ng word to describe the~tatus

of a man on an i rri gated sett 1ement scheme. Hi s
obligations are not limited to payment of rent and
certain conditions on maintaining the farm in good
order, but i nc1 ude the acceptance of deta 11 ed orders.
It has been said that farmers on large Senegalese
schemes "could best be called laborers, if only their
position offered them the security of a wage ll (Diemer
and van Der Laan, 1983). The decision-making sphere of
Gezira and Rahad tenants on controlled crops is limited
to whether to work themselves, or to hire others tQ work
for them (Gaitskell, 1959; Barnett, 1977; Salam, 1979;
Benedict, 1982).

The word tenant carries connotations of inferiority
that is often not acceptab1e. The rea son tenant s
refused to si gn the annual agreement on the Gezi ra in
1950 was that they wanted the word tenant changed to
partner (Gaitskell, 1959). However, the acceptability
of the status is best measured by the 1eve1 of demand
for scheme land, rates of turnover, etc. It can also be
ana 1yzed by look i ng at po i nts of dispute between
management and tenants.

Demand for Scheme Land. This is clearly related to
income levels. Galtskell (1959) notes that tenancies
had to be given to immigrants during the depression;
this aroused resentment among the locals in the early
1950s when incomes were high and tenancies in demand.
In the. 1970s, when incomes were again low, E1 Hadar;
found that on1 y about 20 percent of exi st i ng tenants
desi red a tenancy for thei r sons, but they themse1 ves
valued it because, being old and uneducated, they did
not have other income-earning options. The question of
other opportuni ti es is important; demand for tenanci es
is high in Kenya because of land shortage (Fitter,
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1983). C1 ayton (1978) found there were more
"discip1 ine ll problems on Mwea when incomes were low.
The Perkl~rra scheme has had low incomes and hi gh
turnover (Chambers, 1973). There are indications that
settlers on the Office du Niger abandon old areas as
yields fall and move to newly developed virgin soils (de
Wilde, 19(7). In Kou, Burkina Faso the number of local
participants was low andf1 uctuat ing compared with the
immigrant sett1er~ because the locals had access to
rainfed farms and livestock (Ouedrago, 1979).

Campaigns for Changes in Terms. Main opposition
to management focuses on five issues.

1. Rights at termination of the tenancy by
death or dl smlssa I. Tenants at Mwea
demanded the ri ght to nomi nate a
successor, and this was conceded by
management to 1essen tenant ant i pathy to
the annual nature of hi s 1 i cense
(Giglio1i, 1965). Tenants in Swaziland
delayed signing their leases until they
got satisfaction on inheritance rights
for one of their children and
compensation for improvements in the
event of eviction (Tuckett, 1977).

2. Money issues and control of marketing.
It has been observed 1 n. Kenya that
tenants' suspicions focus on money
management, pri ces and tenant accounts.
This was noted quite early in Mwea
(Chambers and Moris, 1973) and has led to
production boycotts and "black market ll

sales on other schemes (Fitter, 1983).
The 1946 tenants' stri ke in the Gezi ra
was triggered by their discovery that
some of the proceeds of wartime sales had
been paid into a Reserve Fund (Gaitske1l,
1959). Vuvu1ane farmers insisted on
payment for actual sucrose del i vered,
although CDC thought it fairer to pay on
average sucrose content. They
persistently refused collective marketing
arrangements for their other crops
(Tuckett, 1977). In Burkina Faso
peasants 1eft an offi ci a1 scheme



producing green beans for export partly
because of management failures in
delivery of services, but also because
they felt able to get better prices for
themselves. They bought pumps and
established private farms (D'At de St.
Foul c, 1985).

3. Alternative crops, additional crops.
L1nked to the market1ng 1ssue, tenant
farmers are often at odds with management
over which crop to devote most attention
to, the growing of additional crops;
keeping livestock, etc. Numerous studies
show that they respond to 1oca1 market
forces and consider family consumption
needs, while management aims to produce a
certain crop according to national
economi c plan s. Di s putes ·occ urover
i ssuessuch as growing of vegetables on
field bundsand retention of cattle
contrary to scheme rul es (e.g., in Kenya,
Baum and Mi got-Adholl a, 1982). In the
Sudan most observers have noted the
confl ict between tenants and management
on the importance of sorghum, and the
variable interest in official crops such
as groundnuts and cotton, according to
pric e fa ctors (e •g., Be ned i ct, 1982;
Faki, 1982; all reports on Khasm el
Girba/New Halfa).

4. Housing restrictions. In schemes where
hous1ng 1S prov1ded by management, there
is often resentment and evasi on of rul es
and restrictions (Baum and Migot-Adholla,
1982; Chambers and Mori s, 1973; Hei nri tz,
1972).

5. Social facilities. On the more
successful schemes, where tenants'
aspirations rise beyond basic business of
survival, they begin to demand schools,
health clinics, etc., which management
may not feel it is their business to
provide. At the same time, the scheme
structure and the 1ack of a normal 1oca1

429
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government with its own revenue (which
might conflict with management's total
control) makes it difficult for tenants
to use normal mechani sms for obtai ni ng
these. The difficult relationship
between the Gezira management and Village
Councils from the 1940s is discussed in
Salam (1979). The problem was well
recognized earlier (Beer, 1953), but
never satisfactorily solved. The same
conf1 i ct a rose in Mwea (Chambers and
Moris, 1973). At Vuvu1ane CDC first
provided schools and clinics itself, but
1ater negot i ated for the Mi nistri es
concerned to take them over (Tuckett,
1977).

Changes in Tenure over Time

Whatever the 1ega1 pos it ion, tenanc i es become
heritable and certain other changes occur. In the
Gezira there has been an increasing number of ha1f
tenancies (subdivision being permitted to this extent,
but no further), and an increase in the numbers held by
widows and minors. In 1974, 11,000 of the 95,000
tenancies were held by women, and another 600 by minors
(Salam, 1979). Tenants consider themselves normal
1andowners, a.nd frequently i nsta11 a "waki 1" (deputy)
who manages the tenancy in thei r absence. For crops
which they market themselves they may install a laborer
paid on the sharecropping basis normal in the Middle
East (Faki, 1982; Heinritz, 1972; Hoyle, 1977; Barnett,
1977, haVE~ references to major schemes; Adam, 1971, goes
into more detail on types of sharecropping arrangements
on private pump schemes). The "wa kil" may well pay over
the tenancy revenues to several hei rs, in accordance
with the "sharia" rules, but this does not seem to have
been investigated. Over time the tenants become older,
less able to work themselves, but officially they are
not allowed to reduce their holding size. On Kenyan
schemes it has been reported they are unwi 11 i ng to pay
the goi ng wage-rate to thei r sons, and so lose thei r
servi ces (C1 ayton, 1978). Thi s must reduce the
effi ci ency of farm operat ions. In the Gezi ra fathers
pay the going rate to sons they want to retain (Barnett,
1977).
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It is suspected that informal 1easi ng and
sharecropping arrangements generally make an appearance
on older schemes, but this is seldom investigated.
Ce r t a i n1yon the Ny any adz i s c hem e i n Zi mba bwe,
established in 1935, it was noted in 1981 that some
registered plot holders had rented out parts of their
holding to others (informal report). Such a development
would, of course, only occur where the scheme was
offering the opportunity of earning a reasonable income.

Management Implications of the Tenancy System

For Management. In certain situations settlement
management can be relatively efficient. It makes it
possible to have a simplified canal layout. The system
can be operated with low-qualified staff, provided a
good monitoring system is maintained, as at Mwea and
Vuvulane (Clayton, 1983; Cobban, 1981) and in the Gezira
(Gaitskell, 1959). However, when the management system
i nvol ves the del i very of many mechani zed servi ces, in
situations where spare parts and fuel are difficult to
obtain, the young graduates available to staff it may be
faced by a task beyond their capacity (Benedict, 1982).

The di sadvantage of a central i zed system is that
any mistakes made are on a large scale (Salam, 1979).
Bu reauc rat i c systems may also not be able to respond
flexibly to crises, e.g., by paying higher wages,
authorizing overtime, etc. This is particularly serious
when two crops have to be fi tted into the farmi ng year
and timeliness is crucial. It is perhaps significant
that both the Gezi ra and Mwea are one season systems.
Many of the unsuccessful Kenyan systems try to obtain
two crops, as do the unsuccessful large schemes in
Senegal. Bureaucratic management also seems to succeed
with sugar.

For the Tenant. It has been frequently noted that
tenants assume that because government owns the land and
the i rri gat i on system, government has the duty to
maintain it (e.g., O'At de St. Foulc, 1985). This is
particlll arly so on schemes that do not offer good
incomes.

The same attitude conditions investment policies.
The peasant is unable to invest savings in purchasing
more 1and whi ch, as 0' At de St. Foul c (1985) remarks,
removes a dynamic found in capital ist systems. He may
instead invest in livestock, but this has problems if
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grazing areas are restricted (Beer, 1955). Fitter
(1983) notes regarding Kenyan schemes:

Tenants cannot use their holdings for
securing loans ,they cannot subdivide their
holdings to provide a living for their sons,
they cannot choose their place of residence or
even modify their quarters without permission,
and there is al ways the threat that the
tenancy may be taken away. Under these
circumstances, settlers view their tenancy as
a means for generati ng income for investment
in a variety of different enterprises, both on
and off the scheme, to secure an alternative
livelihood. The consequences are obvious:
diversion of profits and attention towards
off-scheme activities.

The same attitudes have been noted in the Sudan
(Salam, 1979)

The system also blocks the tenant's ability to
experiment with new varieties, crops or techniques, or
to respond to new market opportunities. Nevertheless,
some exper'iments are made and spread; for example, the
new watering techniques in the Gezira (Barnett, 1977).

When marketing is controlled, costs of services
standardi zed and payments made by installments, it
becomes quite impossible for tenants to relate inputs to
outputs and to calculate financial benefits of different
policies (Salem, 1979; Chambers and Moris, 1973).

Issues

Advalntages and Di sadvantages of Settl ement
Schemes. It is time to consider seriously whether the
settlement model is essential for the introduction of
irrigation in new areas. It has serious disadvantages
in the comp1ex i ty of funct ions imposed on often
i nexperi enced management staff, and even more seri ous
social disadvantages in cramping innovation and personal
development.

Tenant status has been thought essential to
instruct inexperienced farmers. There is evidence that
Afri cans can 1ea rn new techni ques very qui ckl y when it
is profitable. This was observed on the early pilot
projects preceding the main Gezi ra scheme. It was
reported in 1911:
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II It is wonderful to see how these nov ices at
cotton growfng have, through the influence of
thei r nei ghbors, cu1 t i vated thei r own fi e1ds
as well as if they had been used to cotton
growing all their 1ives ll (Gaitske11, 1959).

In Burk"j na Faso farmers successfully started thei r own
green bean gardens after two years on a scheme (D1at de
St. Foul c, 1985). Farmers on the mai n1y unsupervi sed
village schemes in Senegal get better yields than those
on closely supervised large schemes (Diemer and van der
Laan, 1983). However, on the relatively successful
Vuvu1ane scheme, CDC officials felt cultivation
standards wou1 d fall if lid i sci P1i nell was not enforced.
As social pressures made it difficult for African staff
to recommend eviction, it was felt expatriate management
was still necessary after 20 years (private
information). Tenants did without guidance on the 30
percent of the plot under their own control, growing and
marketing vegetables, potatoes, etc., which are not
inherently simpler crops to manage than sugarcane.
Could the lack of enthusiasm for intensive work on sugar
be related to the sugar price?

From the 1950 l s there has been discussion in the
Sudan about the atti tude of dependence on management
created by the Gezi ra structure, and on whether or not
the tenant had the capacity to evolve into a successful
entrepreneur if management relaxed control. The main
activity of the Tenants Union has been to campaign for
management to undertake more functions and to bear more
costs, which has not been regarded as a promise of
positive farming attitudes. However, the evidence of
Wad-e1-Naim 1s village fanning experiment suggests that
tenants can and do innovate and respond to market
stimuli when allowed to do so. It is the layout of the
fields and canals and the methods of water control which
make it extremely difficult to allow individual control
of cropping operations on the main scheme (Swan, 1985).
This illustrates the importance of thinking out the
direction in which it is hoped the scheme will evolve at
desi gn stage. The debate about methods to reduce
dependent attitudes, and whether it was des i rab1e and
possible, given the layout, to help the tenant evolve
into a decision-making farmer, is found in Beer, 1955;
Gaitske11, 1959; E1 Hadari, 1972; Thornton, 1972;
Barnett, 1977; and Salam, 1979.
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If it is decided to give the farmer more freedom
and respons;ibil ity, the stages and methods by which this
can be done need consideration. It may be possible to
transfer functions to a cooperative, and it may be
necessary to have a sham cooperative stage when in fact
most decisions are still being taken by staff (Cisse,
1985). The withdrawal of staff will not be easy. It
needs to be considered how a settlement scheme can cater
for human vari ety, and for chang i ng needs duri ng the
life-cycle, with the same flexibility as in unregulated
tenurial systems.

What is the relationship of size of scheme to
managerial structure? If it is possible to have large
schemes in Asia without controlling tenure, is it not
possible in Africa and more consistent with human
aspirations and dignity?

The Provision of Housing, Social Services and the
Relationshlp to Normal Mlnlstrles and Local Governmenrs;
While housing, or money for rebulldlng, and the
replacement of existing social services, are obviously
required as part of the compensation for those
displaced,. it needs to be considered how far it is the
duty of management to provide or manage these thi ngs
once the settlement is established. This involves
consideration of management and tenants' relationships,
inclUding their taxation position, with regard to normal
central and local government services. There appears to
be some move bac k, in some Afri can count ri es, to
restori ng the effect i veness of 1oca1 government. For
exampl e, whereas SAED in Senegal was once an all
embracing rural development agency, it has now to work
alongside elected Rural Councils (Mathieu, 1983). There
could well be conflicts of jurisdiction and of ethos
between autocratic settlement management and elective
1oca1 authori ties. These issues requi re bei ng thought
through, country by country, if management is to have
clear terms of reference.

TenUrE! and Management on Extens i on-Styl e Schemes

On extension-style schemes farmers retain their
original holdings, and changes in tenure are either not
made or are agreed. Irrigation methods are introduced
by demonstration, teaching and voluntary persuasion.
Following are a few examples.

In a scheme sponsored by Shell in southeastern
Ni geri a a soci o-economi c study was fi rst made. It was



435

real i zed farmers feared that government wou1 d take over
their land. The agronomist appointed to encourage se1f
he1ptact full y did not go on fa rm e r s' 1and until
invited. Four famil ies agreed to share work to convert
their swamp into a fish pond, dam and two acres of
i rri gated ri ce, and made thei r own. agreement on the
division of the irrigated area (Oluwasanmi et a1.,
1966). By 1974, despite an intervening civil war, there
were 600 acres of irrigated rice (Anthonio and Ijere,
1973). Simi 1ar community development methods were
successful in introducing rice cultivation in northern
Ghana in the 1950's. Again, villagers came to their own
agreement about management and tenure (Prosser, 1982).

In northern Ni geria the Dutch consul tants
originally recommended purchase of land and a settlement
scheme in Kano. This did not happen; those farmers
inc1uded in the scheme reta i ned most of thei r holding.
The management found it difficult to adjust: "Some
farmers cooperate, but it is not satisfactory because we
have to ask farmers, not tell them what to do." There
was certainly an initial period when many farmers
preferred to continue growi ng gui neacorn in the rai ny
season, which effectively prevented wheat cultivation in
the dry season (Wall ace, 1981). However, by 1984
personal observation from the road suggested farmers
were growing a second crop of wheat, tomatoes or onions.
Roy (1983) reported that many farmers thought that
irrigated agriculture was profitable, provided they
could get inputs on time. There were sometimes violent
confrontations with officials if there were delays in
the supply of promised seed, tractor services, or other
inputs.

In Senegal the village schemes have been
essentially on the extension model, formed. after
requests from the peasants when they had seen a
successful demonstration. Land tenure was changed, but
by agreement (Diemer and van der Laan, 1983).
Occasionally, there has been no intention to change
tenure, but this has happened because of inadequate
pre1 iminary investigations into social structure. The
Gambia case has already been cited (Dey, 1980). This
can delay adoption of new practices.

On the whole, the record of extension, when tried,
seems successful, provided the technique offered was
genuinely profitable. There is, however, often a slow
start, with only a few individuals or groups accepting
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the experoiment initially. After three or four years
adoption accelerates.

Where Further Research Is Needed

There is not much in thi s chapter on francophone
countries other than Senegal. This probably reflects
lack of time for a full French literature search, since
francophone scholars seem to give more attention to land
use and lE!gal issues than anglophone ones. It is also
suspected that much more Sudanese literature is
available in the Sudan. It is noticeable that the best
covered countries in this chapter have been Sudan,
Senegal <lnd Kenya. Add it i ona1 resea rch is a1most
certainly requi red el sewhere. In Nigeria the initial
di sastrous years of 1arge northern schemes have been
we11 cataloged; the state of the schemes fi ve or ten
years latfer is not generally known. Other areas for
research include:

The issues connected wi th water ri ghts,
water use licensing, water use monitoring
and existing water use in partial control
systems certainly need further
investigation and consideration.
There is virtually no infonnation on the
tenure and management of 1arge state
farms, cOfl1T1ercial estates, large private
farms or small pri vate farms, whi ch are
introducing new irrigation technology.
The connect i on between tenancy and a
dependency complex needs further
investigation. The methods by which
r.1anagement can withdraw after an initial
learning phase have not been considered.
The investment patterns of farmers on
settlement schemes seem only to have been
researched in the Sudan.
Similarly, the issues of the relationship
of a settlement scheme to the authorities
responsible for normal local government
services seem only to have been
considered in the Sudan, and even there,
the most challenging articles are by Beer
in the 1950's.
There is, a whol e range of issues on the
relationship between equity of income



distribution, size of holding and the
retention of original land rights so as
to encourage flexibility, personal
responsibility and individual investment,
which have not been thought through.
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Irrigation Project
Economics
Thomas M. Zalla and Jon R. Moris

Irrigation as a Privileged Solution

Ther~ is considerable evidence supporting the
conclusion that the introduction of irrigation into
African production systems in recent years occurred
because it is what might be termed a privileged
solution. The economist A. O. Hirschman has cOlned the
concept of a "privileged problem. 1I By this, he means a
major problem area which, while often of long-standing
origin, comes to policy-makers' attention in a given
period as requiring remedial attention. In this sense,
drought within Africa became in the mid-1970s a
IIprivileged problem: 1l a situation which in the larger
context of food surpluses being generated on other
continents appeared no longer tolerable. Why should
hundreds of thousands of people and animal s die when
technologies capable of supporting them were already
known?

The Sahel i an drought of 1972-73 thus brought the
persistent problem of African droughts to international
attention, just as did the 1983-84 Ethiopian drought a
decade later. A common agreement among donor nations
that the situation must be addressed stimulated a
search for promising technological interventions. In
particular, World Bank and other multilateral funding
became available, as did (though to a much lesser
extent) USAIO funds. Two main technological solutions
were available which seemed from international
experience to alleviate or even prevent the worst
impacts of drought: range management for the livestock
subsector, and irrigation for crop development in
semiarid environments. In both 'instances there were
earlier experiments under the colonial regimes which
ought to have provided grounds for moving cautiously.

PREVIOUS PAGE BLANK 439



440

However, the status of these two technol og i es as
"privileged solutions" meant that local experience was
ignored. Africa, it was assumed, could benefit from
technology transfer, bringing into play at the local
level new technologies which have already proven their
worth on other continents.

The attractiveness of irrigation as a preferred
choice for stabilizing food production was especially
high after the 72-73 drought. In addition, by the mid
1970s it was clear that major irrigation investments in
Asia were beginning to payoff, even generating food
surpluses in situations which had been regarded as
hopeless only a few years earlier. It seemed
reasonable to assume that the same technologies might
yield similar results in Africa, particularly within
parts of the West African Sahel where large-scale
irrigation along Asian lines was technically feasible.

With regard to the proposed dams along the
Senegal River, Reboul (1982) argues that three
assumpticms were made by donors 1.n deciding to fund
these major investments: (1) drought is bad ~er se;
(2) irrigation is technically feasible and pro 1table;
and (3) there is no real alternative for crop develop
ment in these environments. Of course, if such
premises are accepted as facts, then economic analysis
of irrigation in comparison to alternatives becomes
unnecessary. Indeed, the stri ki ng feature about the
1arge i rri gati on investments whi ch were undertaken in
the 19705 is the lack of prior economic analysis based
on realistic production data. To be sure, economic
apprai s,al was usuall y requi red by donors as a
preliminary step in project development. But the
decision to implement irrigation projects preceded
economic and financial appraisal, and governed the
selection of assumptions to obtain the necessary rates
of retur'n. The t1 pr ivileged" status of irrigation
projects meant that associated premises about the
environmE~nt were not subject to scrutiny; when adverse
data on costs and yields surfaced, assumptions were
changed so that projects still appeared profitable.

The most recent evi dence in support of thi s
observation comes from the Wageningen study by Van
Steekelenburg and Zijlstra for the EEC (1985). As
earlier noted, the Wageningen team visited eleven EDF
financed projects in six African countries. They found
that most projects aimed at a 200 percent cropping
intensity, which was rarely achieved. In all cases
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projects had been justified showing an economic
internal rate of return (EIRR) of 10 percent or higher.
To arrive at these figures, "excessively optimistic
estimates of development possibilities, of production
figures and of implementation costs" had been employed
(p. 66). When recalculated on a more realistic basis,
the EIRR became negative on four of the eleven
projects. Only one (where the project funded only
diversion weirs for pre-existing community schemes)
reached a 10 percent EIRR level. While project files
were in good order, "it was difficult to trace the very
beginning of project proposal s because the prepara
tory/prefeasibi1ity studies were often not in the
files" (van Steek1enburg and Zij1stra, 1985:7). In
commenting upon various types of appraisal which might
have been applied, the Wageningen team notes:

In none of the projects that we
evaluated was anything like such an assessment
made before funds were commi tted. The general
story is that of a nice looking valley or
plain with a river running through it, which
accordi ng to engi neeri ng standards cou1 d and
shou1 d be converted into the "granary" of the
country. And so work began! (van Steek1enburg
and Zijlstra, 1985:28-29)

The notion that on a single site a country can
create a "granary" to prevent fami ne and reduce food
imports remains a potent dream (here one is reminded of
Egypt's ambitious plans for reclaiming its western
desert). Never mind that the foreign exchange costs of
produci ng wheat in remote Afri can 1ocati ons exceed by
severa1 times what it woul d cost if imported; that the
inputs required in irrigated agriculture are often
heavily subsidized; or that most irrigation projects run
at a financial loss, and their supervisory 'agencies are
paid for from pub1 ic funds. To African pol icy-makers,
facing annual food deficits and 1iv"ing in land-locked
countries crossed by a major river, irrigation reta"ins
its allures as the more II modern ll technology capable of
meeting their national needs. In many African
countries, irrigation projects remain privileged even
under conditions of marked economic stringency.

To be sure, much of investment in irrigation in the
drought-stricken areas of the sub-continent was
politically rather than economically motivated. Donors
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had to appear to be doing something constructive to
respond to widespread famine and starvation of the early
1970s. Unable to have much impact on institutional,
trade, mal'keting, pricing and other policy constraints,
investments in irrigation offered a tangible, highly
visible and politically attractive alternative that
could absorb large amounts of money. It was this desire
to be seen to be doing something rather than a belief in
the inherlent viability of irrigation that led to the
decisions to proceed with irrigation projects before
doing any serious economic analysis.

Toda)' the pressure to appear to be doi ng somethi ng
has shi ft(~d from bri cks and mortar to the pol icy arena.
Tangible investments are receiving greater scrutiny as
budget constraints are forcing donors to be more
selective.. Past input-output assumptions have proved
demonstrably unreal ;stic, largely because of pol icy
related variables. In addition, huge shipments of food
aid, combined with ample harvests, have led to price
depressing grain surpluses in many areas. The high unit
costs and poor economic performance of most government
sponsored irrigation projects becomes more glaring in
such a situation.

It seems likely that insofar as external assistance
is concerned, irrigation projects can no longer expect
automat i c preference. They must be just i fi ed wi th
realistic estimates based on actual performance, in the
same way that other options for rural development are
bei ng ass(!ssed.

If so, the economic aspects of African irrigation
become central to the deci si on of whether to proceed
with further irrigation projects. The overriding policy
question becomes whether returns to rainfed agricultura.l
projects or to alternative approaches to irrigation
might be higher. This raises, in turn, problems arising
from a chronic cost-price squeeze created by a cap on
output prices (caused variously by price controls,
competition from synthetics or world oversupply of
certai n crops).

When irrigation is placed in remote sites, for
exampl e, countries often must fi nance 1arge
infrastructure costs and incur high transport costs for
inputs and outputs whi ch somebody must absorb. Once
schemes are in operation, they are likely to encounter a
severe recurrent cost constraint. Most countries
subsidize certain operations in an attempt to make
commercial irrigation more attractive. Is this a wise
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pol icy? Farmers who are still at a subsistence level
will have obvious difficulties repaying irrigation
charges, making cost recovery a major problem almost
everywhere on the continent. This, in turn, ought to
i nfl uence the dec is i on of whether or not to seek
external loan financing. Where external financing is
required, project appraisals frequently assume a 200
percent cropping intensity, higher mean yields and more
efficient input-output relationships than the larger
economi c, in st i tut i ona1 and manageri a1 systems can
sustain. Finally, as a country·s balance-of-payments
deteri orates, it may fi nd the hi gher import content of
modern i rri g'ated production unsupportable. In such a
context issues related to irrigation economics
overshadow other aspects of African irrigation. 1

Economic Benefits and Costs

Cost recovery problems relating to irrigation
projects stem, at least in part, from the nature of some
of the economic benefits that such projects provide. It
is instructive for our anal ys is to begi n wi th a revi ew
of the major benefits and costs associated with
irrigation projects. Some of them are indirect or
secondary. That does not make them less real, only more
difficult to identify, measure and recover.

As a first step, planners need to distinguish
between private or financial profitability and national,
social or economic profitability. For any investment
cost and crop combination, there are a set of pol icies
that can make the investment profitable from the private
point of view. Input subsidies, not charging for system
amortization, cheap credit, and customs duties on
cornpet i ng imports are just a few of the factors that
cause private and national profitability to diverge. In
look i ng at i rri gat i on system economi cs, one needs to
abstract from such particularities as much 'as possible.

1Apart from general sources on irrigation
economics, such as Carruthers and Clark (1981) and
Bergmann and Boussard (1976), we especially recommend
the FAO (1986) study, Irrigation in Africa South of the
Sahara; Pearson et al. (1981), Rice in West Africa;
Hazelwood and Livingstone (1982), Irrigatlon Economics
in Poor Countries; and various papers conta1ned 1n
Morris (1980), Second Workshop on Sahelian Agriculture.
Work in this chapter draws heavl1y upon the FAO paper.
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This implies basing the economic analysis on
i nternati onal pri ces and adj usti ng for transportation
and different labor costs without referring to producer
prices in a particular country. At the same time, this
does not imply ignoring financial returns. Producer
pri ces will certai nly i nfl uence the magni tude of farmer
response and atta i nment of proj ect output obj ect i ves on
which the economic analysis is based.

Irri gati on proj ects generate benefi ts in the form
of increased output resulting from:

changes in land under cultivation;
changes in the productivity of land and labor;
changes in employment; and
increased security of crop production.

To arrive at net changes in output we need to allow
for production forgone by:

land now under irrigation;
land away from which farmers are
shifting; and
1abor now work i ng in the i rri gat ion
project.

Occasionally, irrigation projects in Africa will
offer othl~r benefits such as increased availability of
water for househo1 d and 1i vestock use, improved flood
control and expanded opportunities for fishing.

Increased costs associated with irrigation
projects clrise from:

the" cost of establishing and operating
the irrigation project;
crop production costs; and
subsidies and other forms of
protection or price support rel ated to
the increased output.

In addition, the projects often create or aggravate
health problems, the cost of which are seldom borne by
the project itself.

These categories of costs and benefits overlap to
some ext1ent. It is important, therefore, to pay
attention so as to avoid double counting.



445

Types of Benefits

Increased Land Under Cultivation. The most obvious
increase 1n land under cUlt1vat10n occurs on the
irrigation perimeter itself. Some or all of this land
may not have been previously cultivated. Alternatively,
it may only have been extensively cultivated during the
rainy season or cultivated only during periods of flood
recess ion. To the extent that the croppi ng i ntens i ty
increases, i.e., from less than one to 1.4-1.9 crops per
year, the project generates an effective increase in
land under cultivation. Moreover, any increase in land
under cultivation outside of the perimeter, but arising
from the presence of the perimeter, such as cultivating
the borders of drains or exploiting a higher water table
for irrigation of adjacent areas, also constitutes an
increase in land under cultivation arising from the
project. At the Galmi perimeter in Niger, for example,
such increases equaled 15-20 percent of the area of the
perimeter.

On the negative side, farmers exploiting the
irrigated land made available by the project may stop
cultivating land elsewhere. This would include rainy
season 1and as well as any dry season i rri gated
production, but only to the extent the land is not
picked up by other farmers. In a situation of land
scarcity one can sometimes assume with justification
that other farmers are sufficiently underemployed~

especially during the dry season, that any land left
uncultivated by project participants will be picked up
by others. As a result, there may be no net increase in
area cultivated. This is not usually the case of land
cultivated during the rainy season though. In most
instances in Africa, there is little underemployment at
that time.

Where water rather than land is the scarce factor,
the tradeoff between alternate uses 'may not be
proportionate. Hazelwood and Livingstone (1982), for
example, show that large farm irrigation can be
complementary to peasant production where the two
competing systems utilize water at different times of
the year•. By accepting a 0.5 percent decrease in
peasant area cultivated during the flood season, large
farm production in the Usangu plains of Tanzania could
expand by 12 percent of the area under peasant
i rri gati on. Thi sari ses because the 1arge farms pl ant
before the rains and utilize only a small amount of
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water during the flood season when peasant irrigation is
in full swing.

In comment i ng on the cl ash between economi c and
technical efficiency the authors note that:

The large farm was technically more
efficient ••• in the use of water ••• but it
demanded water at a time when it was
particularly scarce, whereas small farms
demanded most water when it was least scarce.
Despite their inferior technical efficiency,
the economi c effi c i ency of the small farmers
in the use of water was therefore higher than
that of large farms •

••• It is uneconomic to devote resources
to economizing in the use of something which
is not scarce. (Hazlewood and Livingstone,
1982:128.)

Increased Productivity of Land and Labor. In
additl0n to lncreaslng cropplng lntensity and area under
cultivation, most irrigation projects increase the
productivity of both land and labor. Indeed, the huge
capital investments required by irrigation projects can
only be· justified where significant increases in
productivity result. By providing better control over
water, making special efforts to ensure that other
inputs ar"e available when needed and by providing
research and extension support, physical output per unit
of land, and hopefully, labor rise sharply in successful
irrigation projects. Better control over water al so
expands the range of possible cropping patterns and the
quality of output, contributing to a greater value of
output per unit of land and labor.

Problems arise with irrigation projects in Africa
that i ncr,ease output per hectare but ·not per uni t of
labor. Unless farmers are captive participants, the
ready availability of rainfed land frequently causes
farmers to divide their labor between irrigated and
rainfed lands. As a result, technical input-output
relationships realized in the perimeters seldom attain
the levels assumed by irrigation specialists. These
less favorable input-output relationships aggravate cost
recovery problems on the perimeters, even though total
returns to the farmer I sown 1and and 1abor resou rces
usually increase. The only consistent solution to
probl ems rel ati ng to cost recovery and returns to
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investments in i rri gati on is to ensure that returns to
labor on the perimeter are significantly greater than
non-project returns. To determine whether this will be
possible requires an in-depth study of farming systems
prior to the introduction of irrigation.

Changes in Employment. Whereas rainy season
irrigation faces competition for labor from rainfed
agriculture, dry season irrigation faces competition for
1abor from urban casual employment and mi gratoi on. The
opportunity cost of this labor, i.e., the output forgone
by the economy, when used for irrigation depends on
whether these alternative opportunities are available
in-country or in neighboring countries. Measuring the
net- forgone output of 1abor whi ch wou1 d otherwi se have
migrated to ane i ghb0 r i ng country is particularly
difficult.

Where labor employed in irrigation would have
migrated to a location in-country in the absence of the
irrigation project, the social opportunity cost (output
forgone) of that 1abor is usually assumed to be zerO.
Thi s does not mean 0 the 1aborer wi 11 work for nothi ng.
It means the economy loses nothing by shifting his labor
from urban to i rri gated farmi ng employment. Any
employment he woul d have had, and any output he wou1 d
have produced in the area to which he would have
migrated will, in most cases, be provided by remaining
laborers who are underemployed. They simply have less
1ei sure, somethi ng they do not want anyway. In the
context of chronic underemployment that typifies most of
Africa, we usually assume that leisure has zero social
or economic value.

Where labor attracted by an irrigation project
forgoes international migrationand emp1()YJJ1ent,·,the·"net
output forgone i s equ~ L,·to,·~the .oamOunf- of .the workers I

remittances. Some.planners would add the value of his
consumption as well_stnce because of ,hi s absence the
economy does not have to- proyjde that.~ However, that
consumpt ion is both a cost and 'a f 'benefft'··;when· Pro,'{jded
in-country and so cancel s out on a net basi s. ,._,.,

Valuing labor drawn away from international
migration is a special problem for irrigation projects
since many such projects are located on rivers that
serve as i nternati ona1 boundari es and where dry-season
labor migration is a long-standing tradition. In the
absence of information on remittances by such workers-
the normal situation--project appraisers normally assume
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a proportion of total employment generated by the
project represents international migration forgone.
Theya1 so as·sume a proportion of total earnings that
would have been remitted, either in cash or kind. A
max imum estimate of total earn i ngs wou1 d be what 1abor
that finds dry-season employment in-country earns since
those earnings were sufficient to discourage that labor
from migrating.

Regardless of the type of migration that is reduced
by an irrigation project it is difficult, if not
impossible, to recapture this benefit through cost
recovery, even though it may be one of the largest
benefits arising from the project. It means nothing to
a farmer that national output is higher by his not
migrating. His personal income will have dec1 ined and
he will not stay on the perimeter unless he earns nearly
as much income or more. Crop pri ces and cost recovery
measures wi 11 have to be set so as to insure that thi s
happens or there will be no production at all. In a
properly designed and executed irrigation project this
can be accomplished by not charging farmers for the full
amount of the system amortization and interest. Indeed,
the presence of such social benefits that are difficult
to privatize is one of the major justifications of
concessionary or grant financing by donors.
Unfortunately, the logic has often been carried too far
and has been used to make uneconomi c proj ects vi ab1e
from the farmers' point of view. In most cases it would
have been better were such projects never undertaken.

Increased Security of Crop Production. A principal
attraction of lrrigation projects for African policy
makers is the increased security of food production
which they can provide. The perceived need for
increasing food self-sufficiency is the most frequent
rallying cry as well as the justification for not taking
too hard a look at system economics.

Planners need to be careful to ensure that
irrigated agriculture will, indeed, provide increased
security of crop production. In many areas, such as the
Ni ger Ri ver vall ey in Ni ger and the Komadougou Ri ver
valley in Nigeria, existing irrigation capacity exceeds
available water supplies during dry years--the very
years duri ng whi ch food securi ty becomes an important
issue. Catchment dam systems pose a similar problem.
While these systems are still able to assure a viable
rainy season crop, their inability to provide a dry
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season crop when crop pri ces are at thei r extreme cuts
into system economics significantly. By and large,
however, irrigation projects in Sub-Saharan Africa do
succeed in increasing the security of crop production.

Placing a value on increased security of production
is another matter altogether. Frequently the increased
securi ty is bei ng sought wi th respect to an imported
crop in whi ch the country does not have a comparative
advantage--wheat in Nigeria, rice in much of the Sahel-
and whi ch is important primari 1y in the di ets of the
urban population. The very strategy itself can be
ca11 ed into question on equi ty grounds. So what value
to place in increased security? Obviously, there is no
set answer. Whatever the response, it wi 11 have an
impact on the ERR of the project.

Types of Costs

Cost of Establishing Irrigation Projects. What to
count as costs for establ1 shlng an 1rrlgatl0n project
has a significant impact on the economic returns of the
investment. The essential point is to ensure that the
benefits that are counted be re1 ated to the costs that
are incurred. Incompletely including one or the other
does not provide a correct estimate of net economic
benefits.

There is general agreement that establishment costs
for irrigation projects should include all costs related
to preparing the project as well as to investments in
the physical infrastructure itself. This includes such
things as preliminary planning and feasibility studies,
expatriate management and consultants, engineering
su rveys and the full cost of equi pment used in
construction.

Costs for re1 atedinfrastructure are a different
matter. In terms of the economi c, as opposed to the
financial cost of establishing irrigation projects, one
has to question the correctness of including significant
amounts of investment in infrastructure without
including all of the benefits that occur because of
those investments. For examp1 e, resett 1ement of
di sp1 aced househo1 ds in better housi ng than what they
left is not necessary. To the extent that such housing
is better, the project realizes a benefit (improved
housing that would not exist without the project) that
offsets the added cost. Roads that give a perimeter
access to markets usually improve access for nearby
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villages alnd households as well. The irrigation project
cannot usually capture those benefits. Such benefits,
though indirect with respect to the project in question,
are nonetheless real. They should be counted in the
benefit stream of the project when they are significant.
Power lines, water supplies, storage facilities, and
social and administrative services are examples of other
infrastructure investments that frequently benefit a
larger population than that directly involved in the
proj ect. To the extent that thi sis true, a correct
economic analysis requires that costs for these
components be reallocated, or benefi ts increased, so as
to refl ect these i nd i rect effects. Fa il ure to do so
yields an incorrect estimate of the economic value of a
project.

A second reason for being careful when incl uding
infrastructure costs with establishment costs is the
site specific nature of such costs. They distort
average cost fi gures if not separately i temi zed and, as
a result, aggravate cost management problems. They also
present the opportunity for pol icy makers to use the
possibility--as opposed to the likelihood--of such
benefits as a justification for proceeding with an
otherwise uneconomic project. Keeping infrastructure
costs sepclrate from actual establ i shment costs increases
the scrutiny that all components of the project are
likely to receive.

Crop Production Costs. Crop production costs
include an variable costs of production such as water
delivery, field machinery services, land preparation,
seed or plants, fertilizer, plant protection, transport,
fuel, labor and food given to hired laborers. Marketing
costs should also be included or itemized separately.

Rarely do planners overlook or not realize the
amount of direct crop production costs associated with
irrigation. Almost by definition, a transaction occurs
duri ng thE! croppi ng season for whi ch someone must make a
payment. Even where inputs are fully subsidized by the
project, some entity is charged with purchasing them and
making thE!m available to farmers.

Inputs that are taxed or subsidi zed by an entity
outsi de of the proj ect are a di fferent matter. It is
not uncolTmon for proj ect analysts to fail to remove
taxes paid on fuel, to fail to shadow pri ce forei gn
exchange :;0 as to refl ect its real val ue to the economy
or to include subsidies on fertilizer and plant
protection materials in input costs. Agency and
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management costs such as staff salaries, expatriate
management and extensi on support are other frequently
overlooked items that need to be included where these
are clearly attributable to the project.

On the other hand, where overhead costs refl ect
social policy that has nothing to do with the needs of a
project for staff, then one can legitimately raise the
questi on of whether excess personnel refl ect a cost of
managing the irrigation system or as cost of government
social pol icy. Incorrectly attributing such. costs to
the irrigation project may only succeed in rejecting the
irrigation project without avoiding the excess personnel
costs since they will be assigned in all probability
somewhere else in the system. What one really wants is
a with versus without project comparison •. This requires
a great deal of judgement concerning government
policies that influence how the project will be
executed, but whi ch are not essenti al (i ndeed, may be
inimical) for attaining its objectives.· This opens up
the likelihood of substantial but legitimate differences
of opinion as to the economic value of a particular
project.

Assumptions regarding yields and cropping intensity
on the one hand, and crop production costs on the other,
are another source of legitimate difference of opinion.
Higher yields allow production costs that are relatively
fixed per unit area, such as land preparation, water
delivery and application of plant protection materials,
to be spread over a 1arger number of uni ts of output.
Higher cropping intensity allows those production costs
that are relatively fixed per unit of time, such as
system management, extension and amortization also to be
spread over more uni ts of output. Both factors lower
unit costs of production and increase net revenue.
Project designers frequently utilize favorable
assumptions regarding yield or cropping "intensity to
help justify irrigation investments. The line between
rellistic expectations for improvement and wishful
thinking is a fine one, especially where measures for
improving such factors are included in the project
design.

Subsidies, Taxes and Price Supports. SUbsidies,
taxes, import duties, price supports and a wide range of
other policies cause the price paid for inputs by a
farmer, or the pri ce recei ved for the output, to not
reflect fully their real cost or benefit to the economy.
Without a doubt, these costs are more frequently
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overlooked in appraisals of irrigation projects than any
other component of costs. Fuel and fertilizer
subsidies, cheap credit, subsidized tractor hire or
animal traction equipment, taxes or subsidies on imports
of competing outputs--sometimes working at cross
purposes with each other--comp1icate the analysis.
Sometimes, the only honest thing to do is to assume that
such comp1 ications cancel out each other. A study on
rice production in West Afri ca, for example, came up
with over 20 different ways of producing rice in Ivory
Coast and nine different ways in Mali, each of which has
its own set of economic costs as the input vector
changes (Pearson, Stryker and Humphries, 1981). Doing a
complete analysis for one project but not others may
result in the better project being rejected, not on the
basis of inherent economics but because its analysis is
more rigorous. Shadow pricing and economic analysis is
one area where a little is frequently worse than none at
all. Seldom will the opportunity arise for expanding
the appraiisa1 beyond the illl11ediate project in question.

Some subsidized costs are particularly difficult to
evaluate. Should equipment donated for a particular
project be treated as a free good or valued as though it
were purchased? Donors, of course, generally would like
to see it valued as highly as possible. Recipient
governments, on the other hand, recogni ze that in the
absence of the proj ect they often cannot keep the
equipment running. More frequently, they view it as a
gift unless they have to pay hard currency for it.
Reci pi entsi look at what they recei ve for what they put
out, not at the retu rn on the tota1 i nves tment • They
generally recognize that future aid flows seldom depend
on how well a given investment performs. Foreign aid
for development purposes is not a constraint. Managing
that aid is. What, therefore, is the appropriate
econ om i c val ue for sueh i nputs? Therei s no easy
answer.

Val u'j ng 0 ut put i nthe pre senceof t axes and
subsidies is also tricky. What is the value of sorghum
or millet when a duty or quantitative restrictions on
imported r'i ce or wheat keeps thei r pri ce above what it
would be in a competitive market? What is the value of
any food crop when restrictions on imports turn it into
an unt raded commod i ty? These are all quest ion s ,of
judgement, not fact. Their answers will sometimes have
a substantial impact on the calculated benefit stream of
a project.
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Irrigation Investment Costs in Africa

In looking first at reported costs for establishing
irrigation projects in Africa, a study commissioned by
the Federal Government in Ni geri a (PRC, 1982) makes an
initial observation which applies to other areas of the
continent:

Because few large-scale projects
have been completed and placed in serVlce,
there is very limited actual experience with
i rri gat i on costs in Ni geri a. What experi ence
there is has not been part i cul arl y promi sing,
as actual costs often have exceeded pl anni ng
estimates. (PRC, 1982:25)

Afri ca is one of the most expens i ve areas of the
world for doing irrigation development. Tables 35 and
36 contrast typi ca1 ranges for capi ta 1 costs from the
well-established Asian irrigation sectors with those in
the Francophone countri es of West Afri ca. These data
suggest that costs in Africa are a multiple of those in
Asi a.

These fi gures may understate the total di fference
since implementation of an irrigation project in Africa
frequently requires a substantial infrastructure element
(roads, staff houses, crop storage, electricity, etc.)
not included in the above figures. A recent World Bank
review ·of Ghana, for example, found that some projects
have costs as much as $40,000 to $50,000 per hectare
(FAO, 1986), though this, cost includes an array of
social amenities that it may not be appropriate to
attribute to the irrigation project alone. The 1986 FAO
study also notes that the costs in the Sahel ian
countri es have been among the hi ghest in sub-Saharan
Africa, but this, too, is misleading. The Sahel figures
are not particularly high in comparison to recent
proj ects in Ni geri a, Kenya or Tanzani a. For exampl e,
Toksoz (1981) gives the investment for Kenya's Bura West
irrigation settlement as over $25,000 per hectare (in
1980 prices). They appear "high" when contrasted
against the official World Bank estimates of irrigation
cost for its large Sudanic projects, where size and a
uniform topography generate genuine economies of scale.
Almost everywhere else in Africa today, irrigation is
expens i ve, cost i ng from two to fi ve times what a
comparable investment in Asia would require.
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TABLE 35

TYPICAL RANGES OF CAPITAL COSTS IN NEW ASIAN
IR~IGATION PROJECTS

(US ISha)

small-scale Red111:1 and
Countr:f COImIunal Large

Projects Projects

Indone:s1a 800 1,500 - :l,OOO

Kor~a 4,000 - 7,500 8,1)1)0 - 11,000

Nepal 2,000 - 1i,600

Phi11 PI)i nes 500 1,000 - 2,500

Thailand 50 - 500 1,500 - 3,000

Source: ll!sl1e Small et al. (1986) p. 20.

TABLE 36

ESTIMATED CONSTRUCTION COSTS FOR FULL CONTROL
IRRIGATION IN FRANCOPHONE WEST AFRICA (1985)

(US S/ha)

Type of Sur'ace E!rth- Land
--!!:!:i~~;"~l_ ~ ~. level.!.!!i Pumps TOTAL

VILLAGE SCHI~HES

River terl~aces 1,000 700 1,500 '3,200
Lowlands 2,60n 1,800 400 1,000 5,800

LARGE SCHEMIES

River terll'aces 2,400 800 400 1,200 4,~00

Lowlands 4,600 1,200 1,600 1,000 8,400

Source: F~l, 1986; p. 4'-. Cost figures are based largely on Hali
experience, now sUbstantially out of date.
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A frustrating aspect of offi cta1 fi gures avai 1ab1 e
on irrigation costs in Africa is that they are
frequent 1y not compa rab1e to each other and often
sUbstantially below the real costs. Some include
staffing, expatriate management, consultants' surveys
and infrastructure costs while others do not. As
Brondo10 observes about the Sahel ian schemes:

Cost overruns have affected all
projects ••• Cost overruns were primarily
attributed to changes 1n design, mis
allocation of materials and labor, higher
than expected rates of inflation and
construction delays. Construction delays, in
turn, resulted from faulty engineering
surveys, the lack of technical skills in
rural works construction, cumbersome admini
strative procedures and intermittent funding
by local implementing agencies. (Brondo10,
1985:7)

Maurya and Sachan (1984) provide similar reasons
for the high costs of Nigeria's large-scale schemes.
They observe that there have been "frequent breakdowns,
long gestation periods, cost escalation and
underuti1ization." The actual investment costs for
Nigeria's more recent schemes have been nearly double
the initial estimates (Table 37).

Understatement of the true costs of i rri gat ion in
local settings can take many forms:

A persistent tendency to undervalue or
even overlook existing production on
1ands schedu1 ed for i rri gat ion
development;
Omission of preliminary planning costs,
which often have a large 'foreign
exchange content;
Carryover in planning documents of
outdated cost estimates, without adequate
allowance for inflation and deteriorating
terms of trade;
Failure to allow for the impact on costs
of construction delays, which are
widely encountered in Africa;
Failure to incorporate assumptions
for equipment life that reflect the
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TAttLE 37

PLANNED VERSUS ACTUAL INVESTHE~r COSTS
ON NIGERIA~ SCHEMES

.project

Sakata, P"a~ie I

Kana, Phase I

South Chad, Phase I

Investment Costs iN/ha)l
Pl an pparent

Estimate Actual

13,500

5,100-7,400

7,600-10,500

tAll costs ,tnd-returns estimated tn 1979 Nalra.

~: PRf: (Nigeria) Ltd.; 1982; p. ~Ij.

actual experience of other irrigation
projects in the country;
Omission of the costs of drainage or of
field leveling, under the false
assumption that these can be provided by
farmers;
Omission of resettlement costs,
where irrigation development will require
removal of present landholders;
Excl usi on of basic infrastructure costs
(housing, power, roads, etc.);
Fa i1ure to recogni ze that where water is
scarce, its deployment within irri
gation can have a high opportunity cost;
and
Not allowing for the difference between
the targeted command area of a project
and the actual area irrigated.

The critical point is that these sources of cost
understat,ement are typical and cumulative: estimation
errors on one component are 1i kely to compound rather
than offset errors made elsewhere.

When some (though not all) of these are
incorporated to give a realistic estimate of actual
scheme CC)sts, the low cost-effecti veness of much of
cu r rent Afri can i rri gat i on becomes appa rent. Fo r
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example, when the Kenya Ministry of Agriculture and
Livestock Department totaled up what its Turkana
irrigation schemes had cost since the Ministry·s first
official involvement in 1966, the per hectare costs came
to about $63,000. 1

Significant policy questions arise, then, as to
which costs are appropriately attributed to irrigation
investments. It is al so important to determi ne whether
such high costs are intrinsic to African irrigation or
whether, by better des i gn and more attent i on to cost
control, they might be lowered substantially.

FAO (1986) contrasts the cost of selected items
used in irrigation construction between various African
countries and India (Table 38). Clearly, inputs tend to
be substantially more expensive in Africa than in Asia.

Di fferences in materi a1s costs are rei nforced by
other factors. Among those whi ch make Afri can schemes
more expensive have been:

Location of irrigation at remote sites,
requi ri ng substanti al infrastructure and
transport investments.
Poor quality of construction, leading to
completion delays, shoddy workmanship and
rapid deterioration of works once put
into operation.
Lack of skilled manpower, necessitating
expatriate contracts for specialists and
a major training and recruitment program
to accompany project implementation.
Hi gh transport costs wi th hi gh rates of
pilferage, breakage and loss.
Long delays in shipment and clearing, so
that most projects come on stream
several years behind schedule.
High local rates of inflation, leading to
expensive redesign of project co~ponents
before the initial design is fully
implemented.

leost data from unpublished FAO figures. These
figures are high because of the remote location and
sma"ll size of the projects. Normally, costs in Kenya
are lower than for similar projects in neighboring
countries.
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TABLE 38

COMPARATIVE CONSTRUCTION COSTS.
AFRICA VERSUS INDIA

(US S/unit)

Mauri- Burkina
Item tanh ~ Niger Cameroon Malawi India

Cement (t) 200 120 140 105 115 80

Steel (t) 2,300 1.090 760 850 1,000 560

Diesel (l) 0.45 0.55 0.45 0.36 0.60 0.32

Unskilled labor 2.50 2.20 2.20 8.00 0.43 1.35
(::1an-day)

Civl1 engineer 10.000 10.000 10,000 12,!;OO 4,601) 2,700
(year)

~: FAOI (1986). p. 43.

High cost of donor requirements for
impact surveys, appraisal missions, etc.,
all done by external consulting firms.
Absence of a local service capacity for
the intermediate skills and commodities
required in ·irrigation development, all
of which must be provided for under
project funding.
Overva1ued . rates of exchange and hi gh
labor costs used in the formal sector.
Overdesign of structures because of
inadequate hydrological statistics, clim
atic extremes and poor social organi
zation and maintenance within irrigated
perimeters.
Delays occasioned by the donor's employ
ment of conditions precedent to guide
loan disbursement.

Once again we note these have a uni-directional
impact, all acting to raise investment costs. Further
more, most are not subject to managerial control. This
has often led to tension between the implementing agency
and donors, with the implementing agency experiencing
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costs far above what donors have agreed to provide.
Sometimes donors· own efforts to institute tighter cost
control· have made the situation worse by introducing
fu rther del ays.

Out of the many reasons for high irrigation costs,
six merit particular attention when planning new
projects in Africa:

1. The most expensive projects (like Kenya·s
Bura West, or Madagascar·s Moron~ava

Project) seem to have been ones where
the initial design work was either faulty
or incomplete, leading to mid-course
changes in concept or even rebuilding of
scheme works (FAO, 1986). Africa·s
projects have suffered from numerous
technical failures, which are of a nature
to threaten the entire production system.
Releveling of fields or the relocation of
intake structures are bound to be
expensive.

2. The quality of contractors· work leaves
much to be desired. This either
results in physical construction which
rapidly deteriorates, or else may neces
sitate expensive outside supervision of
all civil engineering aspects.

3. Construction often takes longer than
planned, leading to a loss of several
seasons before farmers begin making a
profit, and to much higher development
costs.

4. The lack of indigenous civil engineer
ing capacity and its high economic
(opportunity) cost is undoubtedly a major
difference from some Asian experience.
(Here, of course, Egypt and the Sudan
constitute major exceptions.) When each
skilled task (up to and sometimes includ
; ng perimeter management) call s for
external involvement, costs escalate
dramatically.

5. The fact that, because of .soils and water
limitations, the areas actually irrigated
tend to be far less than those
encompassed by physical works, also
contributes to high unit costs.
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6. Because of an inability to master
the organization of system maintenance,
project designers utilize more capital
intensive construction techniques and
irrigation infrastructure.

We consi der it 1i ke1y that all si x of these factors
will cont i nueto influence African irrigation costs in
the future, at least in the short and medium term.

Recurrent Costs and the Scope for Containment

Recurrent Capital Costs

The high cost of establishing irrigation projects
in Africa underlies some of the operational difficulties
that typi fy them. The most obv ious is the des ire to
achi eve hi gh 1eve1 s of cash flow in order to recover
investment costs. Take our earlier Nigerian examples
(Table 39) showing per hectare costs ranging from 5,000
to near1.y 14,000 Naira. At 10 percent interest,
amort i zat ~i on over 30 years wou1 d requi re annual payments
between 525 and 1475 Naira per hectare (Table 39).
According to the authors of the PRC study on cost
recovery strategies for Nigerian irrigation (PRC, 1982),
the average net returns per hectare to irrigation under
tradi tiona1 farmi ng are about 432 Naira, not adj ust i ng
for subs idies and exc1ud i ng water del i very costs. Thus
without intensifying production, returns do not allow
recovery of the capital costs of most schemes, much less
water delivery costs or subsidies. The conclusion,
supported by fann model s, is that where farmers put a
realistic value upon their labor, capital intensive
irrigated fanning does not begin to pay until it has
been hi gh 1y commerc i ali zed. Such farmi ng can generate
profits required to support irrigation if investment
costs are restrained, but it means farmers must use
purchased inputs, and must engage in intensive
product ion. --

FAD (1980) compares the cost of three typical
"scenarios": (1) an irrigation project that is planned
and constructed in fi ve years, reachi ng 50 percent
output in year six and 200 percent in year eight; (2)
investment spread over eight years with output exceeding
50 percent by year ei ght, ri si og to 100 percent at year
twelve; and (3) a one-y~arinvestment (e.g., small-scale
pump schemes) wi th full producti on by year three. As
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TABLE 39

ANNUAL CHARGES TO REPAY INVESTMENT COSTS
ON NIGERIAN SCHEMES

(N/ha/year)

Tota) Equivalent Annual Cost at Varying Discount Rates l
Investr:lent 50 Years Repa~ent 30 Years RepayMent

Cost wi 15~ • _.- 2~ 10~ 151 20't.

5,000 504 751 1,000 530 762 1,004

7,000 706 1,051 1,400 743 l,OOIi 1,406

. l~,OOO 1,009 1,501 2,000 1,061 1,523 1,008

14,000 1,412 2,102 2,800 1,485 2,132 2,812

Source: PRe (Nigeria) Ltd. (1982), p. 30.

FAD notes, option (2) "represents projects as they often
are in reality" (p. 157). The study then calculates the
amount· of inc rementa1 product i on needed at fu 11
development to generate economic rates of return at the
seven percent and 12 percent 1eve1s, worked out wi th
regard to various per/hectare investment cost 1eve1 s.
The study transl ates the net val ue of incremental
production into an equivalent crop output (t/ha) for
paddy, maize, sugarcane and seed cotton.

The FAO resul ts support and extend the concl usi ons
of the PRe study. Fi rst, there is 1ittl e di fference
between scenarios (1) and (2), suggesting that
construction delays are not critical--provided that
costs remain the same (Which they seldom do). Second,
the incremental production needed to recover investment
costs in the range of Africa's more expensive schemes-
say $10,000 to $15,000 per hectare--is very high. Not

.counting the amount required to recover direct crop
production costs for operating and maintaining the
irrigation system, the net incremental tonnage required
to amortize an investment of $10,000 per hectare would
be around 6.5 tons of paddy or 8.0 tons of maize at an
ERR of seven percent (FAO, 1986). Working in reverse,
the study cal cul ates the maximum capital costs that
caul d be supported from somewhat optimi sti c 1evel s of
crop output and crop producti on costs.1 It i nd i cates
that, for both maize and paddy, investments of more than

lAssumes constant discount rate and uniform
payments.
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$5400-$6000 per hectare in large-scale systems become
uneconomic at a seven percent ERR. Small-scale pump
schemes could support a slightly higher investment
($6600-$6800) using the same assumptions. The
conclusion from the FAO analysis is that:

•••even at the better present levels of
production efficiency, none of these crops
is likely to generate an adequate economic
return at investments costs for the irrigation
system of more than U.S.$6,OOO per hectare •
••• Projects with higher construction costs
would require either levels of efficiency
which have not so far been obtained, or
the addition to the cropping pattern of
some higher value items--for instance,
vegetable crops~ (FAD, 1986: 161.)

As the discussion in the section on irrigation
investment costs suggests, containing capital costs is
not.likeliY to be easy in those countries with poorly
developed professional/managerial skills. Moreover,
where publ ic and semi-publ ic agencies are responsible
for construction,it will require much tighter work
discipline than is common for such agencies in most of
Africa. Without improvements in the manpower area,
donors will continue to rely on expensive outside firms
for most of the preparation and construction work.
Without changes in work discipline, even capable local
managerial and professional talent will be unable to
speed thE! construction phase and minimize pilfering in
order to hold eventual debt servicing costs to a
minimum.. The principal avenue for containing
establishment costs, then, is simply to avoid high cost
projects.

This being said, one should not conclude that lower
investment costs are always preferable to higher ones.
Proj ects requi ri ng greater investment per hectare may
al so provide better control over water or maintenance,
both of which can increase yields and net revenues. The
question, as always, is what one gets for what one
spends. This depends on many variables besides the type
or cost of irrigation system. What we want to maximize

lAssuming yields of 5.3 tons/ha for paddy, 150
percent cropping intensity and crop production costs
equal to 30 percent of the gross value of production.
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is the difference between additiona.l benefits and
additional costs.

More effectively organizing farmers offers
significant potential for reducing recurrent capital
costs ari sing from overdes i gn of i rri gat ion systems.
Few projects have succeeded in doing this but its great
potent i a1 for reduci ng costs suggests that donors and
governments would do well to experiment aggressively in
this domain. Enormous sums are spent on oversized
wells, canals and pumps so as to enable farmers to
complete irrigation activities in 12-14 hours. Self
regul at i ng flow structures subst i tute capi tal for
limited management resources but also increase
recurrent capital costs. Economic incentives to
encourage farmers to irrigate at night and greater
farmer responsibility in system maintenance are but two
examples of ways to reduce investment in infrastructure
while expanding management capabilities.

Two major obstacles to inducing greater farmer
initiative and responsibility are: 1) the high level
of subsidy on irrigation capital costs and 2)
politicians who measure their worth in terms of what
they can give farmers, as opposed to how they can help
farmers to develop. In many cases, even a complete
elimination of water charges would not suffice to
induce farmers to i rri gate at ni ght or to accept more
responsibility for system maintenance. In such cases a
capital charge on day time irrigators would add
maneuvering room. One thing is certain: there is a
price at which farmers will assume greater
responsibility. In on most private schemes, they
al ready do.

As for the politicians, project planners need
1at i tude to negot i ate management and rna i ntenance
respons;ibilities prior to deciding on site selection.
Site selection neeasto be conditioned on "beneficiary
farmers agreeing to assume specific and meaningful
responsibilities. Without changes of this sort, it is
difficult to envision much progress on recurrent
capital cost problems.

Recurrent Operating Costs

Problem Areas. Looking at non-capital aspects of
recurrent costs, Gray and Martens (1980), reporting on
a review of recurrent costs aspects of development
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programs in the Sahel, identify five problem areas:
inputs, farmer part i ci pat ion, the producer pri ce
system, technology delivery and project management. To
these five areas we would add the problems of
resettlement and water use charges.

Gra.Y and Martens explore both those factors that
increase recurrent costs unnecessarily, as well as
those which reduce revenues--and perhaps recurrent
costs as well.--in such a \'lay that a project1s ability
to cover' recurrent costs is impai red. Al though they
look at only three irrigation projects, many of the
observations they make about other types of projects
apply equally well to irrigation projects. Most of the
observations are valid well beyond the Sahel.

Inputs. Improved seed that underperforms
traditlonalvarieties, lack of--or untimely delivery
of--ess(~ntial inputs such as fertilizer and plant
protect"ion materials, and short useful lives of
irrigation infrastructure allcduse the output actually
attained to fall far short of amounts required for
economic production. Except for the influence of poor
maintenilnce on the useful life of the irrigation
infrastructure, most of these factors are beyond the
control of farmers at present.

Farmer Participation. For a variety of reasons,
not arr of which are clearly understood, farmers
frequently do not plant on time, do not apply as much
fertilizer or plant protection materials as recommended
and do not weed on time as indicated by research
results. Explanations range from competition for labor
from ra i nfed crops to unsui tab1e recommendations, hi gh
risk associated with specialization and high preference
for leisure. Where farmers must purchase inputs
themsel ves, the hi gh opportuni ty cost of pri vate
capital--in excess of 50-60 percent per year--reduces
the optimum level of application from the private point
of view. This has the effect of reducing economic
output as well.

The Producer Price System. Official producer
pri cetslave a pronounced tendency to become di storted
in Africa. In spite of the fact that few African
governments succeed in effectively regulating producer
pri ces on a broad scal e, most feel compel 1ed to
continue the charade. Unfortunately for irrigation
projects, concentrated production and the frequent



isolation of the production ·area make it relatively
easy for governments to control the movement of
commodities into and out of the perimeter area. Thus
farmers on perimeters often bear a di sproport i onate
share of the effect of price controls.

In addition to controll ing crop movement, most
African governments use tax and trade policies to
i nf1 uence the pri ce of exported commod it i es and
corrmodities that substitute for imports. Again, the
impact falls more heavily on farmers on perimeters
since mo re often than not, they are compe 11 ed to
produce export crops or import substitution crops.
This can cut both ways, however. Farmers in Senegal
and Niger for example, receive well above import parity
for their rice. Obviously, that stimulates farmer
participation but does not always make for economic
proj ects.

Ability to recover costs is determined by
financial, not economic costs and returns. When the
official price is below the economic price, farmers do
not recei ve the income needed to cover the costs on
which the appraisal was probably based. The country
may be making money, but that does not help the farmer
unless the amount of cost being recovered is reduced by
a similar amount. One of the best ways of handling
this problem is by not charging the full cost of system
am 0 rt i zat ion to farm e r s • This doe s nit he1p the
Treasury but it certainly helps to maintain production
at more economic levels.

Delivery of Technology. Gray and Martens (1980)
argue that fal1ure of the extension function, perhaps
more than any other shortcomi ng, can jeopardi ze the
success of a project. In a refreshing departure from
much contemporary writing on this subject, they do not
attribute the failure of extension to a presumption
that agents have nothi ng to extend. Rather they poi nt
to the inability of extension agents to command farmer
respect and to demonstrate c1 earl y to the farmer that
they are offering hima superior technology.
Irrigation projects in Africa abound with extension
agents who spend 1itt1e time wi th farmers, who do not
themselves understand how to apply the technologies
they are supposed to demonstrate to farmers, and who
operate in a vacuum with little or no supervision,
limited resources and training, and no one who cares
whether or not they are even on the job. Really good

465
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agents become di scouraged. The rest enjoy thei r
salaries (Moris, 19B7). The net result is a failure to
achi eve input-output rel at i onshi ps that are essential
to project viability.

Ever'y perimeter has large numbers of individual
farmers who regularly attain yields 35-50 percent
higher than the average for the perimeter. With a
ready supply of inputs and credit, it is difficult to
see structural factors as the principal case preventing
other farmers from doi ng the same. Rather, 1ack of
knowledgE! and confidence playa much larger role than
is currently in vogue to admit. It is precisely to
deal with these problems that is the raison dl~tre of
an extension service.

The fai 1ure of extensi on refl ects itself in low
cropping intensities, poor cropping and irrigation
practices, low yields, short life of equipment and
excessive system management costs. These lead, in
turn, to an inability to cover recurrent costs because
output i~; low and overhead is hi gh. In most cases,
realistic assumptions would make the projects
demonstrelbly uneconomic. Pl anners need to devote much
more timEl to understandi n9 why farmers do what they do,
how they can be influenced to do otherwise and how to
organize to so influence them. And they need to avoid
making lclrge investments until they have answered these
questions.
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through project controlled marketing structures. But
because land settlement is inherently expensive, it
often aggravates rather than all evi ates cost recovery
problems. It transforms the introduction of irrigation
technology from being a matter primarily of farmers'
choice to one of bureaucratic responsibi1 ity. Once
farmers enter such schemes, they encounter numerous
legal and procedural controls. At the same time, the
government finds it must cope with employment of field
staff, establ i shment of a headquarters unit to manage
the scheme, and the development of an information and
marketi ng system for handl i ng the crop. The
supervisory agency becomes involved in questions of
plot size, village layout, housing loans, house plans,
i nher ita nee r u1e s, c r 0 p s c hed u1i ng, ·1 and - use
restriction, fuel supplies, eviction procedures, and
crop marketing. As we have already noted, these are
not functions which African civil servants are adept at
performing. Rather than improve system performance and
cost recovery, government directed resettlement more
often does the opposite. This is compounded in no
small extent by the fact that even low level civil
servants in Africa receive salaries that are several
times the annual income of the fann famil ies they are
serving.

When farmers pay di rectly for services actually
received, many complications associated with formal
schemes are avoi ded. Farmers themselves dec i de what
crops to grow. The irrigation agency does not require
sophisticated cost information, nor need it police crop
marketing. Fanners can live wherever they wish, and
thei r use of i rri gat i on water does not rest ri ct thei r
residence or thei r abi 1ity to recover other on-farm
investments. Overall costs are cons i derab1y lower so
that the economi c consequences of a poor harvest are
not so dire. SAED's small perimeters along the Senegal
River provide an excellent example of this kind of
situation.

The negat i ve consequences of an overcontrol 1ed,
expensive approach to irrigation through organized
settlement schemes are sufficiently great that we must
quest i on whether such schemes are necessa ry. Wi thout
denying that cost-recovery is a major problem for
irrigated agriculture in Africa, settlement schemes
will rarely provide a cost-effective solution.
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Watl~r Use Charges. By far, the predomi nant system
for assessing water charges in Sub-Saharan Africa is on
the basis of area served. This is not as illogical as
might St~em at fi rst 91 ance. On many schemes all
farmers are requi red to follow the same croppi ng system
and probably have broadly similar needs for water.

Ass(!ssi ng water charges thi sway, however simp1 e
it may be, fails to establish a direct link between
water use and costs. It also tends to prevent farmers
from adallting their cropping system to their particular
soil and resource situation. Without a connection to
water USE!, farmers have a tendency to view payments for
water as payment for services not rendered. This
increases their readiness to avoi drepayment and/or
marketinH responsibilities when it comes time to pay.
It al so can add substantially to recurrent costs by
encouraging excessive use of water. In projects served
by 1imitE!d supp1 ies of water, such as those suppl ied by
catchment dams, excessi ve use of water can 1ead to a
reduction in area cultivated. In areas with a great
deal of variability in soils, the inability to adapt
cropping systems to soi1/~ater availabilities
unnecessclri1y 1imits farmer incomes.

Solutions

On the basis of the above analysis it should be
obvious that the problem of financing the recurrent
operat i n~1 costs of i rrfgat i on projects ari sesas much
from the sector I spoor economi c performance as from
excessively high investment costs. Reducing the
estab1 i shment peri od for, and the cost of, new
irrigation projects will solve only part of the
problem. Policy makers will have to deal with broader
issues of agricultural pol icy, sector organization and
agricultural institutions before the situation is
likely to improve.

First of all, planners need to concern themselves
with maximizing the difference between revenues and
costs rather than containing recurrent costs per se.
In many cases this will require an increase in
recurrent cost fi nanc i og to cover better qual i ty seed,
more fertilizer and plant protection materials, more
money spent on maintenance of the irrigation system,
and, in many cases, operating the pumps and water flow
devices more frequently in order to improve the
distribution of water.
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Other actions which offer to reduce recurrent cost
problems include:

reduci ng the degree of water control
where thi s wi 11 lower capi ta1 costs more
than production;
avoiding remote sites, which require
heavy investments in infrastructure, and
unsuitable sites which provide a small
command area in relation to investment;
greater reliance on underground
conveyance devi ces as a substi tute for
more land leveling for gravity fed
systems;
transferring responsibility for· land
preparation, farm operations and
marketing to farmers themselves, with the
irrigation agency playing a supportive
and technical assistance role rather than
an executive role;
tight control over agency staffing to
minimize overhead;
adopt i on of tenuri a1 arrangements whi ch
gi ve farmers strong i ncent i ves to invest
in irrigated farming;
greater emphasis on perimeter level
applied research;
improvement of credit and input delivery
systems so as to reduce as much as
possible the role of the public sector
a nd en hance re payment and ma rk et
discipline.
strengthening extension by providing
annual retraining, technical backup, more
involvement with applied research, more
farmer i nvol vement in performance
eva 1uat ions and fa rmer cont ro lover a
significant portion of extension agents'
salary.
i nst i tut i ng charges for water based on
the quantity and/or time uses rather than
on area cultivated.

One thi ng that is cl ear with respect to recurrent
costs; there are relatively few places where crop
returns will support increasing the amount that farmers
are requi red to pay under present ci rcumstances.
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Without m()re enlightened agricultural policies, better
management of systems and more intensive production
practices~ even major progress in containing investment
costs will not eliminate this problem.

Technology and Cost Recovery

Choice of Technique and Cropping System

Logically, the higher the investment per hectare of
irrigated land, the greater must be the net value added
at the farm level to amortize or justify economically
that investment. A first step, then, in system design
as well as project implementation, is to identify which
crops and which technologies for producing those crops
will guarantee the greatest net economic value added at
the farm level from the system. In this sense
technology includes both irrigation technology and crop
production technology.

Production technologies suitable for one situation
will not, in many instances, be the choice of preference
for anothl~r situation with identical investment costs.
Different climates, soils, input costs, farmer
experience!, farmer organization, market opportunities,
manpower availability, public sector organizational
capabilities and a myriad of other technical, social and
economic factors condition returns to farming as much as
does the cost of the i rri gati on investment. Vi e1ds
a10ne--and yields are only one component of net returns
--vary by 100-200 percent between irrigation projects in
the same country which are essentially identical from
the investment cost point of view.

What t then, is the relationship between investment
costs and choi ce oJ crop? .Apart from the general
statement that hi gh investment costs requi re hi gh net
value addl~d crops at the farm level, not much. Site
specific ,analysis will be required to detennine which
crop and which production technology will yield the
highest net value added, counting all costs of
production. Soils, climate, input delivery systems and
markets all playa detennining role. A good crop choice
for one I:i rcumstance may not be a good choi ce for
another.

With this understanding, one can make some
observat ions concerni ng croppi ng systems that are
generally valid. For one, the ready availability of
fertile prairie in the dry areas of North and South
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America and Australia make it difficult to produce wheat
economically using large scale irrigation in Africa.
For another, the hi gh water demand s of ri ce and its
abundant supply on worl d markets from countri es much
better endowed with labor and water resources make it
difficult to produce rice economically on large schemes
as well.

Improved traditi anal systems, on the other hand,
offer some of the lowest cost methods for producing rice
even though thei r yi el ds are lower than on many 1arge
perimeters. McIntire (1981) shows that the net social
profitability of the improved traditional irrigated rice
systems in Mali comes close to that of the largest
systems at the Office du Niger. The larger systems are
more profitable only because much of the investment in
i nfrastructu re is "now treated as a sunk cost. To expand
such large-scale irrigated agriculture to other areas of
Mal i would require new infrastructure that would be, no
doubt, prohibitively expensive.

Humphri es (1979) found total production costs for
ri ce to be lower for 1ess than full control i rri gat ion
systems in Ivory Coast as well. But there the
percentage difference in production costs per uni t of
output was only a fraction of the large differences in
investment costs. This suggests that factors other than
irrigation investment costs were more important.

Smaller scale systems can produce irrigated rice
more economically in Senegal as well, though again, more
is involved than simple differences in irrigation
infrastructure. Diallo (1980) calculated the economic
cost of producing rice on small perimeters near Matam as
being from 36-77 percent as much as on large perimeters
in the Senegal Ri ver Delta, at Ni anga and at Dagana.
Establishment costs (including buildings and equipment)
per hectare for the 1arger i rri gat i on systems were 4-5
times those for the smaller perimeters. Operating
costs, including crop production costs, were higher.on
the small pump based perimeters with the resul t that
total annual costs per hectare were not that dissimilar.
Hm'lever, the difference in yields, 4200 kg/ha for the
small perimeters versus 1500-3400 for the 1arger
perimeters, led to the lower overall cost of production.

Does the same kind of relationship hold for high
value crops? A recent Joint Prnerican-Nigerien Field
Study (Keller et al., 1987) compared the perfonnance of
three different types of onion producers in Niger:
farmers using a gravity fed, self-regulating flow system
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covering ~~50 hectares at Galmi, and farmers using either
3.5 horsepower motor pumps or manual systems for drawing
water from surface and subsurface water sources in
nearby a rE~as. In all cases, farmers i rri gated 1ess than
.5 hectares of land each.

Establishment costs for the large perimet,r
amounted to ten mill ion FCFA ($34,000) per hectare,
including a reservoir for impounding surface water
runoff that amounted to $13,500 per hectare. Apart from
the dam, no significant infrastructure was charged to
the proje,ct. Farmers using motor pumps, on the other
hand, had invested between $375-$3100 per hectare for
pumps and wells s depending on whether they had a surface
water SOUirce and how efficiently they used their pump.
Farmers usi ng hand pumpi ng had an average investment of
only $160/ha.

Operating costs showed the opposite pattern.
Farmers on the perimeter were charged only for operating
costs for the system. 5i nce there were no pumps, these
were only $73 per hectare for the onion crop--very low
for Ni ger. Farmers usi ng the motor-pumps had pumpi ng
costs ranging between $450-$1800 per hectare, including
depreciation and interest. The variabil ity depends on
how effic~ently they ran their pumps and whether or not
they had to dig well s to access water. Farmers using
manual pumping methods had pumping costs ranging between
$1250-$3200/ha, depending primarily on pumping depth.

Tabll~ 40 summariz.es results for four typical
situations, including a low and medium level of
efficiency for the motor pump. The large majority of
motor pumpl owners were operating thei r pumps at very low
throttle, lifting water around three meters and
cul t i vat i ng plots under .5 hecta res. Thi s increases
both fixed and operating costs per hectare over what
they would be with higher rates of use.

Tabll~ 40 demonstrates that average returns to
labor, generally accepted as the most relevant measure
for African farmers, are highest for the moderately
efficient motor pump system, i.e. irrigated .80 hectares
at 3.5 liters per second of flow, drawing water from
five concr'ete lined, open wells per hectare. Not many
farmers operate at this level of efficiency. Those that
do, earn 10 percent more per day than farmers on the
perimeter, after cov~ring !!! their pumping costs.

lIn ;984 FCFA converted at 300 FCFA/$U.5. FCFA per
day.
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To\8LE 40

COMPARATIVE FARM-LEVEL REtURNS
FOR IRRIGATEO ONION PROOUCTION

IN NIGER, 1987

Quantities/Values Per Hectare
Irrigated Motor PUr.1PS
Perimeter Low Eff. Med. Err; Manual

Investment Costs:
Perimeter 10,000,000
Motor Pump 300,000 113,000
Wells 634,000 423,000 48,000

Sub-Total 10,000,000 rn;ooo 536;000 48,noo

Capital Costs: 1
Depreciation:

Well 63,800 42,100 48,000
Pump 37,500 21,100

Interest (@ 5~ p.a.):
Well 158,500 105,800 12,nOO
Pump ---- 75,000 28,200

SUb-Total TI4";8'OO ~ 60,nOO

Yields:
Onion bulbs (kgs) 38,000 45,000 45,000 45,000
Onion tops (bags) 82 98 98 98

Total Revenue (OOO) 1,039,200 1,535,000 1,535,1)00 1,535,000

Variable Costs:
Pump ~ W~ll Op~ration &

209,000 117,500 453,001)Haintendnce-
Other Non-Labor Inputs 300,000 309,200 309,200 309,200
Labor Inputs 467,000 483,400 483,400 483,400
Irrigation Assessment 22,000

Sub-Total 789,400 1,001,600 910,100 1,245,600

Returns to Capital and Management 249,800 533,400 624,900 289,400

Charge for Invested Capital:
Depreciation 101,100 63,400 48,000
Interest (@5~ p.a.):

Pumps & we11 s 233,500 134,000 12,000
Other Non-Labor Inputs 51,500 51,500 51,500

SUb-Total 3BT;'j60 249,700 TI1,SOO

Returns to Management 249,800 146,100 375,200 177,900

Han-days of Labor Required3 672 740 740 1,462

Return Per Day4 1,067 873 1,183 760

1Assuming one crop per year for the non-perimeter systems, using Nigeria
prices. Virtually all far~ers purchase field equipment and pumps from
Nigeria.

2Assuming average pumping depth of three meters. Inc1 udes labor
associated with pumping and well maintenance. Average labor requirement for
manual p~ping systems in 1500 hrs/meter of lift.

3Inc1udes labor includes motor pump ~peration.

4Equa1s the sum of the labor component of pump operation and maintenance
labor inputs and returns to management divided by man-days of labor required.'

Source: Keller et.a1 (l987).
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Farmers using the low-efficiency motor pump systems earn
less than farmers on the perimeter, but still earn well
above the agricultural wage of 500-600 CFA. So do
farmers using the manual pumping systems.

The important point to note is that farmers on the
perimeter pay nothi ngtoward capital costs whereas the
others pay all of theirs. Indeed, to cover just a
modest 10 percent per year opportuni ty cost of capi ta1
and deprl~ciation, assuming a 30-year life for the
reservoir 1 , farmers on the perimeter would need to
generate a return per day more than 70 percent above
what they were actually earning. 2 On a full cost basis,
therefore, even the manua 1 pumpi ng system prov ides
returns to 1abor that are more than twi ce as hi gh as
those on the perimeter.

This case study demonstrates several aspects of
irrigation system economics that influence cost recovery
and that make it di ffi cul t to genera 1i ze ba sed on
unidimensional measures. The gross revenue per hectare
of the non-perimeter systems is about 50 percent higher
than for perimeter based farmers. Thi sari ses from
higher yields and higher prices resulting from the
better timing of harvesting that a greater control over
water and inputs offers. Thi s hi gher gross revenue
substantially offsets thei r 45-75 percent higher
production costs. To be sure, many non-perimeter
farmers would jump at a chance for a plot of land on the
perimetero But that arises from the fact that costs on
the perimeter are heavily subsidized rather than
inherently lower.

The important publ ic pol icy issue is whether the
expensive system was the best way to develop irrigation
or to produce onions. In this particular case, there is
an abundant supply of land with a shallow water table
that permits significant expansion of the shallow well
systems--certainly much more than the 250 hectares
developed by the project. Development of the perimeter
proceeded because of alack of vi s i on by donors and
pol icy makers with respect to alternative methods for
developin~1 irrigated agriculture in Niger. During the
design phase only PVOs were actively encouraging

10th,~r surface dams in the area have required
raising after 20 years because of siltation of the
reser~oi rSi •

Assuming 1.7 crops per year on the average.
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expans i on and development of the improved sma 11 scale
technologies.

The very high returns available from producing
onions at Ga1mi allowed donors and planners to justify
the very hi gh costs of the system. Assumi ng a doub1 e
crop of onions and no reduction in command area due to
siltation of the reservoir, they had little difficulty
attaining a positive rate of return. According to a
recent field study in Niger, more reasonable assumptions
based on modest improvements in cropping practices
estab1i shed thus far suggest an economi c i nterna1 rate
of return no greater than zero. But the main problem
was not the rosy assumptions; it was the failure to
consider a1ternatives--the limited vision of the persons
who conceived of the project and pushed it to the point
where the principal remaining question was whether it
was economic.

The choice of crop is also instructive. Farmers
near Ga1mi have a regionally recognized reputation
for producing quality onions. As a consequence, they
recei ve a f1 ush season pri ce that is 33 percent hi gher
than that recei ved by farmers at Say, 350 ki 1ometers
closer to Niamey and Abidjan, key marketing points. If
farmers on the perimeter recei ved the same pri ce as
farmers at Say, thej r gross revenue wou1 d dec1 i ne by
250,000 CFA, returns to management wou1 d evaporate and
the average return to labor would fall under 700 CFA per
day. At that pri ce for oni ons, other crops such as
cotton, millet and cowpeas would offer more attractive
average returns to labor than would onions. Thus a high
value added crop in one situation may not be a high
value added crop in another situation.

Not uncommonly, project planners select and impose
a cropping system based, not on economic returns, but on
the extent to which the crop facilitates cost recovery,
or fi ts into a 1arger macro-economi c context. Cotton,
oil seeds, and to a lesser extent, wheat and rice, lend
themse1ves to cost recovery because farmers usua 11 y do
not consume them directly in large quantities.
Moreover, non-project marketing opportunities may be
limited or effectively controlled. Frequently, farmers
themse1 ves support thi s approach as long as it 1eaves
them some flexibility and the freedom to grow food corps
or other crops of their own choice at some point during
the cycle. This is a factor that is little appreciated
in much of contemporary writing on irrigation. On the
other hand, examples, abound where farmers are requi red
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to produce crops that provide returns that are inferior
to readily available alternatives. This becomes a
serious problem where such crops consume a large

,proportion of a farmer's available resources.
Cost recovery is a problem in Africa first and

foremost because returns to a farmer's own resources are
frequently only marginally better than for non-project
alternati'/es, even after allowing for the dry season
employment which irrigation provides. But, it is also a
problem because, as with credit programs, farmers
frequently get away with not paying. Only recently is
it becoming widely acceptable to remove farmers or deny
them access to water for not paying their share of
operating expenses. This is a factor independent of the
level of returns; though it is certainly true that low
returns make a farmer more will i ng to ri sk bei ng deni ed
water or other services.

Pressing needs for cash make it difficult even for
farmers w'ith good intentions to hold onto their revenue
until it comes time to repay. Farmers recognize this
and, in general, do not oppose having charges deducted
at the point of sale--provided the opportunity for
selling i:s not unduly delayed and only enough crop to
cover production costs is required to be sold. Farmers
recogni ze that cash is a very poor store of val ue in
low-income traditional settings; but they also do not
1ike gett'i ng ri pped-off on thei rent ire crop under the
guise of cost recovery. This, more than anything,
drives thE~m to sell in parallel markets and aggravates
prob1ems ~'i th cost recovery.

Methods for Recovering Water Costs

The method for recovering water costs is an issue
throughout Africa. All ocati ng water costs on the basi s
of area cultivated does not encourage conservation, but
it is easy to administer and is relatively
incorruptible. Any system that relies on measurement as
recorded by a person is subject to manipulation or lack
of enforcE~ment if the water keeper does not take hi s
responsibilities seriously--not infrequently the case.
If farmers were allowed to group themselves into sectors
or sub-sectors on the perimeter, then rates and times of
flow coul d be used to allocate costs. But to succeed,
such a system would probably need to be based on a set
of wei ghts that tota1 to a constant sum. In thi sway
one group's charges have an impact on what others pay.
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With an open allocation system based on a monthly
gene ra 1 meet i ng, one cou 1d count on the compet i ng
interests of the different groups of farmers to keep the
system honest. Obviously, the individual groups of
farmers would have to be relatively small and cohesive
before such a system woul d 1ead to si gni fi cant water
conservation, since they would still have to find some
way to allocate costs within the group.

Fi nd i ng vi ab1e methods for recoveri ng water costs
that also encourage conservation of water is one of the
greatest challenges facing irrigation in Africa today.
Methods that work in Asia will probably not work in many
places in Africa. But African farmers have faced
collective resource allocation problems for centuries.
In many cases they have developed well accepted soci a1
structures for resolving such conflicts. Project
des i gners who are seri ous about cost recovery and
conservation of irrigation water would do well to
i nvol ve farmers in the dec is i on on how to allocate the
costs. To be effective thi s shoul d be done before the
des i gn or the 1ocat i on of the proj ect are f1 na 11 zed.
Once the perimeter is installed, the flexibility needed
to obtain a resolution of such issues is greatly
reduced.

Designing and Appraising
Irr1gat10n ProJects

The large number of poorly functioning irrigation
projects in Sub-Saharan Africa suggests that the
procedures and methodology used to design and appraise
such projects are not sound. In spite of initial
estimates of 20+ percent economic internal rates of
return, ex-post analyses reveal few projects that remain
positive under the compromises and realities of
implementation. Partly, the problem arises from the
inability of farmers or the irrigation management
authori ty to captu re all of the economi c benefi ts for
themselves. This requires some form of subsidy which,
if not forthcomi ng ina proper time frame, form and
amount, can result in farmer behavior and production
levels that differ significantly from those anticipated
at the time of appraisal. In larger measure, however,
the problem results from the very way in which
governments, donors and 1enders approach proj ect
selection, design and appraisal.
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Tiffen (1985) analyzes data from over 50 irrigation
proj ects lrlor1 d wi de, ei ght of whi ch are in Afri ca. She
out1i nes prob1ems that are c·ommon to many of the
schemes, speculates as to their cause, and proposes
modifications in the project process that would correct
them. She lays much of the blame for project failures
on excessive reliance on highly unreliable internal
rates of return as a unidimensional indicator of
potent i a1 proj ect achi evements • Th is has 1ed to
insufficil~nt weight being given to other socioeconomic
and institutional considerations.

In general, Tiffen's analysis is quite complete and
insightful. However, she errs, in our opinion, in
attributing problems arising from sloppy
conceptua'lization, design and measurement of project
effects to the internal rate of return. The internal
rate of I"eturn measures the mathematical relationship
between a stream of costs and benefits over time. It
measures with the same precision whether or not the
streams are identified and measured correctly. The
problem, in our view, is not with the internal rate of
return, but with how costs and benefits are identified,
measured and scheduled over time. This problem is
related, in part, to the way donors and lenders organize
their development assistance. This is not to deny
certain pl"ob1ems with internal rates of return when they
fa 11 well above the opportuni ty cost of capi ta1• But
this prob"lem is well appreciated by most analysts. More
fundamental problems 1ie"e1sewhere.

Before the design and evaluation of irrigation
proj ect s··- indeed of all development proj ect s --can
improve significantly, donors and planners need to
recogni ze and offset the pressures that 1ead to poor
projects. These are not as much personal as they are
professional. By the time a project reaches .the
appraisal stage, very few of those responsible for
giving the go ahead have an interest in reversing
cou rse. A donor often wi 11 have budgeted for the
project on the assumption that it will proceed. It will
have set staffi ng patterns and work programs over the
next one to two years based on that assumption. A
negat i ve determ ina t i on upsets that whole process.
Moreover, many donors commit funds to an idea before it
is even designed. While such commitments are clearly
more political than economic, they are, to some extent,
necessary so that everyone can plan their lives over the
next one or two years. People deal with uncertainty in
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thei r professi ona1 1i ves no better than in thei r
personal lives.

Donor agencies a1 so tend to be run by management
by-obj ect ives types; and the obj ect i ve tends to be money
ob1 igated and spent rather than effective development
projects. Someone sets objectives and associated
budgets. Field staff meet them or explain why they
failed to do so. The more removed this management
process gets from the grass roots reality that dictates
sensible policy. the more the evaluation and decision
process is based on management rather than on project or
development issues. The who1 e concept behi nd such a
management approach is that processes can be planned and
contro11 ed. Un1 ess the management system is
sufficiently flexible to allow adequate time for
research and development. and for the festeri ng that is
very much a part of good research and development. there
is a tendency to move to action before the s ituat ion
warrants. There is a natural withdrawal from involving
beneficiaries in project design because this opens the
entire process to a whole range of uncontrollable
factors and delays. This is doubly true where there are
significant cultural differences between planners and
project designers on the one hand. and the people who
wi 11 imp1 ement and benefi t from the proj ect on the
other. For this reason "participation" often means
little more than conducting a reconnaissance survey.
Rarely does it mean trying to forge a consensus among
project participants. even in social contexts where
forming consensus is the predominant legitimizer of
group commitment. Donors either assume this process is
done by the host country or conveniently ignore the fact
that it is not done or is done superficially.

With respect to the actual design process. an DECO
(1985) study makes some cogent observations:

In the case of multipurpose hydraulic
projects. the fi na1 shape of the
waterworks is the resu1 t of along
process. involving a number of decisions
at various stages of the project. At the
same time. those decisions are not taken
by one decision-maker. Rather. they
emerge as the only possible result of
negotiations conducted between the
vari ous group interests i nvo1 ved in the
project.
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At the beginning, the project is only a
vague prel iminary idea. If some of the
major beneficial effects are in general
contemplated (and often, overestimated),
most of the possible adverse effects are
ignored •••
It is important to not ice that ••• the
crucial step for a hydraul ic project is
seldom the feasibility study. Most
often, it is the time at which a
permanent team is recrui ted to proceed
wi th deta i 1ed stud i es. Before that
stage, it is always POSS"j b1e to abandon
the project (DECO, 1985:13-15)

The DECO study goes on to emphasi ze the need to
p1an pub 'I i cpa rt i c i pat ion and to s tart the soc i a1
investigation at the inception of the project.

TiffEm (1985) identifies several socioeconomic and
institutional problem areas of irrigation schemes. Some
of the specific ones that pertain to sub-Saharan Africa
are:

1. Non-project activities that compete with
the irrigation project for resources.

2. Agricultural marketing and pricing
pol icy.

3. Availability of farm labor.
4. Tenure and settlement issues.
5. Conflict between government and farmer

obj ect i ves.
6. Inadequacy of resources for system

operation and maintenance and for on-farm
deve1opment •

7. Staffi ng.

Tiffen (1985) cites a study done by the
International Institute for Land Reclamation and
Improvement (ILRI) that urges greater attenti on to how
projects fit into existing social, institutional and
farming systems. The FAD Investment Centre (1986) in
its review of irrigation south of the Sahara identifies
somewhat similar problems, again emphasizing the need
for institutional and design changes that are better
adapted to local capacity for operation and maintenance.
Yet, in spite of the chronic and continuing nature of
these problems, donors and project designers continue to
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put the greatest emphasis on technical considerations in
project development.

What Tiffen, FAO and the ILRI are essentially
recoftlTlending is that the design process be reversed.
Rather than beg in wi th the des i gn of the i rri gat ion
system based on what is technically optimal, they should
begin with the participants and institutions responsible
for implementation. Only after the strengths and
weaknesses of each of these have been identified and the
incentive structure clearly understood, should technical
des i gn beg in. That process then can proceed in
iterative fashion as governments and farmers decide
which changes they are willing-and able to make and what
impact that will have on farmer participation and
project execution.

With respect to appraisal methods it is quite clear
that the economic analysis, whether based on internal
rate of return, cost benefit ratios or net present
values, should not be the dominant criterion for
deciding important design issues. The economic
analysis only measures the net result of all of the
design and implementation assumptions used in preparing
the project. Changing one of those assumptions may
impro~e the apparent rate of return. But only effecting
the assumed change will alter the actual rate of return.
Thus, first and foremost, design considerations should
center around what is feasi bl e and acceptabl e to
government and farmers and what impact this will have on
project performance. If that results in a positive
economic outlook, fine--the project may be a winner.
But· if it does not, then changing the assumptions will
not improve the project.

The multitude of factors affecting realized project
output explains much of the honest difference of opinion
with respect to choice of cropping patterns, techniques
of producti on and input-output assumpti ons to use in
evaluating the potential economic impact of proposed
irrigation projects. In such a context project design
and evaluation requires the input of social scientists
as much as, if not more than, engineers and agronomists.
Even with this perspective, planners must still decide
whether to use the recent historical performance of
similar schemes as an indication of 1ikely outcome, or
to expect an improvement based on provision of
additional services or policies designed to overcome
problems with existing systems. How will these
improvements work in practice? When all is said and
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done, project planners usually opt for optimism rather
than "cynicism" and assume significant improvement in
performance.

There has been enough experience with irrigation in
Sub-Sahariln Africa, and there is enough simil arity in'
cul tural context and experience with technology across
the Sub-C1ont i nent, that we can say with confi dence that
pl anners who ignore previ ous performance are generally
making a mistake. We cannot say with a great deal of
confidence why African farmers respond the way they do;
but, as indicated previously, we can predict with
consideralble accuracy how they will respond. In
general, they will not plant at the optimum time, they
will not weed as often or as timely as required, and
they will not apply the quantities of fertilizer and/or
plant protection materials recollmended by technical
scientist~t. Whether this is due to poorly conceived
technical packages, farmers' unwillingness to give lower
priority to trad~tional food crops, an opportunity cost
of private capital in excess of 50 percent per year, or
a lack of trust in the ability of the system to deliver
necessary inputs on time and in suitable condition are
open questions. We are much more sure that, unless a
causal fclctor is correctly identified and effective
act i on taken to ove rcome it, new schemes will not
perform sitgnificantly better than established ones.

What are reasonable input-output assumptions to use
when analyzing the economic impact of a project? In
Niger, perimeter wide ~verage yields of paddy range
between 2600 and 4800 kgs/ha, wi th new schemes often
attainingl in excess of 5000 kgs/ha. In Nigeria,
planning figures used· for major irrigation projects
range between 3500 and 5000 kgs/ha for maize, 2500 and
3600 kgs/ha for wheat and 2800 and 5500 kgs/ha for
paddy. Al so in Ni geri a, fert i 1i zer has been subsi di zed
as much cIS 90 percent over the past fi ve years. In
Senegal, fertilizer subsidies no longer exist. Cotton
farmers throughout most of Francophone Africa do not pay
di rectly for pl ant protection material s. In Sukumal and
in Tanzania they do. Do we expect to see similar yields
under these differing circumstances? Of course not. We
will not, therefore, see equal returns to investments in
irrigation.

Anyone who has done an actual appraisal can attest
to the difficulty in ascertaining just what is feasible
in a particular context. Not only do project design~rs
have to solicit the views of farmers and executing
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institutions, they also have to understand and
appreciate what they are saying and what they mean.
This is no small task when such significant cultural
differences exist between designers and users--even
assuming language is not a problem. Only by helping
countries to develop an indigenous capacity for project
design that includes meaningful participation by all
project participants is the project design and appraisal
process likely to improve on a sustained basis.

None of thi s prec1 udes fudgi ng numbers so as to
obtain an acceptable rate of return. But, to be fair,
we must acknow1 edge that the di fference between fudgi ng
and optimism is a fine one. To overcome such problems
the appraisal should include a sensitivity analysis of.
a.1 ternat i ve outcomes. Wi thout a doubt, one of those
outcomes should be what is currently being attained by
si mi 1ar proj ects in the. country under the assumpt ion
that pol icies and institutions do not change.
Experience, in fact, suggests that this scenario is
indeed the most likely outcome regardless of intentions
to modify policies or alter institutions.

Up to this point our analysis has assumed that
donors, consultants and government officials involved
with irrigation projects are motivated to do what is
best for the country where the project is located.
Unfortunately, this is all too frequently not the case.
Donors tie thei r aid to supp1 iers from thei r own
country, even when the products and services being
provided are demonstrably inferior or unnecessarily
cost1y. Consul tants can have secret arrangements wi th
suppliers or contracts that result in commissions for
long term employment. Government officials can extract
all kinds of bribes and consideration for their
approval. Even the executing agency benefits from
having funds to administer, creating plentiful
opportunities for individuals to enrich themselves.

Many multinational firms have consulting
subsidiaries that do studies relating to products which
they sell. And rae and Bec kman (1985) note the key role
played by IMPRESIT, a Fiat consulting subsidiary, in
initial optimistic consulting. reports on highly
mechanized wheat irrigation schemes in Nigeria. These
projects eventually produced wheat costing five times as
much as imported wheat. Zalla (1982) criticized an
IMPRESIT study which proposed large scale, heavily
mechani zed i rri gat i on schemes for deve1opi ng the Juba
Ri ver Valley in Somali a. IMPRES IT made a seri es of
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extremely optimistic assumptions concerning irrigation
efficiency. the rate of use and field efficiency of
agricultural machinery, input prices, cropping
intensitY~t project implementation. available river flow
and the supply of inputs and skilled 1abor--a11 of which
were required to show that the project was economically
viable as designed. According to Zalla. assumptions
reflecting a more reasonable degree of improvement, and
including all costs. would result in a highly negative
rate of r'eturn. Clearly. African governments are not
out of 1i ne when they question the recoll111endat ions of
"experts" and donors.

SinCE! the greatest number of avoidable problems
arise from failure to understand the local economy and
factors affect i ng the income of farmers. project
designers need to pay particular attention to farmer
incentives, reactions and practices. In Sub-Saharan
Africa this should include a careful financial analysis
of the J'eturns to the farmer and the managing
organi zat ion. It shou1 d determi ne whether farmers have
adequate assets or credit to make the necessary
investments; whether inputs wi 11 be avai 1ab1 e as
anticipated; whether farmers have accepted the operation
and maintenance roles that are expected of them; whether
they have access to the necessary support and marketing
facilities; whether farmers are seeking to maximize
returns to land. labor, capital or water; and whether
farmer or~lani zations need reinforcing in order to assume
the added responsibilities expected of them. In
addition. designers should determine the size of farmer
groups th,at promi ses to prov i de a bas is for cohes i ve
action; and determine how this should affect design of
farmers' organizations and irrigation infrastructure.
They need to determine the kinds of technical assistance
and extension support that farmers will need and for how
long; how operations and management will be financed and
the record of other irrigation projects in this regard;
and whether planners have allowed adequate time to
insure that farmers understand. agree to. and can
effectively implement the actions that are expected of
them. If administrative skills are scarce, the project
should op1erate so that farmers and local institutions
can make the most of the operating decisions.

All of these thi ngs affect the internal rate of
return of a project. The important point is
socioeconomic studies should be done before. not after
the technical design.
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All of this discussion on project design must not
conceal the fact that good projects come from good
implementation. Problems with the initial design
frequently can be corrected. This requires flexibility
and adaptability--two qualities that tend to be lacking
in public institutions in Africa. Some would cause but
a slight tripping at the start if they were not allowed
to continue uncorrected. Slower starts, pilot projects
in areas with little or no operating history, more local
level participation in physical design would all shift
emphasis toward implementation and adaptability.

At the same time, effective implementation will
require that national governments, donors and lending
agencies be more flexible as well. Where governments
cannot be dissuaded from funding operations and
maintenance out of general revenues, they should be made
to demonstrate that they can deliver adequate funding on
time. Alternatively, donors should attach an
appropri atel y hi gh shadow pri ce to recurrent
expenditures that are likely to be underfunded or
untimely. Donors will need to allow for more flexible,
organic and evolutionary predesign study and analysis of
socioeconomic and institutional factors. This will
reduce thei r abi 1i ty to control the schedul i ng of
project design and implementation and will increase the
need for continuity of staffing and institutionalizing
memory. But in return it will increase their ability to
prepare and execute viable development projects.

In conclusion it bears restating that the problem
with the appraisal of irrigation projects in sub-Saharan
Africa is not so much excessive reliance on the internal
rate of ret"urn or whatever 1east common denomi nator is
used to measure the economic effect of a project.
Rather, problems arise from the failure to prepare
adequately and to conduct a rigorous financial analysis
of the final design. Economic, financial and
institutional analyses are not substitutes--they are
complements. Th.e institutional analysis should reveal
whether institutions and individuals have the capacity
to respond as expected. The financial analysis should
revea1 whether they have the i ncent i ve to respond as
expected. Once the technical design of the project and
the policy environment have been adjusted so that it is
both institutionally and financially viable, then and
only then does it make sense to do an economic analysis.
The economic analysis follows the institutional and
financial analysis, it does not lead them. It simply
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measures the net economi c impact of what is 1ike1y to
occur. If proj ect desi gners, governments or donors do
not like what is likely to occur, then they need to
alter th,e design or incentive structure, not the
economic analysis. The economic analysis measures the
effect, not the cause of problems with design and
implementation. Finally, success depends less on the
feasibil ity study than on the sequence of studies and
actions leading to implementation, and the adaptation to
new evidence that becomes available during
implementation.
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Irrigation Management

There is a burgeoning literature on irrigation
management, mostly derived from Asian experience. I Much
less has been written about managing African irrigation,
though there is a consensus that manageri al weaknesses
are a major cause of low African performance. The
traits commonly encountered in African management
combi ne to create "one of the most di ffi cul t
administrative settings found anywhere in the world"
(Montgomery, 1987:913). African schemes differ in many
respects from the large wet-rice Asian systems, just as
Afri can economi es also differ from As i an ones. These
differences make it questiona'ble that "privileged
solutions" like privatization or devolution will bring
automatic increases in irrigation performance (Moris,
1987). When weighing policy changes intended to improve
irrigation performance, it becomes vital that analysts
understand how African systems actually operate.

Reconceptualizing Irrigation Management

What Managers Do

Essentially 'management consists of an integration
of diverse activities to achieve an agreed goal. In
developed countries where irrigation is well

lSee Bottrall, (1978, 1981, 1985); Bower and
Hufschmidt, (1984); Easter, (1986); Ellman, (1974);
Hydr au1i c s Res earch, (1 986); LeV i ne, (1 976, 1q77) ;
Peterson, (1984); Plusquellec and Wickham, (1985);
Sagardoy, (1982); Walker, (1984); and Wang and Hagan,
(1979).
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estab1i shl~d, most analysts see i rri gat i on management as
being primarily concerned with the del ivery and control
of water. Water is obviously the main physical input,
whose augmented del i very to farmers' fi e1ds defi nes the
purpose of an irrigation system. Its flow, when traced
from source to application and then removal, identifies
the compClnents in an interconnected water management
system. This is usually seen as divided into two major
parts: the storage, conveyance and distributional
aspects, dealt with by civil and irrigation engineers,
and the lon-farm water management, handl ed by farmers
themselves. Irrigation management is then comprised of
activities aimed at optimizing the conveyance and
productive use of water.

It is not generally recognized that this focus upon
water optimization is feasible because farming
activities occur within a fully elaborated institutional
superstructure. In a developed economy, most allocative
decisions at the sector level have been taken. Land use
within a catchment is under control. The commercial
sector can supply almost any technology desired. There
are many contractors able to construct facilities and
install equipment. At the tertiary level of the field
turnouts, one finds large-scale farmers who can arrange
crop financing, land preparation, and distribution of
water betlr1een individual fields. In an institutionally
complex setting like this, the irrigation engineer's
advice will concern primarily hydraulic matters derived
from the operation of· the main conveyance system,
coupl ed ~ri th agronomi c advi ce on crop water needs-
precisely the two aspects usually identified with the
topic of lIirrigation management. 1I

The situation faced by irrigation engineers in
Africa south of the Sahara requires a wider distribution
of manageri al effort. There are several di fferences.
Perhaps the most basic is that field managers are
supervising the installation of a technology. There are
sector level dec is ions concern; ng when and where
irrigation is likely to be cost~effective. In bankrupt
but drought-a ffl i cted economi es where most equi pment is
imported, these are not easy decisions. Furthermore,
modern irrigation technologies can be very demanding of
the larger system. They imply numerous "upstream ll

(input) and IIdownstream ll (output) linkages (Walker,
1984): uninterrupted energy supplies, timely access to
replacement parts, a backlog of hydrologic data, systems
for input financing and delivery, technologies for crop

John M
Text Box
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drying and bUlk"ing, and a reliable transport system.
While these linkages are already operational in a
developed country, one cannot assume they are present in
remote Afri can env i ronments. The more undeveloped an
area (and a country's sociotechnical infrastructure),
the greater the amount of manageri al effort whi ch must
be devoted to technology adaptation and support.

When specialists claim their technologies are
proven but the fau 1tin Afri ca deri ves from the
inadequacy of the larger system, what really is at issue
is who shoul d manage the components other than water.
ThiSlS a genuine problem throughout much of Africa,
where the choice of technologies has been bureaucracy
1ed rather than demand-l ed. The governmental systems
often evidence little technical capacity, and farming
has not yet become commercialized. Neither the
administration nor commercial suppliers will be capable
of assuming the added responsibil ities which accompany
the establ ishment of irrigation. Some would say that
under these circumstances, irrigation itself should be
avoided (the demand-led view of agrarian development).
However, few African regimes are willing to forego
developing irrigation entirely because the requisite
environment for farmer-initiated adoption does not yet
exist. With large hydropower projects in the off"ing,
and gi ven the obvi ous need to combat drought (see
chapter one), countri es are proceed i ng wi th i rri gat ion
investments even when the technologies installed exceed
the present institutional capacities. Without having
anticipated this responslbllity, field engineers
responsible for water development must make informed
judgments about institutional capabilities in fields
far removed from their own specialties. They are also
likely to find themselves supervising the construction
phase (a time consuming and frustrati ng assi gnment
where support services are poorly developed).

A second major difference concerns the greater
prominence in Africa of water supply difficulties. As
chapter two indicated, the combination of high spatial
variability in rainfall, marked interannual
fl uctuat ions, and a hi gh evaporation rate means that
surface water must either be stored over the whole
season on substantial catchments, or else drawn from
major rivers. Even small structures must be designed to
wi thstand extreme flows whi 1e perhaps remai ni ng dry for
up to 2-3 years at a stretch. Groundwater is just as
problematic over a large share of the continent, being
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subject to hardrock conditions with only localized
fracture zones where water extraction for irrigation is
feasible.. Overlaid upon the natural problems of
rainfall uncertainty, soil sal inity, and high sediment
loads within river flows are further uncertainties
introduced because the economi c systems can no longer
keep water lifting equipment in operation. Shortages of
fuel and !)pare parts have become such a usual feature of
the environment that operators routinely hoard supplies
andcannH>al i ze equipment for parts. Thus, water supply
difficulties are a constant preoccupation, requiring
technical help and managerial interventions.

A third difference relates to the attributes of the
admi ni strat i ve system i tse1 f, the performance
orientation of staff and the likely capabilities· of the
1abor fOI"ce. Anal ysts who have long experi ence in
Africa find that the administrative systems differ in
profound ways from the kind of rat i ona1, performance
oriented professional service which can be entrusted to
perform tE!chnica1 functions without external supervision
(Hyden, 1983; Wiggins, 1985; Leonard, 1987). In an
important recent study of seni or managers wi thi n the
ni ne SADCC countri es, Montgomery (1987) found that on
the who11~ a personalistic style of management was
predominant, that agencies were more concerned with
safeguarding their resources than with jurisdiction or
policy, and that officials neither dealt with the public
nor even considered development goals as being very
important.. Many of thei r problems arose not (as we
might have assumed) from public complaints and from
c1 i ent prE~ssures, but rather from the II sheer i ncapaci til
of subordinate staff. Senior managers spent an
inordinatE~ amount of time worrying about logistics and
lI even tr'ivia1 details of resource management ll

(1987:919).
A fourth fundamental di fference, whi ch conc1 udes

our listing here, concerns the generally high levels of
uncertainty with which African managers must cope. The
managerial input required in a system is largely a
function of the amount of discretionary action needed to
achieve d.~si red outcomes. Re1 ative1y 1itt1 e management
is necessary in well structured settings, where existing
routi nes anti ci pate 1ike1y events. In heterogeneous
environments, instead, managers must respond to
variability, uncertainty, diversity, choice, and
complexity (Poh-Kok Ng, 1986). All of these sources of
variety are present in any larger African irrigation
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system: variability in rainfall and prices; uncertainty
caused by diseases and equipment breakdown; diversity in
soils, crops, and tenure systems; changing farmers'
preferences or new policies; and complex systemic
1i nkages backwards and forward to other components in
the overall system. These contribute jointly to a high
need for discretionary adjustment to attenuate, match or
amplify other variables in order to safeguard the
attainment of production objectives.

Successful irrigation depends upon schedules:
increased flows of water that arri ve on time and at
predicted places. Because water obeys clear-cut physical
laws, and plants have known moisture requirements,
irrigation engineers have long since worked out
irrigation structures--physica1 and organizationa1--to
cope with the routine variations encountered in a
typical command area. As Ng notes, the physical and
behavioral structures complement each other; they
provide structural decisions which minimize the need for
ad hoc decision-making. This reduction in uncertainty
;s accomplished by physical structures (weirs, canals,
turnouts, etc.), by the accumulation of decision rules
based on operational experience, by stipulated actions
which fall with-in organizational competencies and can
meet particular demands, and by the framing of
contingency p1 ans for extreme events. A "well managed"
irrigation system should in theory possess an
interrelated set of facilities and procedures sufficient
to cope with most variations within the larger system
(Poh-Kok Ng, 1987).

. Such systems, whi ch are usua11 y accompani ed by a
formal-deductive rationale, work well where the problems
encountered are structured and fai r1y typical. They
reduce irrigation management to a set of switching
decisions: deciding when and where to activate which
predetermi ned rout"j nee The "management" they draw upon
is in large degree sunk capital, the cumulative
investment of attent i on by ea r1 i er gene rat ions of
technicians to devise, test, and improve the structures
and procedures which provide control over the movement
of water through a physical system.

In Africa, however, the "sunk capital" reflects the
efforts of many donors and a succession of external
consul tancy fi rms who have adv i sed upon and designed
irrigation projects. Boeree(l971) points out how in
Tanzania the country's irrigation sector contains major
projects designed by FAD, the British, the Chinese, and
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Dutch adv i sors--to whi ch one coul d add in recent years
the Koreans, Ind i ans, Sudanese, and Japanese. It is a
tradition in much of Africa that senior staff are
rotated in and out of different agencies and ministries
at will, so that managers may not be familiar with their
own organ'j zat ion. Bottom 1eve1 staff are notori ous for
their unreliability throughout Africa, with the result
that lithe most basic bureaucratic functions are
performed very poorly" and "managers are overwhelmed
with the task of supervising and checking simple tasks"
(Leonard, 1987 :908). Managers must deal simul taneously
wi th an iirray of contrad ictory and overl appi ng donor
requirements, complex and inefficient internal
procedures, and a turbulent external environment. While
effective African managers do have techniques for coping
with such demands, these take a different form from the
optimization schedules which advisors accustomed to
highly controlled environments typically recommend.

Who Manages What?

The term "irrigation management" thus impl ies a
degree of control over systemic components which is not
found within many African systems. This lack of
i somorphi sm between the water conveyance and
distribution system and the loci of control over various
subcomponents is responsible for much analytic
confusion., It is paradoxical that most professional s
who design irrigation' projects, either civil or
irrigation engineers, do not sUbsequently manage them.

Easter (1986) suggests that water resource
management for a surface irrigation system typically
encompaSSE!S six domains, including the management of:
1) the watershed; 2) the reservoir; 3) the canal system;
4) the farming system; 5) drainage; and· 6) marketing. A
slightly modified outline would give us seven types of
on-going activities and one temporary phase (project
construction):

Sector planning and supervlslon;
Drainage/river basin development;
,Storage and conveyance ("ma in system")
management;
Perimeter and scheme management (the
distribution system);
On-farm irrigation (the application
system) ;
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Inputs and marketing;
Environmental impact management; and
Project construction (temporary).

This listing puts reservoir management ~longside control
over water conveyance as the two components of lima in
system ll operation. It assumes that attention to
drainage should occur at several levels (conveyance,
distribution and application) rather than constituting a
discrete component. Environmental impacts are
separately identified, because these are a major concern
in the tropi cs and are not confi ned to reservoi r
management. Finally, in large projects there is also a
need for sepa rat e 0 rgani zat ion and superv i s ion 0 f
construction activities.

The focus of this chapter is on the major
organization~l types which share responsibility for
irrigation in Africa. The organizations which will be
reviewed are outlined in Table 41 below, in relation to
the kind of units they control. This distribution of
managerial functions neglects the question of who will
manage environmental impacts. At present in Africa this
i s aresid ua1 concern, 1eft· e i the r tot he dist ric t
administration or to concerned outsiders generally
residing abroad.

TABLE 41

LEVELS IN AFRICAN IRRIGATION MANAGEMENT

Managerial
Organization:

Units to
which applied:

Mini stry

Authority •

Parastatal

Scheme ••

COlll11un; ty

Fanners

. . . .

sector,
function
river basirt,
drainage
schemes,
facilities
perimeter
farmers
sma11 system ,
projects
fields,
olpplication
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The various activities which may require managerial
support <Ire broken down 1evel by 1evel in Tabl e 42
overleaf. It is obviously not practical in an overview
chapter to review each of these responsibilities
individually, and it is apparent that some might be
found at different levels. For example, some countries
aim at uniform, national coverage of the
hydrometeorological network while others leave this task
to river basin authorities. There is no single "ideal"
distribution of these functions. In Africa where
farming ·is done by smallholders, most of them are
necessary. Consequently, irrigation output depends
heavily upon the nature and effectiveness of inter
organizational linkages between levels.

One can see at a glance from the complexity of this
matrix that "irrigation management" should be viewed as
a systemic goal to which various units contribute,
rather th,an as a cl uster of dut i es entrusted to a one
1evel • No si ngl e professi on can supply managers
competent to supervise all the activities required when
introducing irrigation· technologies. The hydraulic
components may become priority concerns at the river
basin, scheme, and farm levels. But there are other,"
equally essential interventions at these same levels,
and many support actions at other levels. A Ministry of
Agriculture which fails to include irrigation
requi rements in the annual budget can cri ppl e
performance just as surely as can an on-scheme
cooperat i ve whi ch gi ves "out bad seed or fails to pay
farmers on time. The 1i near nature of agricul tural
product i on act i vi ties has the consequence that output
necessari 1y refl ects the j oi nt manageri a1 performance
shown at different levels in the system (Moris, 1981).
When we conclude that African management is a "problem,"
one explanation may be simply that the necessary support
interventions which are taken at different levels do not
yet i ntermesh wi th each other •.

Management theory handles such situations as being
probl ems of "ma tri x management II : a term coi ned to
exp1a in the need to coord ina te cross -cutt i ng and over
laid functions within a large corporation. At one
extreme where units are compl etely decoupl ed from each
other, markets serve to provi de "matri x management"
through "TheoTlnd interplay of supply and demand as each
unit bar~lains in its own behalf and real goods and
servi ces move through the system. At the other extreme
one has an encompassing hierarchy which determines
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IRRIGATION MANAGEMENT RESPONSIBILITIES
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Ministry/Sector
Donor negotlatl0ns
Five-year plan
Enabling legislation
Liaison to annual budget
~3npower planning
Area/regional priorities
Rainfed vs. irr. priorities
Price policy

Irrigation Parastatals/Agency
Staff recrultment for schemes
Procedural standardization
Equipment standardization
Design standardization
Design assistance to projects
Site feasibility studies
Planning new schemes/projects
Terms of service for schemes
Procurement and inventory for

schemes
Loan repayment
Donor negotiations if delegated
Scheme supervision
Managerial contracts for schemes
Construction contracts for schemes
Impact monitoring
Disbursement of recurrent funds
Disbursement of staff salaries
Open external letters of credit
Technical assistance to schemes
Joint training for scheme staff
Engage external consultants
Arrange scheme evaluations
Liaison with agricultural research
Scheme cooserative (on scheme)
Extend cre lt to farmers
Collect/store/transport crops
Supply inputs/seeds/pest control
Record keeping on farmers
Cost recovery from farmers
Possible role in extension

User group (if off-scheme)
Agree on water rotatl0n
Maintain supply/headworks
8mergency repairs

User discipline/fines
Resolve disputes over water
Agree who is in charge
Pump operator and water guards
Finance any joint construction
Collect any user fees

River Basin Authority/Drainage
Coordlnatl0n between countrles
Hydrorneteorological-network
Use of remote sensing
Coordination between projects
Donor negotiations
Dam and power operation
Land and water rights. laws
Project feasibility studies

Scheme/Perimeter
Recrultment of Junior staff
Staff amenities. housing
Maintain-files. offices. workshop
Manage scheme transport
Operates intakes. pumps. canals
Offer mechanized services
Supervise water distribution
Deal with users· complaints
Resolve water user conflicts
Maintain plot registers
Liaise with political authorities
Deal with staff. te~ant unions
Maintain domestic water supplies
Undertake scheme expansion
Crop financing. cash advances
Calendar of main operations
Arrange credit for farmers
Build and maintain field structures
Pay and supervise staff
Monitor on-scheme health status
Monitor ~nd control diseases and
pests
Cost recovery from water users
Crop research if necessary

Farmers/field unit
Acquire plot and water rights
Recruit and pay labor force
Field leveling
Supervise water application
Monitor water supply
Field channel maintenance
Husbandry skills for crops
Choice of crops dnd seed
Timing of field operations
Integration with other enterprises
Harvest and transport of crop

Public health precautions
Utilize extension advice
Maintain housing and structures
Protect and maintain field drains
Insure necessary on-farm energy
Insure feeding of laborers
Pay charges and debts
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coordination (and hence activity sequencing or movement)
by p1anni ng. The fact remains that nei ther extreme
works parITcul arly well for intermediate cases, where
the system is not so large that markets become desirable
but too complex for efficient central control. A great
deal of the recent management literature deals with the
cont i nui n~1 search for better ways to achi eve effective
matrix management.

The attractiveness of IIi rri gat i on management II as a
concept arises because the physical handl ing and
transformation of water as it moves through various
control structures and field operations provides a
thread for linking the constituent components. A basic
theme throughout this chapter is that this linkage is at
the same time useful and seductive. It is useful in
that the progress i ve narrowi ng of scope as one moves
from main systems to perimeter control and then water
use in farmers' fields corresponds to successive stages
in real world activity. Water as a physical entity does
impose a considerable degree of coordination upon a
system, whether planned or not. Looking at how water is
handl ed by di fferent actors step by step--supply,
conveyanCE!, distribution and drainage--is bound to be a
powerful and illuminating conceptual tool.

Never'theless, irrigation can also be viewed as a
novel technology bet ng promoted among farmers who have
thei r own act i vi ties and need s and who may enj oy
a1ternat i ve sou rces of water. There rema in many
additional points for potential managerial intervention
which are not closely tied to the hydrologic subsystem.
In addition to "matrix management ll one requires concepts
like IIloosely coupled systems" and lithe project cycle ll

to adequately describe the organizational environment
within which irrigation occurs.

The foregoing observations are neither an
endorsement for having multiple agencies in charge of
irrigation, nor do they imply that efficient "matrix
management ll is even operationally feasible. When viewed
from a country perspective, nonetheless, a matrix
situation clearly exists in African irrigation. Common
patterns I)f i nter-organi zat i ona1 1i nkages are· portrayed
in Table ,~3. These suggest that some Afri can count ri es
have already created complex support structures with
numerous salaried staff at several levels. Getting
these various sub-units to cooperate in a timely and
cost-effective fashion can be extraordinarily difficult.
As we shall see, the 1970s penchant for adding



TABLE 43

PATTERNS OF INTER-ORGANIZATIONAL
LINKAGES

11. Mlnlstry
I
I Minhtry (MOA) Minhtry (MOA)
I I Irrigation division (10)
I. I
I Provincial/regional MOA office •
I Small-scale Ir. unit ID zonal offices
I. •
I User groups/Communities Schemes/projects
I. •
1 ....;..Fa;;;.;rm....;;.;.;;e.;..rs;;...... .....;F.....;a;.;..rm~..;.e;;.;r...;;s _
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2. Rlv~r Basln Authorlty

Ministries (MOA. etc.)
I•River Basin Authority
, I

Maj or darn I
I I

• •Projects or schemes

•Farmers

----- I
I

International Commission I
I • I
I Planning Teams---:I
IMajor darn. cornmon facility-:I I
• III
• III

National ministries III
(planning. agric •• finance) III

I • III
I Implementing irrigation:--- I
I parastatal I I

I~ri ga~ i on schemes:---------J :
• I

______________--..;;F...;;a;.;..rm;;.;..e;;..r...;;s_ I

3. Irrlgatlon Parastatal

National ministries
(MOA. finance. planning)

•Parastatal Board

•Irrigation parastatal
I i
I specialized staff. /

Irrigation schemes

•Farmers

National ministries
(MOA. finance. planning)

I •
I Water boards (RBAs)

•Irrigation parastatal
I
I

•Farmers cooperatives

•Farmers
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specialists at intermediary levels to do "matrix
management" was counter-productive because it increased
vested interests wi thi n the matri x wi thout augmenting
farm 1eve1 output. The "structural adj ustment" bei ng
forced upon African governments by donors has been
accepted in part because poor countri es simply cannot
afford such a "modern" superstructure.

Sector Management

At the national level where decisions are required
about the entire agricultural sector, responsibility
over irrigation is usually split between several
government departments, typically involving at least
three ministries: Agriculture, Finance, and Planning
(if there is a separate Ministry of Planning). In
Francophone countries, because of the different role
accorded to ministries of agriculture (which serve a
planning function and may not have major operational
responsibilities), the equivalent organization may be a
semi-autonomous parastata1. It is not easy to obtain
coordi natE!d deci s ions from ri va1 mi ni stri es, and there
are comparatively few countries which evidence a well
formulated approach to irrigation at the national level.

Countries with a very large irrigation sector, such
as Egypt and Sudan, have separate Ministries of
Irrigation solely concerned with insuring adequate water
supplies for irrigation development. In both countries,
irrigation engineering· is recognized professionally
(though retaining a bias towards a civil engineer's
concern with water supply rather than irrigation
agronomy, which comes under separate agencies). There
are hundreds of engineers already in post, and a large
pipeline comprised of numerous training institutions
(particularly in Egypt, with by far the largest
agricultural training establishment in Africa).
Somalia, anticipating the future importance of
irrigation and power along the Juba River, has a
Ministry of Juba Valley Development.

The more typi ca1 pattern is for i rri gat i on to be
the responsibi1 ity of a division or department within
the Ministry of Agriculture (as, for example, in
Tanzania).. Sometimes following the FAO pattern this
division will combine land and water, as within
Somalia's Ministry of Agriculture, or it may include
farm planning or soil conservation (as in Malawi and
Zimbabwe at various times in the past). While the
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details of ministerial structure obviously will vary
from country to country, the general features of a
ministry as a civil service organization are broadly
the same across Africa.

First, the sphere of ministerial action is
generally defined by function. A Ministry of
Agriculture is expected to give advice and supp·ort to
crop producers, just as a Mi ni stry of Water Development·
is expected to plan and construct new water supplies.
The main complication in regard to irrigation is that it
can be located in either ministry, and sometimes (as in
Nigeria and Tanzania) gets shunted back and forth
between them.

Second, inmost Afri can countri es there is a
tradition which separates technical experts from general
admi ni strators. Good techni cal peop1 e tend to become
sidelined in the ministry structure, watching the
advancement of thei r general i st co11 eagues wi th envy.
Unwieldy formal sanctions and a desire to curb tribalism
res u1tin a h i gh rate of t ran s fer s wi t hi n job
assignments. There is a1 so a marked internal cleavage
between the hi gher and lower 1eve1 cadres withi n most
Ministries of Agriculture. The lower staff, who are in
most direct contact with farmers, suffer from weak
training, poor morale, and a lack of mobility into the
national system (Moris, 1987). Here irrigation
engineers occupy a rather special situation, since to
hold such responsibilities requires a high degree of
trai ni ng and there is 1ess of a tendency to create a
large cadre of subsidiary staff. Good engineers in
Africa are very scarce indeed (except in Sudan), and
they generally work with only a -few subsidiary staff
(surveyors, cartographers, and the like).

Third, ministry staff find themselves bound by
civil service regulations. Staff recruitment and
promotions are based on formal qualifications, little
related to on-the-job capabilities. Financial controls
are complex, and disbursement frequently delayed.
Deve1opment, recurrent, and manpower budgets may be
separate and unrelated. The submission and approval of
the budget is the big event in each year. Communication
with outside agencies except on the most trivial matters
is in theory to be channeled to the top first, to insure
it accords with official agency priorities. It is, in
short, a system more suited to the planning and
management of its internal bureaucratic resources than
it is to taking action where irrigation projects might
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be 1ocatl:!d. The wei ght of precedent and offi c i al
procedures is so heavy that most operational irrigation
agencie's «~ventually break free to become sel f-accounting
"parastatals" (see below).

Despite these disabilities, some countries have
left the operational control of individual irrigation
projects within the Ministry of Agriculture, making it
simultaneously a supervisory and executing agency. For
example, in Tanzania as in Kenya, small-scale irrigation
has been put under a section of the Ministry rather than
being oper'ated by river basin authorities (found in both
countries) or Kenya's NIB. In countries like Malawi
where irrigation is not a major concern this seems to be
the general solution for managing all schemes not
privately owned. Quite commonly such projects draw upon
either FAO or bilateral donor support for technical
assistance in the Ministry headquarters and on
individual schemes. (The Taiwanese, Chinese, Koreans,
and Dutch have been active in thi s regard; on-scheme
staff are often provided by volunteer organizations.)
We doubt that mainline government agencies are ever very
adept at managing actual field operations (See Moris,
1981:56-51), but if they must assume this role certain
mi nimum improvements shoul Cf'""5e cons i dered:

Installation of radiocall between the
field sites and their supervisory office;
Use of microcomputers to facilitate
project monitoring and budget
preparation;
Establ i shment of autonomous accounts for
e ac h s chern e, wit han nualb a1an c es
remaining within each scheme for its use;
Creation of mobile engineering support,
perhaps located at the prov inc iall eve1 .
to serve all schemes in a zone;
Tight control s to discourage employment
of salaried staff charged against
individual schemes;
Organization of in-service training for
local leaders and project staff; and
Exchanges of manual sand experi ence
between countries. Here FAO and the PVOs
could playa larger role than they do
now.



501

Even where ministries do not operate irrigation
schemes , the irst af f still exercise s i gni f i cant
influence over sectoral performance by other means:

1)

2)
3)

4)
5)
6)

Policy decisions about pricing,
priorities and equity;
Negotiations with external donors;
Attention to crop priorities and
technology choice;
Manpower issues;
Choice of implementing institutions; and
Coordinating mechanisms.

Other chapters deal at length with the substance of
policy decisions affecting irrigation. The managerial
issue is rather how countries can insure that pol icy
decisions will be raised and dealt with sensibly. Here
there is cause for genuine concern. When countries have
temporary access to windfall profits, as Nigeria did in
the late 1970s, the privileged status of irrigation may
encourage unwise investment; when they are bankrupt,
they are swayed to accept whatever 1arge proj ects the
donors may offer (cf. the OMVS case). To avoid such
mistakes requires that countries develop pol icy review
as an on-goi ng execut i ve function. At present, the
occasion for such attention occurs in the annual budget
sUbmission, and in the formulation of multi-year
national development plans. Montgomery·s review of
senior SADCC managers found they were preoccupied with
internal matters rather than achieving development goals
(1987:917). Often policy formulation is thought to be
the task of the political leadership. The point of
1everage may be the mi ni stry of fi nance, whose concern
with investment returns might provide the basis for
systematic review of irrigation policies.
Alternatively, a planning division within the MOA might
be assisted to undertake irrigation sub-sector planning.
Furthermore, policy formulation is not a single task
,.,hi ch can be done optimally once and then II handed over ll

to others for implementation. Cairncross et a1. show
that effective policy formulation requires a sequence of
interactions between the technical and political spheres
(1980:142):
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FIGURE 10

POLICY FORMULATION
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The involvement with external donors occurs because
of the promi nence of loan fi nanci ng wi thi n i rri gat ion,
and to secure technical assistance required in project
planning and implementation. The mechanics of this
involvement can constitute a major drain on a ministry's
scarce high level manpower. Haddon (1980) notes that in
Kenya whi 1e in 1980 the Mi ni stry of Water Development
had hardly begun work on 64 schemes scheduled for
completion in 1982, its senior engineers found
themselves increasingly diverted to deal with donors.
These days the typical African country faces a
continuous stream of donor delegations. Active in
assisting irrigation have been the French, Dutch,
British, Americans (in the Sahel), Italians, Japanese,
Taiwanese, and Chinese, as well as the World Bank, FAD,
the African Development Bank, IFAD, FAC, FED, and the
EEC (and Arab financing for projects .in Sudan and
Somal i a) • Each proj ect wi 11 requ ire a sequence of
visits and evaluations, and each donor expects its
particular procedures and conditions precedent to be
met. Just the drafting of enabling legislation can
become a maj or staff preoccupati on in the hard pressed
ministry offices.

How to prov i de manpower p1 anni ng is another
unresolved issue in most countries, where this function
was usually left to the Ministry of Education. Its
importance arises because most countries are not geared
to provide pre-service and in-service irrigation
training, and lack their own high level staff in
irrigation-related professions. There is a relatively
long lead time in establishing such cadres from scratch,
but un1 ess thi s task is undertaken Afri can countri es
will remain dependent upon external consultants for most
project design. The only detailed irrigation manpower

. study for Africa which we have encountered is the Wright
et a1. (1982) analysis of Nigerian needs. A summary of
this useful study is contained in the FAO consultation
on Irrigation in Africa (1987:91-110).1

The other major area of Ministry influence is in
regard to the choice of institutional models for field
proj ects. Whil e a mi ni stry can see that proj ects are

IHaissman (1970) might be of assistance, though
based on Mex i can research. Hi s resu1 ts are summari zed
in an article, "Generating Skilled Manpower for
Irrigation Projects in Developing Countries," Water
Resources Research, vol. 7, pp. 1-17.
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planned and funded,. usually it will be forced to
establish subsidiary management units to carry the
subsequent operational responsibility. The main options
are described in the rest of this chapter.

River Basin Management

The coordination and planning activities related to
water management over 1arge areas can be ass i gned by
function, by drainage, or by enterprise. If by
function,. one gets either a ministry of irrigation or an
irrigation division within the MOA (as described above).
If by enterprise, one will have an irrigation parastatal
linked to a major dam or several large schemes (like
Mali's Office du Niger). But it is equally feasible to
identify the drainage itself as a basis for creating a
support and coordination unit, commonly termed a "river
basin authority" (RBA). Such authorities come in two
vari et i es. Those attached to a very 1arge drai nage
covering several countries are necessarily international
in character and will have internal representatives from
each country as well as separate country-level
implementing units. Here the OMVS serving Mauritania,
Senegal clnd Mali in the development of the Senegal River
is perhaps the best known exampl e. There are however
several others in Afri ca : the Nil e Waters Commi ss ion
(i nvol vi ng Sudan and Egypt), the Gambi a Ri ver
Development Organi zati on. (The Gambia and Senegal), the
Lake Chad Basin Commission, the River Niger Commission,
and the Kagera River Commission. Alternatively, where a
drainage is mostly within one country, the leadership
may establish internal river basin authorities such as
those found in Nigeria, Somalia, Ghana, Kenya, and
Tanzania~ Such organizations have a number of features
in common with irrigation parastatals (discussed
separately). The choice between these institutional
opt i on~ probably depend s on the degree to whi ch they
hold operational responsibility. River basin management
activities can be thought of in relation to the project
cycle, yielding in succession five degrees of increasing
managerial involvement:

1) Overall coordination and policy;
2) Planning and data acquisition;
3) Project preparation and design;
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5)

Supervision and construction of
facilities; and
Operation of systemic components.
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Whil e an i nternat i ona1 ri ver basi n authori ty mi ght sui t
the first two activities, a country is more likely to
opt for an irrigation parastatal when actual operation
of perimeters is envisioned.

The issues whi ch ari se in "manag i ng" i rri gat i on on
an entire river system (or drainage) tend to be distinct
from the operat i ona1 concerns whi ch predomi nate at a
command 1evel • Dependi ng on si ze, a river system may
incorporate one or more provinces in a country; a major
portion of the whole nation; or even the territory of
several contiguous states. The vastly increased
territorial scope usually entails an equivalent widening
of functional coverage: at this scale, the topic
becomes "wa ter management" reflecting multi-use
cons i derat ions rather than II i rri gat i on management II in
the narrow sens'e. Neverthel ess, drainage wide and
systemic wide considerations are still very important to
the success of i rri gat i on management. In hot and dry
tropical lands, any larger project must depend upon
either distant water sources or a very large catchment.
A central component in the management of a ri ver bas in
is obviously river management, the hydraulic control of
flows through the system. But it can also entail
several other functions: acquisition of
hydrometeorological data, project planning, cost
apportionment and recovery, allocation between uses,
regulatory aspects, construction of facilities and
works, operation of power supplies and irrigation
systems, maintaining navigational aids, and the
monitoring and control of impacts. The general problems
associated with these aspects of river basin management
are well covered in UN sources (1975, 1983) and in
several overview volumes (Goldsmith and Hildyard, 1984;
Godana, 1985; Lundqvist et al., 1985; Hydraulics
Research, 1986; Saha and Barrow, 1981). Here we shall
merely highlight aspects which are problematic in
African settings.

Lega1 Issues

Legal issues shoul d be expected to emerge
increasingly within Africa's plans for irrigation and
power development. At other points in this report (see
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chapter 5)t there are many examples of water development
proj ects whi ch depend upon access to water whi ch does
not ori gi nate withi n the country concerned. Sudan's
heavy use of water from the Ethi opi an Bl ue Ni 1e is one
such case t but there are other apt instances: Somalia's
reliance on Shebelle water and its plans for irrigation
on the Juba; Cameroun's development with World Bank
fund i ng of its Semry I and I I i rri gat ion proj ects wi th
water from the Logone River t which constitutes its
border with Chad from where the Logone originates;
Mali's diversion of Niger River water at Markalla into
the inefficient Office du Niger at the expense of
downstream users in Ni ger; and the Gambi a I s pl ans for
developing the Gambia River originating from Senegal.
The potential for confl ict is especially acute where
major developments are built by one country where only a
short segment of the affected drainage falls within its
own borders. For exampl e t Cameroon IS development of
irrigated sugarcane along the Benue River comes only a
few miles from the Nigerian border t and Nigeria has its
own ambitious irrigation plans (Drijver and Marchand t
1985). If we take the 1arge Cabora Bassa dam in
Mozambique t only 11 percent of the basin occurs within
Mozambique itsel f (Bolton 1986:157). On a continent
where so many rivers are shared between states t legal
arrangements which facilitate orderly and sensible
development are vitally important.

Godana (1985) argues that doctrines of water
apport i onment based either upon fi rst use or upon
absolute sovereignty are inappropriate in such contexts

tand are inadequate as the basis for international law.
In 1978 the Ethiopian r~inistry of Foreign Affairs
insisted Ethiopia reserved to itself all rights to
exploit its natural resources--the issue in point being
Egyptian and Sudanese worries about Ethiopia's plans for
ha rness i ng the Bl ue Nil e I s waters (Godana 1985: 32-36) •
However t the real i ty is that Egypt and Sudan depend
heavil y upon water whi ch comes from Ethi opi a t and any

1The notion that states exercise abs·olute
territorial sovereignty is sometimes termed the "Harmon
doctrine" after U.S. Attorney-General Judson Harmon t who
first authoritatively del"ineated it in 1895 when
declaring U.S. power over the waters of the Rio Grande
(Godana t 1985:33). For obvious reasons, the doctrine is
more appeal ing to states which control the sources of
supply on a shared drainage.
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major disruption would cause an immediate international
crisis irrespective of the claims of individual states.
Godana observes that in pract ice co-basi n states must
cooperate, but there rema ins a knotty issue of whether
riparian rights (guaranteeing downstream users their
water "undiminished in quantity or unimpaired in
quality") or prior appropriation should govern access to
international water resources. These two doctrines
originated in rather different situations: riparian
ri ghts from Engl ish common 1aw ina water su rpl us
sett i ng, and pri or appropri at i on from the US West
with its acute water scarcities. Neither approach is
sufficient as a general gUide to the resolution of water
use conflicts arising from shared drainages.

Adams notes "the basic principle of river basin
planning is to bring administrative boundaries into line
with natural ones" (1985:178). This apparently
attractive dictum is extraordinarily difficult to
achi eve in pract ice except where by 1ucky accident a
discrete component of a drainage falls into a single
province or pol itical region. Funding within African
regimes is generally channeled through either the
politico-administrative structure in the national
budget, or through zonal parastatals (in Francophone
countries). River basin authorities which are not
coterminus with either type of entity complicate further
an already crowded organizational landscape. Here the
ease wi th whi ch nat i ona1 governments wi 11 pass enab1i ng
legislation establishing new authorities can be
misleading. As Nigeria's Bakolori case (implemented
under the Sokoto-Rima River Basin Development Authority)
illustrates, the imposition of legal controls which
ignore existing claims upon land and water becomes these
days further cause for confl ict. Technical efficiency
is no longer enough to insure that the sometimes
extravagant claims being advanced by Africa's newly
formed ri verbasi n authorities wi 11 be seen to be both
legally binding and legitimate.

Hydrology and Dam Management

The hydrometeorological network poses probl ems
where a basin overlaps several countries or where major
parts of it lack established records. It is quite
common in Africa for there to be large gaps in the
recording network, as for example, on upstream
tributaries contributing to the Juba River in Somalia or
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virtually the whole of southern Tanzania (until Tanzania
received Nordic assistance in the mid 1970s). Such gaps
and the oft-times shallow time depth of records at
individual stations contribute to the possibil ity that
the probability of extreme events will be
underestimated. Examples would be the unanticipated
rise in the level of Lake Victoria in the early 1960s,
reaching the highest levels since the beginning of the
century (Abu Hoda in UN 1983:398), or the
extraordinarily high Zambezi River flows which the
Cabora Bassa dam had to withstand in March 1978--roughly
five times the mean annual flood. With such high
variability in potential flows, water control structures
in Africa are usually conservatively designed to provide
a substantial margin of safety above the anticipated
mean flows, though of course this further contributes to
high investment costs.

The managerial ql~estion is whether a river basin
organization should itself take on responsibility for
the routine acquisition of hydrometeorological data.
The main reasons for doing so appear to be ease of
access to donors, and the need for extra hydrol ogi cal
data when planning large dams whose catchment may lie in
another country. The estab1i shment of a ri ver basi n
authority along TVA lines is almost always linked sooner
or later to the building of one or more large dams. This
linkage is so obvious and direct that one can almost
regard RBAs as "dam management" entities in the same way
as irrigation parastatals are "sc heme management"
bodies. A large dam segments its drainage into two
separate pieces, interconnected by the water release
regime adopted by the dam I s operators. For i rri gat ion
uses of this water, the main questions concern the
timing and volume of water released. RBAs become
associated with irrigation management because often the
increased productivity from irrigation is used as a
major justification for having the dam in the first
instance. Sometimes, of course, as with the Bakolori
Project in Nigeria, the dam itself is built primarily to
serve i rri gat ion pu rposes. However, in other instances
designers aim to realize major hydropower benefits from
the same structure. This can prove quite difficult in
practice, since the extreme seasonality of flows on many
African rivers leaves insufficient water for hydropower
generation except at expense of stored water required by
irrigation (see again the Bakolori case).
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Scudder (1980) stresses the failure in Africa's
earlier RBA projects to recognize the major adverse
effects which loss of the annual flood imposes upon the
thousands of small farmers who depend upon recessional
irrigation for growing their crops (see also Drijver and
Marchand, 1985). Along the Senegal, Niger, and Juba
Rivers, as in Tanzania's Rufiji delta, the losses from
planned dams will be considerable. Riverine forests,
whi ch constitute a strategi c forage reserve in much of
Africa, are likely to be similarly effected (a special
concern in Kenya's Kerio Valley RBA). A partial and as
yet untried lI s01ution ll adopted in the building of Mali's
Mananta1i dam (an OMVS project) has been to plan for an
lI artificia1 f100d" through large volume water releases,
timed to coincide with the former annual flood. This
requires a different design of the dam itself, and will
not prevent the buildUp of silt in the dam's "dead
storage ll zone within the reservoir.

Whi 1e i rri gat i on managers are genera11 y concerned
with the downstream water releases from a dam, in Africa
the upst ream management ha sal so ra i sed troub1i ng
problems. Mary Tiffen's chapter in this volume examines
the plight of Africa's evictees, the people dispossessed
from thei r farm1 ands by the flood i ng of a reservoi r.
The seasonality of water flow makes having large
reserv0irs hi gh1y des ira b1e • But ina sem i-a rid
landscape, the very lands suited to a reservoir will
usually consist of the highest potential farmlands for
miles around (and the key dry season forage reserves for
livestock production). River basin authorities planning
to build major dams need to devote much more attention
to the compensation and relocatlon of eXlsting
commun1t1es. It 1S not eth1cal to pretend that
equlvalenf land can be easily found; almost by
definition, uplands in a dry environment will be far
less productive than the rich alluvial soils flooded by
the reservoi r.

A final feature which distinguishes African dam
management from usual developed country practice is in
regard to upslope 1and use (and hence reservoi r
sedimentation rates when land is misused). Very high
rates of siltation into the reservoirs of new dams have
been experienced in Sudan and on Kenya's Tana River
(under its TARDA river basin authority). In the
Sudanese case, the problem is partly self-caused, since
the regimes gave out huge tracts of 1and to be c1 eared
for high risk mechanized cultivation in the very areas
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subject to soil erosion and draining into the Blue Nile.
However, as Kenya's problems on the Tana River show,
even when the immediate upslope areas are not densely
sett1 ed there can be huge increases in the rates of
sedimentation after a drought. Thus dam managers in
Africa possess little real authority over land use
within the catchment. A buildup of population and
livestock in areas above a reservoir occurs
spontaneously once a dam and its associ.ated
infrastructure has been put in place. It is quite
possible Africa's major dams will have only 30-40.years
of useful 1i fe before the 1i ve storage zone in thei r
reservoirs becomes filled with mud. 1

Parastata1 Management

From an early stage, many of Africa's larger
i rri gat ion proj ects have been run by agenci es termed
"parastata1 s": publ ic corporations financed with
government funds but given a commercial mandate and
permi tted to establ ish thei r own regul at ions separate
from the government's civil service procedures. In
Sudan, there is the Sudan Gezira Board (SGB), formed in
1950 as a public corporation taking over the assets and
responsibilities of earlier commercial syndicates.
Subsequent schemes in Sudan copied the Gezira model, the
Rahad Corporation being established to operate the Rahad
Scheme, the Agricultural Production Corporation to
operate the Khashm el Gi rba Scheme, and so forth. In
Mali, the French government created the Office du Niger
in 1932, gi vi ng it respons i bil i ty for constructing and
operating Francophone Africa's largest irrigation scheme
(de Wilde, 1967:245). In Senegal, there have been a
succession of parastatals responsible for developing
irrigation on the delta: the Senegal River Development
Commission (MAS) established in 1938, followed by OAD
("0rgan ization Autonome du De1ta") in the early 1960s,
and in tu rn by SAED (Soc i ~t~ d I am~management et
d'exploitation des terres du Delta) from 1965 onwards.
By 1980, SAED had close to 2,000 employees and claimed
to be the, second 1argest employer in Senegal I s F1 euve
region (Miller 1985:40). In Mauritania, the first

1A situation which makes quite inexp1 icabl e the
OMVS plans to proceed in closing the Mananta1i dam while
delaying installation of power generation to use the
water released.
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generat i on schemes were fi nanced and supervi sed by the
Bureau for the Development of Agri cu1 tura1 Production
(BDPA), followed in 1976 by SONADER (Soci~t~ nationa1e
pour 1e d~ve10pement rural), which by 1981 employed 325
people stationed in three operational bases (Miller,
1985:30). And so it goes for most countries in Africa
where i rri gat ion is important: ONAHA for Ni ger, the
National Irrigation Board (NIB) for Kenya, SEMRY for
Cameroon, etc.

That irrigation parastata1s are widespread in
Africa is, then, abundantly clear. They have
const i tuted the preferred i nsti tuti ona1 mechani sm when
Afri can governments have wanted to develop 1arge-sca1e
irrigation with pUblic funds. However, despite their
legal similarities, these agencies have differed
sUbstantially in regard to the functions they provide.
The Sudanese parastata1s (described in chapter five) do
not provide water at all: that is the responsibility of
the Ministry of Irrigation, which employs SUdan's water
engineers. They instead manage the production of
official crops, in recent years evolving a considerable
degree of mechani zati on whi ch is then charged aga i nst
tenants' accounts. With the Office du Niger, the agency
did its own construction of scheme expansion and was
responsible for an array of water delivery, production,
marketing, and welfare functions: becoming, in de
Wilde's words "progressively more or less sovereign
within the limits of its territory" (1967:248). The
National Irrigation Board in Kenya has its own schemes
which are managed by Board appointed staff but operated
as .autonomous uni ts wi th the provi so that the Board
transfers funds and staff between them as required.
This makes the Board both a managerial and a supervisory
agency.

Strengths

Despite the presence of large parastata1s like the
TVA or the Bonneville Power Administration in the USA,
parastata1 management is not a topic understood by most
Ameri can advi sors. For examp1 e, western donors have
urged African governments either to privatize their
major parastata1 s, or el se to prune their staff
drast i ca11 y. In Senegal, budget cuts mandated i., the
early 1980s forced·SAED to reduce its staff by nearly 50
percent, which it achieved mainly by reductions in the
number of its field staff (Miller, 1985:40). While such
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drastic measures may temporarily improve the
organization's cash flow, they neither improve its
output nor address the underl yi ng causes of
administrative malfunctioning. To deal with parastatals
more adequately, advisors need to understand the
tensions which led to their creation initially.

There are several reasons why publ ic enterprises
and parastatals have proven such a popular mode of
approach within African countries. A properly run
irrigation parastatal can:

account for public funds, advanced for
the attainment of specific objectives
(generally claimed beyond the private
sector's capability);
deal di rectly with donors in the
preparation of new projects without
necessitating enabling legislation for
each project;
administer the contracts and
negot i at ions requ i red to get schemes
established;
recruit managers and technical staff
under terms more attractive than usual
public sector employment;
provide specialized services to
individual schemes without each scheme
having to add its own technical staff;
admi ni ster fi e1d programs whi ch cross
cut administrative boundaries and the
usual allocation of ministry functions;
arrange crop financing for its schemes as
a group rather than each scheme being
forced to find its own support; and
provide in-service training and other
forms of organizational support including
career structures not bound to a single
site.

These are significant advantages when a government must
deal with thousands of small hol ders who cannot afford
large cadres of salaried staff on each scheme. Thus
while the creation of an irrigation parastatal is a form
of government subsidy to the irrigation sub-sector, it
is potentially more cost-effective than duplicating a
range of specialized functions on each scheme. Of
course, in countries with well-organized private firms
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to supply these needs (such as ; n hi ghl and Kenya or
upland Zimbabwe), a government-supported irrigation
parastatal may be unnecessary.

Weaknesses

The dangers whi ch confront agencies 1ike SAED or
NIB are not unique to their water-related functions.
They can be predicted from the history of similar
agricultural service agencies throughout Africa. Crop
agencies such as the authorities in East Africa or
cereal marketing boards in West Africa are notorious for
having evidenced pronounced organizational weaknesses.
Among the more prominent have been:

overmanning;
overinvestment in unnecessary physical
plant facilities;
declining product quality;
uncontrolled increases in overhead;
rapid deterioration of equipment;
widespread corruption; and
alienation of farmers.

Since control over irrigation water and access to plots
offer many opportuni ties for corrupt ion, there is no
reason to expect that irrigation parastatals will be
exempt from these tendenci es. Indeed, we suggest the
dangers are so apparent from the experi ence of other
parastatals that Africa's irrigation agencies should put
their highest priority upon maintaining taut, cost
effective operation. The faults we analyze here are
also evidenced at the scheme level.

Overmanni ng - Mal i 's Offi ce du Ni ger illustrates the
tendency on official irrigation schemes to let agency
and scheme employment get out of hand. At its peak when
construction activities were still underway in 1955, the
Office employed almost 7,000 administrative staff. By
1964, the Offi ce sti 11 had 4,700 employees (de Wil de,
1967:249). The key issue is how to keep a balance
between size of operat ions and staffi ng. For example,
Ni geri a's Ogun-Oshun Ri ver Basi n Development Authori ty
employed 72 senior staff (30 of whom were in its
Engineering Department) in 1979, at a time when it
managed about 140 hectares. The Hadej ; a-Jama RBDA was
operating about 2,500 ha with 58 senior staff (Wright
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et al., 1982:42). The consultants who looked at
Nigeria's manpower needs for irrigation noted that
this represented a "high degree of overmanning" even
though Nigeria has an overall shortage of staff for
its ambitious irrigation plans.

Uncontrolled Overhead Costs - Possibly the most
dl ftl cul t aspect for Afrl can parastata1s to keep under
control is their overhead costs. The reasons why these
may balloon so quickly are not widely understood. First,
in many African countries pUblic sector salary levels
are set administratively and are broadly similar within
a given occupational cadre. As a consequence, in
seeking to attract capable senior staff an agency cannot
compete on the basis of salary, but instead will try to
offer superi or fri nge benefi ts : housing, an offi ci a1
vehicle, land for growing crops, subsidized or even free
electricity, and so forth. Second, it is quite common
for accountancy systems to be oriented towards
prevention of wrong-doing rather than managerial
moni to ri ng of the s i gni fi cant cost centers. Many
bureaucratic organizations do not compute internal
transfer costs. This makes it difficult to allocate
costs to the "internal benefits enjoyed by staff, in
circumstances where they have a strong interest in
suppressing such information. Third, employment of
externally recruited specialists may create expectations
that local senior staff should enjoy similar privileges.
Fourth, in a deteriorating national economy the agency
must often organize its own subsidiary services, such as
shops, clinics, schools, and vehicle repair. And,
fifth, in economies where the public sector is the major
employer of salaried staff, it becomes very~rd to
resist external pressures to add staff at all levels
within the agency. All five tendencies exist in
heightened form within Africa, and jointly explain the
high units costs typically encountered.

Inadequate Accounts - Poorly kept accounts are a
perennial dlfficulty throughout much of Africa, and
should not be blamed simply upon a lack of qualified
accountants. In any system where the people generating
primary documentati on do not understand its purpose or
are perhaps even ill iterate, the record will contain
numerous mistakes, gaps, and irregularities. These
cause frequent delays in the submission of accounts for
review higher in the organization. At the intermediate
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levels, maintaining accounts in good order takes a great
deal of extra effort not reflected in public sector
salaries. Field units find they continue to lose their
better accountants to private sector employment (and
sometimes departing staff take the agency's funds with
them). On their part, higher-level managers have a
stake in keeping the financial situation muddled,
thereby all owi ng thei r own overdrafts to pass
undetected.

Most record keeping in African parastatals was
originally designed to document that "proper procedures"
were followed, as a guard against unauthorized
diversions and outright criminality. The procedures
themse1ves, however, can become very cumbersome over
time. High turnover rates among senior staff make it
difficult to explain irregularities identified two or
three years later. Sometimes the financial year does
not coi nci de wi th the crop year used by agronomi sts or
the hydrologic year by engineers, so that aggregate cost
data do not apply to the same period as do output data.
Often the cost centers from which totals are accumulated
have been poorly or arbitrarily chosen. Much irrelevant
information is faithfully preserved, but the management
cannot judge with any precision its current cash flow
situation vis-a-vis its main enterprise activities.
And, as al ready noted, the 1ack of procedures for
transfer cost pricing means that numerous ancillary
services and benefits get carried over unscrutinized
into the general overhead costs. Our point is simply
that agenci es whi ch operate withi n such an envi ronment
will find themselves perpetually "short" of qualified
accountants, but this is a symptom rather than cause of
their difficulties. ·

Premature Professionalism - African parastatals during
{he 1970s showed a huge appetite for measures aimed at
making them more II mo dern" and "efficient";
computeri zat i on of accounts, better equi plllent, short
course training, and the addition of specialized,
mi ddl e-management sta ff. We mi ght note that thi s
ballooning of middle positions was also taking place
wi thi n US busi ness organi zat ions, whi ch in the 1970s
discovered "matrix management. 1I Public service agencies
when given the opportunity proved equally prone to the
addition of specialized, mid-level managerial staff-
a process Young, et al. (1981) termed "premature
professionalism." While Young's warning was directed at
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the staffing of Uganda's Department of Cooperatives, the
process c.an affect any kind of service or supervisory
agency. Young portrayed a situation where there is a
regu1ato~y and support agency overseeing field units
which OpE!rate commercial activities. When the field
units display poor performance--as do many African
irrigation schemes--the tendency has been for policy
makers to add speci a1 i zed, supervi sory staff in the
linked support agency. Such individuals, who in Africa
come to high level assignments directly from advanced
degree training, believe they are making a major
contribution to increasing efficiency. They seem
necessar'y as the price a country must pay for
organizaflona1 modernization (and this can be true
i rrespect i ve of whether they are in pub1i c or pri vate
employment).

What Young found, however, was that when those put
in charge! lack previous operational experience at the"
"s hop floor" level, many of their innovations will fail
to address the real problems. Overall efficiency in the
primary organizations (here with individual schemes)
does not improve, but overhead costs rise steeply. Even
then, the newly recruited professionals will continue to
think they are performing a valuable service in forcing
field units to become more "efficient" and "scientific."
These dangers of premature professionalism are most
acute in situations where (as in irrigation development)
there is a wide gap between what is taught in the
c1 assroom and what professional s encounter on the job.
Then the rigid and oft-times inappropriate application
of supposedly universal "principles" will introduce
further costs and delays in an already chaotic
situation. Furthermore, such actions reinforce an
internal social cleavage between managers who are highly
trai ned but 1ack exper; ence, and workers who possess
abundant experience but little relevant training.

One illustration must .suffice. There are now
available in the USA, Israel, and Europe very detailed
hydrologic models which can be applied to understand
irrigation problems. When these are introduced into
African settings by a returned trainee, however, it
rapidly becomes clear the necessary data are lacking.
Unfortunately, to acquire high quality data becomes very
expensive of senior management time, not just in the
fi rst instance but as a conti nui ng commi tment (Mori s,
1981: 31-45) • A "manageri a1 tool" intended to assi st
management becomes instead yet another sou rce of
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manageri a1 overload. The basic poi nt of course is not
that having specialized staff and quantitative models is
either "good ll or "bad. 1I These are rather phase-governed
interventions, to be added at that time when a program
has reached a size where they become cost-effective.

Policy/Implementation Reversals Most African
agricultural parastatal s come under some type of board
or supervi sory commi ttee on whi ch wi 11 be represented
the ministries of agriculture and finance (and sometimes
p1 anni n9). The way corporate control s are app1 i ed by
such bod i es can i tse1f become an aggravat i ng factor,
failing to rectify managerial mistakes and increasing
corporate losses (Packard, 1972). What seems to happen
is that a board's supposed policy-formulation role gets
pre-empted by the notion that certain initiatives (such
as wheat growing or support for a particular project)
are mandatory i rrespect i ve of economi c cons i derat ions
(Quick, 1980). As a "privi1eged ll technology, irrigation
frequently receives this treatment (Moris, 1987). This
leaves board members with little to do except meddle in
what are properly implementation details. A strong
genera1 manager wi 11 resist thi s tendency, ei ther by
cowing the board into silence or being eventually forced
out. Much the same conflict over who decides what is
repeated in the re1at i onshi ps between parastata1 and
its con st i tuent scheme s. The pa ra stata1 's general
manager (sometimes termed it IIDirector General") will in
turn meddle in the detailed field operations of schemes
which come under the authority's purview. The tendency
to confuse policy and implementation matters at all
levels is accentuated by civil service notions of
hierarchy, whereby senior officials are held responsible
in theory for!!l activities within their departments.

Corruption - We have left consideration of corruption to
last, because there is little published evidence to
document its prevalence and nature in African
irrigation. 1 Even so, on field visits one hears
allegations which suggest it is a growing problem. We
note also that in some circumstances corruption can
serve positive purposes by keeping a system in operation
despite gross economic distortions. For example, on one
proj ect the management has a whol e warehouse for paddy

1The two main references on this topic in Africa
are Ekpo (1979) and Gould and Amaro-Reyes (1983).
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not enter'ed in scheme accounts and whi ch is gi ven out
(two bags per Landrover) to the constant stream of
official visitors. Other forms of corruption noticed
during this study include the illegal sale of water to
non-scheme pump operators, the giving out of plots to
the relatives of agency staff, falsification of land and
water c1clims, numerous examples of shoddy construction
by contr,actors, II po1itica1 11 recruitment of technical
staff, illegal sale of scheme crops through private
channels, and so forth. We note simply that irrigation
parastata1s are usua11 y the bod i es expected to i nsu re
that scheme-level operations are honest and above-board.
The contradiction is, of course, that the profits to be
real izecl from corruption are greatest at the
construct i on stage whi ch is often under authori ty and
not scheme control. If the supervisory parastata1 is
known to be corrupt, it stand little chance of insisting
upon honesty at the scheme level.

Parastata1 Reform

The reform measures usually recommended for African
parastata1 s mostly do not address the real causes of
parastatal malfunctioning. Draconian "solutions" such
as privatization or mandatory staff cuts are unse1ective
and counterproductive, except in instances of extreme
overmanning where the irrigation parastata1 does not
prov ide its s chern e s withopera t ion a1 ass i s tan c e •
However, the i ntensi ve preparation requi red for maj or
irrigation projects and their isolated field locations
force new schemes to depend upon a parent agency of some
kind located near the national capital where most supply
and policy decisions are made.

The Senegal government has experimented with
II performance cont racts," wherei n parastata1s 1ike SAED
must guarantee certa in 1eve1s of performance in retu rn
for receiving public support during a fixed period (Sada
Wane in Club Sahe1/CILSS, 1982). USAID/Ma1i tried to
extend this attractive. innovation to an agency's
r e1at ion s withit s farm e r s, wit h the sup p0 r tun i t
incurring contractual obligations to match those farmers
must assume. As our Action BH!-Di re case (chapter five)
shows, Action B1~ Oir~ found for complicated and
unforese'en reasons it was unable to honor its
contractu,a1 obligations. The implication would seem to
be that for farmers and their support agencies alike, it
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is the high level of environmental· uncertainty which
makes adherence to contractual obligations so difficult.

Scheme Management

Among the various managerial levels reviewed in
thi s chapter, scheme managers have the greatest di rect
control over the components involved in irrigation.
Usually a scheme is coterminus with the area
("perimeter") commanded from a single source. While
"main system" management may be important in determining
water releases from a dam or in arranging flow into a
supp1y canal, the deta il ed arrangements for conveyi ng
water and distributing it among farmers fall upon scheme
managers. They are the ones who usually control the
pumping regime, rotations, system maintenance, land
preparation, input supply, marketing arrangements, and
cost recovery from farmers. Scheme managers must be
concerned wi th the adequacy and use of water wi thi n an
irrigation system, but they also arrange for many of the
other inputs (fertilizers, insecticides, seed, etc.)
whi ch farmers requ ire under an i ntens i fi ed croppi ng
regime. To do thi s, they employ thei r own staff who
usually 1ive in an enc1 ave within the scheme itse1 f.
Sometimes scheme managers are a1 so put in charge of
farmers' residences, involving the scheme in matters of
land title, farmer recruitment, village water suppl ies
and shops, and other welfare issues. The four-way split
of managerial attention between water del ivery, scheme
staff, crop production, and farmers' welfare is typical
of most African irrigation schemes. It is, as we argue
later, a missing element from the standpoint of the
professional preparation scheme managers are likely to
receive. None of the main professions from which scheme
managers are recruited--either water engineering,
agronomy, or agricu1 tura1 economics--adequate1y cover
the full range of tasks a scheme manager must carry out
once a scheme become operat i ona1• Where, as sometimes
happens, scheme managers take up resi dence before
physical works are complete, they may also supervise
construction--adding still another realm of necessary
expertise to what is already a very demanding job.

Of course, the situations which· may requi re
i ntervent i on by scheme managers are usua 11 y not full y
apparent during a brief site visit. What outsiders see
during the few hours they typically spend on a scheme
will be the neatly laid out compound with its offices,
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staff houses, and nearby workshop, and the main water
control structures such as pumping stations and the
supply canals. However, the corderly activities observed
during such visits will not be effective unless an
equilibrium is maintained between the system's internal
and exter'nal components. It shoul d be recogni zed that
because agricultural activities occur in linear
sequence, any event which disrupts the chain becomes a
threat to the scheme's ul t imate output. In Afri ca,
potentially threatening events abound, providing
numerous occasions throughout the season where unl ess
time1y and effect i ve manageri ali ntervent ions occur, a
scheme's productivity may be drastically reduced. Often
farmers (Ire not equi pped to act in response to such
threats. It will fall upon the perimeter's salaried
staff (usually its manager or deputy manager) to
recogni ze that a probl em exists, and then to see that
appropriate remedial actions are taken.

Anticipating Predictable Crises

lA 1i st i ng deri ved from Tan zani an experi ence, but
validated by comments from managers working elsewhere.



Damage to heavy equipment while being
unloaded;
Power outages during times of peak
operation;
Headworks and intakes damaged or
destroyed by flooding;
Structures threatened by undercutti ng of
the river banks;
Cavitation occurs because of
insufficient compaction and poor sealing
of lined canals;
Eros i on on the face of an earthfi 11 dam
may threaten the structure;
Rapid siltation occurs in canals and the
storage reservoir;
Gabion wire is stolen, leading to the
collapse of protective structures;
Construction cannot be handed over
because imported i terns are mi ss i ng and
hence specifications cannot be met;
A coup or ministry shake-up makes it
unclear who is in charge;
Imported parts turn out to be for the
wrong models of equipment; -
Heavy rains delay field preparation until
late in the season;
La nd prepa red ea r1y goes to weed s
because of unseasonal rains;
An i nf1 ux of 1i ves tock from off the
scheme destroys the bunds;
An outbreak of army worm destroys the
main crop;
Key equipment units are diverted to off
scheme uses;
Cement disappears from local supply
outlets;
The accountant disappears with a month's
staff wages;
Accounts and records are locked up while
police investigate charges of corruption;
An unseasonal dry spell kills farmers'
food crops;
Quelea birds arrive before the crop is
harvested;
Farmers suffer from an -outbreak of
chloroquine resistant malaria;

521
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A cholera outbreak bri ngs a prohi bi t ion
on movement throughout the scheme area;
Coo1i ng equi pment breaks down and seed
stocks spoil;
Seed stocks are found to contain weed
seeds; and
Squatters take over a section of the
scheme.

From a distance, such pressures seem almost amusing
because they are so different from the activities
specified in the usual project implementation plan.
Experi enced fi e1d managers wi 11 recogni ze that simi 1ar
difficulties are present in most developing countries.
It becomes easy to view them as typical "implementation
problems" to be dealt with an ad hoc basis in the
field (Moris, 1981:24-25) •. This overlooks the fact that
such difficulties tend to be jointly encountered in
remote Afri can sett i ngs where many i rri gat ion proj ects
have been located. Several observations then become
pertinent in regard to their managerial implications.

First, the difficulties are cumulative and
interactive in nature. While similar problems are seen
in Asia and Latin f1rnerica, what distinguishes African
irrigation is the greater incidence of individual
problems and hence the heightened uncertainty in regard
to eventual output. Production is overlayered with many
sources of possible brea~down; it becomes an achievement
simply to get through the season without major disaster.

Second, many of the difficulties are within
segments of the 1arger economi c system over whi ch an
individual manager exercises little control. Whereas in
developed countri es a manager' s ma in attent ion is
directed inwards towards components under a fairly high
degree of control, in Afri ca managers must devote more
effort to scanni ng the envi ronment for adverse changes
which may threaten production commitments.

Thi rd, the more a production process rel i es upon
external inputs (fuel, parts, serv i ci ng, transport,
etc.), the more vulnerable it will be under a situation
of a high level of cumulative uncertainty. Here
irrigated production compares poorly with the local
alternatives, since irrigation is often strongly
dependent on access to external inputs.

Fourth, the more mechanized types of production
will be more vulnerable. Anticipated "economies of
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sca1e" become di seconomi es of scale if mechan i zat ion
leads to greater risks because of increased dependency.

Fifth, production under high levels of uncertainty
favors a different style of management. Highly
formalized planning based on seasonal budgets and a
stable environment gives way to opportunistic, "crisis
management" characterized by rapid deployment of
resources to meet daily exigencies.

Sixth, increased formal ism within certain parts of
the system paradoxically may only heighten the
di ffi cu1 ties managers face in attempt i ng to achi eve an
overall balance of effort. Many of the managerial
improvements taught in textbooks are unlikely to be
cost-effective if implemented piece-meal within African
systems. Since disciplinary-based knowledge and
procedures do not deal with the pressures and situations
managers are 1ike1y to encounter, it is important that
we search for alternative formulations which do address
these needs.

Seen in this light, the reasons why irrigation
technologies yield low efficiencies when employed as
isolated components in an African landscape become
apparent. As usually designed, African irrigation
projects have tended to be input dependent, mechanized,
mono-cropped, specialized, and large-scale. Since
irrigation in any case involves a tighter coordination
of activities, the resulting system becomes extremely
sensitive to the kinds of interruption commonly
encountered in African rural environments.

Th1 s Sl tuat1 on contrl butes to the strong
polarization of African production systems into two
extreme types. Either they remain small-scale, low
input, multi-crop systems like those characteristic of
"traditional" peasant farming over much of the
continent, or else they evolve into a highly
cOl1l11ercialized "enclave" sufficiently large to organize
its own services and input supply. Thus while there are
some examples of efficient large-scale irrigation in
Africa, one finds few intermediate sized units which
have grown out of smaller ones.

Five Managerial Domains

As earl ier noted, there are potentially five main
domains for managerial attention at the scheme level:
construction, staff, water, crops, and farmers. The key
point is to recognize that the degree to which each of
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these domains becomes a "problem" depends upon the
particular circumstances of each scheme and upon design
decisions taken about its deve10pment--decisions often
made at a distance without any detailed knowledge of
likely complications. Since it is the same scheme
management which must address all five domains, a major
problem in one sphere will usually result in less
managerial effort in others.

The construction domain in theory shouldn't be a
matter ft:>r scheme-level managerial attention at all.
Most i rrii gati on projects are constructed by di fferent
units from those who take over managerial responsibility
once a perimeter becomes operational. Where events
unfo1 d i" the planned order , all scheme managers are
asked to do is to certify that construction is now
complete and the contractor can be paid. However,
actual ci rcumstances in rural Afri ca are such that
contractors face the same constrai nts and di fficu1 ti es
which the scheme manager does (note here the operational
problems on Kenya's Bura West scheme). Very often
essentia"1 supplies cannot be obtained locally when
needed, heavy rai ns may render the scheme roads and
tracks impassab1 e, imported equi pment may be ordered
late (because of import clearances) or be delayed in
transit, etc. Again, because the process is a linear
one, del ays accumu1 ate over time and most Afri can
schemes do not start on schedule. Then, being one or
two seasons 1ate, construction work is rushed and the
quality of construction suffers. When scheme management
takes over, it will discover that immediate maintenance
prob1 ems surface throughout much of the scheme because
of improper and shoddy construction. An even worse
situation can occur where in order to "savell
construct', on costs, the Mi ni stry of Agri cul ture or the
irrigation parastata1 decide that scheme staff will
themse1ve!; carry out some or all of the construction
activities. Then scheme managers will face the whole
assemblage of field difficulties impinging upon the
construct"ion domain while also being held accountable
for recruiting tenants, establishing crops, and
supplying water. The main issues in this domain concern
what to clo about poor design while construction is in
progress (since "variation orders" are expensive and can
become a major source of further delay), how to rectify
shoddy workmanship, the problem of missing items
required for facility completion, and whether the scheme
should do some construction work itself. Managerial
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control from the scheme is exercised through the parent
agency's payment procedures to the contractor(s).

The second domain is concerned with scheme
employees: both its salaried staff (who sometimes hold
appointments within a parent agency) and its daily
workforce of watchmen, water guards, pump operators,
mechanics, drivers and the like. The skills required of
management are at the same time technical and
organi zat i ona1: seei ng that spec iali zed tasks are done
properly and on time, but doing so in a way which
fosters teamwork and builds morale. These activities
are usually lumped together as "personnel matters":
recruiting staff, outlining job duties, clarifying
reporting relationships, arranging for postings and
promotions, supplying in-service and on-the-job
training, and on occasion instituting disciplinary
proceedings~ However, there are complications which
irrigation managers in Africa encounter that
conventional personnel management fails to anticipate:
the problem of tribalism, relationships with party
bosses, accusations against workers made by farmers, the
temptations of corruption, staff who go into business
for themselves "on the side" while remaining on the
payroll, and the probl em of overly cumbersome or
ineffective party officials' procedures for discipline
and recruitment. It is also not necessarily true that
scheme management control s all of a perimeter's staff.
Under some systems, individual officials assigned to
work within a perimeter continue to hold their
appointments within other organizations and may not
accept management' s orders. A further di ffi cul ty is
that many irrigation systems have been put in isolated
environments where transport, schooling and medical
services may be poor. To be assigned to work on an
i rri gati on scheme may be seen by staff as "puni shment
postings" to be avoided if possible.

The third domain (assuming that physical works are
comp1ete and staff have arri ved) is centered on the
capability to deliver water to farmers' fields. Here
the usua.l topi cs of interest to an i rri gat ion engi neer
predominate. The main issues revolve around insuring an
adequate water supply, protecting the infrastructure
(power, fuel, spare parts, maintenance, and repairs),
and providing mechanized activities. Those doing the
tasks are usually employees, if not of the irrigation
agency~ then of the scheme itself. Their activities are
subject to di rect orders from management, and the
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equipment they use belongs to either the scheme or its
parent agency. Thus within this domain, contro1
oriented managerial technologies are likely to
predominate. The main uncertainties in Africa relate to
the greater difficulty of insuring a reliable water
supp1 y, Clnd the hi gher ri sks of breakdown associ ated
with operation of mechanical equipment.

The fourth domain concerns the growing of field
crops. The ma in issues are crop agronomy, crop
protection, the competition between official and
unrecognized crops, how to secure farmers'
participation, and difficulties in scheduling and cost
recovery. Those doing most of the work are the farmers,
their family members, or hired laborers. Workers may be
amenable to suggestions but resistant to orders. The
property and equi pment other than the 1and i tse1 f wi 11
belong to farmers and scheme members. The manager's
control is usually indirect, and much bargaining may be
necessary before managerial instructions are put into
effect. The uncertainties arise from a host of
potentially influential events and factors: disease
outbreaks, the ra i nfa11 pattern, farmers' di fferent i a1
access to water, the timely and effective availability
of inputs, and schedu1 i ng conf1 i cts. Because of these
uncertainties, an energetic scheme management may become
tempted to take on a larger share of the responsibility
itse1 f, by operati ng its own transport system and \
perhaps mechani zi ng 1and preparati on and crop sprayi ng
on fa rmers ' behalf. Thi sis what happened in Sudan's
large irrigation schemes, and it resulted in the scheme
management carrying a burden it was unable to fulfill so
that both scheme and farm productivity suffered.

The fifth domain encompasses the larger
organi zat'j ona1 envi ronment, centered on the matri x of
supporting services as it impinges upon farmers' own
social and economic organization. At issue are the
scheme's Ire1ationship to local communities, the adequacy
of technical support for seed quality, fertilizers,
etc., and vertical reporting relationships upwards to
donors, the ministry, and other government departments.
In thi s (Iomai n, the scheme management owns nothi ng and
controls very little. To be effective, it must become a
supplicant trying to secure compliance by contracts,
favors, legal controls, and persuasion. The actors are
politicians, farmers' leaders, corrmercia1 suppliers, the
district government, ministry supervisors, agency staff
in other organizations, representatives of the treasury
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(or any other p1anni ng organi zat ion), external donors,
and perhaps donor-fi nanced contract teams. The
uncertainties are many and varied, reflecting as they do
perceived priorities in the larger system, the changing
nature of political support, farmers' satisfaction and
the means they may choose to voice disapproval, and the
adequacy of other i nst i tut i ona1 serv ices in the 1oca1
environment.

Note that in the world visual ized either by the
technical specialist or by an agency bureaucrat, farmers
enter only by virtue of their role in carrying out
planned production tasks desi red by the project. These
viewpoints are strongly "top-down" in their basic
premises, assuming that technicians and salaried
specialists should determine what needs to be done, when
and where throughout the system. Such premi ses are
doubly reinforced in large irrigation systems, where the
del ivery of water c1 early takes precedence over other
activ1ties. Many technically trained managers probably
do not recogni ze a human el ement sUbj ect to separate
priorities and constraints within their planning. They
are accustomed to manipulating the hydrologic system
directly. Control is limited only by cost and by
engineering ingenuity. A computed water demand can be
matched by an equivalent water release. Farmers become
an encumbrance because they persi st in mi xing crops,
vary; ng thei r fi e1d operat ions, and innumerous other
ways taking actions which appear to reduce irrigation
efficiency. As three technical advisors on the
development of the Senegal River put it (Hargreaves, et
al.,1985:273-4):

Block farmi ng cou1 d be made mandatory. In
the Sahel, with areas of 1arge excesses of
land and limited water supplies, low
efficiencies and low yields should not be
permitted. Availability of water may
increase land values to ten or more times the
value of dry land. Farmers accepting this
benefit should also be compelled to accept a
system that makes efficient operation and
management possible.

Management in Loosely Coupled Systems

Smith, Lethem and Thoolen (1980) present an
analytical distinction between projects oriented towards
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construct i on and those whi ch promote general i zed rural
development. They draw attention to the greater degree
of control which the management has in construction
ori ented proj ects over the key components requi red for
successful attainment of targets. Essentially, they
argue, management's approach must be di fferent towards
thi ngs whi ch are under di rect control (where cost
schedul es and time budgeting are appropri ate) towards
things which while vital can only be influenced
(requiring persuasion and bargaining), and towards
Ilappreciated" but uncontrollable elements like rainfall
(needing contingency planning, monitoring and
information). This segregation of decision-elements
into thre!e categori es corresponds roughly to the fi ve
domains outlined above (with domains 1-3 being lumped
together). It helps clarify why specialists accustomed
to an orderly and controlled system with its timetables
and cost estimates may show i nappropri ate manageri a1
responses when faced wi th 5i gni fi cant but uncontro11 ed
factors.

In domains characterized by 1l100se1y coupled
systems,1l control-oriented managerial technologies based
on scheduling and conmand become counter-productive.
Neither farmers nor service agencies are likely to
respond positively if the approach to them is made by
issuance of orders. The resources requi red are not
scheme property; their commitment to irrigation must be
realized through a skillful combination of persuasion,
contracts~ profits, and benefits. Political skills
become mor'e relevant than scheduling skills. Here those
accustomed to exercising professional and administrative
authority may find themselves defensive about
approaching other interested parties, especially
ill iterate farmers, on an equa 1 foot i ng. Seri ous
negotiation to discover farmers' constraints and
pri ori ties may be 1eft until too 1ate, when pl ans are
nearl y fi na1 and farmers' II approva1" becomes a mere
formal ity., Unfortunately, the strongly hierarchical
bureaucratic culture fostered within field agencies
reinforces this reluctance.

A rather similar dilemma arises when specialists in
an i rri gat i on agency try to arrange support from other
administraltive units not under the same ministry. The
chains of command and intervening bureaucratic loyalties
make it extremely difficult to arrange joint programs of
work. Anreements will be reached, but by the time
imp1ementa,tion begins one or the other of the parties
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wi 11 have been gi ven di fferent instructions from above.
Because African bureaucracies are strongly hierarchical,
to gain effective "interorganizationa1 cooperation will
usually require either high level support or else going
outside the formal system to secure assistance
i nforma 11 y (what Hyden ha s termed the II economy of
affection"). Informal linkages and one1s friendship
network then become more valuable and reliable than
formal p1ans--exact1y the reverse from what civil
eng i neers or economi st s wi 11 ha ve 1earned in thei r
professional training. Effective liaison with officials
in other agencies depends upon persuasion, skill in
bargaining, and one1s political acumen. Perhaps this is
true of all bureaucracies; it is particularly important
within African administrative systems. This aspect
receives major attention within a number of recent
reviews of African management, incl uding Hyden (1983),
Heaver (1982) and Wiggins (1985).

As seen by a scheme manager, the manageri a1 tasks
associated with irrigation development involve a
spectrum of superordinate service agencies. Almost
always one must deal with district and local government
bod i es. Then there will be the 1ega1 system for
estab1i shi ng 1and and water ri ghts and reso1vi ng maj or
disputes. Linkages are necessary to various service
agencies offering credit, seeds, chemicals, inspection,
quarantine, crop protection, insect control, crop
storage, crop purchasing and marketing. There may be ~

Water Board whi ch control s how water is all ocated and
used, just as there may be farmers l cooperatives
involved in crop handling and marketing. Managers find
themselves defending their capital and recurrent
budgets before Ministries of Planning and Finance or
even the legislature or party. Specialized assistance
may be required from external donors or from national
level institutions. There may be also river basin
authorities whose activities overlap those on an
individual perimeter. In all these instances, a
scheme1s management finds itself in a comparatively weak
position when soliciting support and assistance from
above. \~e suggest that a servi ce network wi th these
characteristics fits rather neatly what the sociologist
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Aldrich terms a "loosely coupled system." 1 In terms of
management theory, it is clearly a "matrix" situation.
Those dea.ling with irrigation projects from above have
responded to the "loosely coupled" and "matrix" aspects
of irriga.tion development in at least four ways. Some
countri es where there is a pl anni ng mi ni stry or ri ver
basin authorities have tried to strengthen coordination
through more comprehensive and detailed planning. A
second rE!SpOnSe favored by donor agenci es has been to
coordinate activities within the project cycle, usually
accompani ed by estab1i shment of a proj ect management
unit attached to a ministry or irrigation parastatal. A
third res.ponse is to put individual schemes under the
umbrella of a larger development corporation or board
which can supply its own specialized services to
constituent units. A fourth option is to centralize
managerial control at the scheme level by giving the
scheme manager a high degree of autonomy in developing
and supervising scheme activities. If none of the first
three options are pursued, scheme managers will tend to
accumul at1e such i nfl uence automat i ca lly in response to
the diverse tasks which require their intervention.

Hub-and-Wheel Task Delegation. 2 Those put in charge of
a new lrTlgatlon proJect will usually find little
established infrastructure already in place. Often their
subordinate staff will lack specialized training and
skills. Any tasks requiring such background will
require the manager's personal attention. Nonetheless,
a hard-working manager with a good grasp of detail can
accomplish a great deal by dividing major activities
into small components which can be assigned to a circle
of subordinate staff. Usually there is not time to
tra in eac.h person to understand how the assi gned task
fits into the unit's total activity' load. This leaves
all planning and scheduling aspects of the manager.

lIn -loosely coupled systems, the constituent
agencies tend to see each other as competitors. The
i nformat i Ion necessary for managi ng the overall system is
often hOclrded within individual units, and to achieve
coordinat1ed action requires a large communication effort
done ~n a low-profile, non-threatening way.

This section draws upon the senior author's
ea r1 i er work on Afri can ag ri cul tu ra 1 management,
summa~ized in Moris (1981:118).
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subordinate staff do what they are told and the manager
is attentive and hard working, the unit as a whole can
be quite productive even in adverse environments lacking
specialized administrative support. What typically
occurs is that the manager assumes the central position
in most activities, relying upon a "star" or II wheel"
pattern for both communication and task delegation.
Occupational psychologists note that such a pattern
emerges quickly and spontaneously within unstructured
work groups, and once evident tends to be quite stable.
This tendency is reinforced in irrigation projects
because of the technical mastery required at various
poi nts in production. Often, the manager may be the
only person present who will understand why and how some
specialized task must be done.

The short run success which energetic managers
adopting this style of management achieve tends to
obscure its negative performance tra its. Psychol ogi sts
have determi ned experimentally that those in the task
group who do not hold the central positions receive
little satisfaction and may become alienated. Since
they each hold very specific assignments, if the manager
should leave there will be nobody within the group
prepared to step into the gap. Heaver (1982) points out
that by allocating tasks rather than responsibilities,
the manger absolves subordinates from any need to learn
from their experience. The planning and organizing
skills remain personal to the manager; if he or she is
absent, the unit lacks the capacity for taking
intelligent action.

The above faults were widely evident within
colonial development projects throughout Africa, but it
is a mistake to regard them as mainly a colonial
phenomenon. The structural situation which can generate
this kind of response is still widespread in rural
Afri ca. It wou1 d seem that a "hub-and-wheel" approach
emerges naturally in settings where a professional is
expected to achieve dramatic results but is provided
with only an unskilled workforce.

Managing by the Project Cycle. Another way to safeguard
the integration of scheme activities is by linking them
up within the project cycle, wherein each major
component is allocated to an associated implementing
unit. It is not immediately apparent that this is a
managerial device; but in point of fact the project
cycle as employed by donors basically has this purpose.
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It does serve to minimize managerial intervention once a
common program is agreed between all participants. A
clear formulation of activities required over the life
of a project greatly enhances the allocation of
responsibilities between units and the monitoring of
thei r sUbsequent performance. Thi sis such an obvi ous
advantage that these days almost all technical
ass i stanCE! proj ects are formul ated wi thi n the proj ect
cycle.

As usually outlined for projects that have a major
construction component (such as an irrigation
perimeter), the project cycl e can become quite el aborate
at its initial stages (Figure 11 overleaf, derived from
Wensley and Walter, 1985). Perhaps this reflects the
fact that the professionals who design irrigation
projects, typically either civil or irrigation
engineers, do not sUbsequently manage them. Actually,
irrigation management is not primarily a matter of
applied irrigation engineering. Engineers any field
deal with the design and installation of systems.
Inevitably, they focus upon physical structures, and
hence upon investment decisions. While these decisions
may ei thel~ facil i tate or hi nder subsequent management,
they precede the establishment of operational rules and
the activa~on of an on-going production system. Those
who must control water rel eases and schedul e crop
operations are generally in Africa not engineers; they
come into the project cycle after the basic engineering
decisions have been made. We stress this observation,
because some of the texts on water management treat the
topic as if it were mainly concerned with investment
decisions (which is, of course, how engineers will tend
to defi ne thei r manageri al concerns). The useful OEeD
publication, Management of Water Projects (1985)
illustrates this p01nt: 1t 1S actually about decision
making within the investment appraisal process, an
important topic, but not equivalent to water management
in the operational sense. Engineers do preliminary
studies, identify sites, and design structures; but they
rarely manage systems once these are established lion the
ground. II

The IIl oading" of specialized attention towards the
initial, project planning strategies is reinforced by
the application of economic appraisal techniques and by
the fact those who insist upon having a project cycle
approach are external donors, concerned that they are
investing funds wisely. The many important decisions
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FIGURE 11

BASIC STAGES IN CONVENTIONAL PROJECT DEVELOPMENT
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which must be taken within project implementation get
collapsed into a foreshortened, single stage termed here
"operation and maintenance" (stage six). It is left to
the harried scheme manager to discover that this "stage"
encompasses a huge and compl ex arena of further
operations involving many components not even mentioned
in the pri or engi neeri ng and economi c anal ys is. We
rei terate that what is often termed lithe proj ect cycl e"
is in reality lithe investment cycle." This feature of
irrigation planning emerges more clearly if we contrast
it to the situation in domestic water supply management,
where the involvement of doctors and public health
specialists forces engineers to pay more attention to
implementation stages (cf. the excellent treatment given
implementation issues in Cairncross t et al., Evaluation
for Village Water Supply Planning).

Ronald Ng (1982) of the World Bank has adapted the
concept of a project cycle to yield operational criteria
for moni tori ng i rri gat ion proj ect achi evements. Hi s
central idea is that different indicators are relev"ant
for monitoring at each stage ("l evel s"). At level A,
when facilities are constructed, the main indicators
relate to keeping on time and within cost estimates. The
organizational technology for monitoring of construction
activities is already highly developed and bears little
relationship to measurement of development benefits.
Next comes level B, the operation and maintenance of the
water di stri but i on system. Here Ng' s suggested proxy
variable to measure success is the cropping intensity,
which depends mainly on the reliability and adequacy of
the water supply over the target command area. At level
C, actual crop production becomes the focus of
attention" Performance is generally measured by yields,
either per hectare or per unit of water consumed (why
not per unit of farmer's labor input?). A crude
cropping index is no longer sufficient; since to obtain
planned yields may also depend on availability of
inputs, timeliness of agronomic practices, and
realization of effective control over pests and
diseases • At 1eve1 0, the farm er s ' ret urn s whi ch

IScu~~er (1985) presents a model of the settlement
process based on four stages: 1) planning,
infrastructure, and recruitment; 2) transition;
3) econom"ic and social development; and 4) handing over
and incorporation. Many irrigation projects never get
beyond stage two.
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mot i vate thei r contri but i on come to the fore. In the
absence of full information, the simple calculation of
net returns in contrast to available alternatives will
usually suffice. And, finally, at level E in Ng's
conceptualization one attempts to measure the attainment
of broader socio-economic goals, not only at the farm
household level but also within the community.

Ng stresses the need to change how a proj ect is
evaluated as it becomes established and operational in a
pa rt i cu 1ar env ironment. Often, on 1y two types of
performance have been monitored when irrigation is done
by unspecialized organizations like a Ministry of
Agriculture: 1) the engineer's attention to
construction; and 2) the agronomist's to yields achieved
per hectare. By themselves, of course, neither is
necessarily 1 inked to optimum scheme performance.
Engineering timetables merely dictate the start-up date,
indicating when the structures for water delivery should
become ope rat i ona 1 • They conta in no prov is i on to
measure the adequacy of design, nor do they insure that
farmers will actually receive water in their fields.
Crop yields are also misleading in some instances, since
with most tropical crops there are curvilinear
relationships and farmers may experience diminishing
returns to scarce resources (their labor and capital, if
not to water application itself).

There remains the question how to evaluate scheme
performance on a case study or "cross sectional II basi s.
A useful framework from which evaluation can be derived
at different states of scheme evolution is presented by
van Steekelenburg and Zijilstra (1985). For those who
prefer quantitative indices, there is the "Irrigation
System Over-all Performance Index" (ISOP) proposed by
Garces, Lazaro and Akhand (1986:166) based on a rating
of 14 separate components. (One notes that 70 percent
of this "overall" index is derived from various water
measurements.) Such indices highlight the need to bring
crucial socio-economic variables to the engineers'
at ten t ion, a t ask Ma r y Tiffen at t em pt s (1986 ) and
covered also in earlier chapters.

Avoiding Managerial Overload

An attribute of any high performance technological
system is that the discretionary actions it requires
fall within the competency of the managers who must
operate the system. Managerial "l oad" can be thought of
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as the degree to which a given system requires
di scret i onary actions in order to assure its smooth
operation., More precisely, it depends upon both the
number of discretionary actions and the effort required
in making them occur--i.e., their IItransaction costs. 1I

One notices that traditional systems for irrigation
prefer simple and direct methods of operation. In
contrast, introduced systems for large scale irrigation
may require frequent managerial interventions at several
levels. Sources of managerial tension which impinge upon
scheme management include:

1. High levels of challenge and uncertainty
in the natural environment;

2. Probl ems rel ated to low 1evel s ' of
institutional reliability within the
larger economy;

3. A differentiated, high cost and low
performance structure for occupat ions in
the labor market;

4. Difficulties originating because of
import controls and national shortages of
foreign exchange;

5. Widespread ethnicity and administrative
corruption;

6. Sponsorship of crops with relatively low
payoff to farmers:

7. Stresses associated with attempts to
institute doubl~ cycle cropping;

8. Difficulties arising from mechanization
of scheme operations;

9. Problems of cost recovery;
10. Difficulties associated with settlement

administration.

The ofi rst five are situational II givens": they
woul d be E!ncountered by any type of i rri gat ion proj ect.
But it is significant that half the sources of
managerial tension (items 6-10) arise from options
chosen by system designers, and so could have been
avoided. The fact many countries expect irrigation
managers to promote crops which do not have a high farm
level payoff is a tremendous disadvantage. Similarly,
the UnneCE!SSary centralization under scheme control of
production activities such as ploughing or transport
saddles managers with continual worries over fuel
availability, pilferage, and spare parts. So also with
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regard to the many time consuming tasks which arise if a
scheme management demands farmers and tenants must live
lion-scheme" in organized settlements.

One can also note what happens when engineers try
to tighten control over water distribution without
recogni zi ng the i nterp1ay wi th other components in the
farming system. Horst (1986:50) \'1arns that trying to
increase irrigation efficiencies by inserting additional
control structures and increased measurement within a
perimeter can actually increase errors and lower
performance:

The operations are often incomprehens i b1e to
the farmer, and many of the adj ustments are
hi dden from vi ew, thereby i ncreas i ng the
operator's opportunity of accepting bribes
without discovery.

Engineers making design choices from a distance usually
do not know how local staff wi 11 behave, nor do they
understand farmers' constraints and preferences.
Designs which optimize water use within a perimeter may
requi re types of data and 1eve1s of manageri a1 skill
which the local system cannot supply.

Since these observations are detailed at length in
other chapters, let us simply acknowledge that the
"problems" of African irrigation management are in part
se1f -caused. The· manageri ali nput emerges as a key
constraint within African irrigation because the systems
designed require a large and sophistlcated managerlal
in~ut in excess of what most countrles can supply. Not
on y have many African irrigation schemes been very
capital intensive--in the mistaken notion this would
give greater reliability and would require less
maintenance (van Steekelenburg and Ziji1stra, 1985)--but
they are also very management-intensive.

Community-Managed Irrigation

"Management ll at the water user association or
community level refers to two, radically different types
of management: i ntegrat i ve actions taken by farmers
themselves, acting either individually or in concert;
and actions taken on users' behalf (by technical staff,
farmers' committees, NGOs, etc.). The "who manages
what ll issue ultimately comes down to the question
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whether farmers make decisions themselves (implyihg
some mechanisms for coordination) or whether other
people--salaried staff, community leaders, clan elders,
etc.--cal1l instead dictate what should be done. There
is an underl yi ng tens i on at the farm 1evel betwen the
fact that sensible use of shared water requires a
fairly high degree of coordination, and the lack of
anyone other than farmers wi th the resources to act.
To operate efficiently the system may require money and
effort devoted to the creation and maintenance of
common facilities--headworks, pumps, distribution
boxes, and canal lining--whose benefits will not be
fully realized unless farmers coordinate their own
independl~nt farming activities.

Thel"e is thus a large element of "externa1 ity"
intrinsic to the operation of smallholder irrigation
based on a common water source. A farmer at the head
of a tertiary canal who allows it to become choked with
weeds in effect shuts off the systemi c benefi ts from
the others who sha re the same tert i ary. Anybody who
insists upon pumping a borehole dry without allowing
time for recharge can cause a breakdown which destroys
the supply for everyone in the vicinity. Failure of
individuals to control insects, to observe an agreed
rotation, or to make speedy repairs can jeopardize
production for the group. The many interconnections,
both temporal and spati.a1, within intensive irrigation
make coordination essential: what some analysts term
"water discipline." We have already pointed out that
while this requirement also applies to large-scale
farmers, because many of the coordinating actions occur
at the field level the necessary adjustments will occur
within the same operator's sphere of responsibil ity.
While outside agencies may advise on water application
rout i nes II they can 1eave it to the operator to judge.
which trade-offs best suit local conditions. However,
wi thi n a small ho1 der system these same trade-offs may
pi t one ope rator aga i nst anothe r, and a formal
structure for arriving at managerial decisions becomes
necessary.

The minimum criterion for judging what is "good
managerial performance" at the user level is simply
whether or not the necessary types of coordination
occur. Do users have a method for dividing scarce
water between them at times when the flow is
insufficient for overall demand? Who notices and
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farmers cooperate to raise funds for new capital works,
such as improved intake structures? Who pays for fuel,
parts and mechani cs for operati ng pumps? Do peopl e
maintain parts of the supply system which are not on
their own land? Questions of this nature will soon
elucidate the kind of managerial system which farmers
employ (see chapter six in regard to indigenous
irrigation). There would seem to be at least five main
options (other than a formal scheme):

1. Formal cooperatives, where users become
registered members and are sUbject to the
normal regulations applied within a
country to primary cooperative societies.

2. Water user associations, a special
purpose groupl ng of farmers wi thi n the
community for the specific purpose of
managing a given supply, and usually
incorporated under the provisions of
national water laws.

3. Village projects, typically managed by a
commlttee or council of elders within the
community. Traditional furrow systems
mi ght be run by cl an el ders, whereas in
the modern system the vill age headman,
subchief, or village committee may hold
responsibility for the system.

4. NGO projects, where an outside,
nongovernmental organization (often a
mission society) builds and operates a
system, usually in liaison with a
farmers' committee.

5. Private operators, where one or more
indivlduals band together to buy a pump
or to improve a supply and who control
access to its water.

What these managerial forms have in common is that
all are found within the immediate locality. Effective
coordination of water users is simply not feas'ible from
any great distance (as some missions have learned after
giving farmers pumps while hoping to retain managerial
control from far away). Managerial actions are strongly
conditioned by local constraints: availability of
mechani cs, whether there is a bank, fuel storage, the
honesty and effectiveness of local leadership,
ethnicity, and the degree of social inequality. Studies
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of other forms of 1oca1 cooperat ion (such as marketing
cooperatives, resettlement, tractor hire services, and
the like) suggest three findings which also apply in
this sph(~re. First, to a considerable degree the
probl ems I:>f management at thi s 1evel are shared across
organi zat ii ona1 types: cooperat i ves experi ence much the
same problems as do village projects or water user
associations. Second, it is extremely difficult to
avoid capture of benefits by local el ites, whose
interests may lie in monopolizing outside assistance
rather than seeing it is used for the common good.
Third, those communities which are inegalitarian tend
for 0 bv i I) U S rea son s to bernuch m0 red iff i c u1t to
organi ze (Ki ng, 1981). Forms of cooperation whi ch have
worked well elsewhere may become frustrated by local
antagonisms and by the lack of any tradition of working
together.

From this broader experience with local development
associations in Africa, it is possible to highlight
aspects of proj ect management whi ch are 1ike1y to cause
the most difficulty:

The holding of money in large amounts on
behalf of the group;
Any employment of sa1ari ed staff (di f
ficulties in recruitment and payment);
Protecting equipment from improper
util i zation;
Keeping special resources (fuel,
transport) for the assigned purpose;
Protecting equipment from vandalism;
Activities which regularly require a
large labor input;
Cost recovery from members at the times
required;
Keeping leaders accountable to members.

In remote African settings three domains of ma.nagerial
action time and time again have proven problematic: 1)
achieving corporate identification and accountability on
a non-kinship basis; 2) managing money (and in
particular enterprises requiring continuing cash
outlays); and, 3) managing equipment shared between more
than one operator (cf. the problems of Africa's tractor
hire services). Unfortunately, irrigation projects
require fairly high levels of proficiency in all three
domalns. 1ne can predlct consequently that management
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at the water user level will be a source of major and
continuing problems.

Where there are many water users subject to severe
but varying family and financial constraints, and having
diverse crops and water needs, almost any common action
can become controversial and hence difficult to arrange.
We suggest that manageri a1 actions at the water user
level tend to have quite high transaction costs when
they require coordinated action from many users. These
high transaction costs may explain certain observed
features of Africa's more successful small-scale
irrigation systems (see chapter six):

A preference for mechanical
distribution routines which d~ not
require discretionary actions from
members;
A preference for division of water in
fixed proportions irrespective of its
availabil ity;
A preference for arrangements where the
immediate beneficiaries must initiate
action and do most of the work required;
An avoidance of regular salary payments
which would require contributions from
members on a regular basis; and,
Re1iance upon an i nfl uent i a1 and trusted
local 1eader to manage funds and take
technical decisions on members' behalf.

The desi de rata for new systems woul d appear to be that
they are perceived to be equitable, that they require a
minimum of adjustments during the season, and that they
mi nimi ze the cash demands put upon members. Systems
which do require a fairly high discretionary input, such
as in small-scale pumping, seem to be more popular when
under i ndi vidual control where the operator can take
decisions director. (Further gUidelines concerning the
operation of small-scale irrigation systems are
contained in the concluding section of Chapter Six.)

In the end, a source of continuing managerial input
must be found if an irrigation project is to take local
root. The worst case would be for physical works to be
construed without anyone feeling responsible for them
once they are handed over. This seems to have been the
unintended outcome from many of Africa's drought relief
projects, constructed with external grant funds. These
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days Africa's dry lands are dotted with derelict
windmills and badly maintained dams, most of which were
built in the expectation that by some mysterious and
unspeci fi l:!d process a form of communi ty management would
emerge simply because a facil ity had been establ i shed on
the ground. We suggest, to the contrary, that effective
management requires the tangible exercise of either
persuasion or authority: somebody interested enough in
the outcome to organize farmers' activities to the
extent that they coordi nate thei r use of water, and
supply necessary maintenance and operating inputs. To
obtai n thi s input from a local system, at 1east a few
peopl e in it must regard themsel ves as bei ng both
responsible and capable. Whether the operational group
is a cooperative, a water users' association, or a
project committee is in the last analysis irrelevant:
what i s E~ssent iali s that users of a system share a
commitment to its success.

The many difficulties African village projects and
various types of cooperatives have experienced in
country after country over the past three decades woul d
suggest that creating a local capacity for irrigation
management is a daunting task. While there is a large
and now somewhat dated 1i terature on Afri can
cooperatives, this body of materials did not yield much
analytical insight into how more effective forms of
local management mi ght .be fostered. The work of
Belloncle and others on local organization within
Sahelian irrigation systems constitutes an obvious
beginning, (Belloncle, 1982 and 1984, Diemer and Van der
Laan, 1983), but should be supplemented by close
attention to the well-documented Asian experience (FAO,
1982; Bagadion and Korten, 1985; Lynch, 1985; Oad, 1986;
Coward, 1985; and Uphoff, 1986). The components dealt
with are only partly technical in nature; what has been
missing al'e focused analytic studies which examine the
interface between how water is managed at the perimeter
level and the evolution of more effective roles and
procedures in the administrative and political sphere
(Cowa rd, 1985).

On-Farm Irrigation Management

There is an enormous international literature which
documents crop water needs and response under different
water application regimes. Various FAO pUblications
provide these results in readily accessible form, and
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are the usual source for managerial guidelines when new
schemes are being put into operation. 1 The reason so
much work of this nature is done is obvious: it can
a1ways be made to seem a hi gh pri ori ty task to occupy
scientists posted to work in Africa's under-resourced
research stations. Crop water measurements can be done
at stations, and- do not involve the many complications
which on-farm trial s present. We can therefore assume
that work along these lines will be continued
irrespective of its diminishing marginal returns. Less
widely employed in Africa but also _available are USDA
and USBR publications based on the American experience,
much of it der i ved from state expe ri ment stat ion
research undertaken for the same reasons. Weaknesses to
recognize when using synthesized results from either
USDA or FAO concern: 1) a failure in the earlier work
to look at interaction effects between variables; 2) the
widespread employment of assumptions which invalidate
the results under African field conditions; and, 3) the
thinness of extreme case examples (more frequently
encountered in Africa).

Because these technical reports seem readily
applicable, it is easy to fall into the logical trap of
assuming that further work along similar lines on a crop
by crop, zone by zone, and country by country basi sis
desirable, and that such on-farm water consumption data
constitute a sufficient basis for the framing of farm
management recommendations. In real i ty, the manageri a1
dlmenslon is largely missing within the huge body of
techni cal research on tropi cal agronomy. Management
deals with uncertainties, with trade-offs between
contradictory objectives, with existing competencies
(both individual and systemic), and with experienced
levels of risk. It is ultimately about the integration
of farming techniques into a viable socio-technical
farming system, not the optimization of returns to an
individual technique.

Whereas Africa's field agronomists have learned
this lesson, those compiling the manuals have not.
Experimental research has in the past concerned itsel f
mainly with optimizing crop yields under ideal
conditions divorced from most of the managerial
constraints one finds in field application (Belshaw and
Hall, 1972). Research scientists experienced' little

1See the many val uabl e reports contai ned in FAO's
irrigation and drainage series.



544

difficulty in obtaining imported insecticides,
herbicides, and fertilizer. They used wage labor on
thei r plots in whatever amounts a treatment requi res,
and typically did not even measure the labor input
required by particular operations. In effect, the
procedures employed during Africa's first three or four
decades of agronomic research assumed high standards of
management, and treated land and water as the main
limiting variables. Results which take into account
interaction effect, labor inputs, levels of risk
(natu ra1 and i nst i tut i ona1), and the 1i kel y enterpri se
combinations which would meet farm family objectives
were simply not compiled. Obviously, these are gross
general iZeltions which do not apply to every study and
which are untrue of the recent off-station "farming
systems" research. But they are, we submit, a fair
characterization of the kinds of results utilized by
most Ministries of Agriculture when framing irrigation
recommendClt ions.

Inste!ad, on-farm i rri gati on management is evi denced
when farmers integrate irrigation technologies into
their wider economic activities to realize objectives
they consider important. In the perverse economic
situations which confront many African smallholders,
farms shoul d di vers i fy rather tha.n speci al i ze, shoul d
spread their planting dates and mix their crops, should
minimize use of purchased inputs, and should adjust
thei r choi ce of enterpri ses to reduce peak 1abor
demands. Market imperfections al so give them a high
i ncenti ve to produce thei r own food and to mi nimi ze
rel iance upon external producer services. This
prescription describes how many African peasants do
farm; adv'j sors who wi sh to promote a demand-l ed spread
of irrigation technology must then devise technical
packages lr1hich are efficient within these constraints.
In essence, this implies less concern about optimization
and more attention to sustainability. It is ironic that
whereas natural scientists think adoption of irrigation
will make~ African production more reliable, in its
contempora:ry form the specialized, input-intensive and
supply dependent character of modern irrigation
increases farmers' vulnerability to exogenous forces.

Further complications outlined in chapter six
rel ate' to farmers' 1ack of i ntegrat i on between the
various "farm" enterprises. With the exception of a
minority of "progressive farmers," wh'ile rural Africans
live in households, the heads of those households do not
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own and manage family farms (Moock, 1986). Crops are
grown on plots, sometimes with separate plots for men
vs. women, outsiders vs. relatives, and the young vs.
their elders. The lack of integration between crop
enterprises and animal production is one indication of
the disconnected character of smallholder agriculture,
but it is also evidenced by marked discontinuities
within what seems to be the household 111 abor force. II
What external analysts will describe as lIirrigated
farmi ng ll are instead specu1 at i ve investments.. made by
individual members of households in expectation that
these may provi de some incremental food or income. Any
analysis which assumes a tight integration of household
resou rces and automatic sha ri ng of returns is bound to
yield misleading prescriptions.

African smallholders also reach their decisions
over the course of each season in ways di fferent from
what farm management analysts assume. The many
over1ayered uncertainties which affect output unfold as
a season progresses and cannot be predi cted wi th any
certa i nty in advance. A farmer wou1 d be fool ish to
commit a fixed package of resources (of seed, labor and
fertilizer) to a single enterprise mix which is then
kept in force over the whole season in the way that farm
budgets assume. Instead, most annual crop cultivation
can be termed IIresponse farming ll

: a sequential
adjustment of effort and the enterprise mix decided as a
gi ven season unfo1 ds and it becomes apparent whether a
given season will be wet or dry, and Whifh particular
pests and disasters must be avoided. The high
variabilities seen in on-farm yields within Africa
suggest there is much scope for better husbandry
management, but the causes are likely to be quite
different from those which western farm management
addresses.

Which concerns, then, should receive attention in
on-farm' i rri gat i on management? Chapter four provi des
several main candidates: suitable field leveling
techniques, weed control, avoidance of salinization, and
the choice and operation of small pumps. There are many
further unknowns: how to i rri gate whil e i ntercroppi ng;
adapting irrigation to low-input farming; application
methods whi ch do not restri ct . crop choi ce; cost

IThe term II response farmi ng" has been coi ned by
Stewart (1986), but describes a strategy long utilized
by Africa's dryland farmers.
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effecti ve methods for supp1 ementa1 i rri gati on to food
crops; how to combine an irrigation cycle with rain-fed
product i on of food crops; the i ntegrat i on of bananas,
cassava, and a tree legume into field systems; whether
returns are higher to irrigated woodlots or to treerows
within the field system; when and where to pre
irrigate; nematode control under continuous irrigation;
biological methods of pest control suited to irrigation;
cost-effect i ve options for i rri gat i on on sandy soil s;
comparative returns from minimum water application
regimes; and ways of utilizing drip and bubble
irrigation with dirty water.

The larger goal should be to evolve research and
extension 1 inkages wherein farmers' perceived
operational difficulties serve to orient the content of
the app1 ied research effort. The doubts a1 ready
expressed about Africa's existing agronomic research
arise because so much of it has been derived from
researche!r's preconceived (and usually discip1ine
grounded) problems. Similarly, it is a tremendous
mi stake to press poor1 y screened resu1 ts upon farmers
through" an intensified, "top-down" extension methodology
such as the World Bank's "training and visit" system
(Moris, 1987). Perhaps, then, the absence of irrigation
specialists within much of Africa could yet prove
beneficial if, as a consequence, this type of
professional assistance can be provided in new and more
cost-effe!ct i ve ways whi ch beg in from awareness of
fa rmers I own pri ori ty concerns.

Improving Irrigation Management

Missing Elements

One cannot visit very many African irrigation
projects ~Iithout becoming aware of major gaps within the
managerial systems as they are presently encountered.
Nine missing or problematic elements have been
i dent i fi ed in other chapters. Whi 1e some wi 11 be
di scussed in our fi na1 chapter addressed to donors, it
is helpful from a managerial perspective to include them
in a consolidated listing here:

1) Weaknesses in staff recruitment;
2) Unprepared scheme managers;
3) Lack of feedback from operations into

design;



4)

5)
6)
7)
8)
9)

Missing system architecture for smafl
projects;
Systemic reasons for poor maintenance;
The cost recovery conundrum;
Ballooning overhead costs;
Absence of irrigation engineering; and
The lack of irrigation extension.
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Staff Recruitment - A profound difference between most
sub-Saharan African countries and nations like Sudan and
Egypt (as well as developed countries) arises ~n regard
to how staff for the irrigation sector can be recruited
and trained. Countries with a large historical
commitment to irrigation enjoy an enormous advantage
when recruiting staff for new projects. The candidates
who put themselves forward will usually come from a
farming background or will have extended experience with
relevant technologies. Such individuals do not require
familiarization with irrigation equipment t and they
understand the constraints and limitations associated
wi th i rri gated farmi ng. Thi s II hands on ll experi ence
allows formal training and recruitment to concentrate
upon the supply of advanced skills needed for particular
jobs. When people receive such skill training t they can
readily put it to good use because of their previous
background. Unfortunately, similar types of specialized
training will not have the same beneficial effects when
provided to staff who lack previous operational
acquaintances with irrigation technologies.

In African countries which are trying to build up a
local competency in irrigation management t the tendency
has been to focus upon a rapid expansion in formal, pre
entry trai ni ng. The danger is that thi s creates young
and i nexperi enced techn ica1 cadres t whose professi ona1
staff cannot provide the operational insights which
irrigation development requires (cf. the "premature
professionalism ll argument). Furthermore t highly trained
young professional s are probably more prone to become
part of the IIbrain drain ll by accepting overseas
employment.

It mi ght be more effective to concentrate instead
upon mature staff, by providing in-service training to
deepen their understanding of irri.gation technologies.
Most African countries do have experienced project
managers already acquainted with the agronomic problems
of tropi cal crops. Such staff if gi ven an up-to-date
review of irrigation technologies could manage new
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irrigation projects without incurring the risks of
"premature professionalism" (described earlier). In any
event, we suggest that many African countries will find
their shortages of skilled technical staff just as
limiting .as are capital constraints in regard to the
scope for future irrigation development.

Preparing Scheme Managers - Schemes, as organized
corporate- ent it i es 1 n charge of the farmers who 1i ve
within given perimeters, are nearly universal within
African irrigation. While scheme management can be
treated as if it were project management, the two
spheres are not identical. There 1S much that a scheme
manager does in Africa which will not be covered within
the usual treatments of project management as a sUbject.

From the standpoint of agricultural professions
(and applied science), scheme management is an invisible
topic. Most scientists advising on agricultural
development come from large farming traditions where the
farm operator makes most production decisions without
requiring assistance other than advice. They see
irrigation management as being principally water
management, either its conveyance and distributional
aspects ("main systems" management), or its field
appl ication (" on -farm" water management). We saw
ea r1i er tlhat these const i tute but two out of the fi ve
domains where managerial interventions are required.
Those prl~pa ri ng to become scheme managers need a
balanced professional training which deals with all five
domains in an integrated fashion. A partial training in
specialized skills from anyone domain will not suffice,
no matter how relevant that particular specialty may
prove whE!n it is required for solving an emergent
problem. The fact remains that managerial
responsibilities cross-cut the entire spectrum of scheme
components, and managers must be prepa red to intervene
in any domain whi ch threatens the atta i nment of scheme
objectives. Much closer attention needs to be given to
documenting what scheme managers do while on the job, so
that trai ni ng and recruitment can be matched to actual
managerial demands.

Feedback from Operations into Design - There is at
present no device to insure that project designers have
access to operati onal experi ence acqui red by those who
manage mature schemes. Dividing the project cycle into
stages done by different specialties breaks the
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connect i on between design and its consequences. Scheme
designers are usually civil engineers and economists.
They are employed on a given design task for only a
short period, and rarely return to see how the design
fares once the scheme becomes operat i ona1. Most come
from overseas offices to which they return on the
completion of their assignment. The learning that occurs
will take place in the consultants' home firm, not
within the national agency on which behalf the design
has been prepared. This explains, we think, why the
same mistakes are repeated again and again desplte being
identified in many evaluation and project completion
reports. The social and economic problems seen on
Africa' s current schemes have been an obvious feature
for several decades. Their persistence is evidence that
a sharp discontinuity between designers and implementers
inhibits the accumulation of useful experience.

System Architecture for Small Projects - The discussion
of small-scale irrigation (in chapter six) noted Wensley
and Walters' (1985) observation that communal systems
need a different II system architecture ll from the format
used in preparing large projects. In this chapter we
broadened this category to incorporate all types of
sma11 systems, whether run by vi 11 ages, cooperatives,
water user associations, NGOs, or private individuals.
What they share is thei r i nabil ity to support sal ari ed
staff or to repay the costs of elaborate project
preparat ion. Whil e a start 'towards provi d-j ng techni cal
help in a different form has been made by the creation
of Ministry-based IIsmall-scale irrigation units," less
bu reaucrat i c procedures are requi red for renderi ng such
assistance. Technical staff at this level need to learn
how to work with local farmers more effectively.

Systemic Reasons for Poor Maintenance - Both in chapters
four and ten, the evident lack of maintenance within
African irrigation projects is noted. When there are so
many projects showing rapid physical deterioration one
can concl ude that underlyi ng systemic reasons are
responsible. Keeping a project's water distribution
system maintained is clearly a management duty. If
proj ects show si gns of obv i ous negl ect incase after
case, there must be structural causes inherent in how
African projects are designed and implemented. Chapter
ten urges donors to give this topic high priority within
applied irrigation research, which might profitably
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employ a IIdiagnostic ll approach at both farm and scheme
levels. From the analysis in chapter four, it would
seem that poor mai ntenance at the scheme 1evel can be
attri buted to weaknesses in manageri alII software ll

: a
failure to appreciate and apply simple maintenance
procedures which would yield great savings if routinely
employed. We reconrnended that insofar as pump-based
systems are concerned, African irrigation agencies might
draw upon the experi ence wi th domest i c water and
sanitation (cf. AID financed WASH project reports by
Cam p, 0 r' e sse ran d Mc Ke e and s i mil a r 0ut chan d
Scandinavian work). The World Bank has devoted
considerable attention to il'l'Iproving maintenance within
its rural roads proj ects (Worl d Bank, 1981; Mason,
1982; and Cook, et. al., 1985), which would be directly
relevant. Also of potential use might be the ILO's
II gu ided tr'ansmission ll training (Donarski, et al., 1983).
The desi~ln of scheme level interventions should be
preceded by careful analysis of farm-level constraints,
which (as chapter six indicates) are probably more
severe than scheme managers realize.

Cost Recovery Mechanisms - How to obtain scheme and
project cost recovery from subsistence-oriented farmers
remains perhaps the single most pertinent farm-level
issue. The imposition of single channel marketing for
an official crop, from which seasonal expenses and water
charges can be deducted, has been almost the only
so1ut ion J\fri can i rri gat ion pa ra stata1s have found. As
impl emented in Senegal, Sudan, and Kenya (see chapter
five) this lIanswerll has been accompanied by further
complications:

It may commit management to promoting
unpopul ar crops, whi ch gi ve low returns
to farmers' effort.
Sometimes scheme policing of farmers'
crop sales is required, making management
the farmers' adversary. '
It puts pressure upon scheme managers to
become respon sib1e for a11 aspects of
crop production, making farmers little
more than sharecroppers.
Deducting all production costs from a
single crop will make it seem even less
profitable than it is, further depressing
farm output.
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Faced with declining output, scheme
managers resort to the threat of
expulsion to safeguard their control.
This in turn means they become settlement
managers as well as providers of
irrigation.

The socio-economic consequences of this set of
interlinked tendencies are mostly negative. Carried to
the extreme experienced at Gezira under its former
"joint account" system, it can mean farmers are forced
to grow the scheme's main crop at a loss. These
distortions are sufficient to make a strong case for
swi tchi ng to some other method for cost recovery.
Chapter eight notes this is the major challenge facing
the designers of irrigation schemes. We do not have an
answer to propose, but feel this is where comparative
irrigation research should focus.

Ballooning Overhead Costs - There is little need to
repeat here the analysis contained earlier in this
chapter about the 1i kely reasons for poor cost control
in Afri can i rri gat ion parastata1s (i 11 ustrated also in
the Bakolori Scheme case). The failure of Africa's
service agencies to maintain internal cost control is a
significant weakness, calling into question whether
supervisory agencies are worthwhile. Our analysis
suggests the many operational difficulties faced by
individual schemes do make a support organization
necessary. Because of the very weak technological
capacities of the private sector in all but a few
countries (notably Kenya and Zimbabwe), privatization is
not a viable answer. Technical assistance to individual
SCflemes will continue to be located either within
Ministries of Agriculture or in supervisory parastatals
of the types described earlier. It is these latter
organizations which display inadequate cost control both
internally and in regard to the officially sponsored
schemes they supervise.

We recommend a three-staged i ntervent ion. Fi rst ,
the parent ministry's own project monitoring and program
budgeting can be made more relevant and efficient. The
Kenya Ministry of Agriculture's experience in adopting
mi crocomputers for budget prepa rat ion is one such
instance (Wescott, 1986). Second, "performance
contracts" for each major parastatal while not a panacea
still appear promising (Mallon, 1982). Third, detailed
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changes in how accounts are hand1 ed and how transfer
costs are assessed will be required. We stress the
great importance of findi ng systems whi ch gi ve managers
an i ncent i ve to mon i tor the; r own performance and to
identify \~here costs originate.

Absence of Irrigation Engineering - In much of
Anglophone Afri ca other than the Sudan, the tasks whi ch
might corn'e within lIirrigation engineering ll are instead
hand1 ed ei ther by ci vi 1 engi neers or by agronomi sts.
Irrigation engineering as a coherent professional field
is just beginning to emerge as African trainees return
from (mainly) overseas professional training. This
situation leaves an opportunity to devise an
experientially-based, African oriented content of the
new di sci p1i ne. The evi dence of di sastrous deci si on
making contained in chapter five is ample basis for
recommending that the new profession should have a
trans-disciplinary perspective. Africa's field
engineers must understand, of course, the basic
rudiments of construction, engineering design, water
conveyance, and crop water needs and application. But
given thl:! huge wealth of literature and applied
know1 edge whi ch thi s revi ew has uncovered, we thi nk it
is quite feasible that they should also learn how to
mi nimi ze adverse envi ronmenta1 impacts; the mi cro
economi cs of existing product ion· systems; how to work
alongside and communicate with farms; and basic
managerial skills. If irrigation projects must be
fi nanced ,and bui 1t wi thi n a proj ect cycle framework,
then irrigation engineers must understand the likely
"downstream" impacts of a sOCfO-economi c and manageri a1
nature at the time when projects are being negotiated
and established. Other specialists who might be better
prepared to undertake this task are unlikely to receive
the opportunity.

The Lack of Irrigation Extension - Chapter ten deals
wlth the nearly total absence of irrigation extension in
sub-Saharan Africa. The irrigation management
literature tends to view farms from a "top-down ll

perspective, as if their proper role is simply to carry
out operat ions accordi ng to instructions. It can be
noted to the contrary that farmers have thei r own
priorities not considered in scheme planning. They
choose what crops to grow, where and when to work, which
1aborers to employ, how water wi 11 be app1 i ed, and
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whether they will contribute to maintenance and on
scheme investments. These are key inputs whi ch cannot
be effectively mobilized unless two-way communication
exists between technicians and farmers. Thus we consider
that the evolution of better irrigation extension in the
modern sense of a joint undertaking between farmers and
advisors should be a high priority for irrigation
managers.

Interventions in Present Use

There are several highly structured interventions
developed elsewhere which are increasingly recommended
to African governments to improve local irrigation
performance. Among them are:

quantitative modeling of the hydrological
system;
increased pre-service technical training;
increased training in project appraisal;
the World Bank's "training and visit"
extension system;
implementation of community-managed
systems; and,
introduction of Asian "green revolution"
crop varieties.

Policy makers should have at least two major
reservations about the 1ikely effectiveness of an
uncritical transfer of external technologies (scientific
and managerial) into African practice. First, the
components these technologies address may not be in fact
the limiting factors within Africa. Where so many
essential components are missing it becomes quite
unlikely that concentrated assistance to any single
element will be sufficient to boost overall
productivity. Instead, a balanced effort directed
towards remedying the more obvious weak points would
seem a better use of scarce external resources (see
above and in chapter three).

Second, the hi ghly structured and procedural
character of the proposed interventions greatly reduces
their impact when they are implemented in settings which
do not meet the implicit preconditions. Humpals' review
in chapter five of the disappointing performance of
Asia's high yielding rice varieties in Africa
illustrates this point. An equivalent managerial
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exampl e concerns the Worl d Bank I s current promoti on of
its Indian~derived "training and visit" extension system
within the parts of Africa covered by this review, e.g.,
the Gez'i ra in Sudan, central Kenya, and Northern
Nigeria.

The "training and visit" (T & V) approach was
initially developed in Turkey and then further modified
in India (Moris, 1987). Its Indian success was achieved
in communities where farmers who al ready enjoyed good
conmerci all input supp1i es and subs i di zed i rri gat ion
water were introduced to higher yielding varieties of
thei r prE!ferred crops. The vari eta1 "packages" were the
frult of over a decade1s intensive research on
externally assisted agricultural universities and
experiment stations. Furthermore, farmers lived in
densely settled villages which enjoyed reasonably
efficient administration. Proponents of T &V extension
have, hO\'Iever, attributed Indian farmers' rapid takeup
of the nlew varieties to a system for intensified field
training coupled with regularized farm visiting
developed by Daniel Benor. While even this conclusion
can be challenged from Indian evidence, it is a much
more serious contention to propose the loan-financed
introduction of T & V methodology to achieve a
breakthrough in African i rri gat ion farmi ng. Take, for
example, farmers' situations in northern Nigeria
(descri bed in chapter fi ve) • Here the wheat farmi ng
promoted by the government competes with farmers' own
preferred guinea corn; it involves varieties not suited
to the hot tropics; input suppliers are scarce and
un reli ab1e; and i t use s s ome 0 f the w0 r 1dis m0 st
expensive irrigation water. For various additional
reasons beyond the scope of this report, we cannot
recommend T & V extension as an initial approach to
increasing irrigation efficiency (Morls, 1987).

Africa's irrigation parastatals have been slow to
make use of formal training as a means for improving
ei ther thei r own output or scheme and farm-l evel
irrigation. Manpower planning for the sector has been
almost entirely absent, as already noted. However, the
situation has begun to change. SAED is establishing its
own centr'al training program, and there are no doubt
other instances unknown to us. It is obvious that the
physical control of water does require considerable
technical understanding at the point of application.
One thi n~~s immediately of the operati on of gates and
pumps, the reading of flow gauges, the timing of
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irrigation, use of siphons, location of control
structures, gradients, infiltration rates, and so forth.
On some African schemes farmers have not yet learned how
to use siphons, and destroy the furrow walls each time
water is let into a field. On others there is evidence
of persistent overwatering, despite the high expense of
obtaining irrigation water. These seem to be kinds of
knowl edge whi ch can be conveyed in formal instruction,
though preferably offered in a IIhands on" setting.

There are several institutions now assisting in
international irrigation training. Within the USA, Utah
State and Colorado State Universities have each
developed short course training aimed at Third World
irrigation managers, as have also Silsoe College in the
United Kingdom and no doubt others in Holland and
Israel. Most of these same institutions offer M.Sc.
work on i rri gati on and water management. A spi n-off
ben efit has beenthe devel 0 pm ent 0 fin st r uct iona1
modules on irrigation management targeted to Third World
audiences (cf. Utah State's 40 "Ecuavir ll slide-tape
units developed initially under contract to
USAID/Ecuador) • In the U. K. and in Zi mbabwe, Wri ght
Rain Ltd. has been developing computer-based advisory
services to guide in the selection of particular
techn i ques. One can foresee the fu rther evo1ut i on of
computerized lIexpert" systems to guide project
designers.

At present, such interventions probably do not
greatly influence irrigation management competencies in
Africa. The amount of training being done is still
miniscule in relation to potential demand. Furthermore,
there is nobody in a position to target the training
II package ll to suit local constraints and needs. The
three groups who are involved--subject matter
specialists (engineers, agronomists, etc.), method
specialists (audio-visual experts, extensionists, etc.)
and local pressure groups (ministry officials and
parastatal staff) reap the benefits from external
intervention irrespective of whether the training is
relevant and effective. On balance, most official
training as provided either internationally or locally
within Africa is probably counter productive to the
achievement of its intended objective of building local
managerial capacity (Honadle and Hannah, 1982). We
would guess that jointly sponsored short courses
conducted in developing countries but assisted from
abroad, such as Silsoe1s four-week course on irrigation
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management offered in Swazil and· s Mananga Agricu1 tura1
Management Centre, may constitute a partial exception to
this criticism. Perhaps new approaches such as the
problem-oriented training described by Peuse and Mbaga
(1987) or the ILO·s II gu idedtransmission training ll

(Donarsk.i, et a1., 1983) would increase the
effectiveness of training interventions. Even so,
trainers should recognize that malfunctioning managerial
systems c:anabsorb large amounts of external training
without positive effect until the system itself is
remedied.

Needed Reforms

What reforms shou1 d Afri can governments consider,
given the generally disappointing field performance of
irrigation technologies?

1)

2)

3)

4)

5)

We strongly support any interventions
which would make scheme staff more
accountable to the farmers they are
supposedly serving.
There is an obvious case for diagnostic
analysis and training dealing with
maintenance management (see chapter ten).
Sociological asslstance should be sought
to learn how to fit diverse family types
at different stages of their household
development cycle into standardized
scheme settings.
Experimentation in devising housep10t
tenure and farming including a
horticultural element separate from the
irrigated field system is long overdue.
In general, irrigation developers need to
pay more attention to land tenure
(see chapter seven).
Irrigation parastata1s could profit from
a review of the management information
systems used to monltor scheme
performance. The goal should be to
simp1 i fy scheme record keepi ng whil e
concentrating attention on key perform
ance parameters subject to continuous
monitoring by management.
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7)

6)

8)

9)

10)

Transfer cost prlclng linked to more
,strateglcally selected cost centers must
be imposed upon irrigation parastatals
and authorities, as an emergency measure
to identify where cost overruns originate.
International comparisons of scheme
software, the procedures used to operate
dlfferent systems, and their impacts upon
farm performance would be valuable.
Obvious candidates for comparative
review include Sudan's Gezira system,
SAED's approach to small perimeters,
Kenya's Mwea system, and Dutch and
Chinese methods of polder management.
African field engineers would bene
fit from a similar exchange of
construction manuals and standardized
designs between countries, wlth the
objectlve of finding ones which are
robust under low performance
administrative support.
The frequent delays and cost overruns
associated with construction, mechani-
zation, and operation of heavy eguipment
in African settings need to be examined
and either corrected or avoided.
Irrigated farming would benefit from use
oriented extension (Peuse and Mbaga,
1987) • In its present form, the Worl d
Bank's "training and visit system"
should be avoided. On the whole, African
countries have not yet found how to offer
effective agricultural extension under
low resource constraints (Moris, 1987).

Finally, we close this chapter by an appeal for the
development of a system architecture suited to small
scale irrigation (Wensley and Walter, 1985). This would
involve the adoption of a "learning process" mode of
project development (Korten, 1980; Bagadion and Korten,
1985).
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10
Implications for Donors

Issues I

The literature already contains three useful
listings of the main issues donors should weigh when
appraising irrigation development. Two come from AID
financed studies (Berry et al., 1980; Steinberg,
1983:35-65) and one from the OECD (Carruthers, 1983:68
75). Drawing most heavily on Carruthers, we suggest 15
points on which policy decisions are required in African
irrigation:

1. Where and when to subsidize?
2. New projects or rehabilitation?
3. Drainage or more irrigation?
4. Large-scale or small-scale irrigation:
5. Direct investment or price support?
6. Public or private development?
7. Hydro-power versus irrigation?
8. Hardware or management?
9. Conjunctive use of groundwater?

10. River basin authorities versus individual
schemes?

11. Scope for alternate energy sources?
12. Swamp-rice versus rainfed rice?
13. Rightholders versus cultivators?
14. Full Control versus suppl emental

irrigation?
15. Technology transfer or technology

development?

Familiarity with the general arguments advanced by
Steinberg and Carruthers is here assumed. We have
emphasized instead the special features which may alter
standard prescriptions when one is dealing with African

PREVJOUS PAGE BLANK
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irrigation. It will also become apparent that there are
not many continent-wide prescriptions. On most issues,
each country has peculiarities which will require extra
attention in choosing an appropriate strategy.

1. Where and When to Subsidize?

The first issue to consider in regard to irrigation
investment is, according to Steinberg, "Who pays?"
(1983:43). By now, the relevance of criteria for cost
allocation should be obvious. We have seen that African
irrigation tends to become inordinately expensive, that
sma11 hol ders cannot afford major capi tal improvements,
that the typi cal peasant farm is "energy starved, II and
that African governments cannot assume increased
recurrent cost burdens. Furthermore, well-intentioned
plans for double cycle cropping, introduced primarily to
boos t farm e r s ' cas h flowas a mea ns 0 fen han c i ng
repayment capacity, are not technically advisable under
typical African conditions.

Thus, deciding "who pays" is a core issue which
must precede consideratioQ of all others on our list.
It is fairly clear that under typical African
circumstances irrigation simply cannot pay its own way
until the accompanying farming system has reached a
fa i r 1y advan ced s tag e 0 f comm e r cia1 i zat ion, e •g • ,
supplemental irrigation for Kenyan coffee farms or
valley-bottom irrigation on Zimbabwe's large farms. The
implication for donors is, therefore, that some element
of subsidy is inevitable if a country intends to proceed
in deve1opi ng i rri gat ion. The operat i ona1 question is
then not whether to subsidize, but where, when and with
what consequences? If so, a financial appraisal is not
enough: a count ry must also look at the economi c costs
and retu rns, both at the enterpri se 1eve1 and for the
sector as a whole. l Questions to weigh include whether
to finance initial construction on a grant basis,
leaving the host country to concentrate on financing

IAn excellent study which does distinguish between
financial and economic considerations, private versus
soc i al profi tabi 1 i ty, and market i ng as well as
production costs is the five nation Stanford comparison
of rice in West Africa (Pearson et al., 1981).



561

recurrent costs?2 Can the nation afford to exempt its
i rri gat i on schemes from duty on imported inputs? Shoul d
an irrigated cereal crop enjoy a protected local market?
What about· concessionary food imports? Would rainfed
agriculture give higher or more reliable returns from a
similar level of subsidy? What aspects can be left for
on-farm financing, given that irrigation as presently
encountered tends to be highly risky?

2. New Projects or Rehabilitation?

Obviously, in those countries like Niger or
Tanzania where the rate at which already developed
irrigable land is going out of production exceeds the
development of new irrigation, rehabilitation should
take first priority. In recent years, this hasi ndeed
been the emphasis among most donors. However,
experi ence wi th attempted rehabil i tat i on shows the issue
is not so clearcut:

Engineering considerations tend to
predominate during rehabilitation, when
in fact the greatest need may be for
"O&MIl modifications.
The need for rehabilitation is usually
linked to a lack of adequate maintenance
procedures. Unl ess these can be
instituted within the local system,
physical reconstruction will effect only
a temporary improvement.
Where the main system has been allowed to
badly deteriorate, the costs of
reconstruct i on can be just as hi gh as
for the building of new schemes.
The pyramiding of new loans on top of
old ones creates a crushing financial
burden beyond the support capacity of
many schemes.
If the root cause for fa i 1ure to do
maintenance is a tight recurrent cost
constraint influencing the whole

2Grant-financed initial construction may, in fact,
leave countries in a worsened situation because of their
acute recurrent cost constraints. Here see Finney
(1984) and the whole literature on this topic.
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systl~m, this situation needs to be diagnosed·
and dealt with at a policy level first.

Thus, whi 1e the balance of effort in Afri ca probably
should be directed towards improvement of existing
irrigation, it does not necessarily follow that physical
reconstruction of these schemes under external loan
financing is what is needed. Acarefully done, case-by
case comparative analysis of "0&M" deficiencies which
makes rehabilitation necessary within existing schemes
would apllear to be preconditional before effective
remedial measures can be instituted.

3. Drainage or More Irrigation?

This report has argued that rainfall intensities
are such in tropical Africa that drainage must be
provided alongside any water supply improvements if
these are fairly substantial in size. Farmers' lack of
equipment and resource constraints make it unlikely they
can add drainage works by local effort. A particular
technical problem is how to achieve adequate drainage on
the very flat alluvial plains in parts of the Sahel,
e.g., along the Niger River or near Lake Chad.
Elsewhere for the most part existing schemes can utilize
the topography for drainage (provided that care is taken
in the initial design). Health hazards and removal of
weeds from drainlines must also be considered. For all
these reasons, drainage and irrigation must be jointly
provided and the drainage component may require careful
planning.

4. Larg~!-Scal e or Small-Scal e Projects?

If in Africa small-scale projects are not
necessarily cheaper to build, they are nevertheless
easier to withdraw from; managerial assistance by an NGO
rather than the government is more feasible; they
represent a small er fi nanci al commitment; fi el d 1ayouts
can be more adapted to farmers I needs; and there is at
least a theoretical possibil ity farmers will be more
involved Clnd consequently more committed. We recommend,
therefore, a bias towards assisting small-scale projects
and technologies, traditional as well as modern. .

This recommendation is qualified by reservations
out1i ned in earl i er chapters, and al so touched upon by
Carruthers (1983:70-71). It ignores the fact that
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schemes requl rl ng 1arge reservoi rs or maj or canals are
bound to be large-scale in nature. It also conflicts
with a pervasive opinion within AID/Washington that
small projects are just as demanding of supervision and
management as are 1arge ones. Whi 1e thi s may be true,
the consul tants drawn upon in thi s study were nearly
unanimous that in Africa smaller, flexible projects on
average outperform the 1arger ones. One fi na1 poi nt:
these arguments do not rule out experimentation within
large systems to decentralize scheme functions and
increase farmer participation, e.g., as the Dutch have
attempted in the Office du Niger.

5. Direct Investment or Price Support?

Carruthers warns that for i rri gat i on to succeed,
agriculture must be profitable (1983:71): "There is
c1 early no poi nt tryi ng to enforce water charges or
other taxes if farmers do not have a reasonable income."
He out1i nes a downward spi ra1 where governments try to
maintain low food prices while maintaining over-valued
exchange rates and imposing inefficient bureaucratic
controls on agricultural production. When production
stagnates, the availability of cheap food aid on
concessionary terms removes the pressure to allow a
raise in farmgate prices. The dangers of this situation
are by now well recogni zed (Worl d Bank, 1981; Bates,
1981), particularly within USAID. (However, if we
accept thi s argument at the farm 1evel we must al so
recognize its validity at the country level, where
adverse terms of trade vis-a-vis the industrial nations
have a great deal to do with the current difficulties of
African commodity procedures.)

The central economic issue remains how to introduce
irrigation technologies in systems where because of very
small farm sizes and low productivity fa.rmers cannot
individually afford expensive capital improvements.
This explains why so many countries have introduced
intermediary institutions whose service charges in turn
depress farm pri ces. Whi 1e better pri ces mi ght rai se
the ceiling on affordable investment slightly, the gap
between smallholders' existing technology and what
outsiders might recommend continues to be very wide.
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6. Public or Private Development?

Carruthers is probably correct in insisting that
i rri gat ion development is one sphere of economi c
activity where both publ ic and private initiatives are
required (1983:72-73). This message will not satisfy
either side in the continuing debate over
"privatization," incentives and bureaucratic reform.
The situation is further complicated because in Africa
here "pri vate" does not descri be a unimodal c1 uster of
firm s • Ins tead, a s a r u1e the II pr i vate sector" -i n
African countries is sharply bi-modal, being split
between traditional small-scale farming (and trading)
and 1ar lge-scale, export-oriented II p l an tation ll

agricultul"e, as often as not owned by outsiders. A
third group are the missionaries and other NGOs,
oriented toward smallholders rather than the plantation
crop sector.

While large-scale operators may cooperate with
pUblic aHencies in sharing experience (something we
recommend), thei r scale of operations is so much 1arger
that on vita.1 managerial aspects they have 1itt1e that
is suited to the smallholder. As noted above, this
disparity explains why many African governments of all
ideological complexions have been forced to establish
intermediary service organizations to assist irrigated
smallholder farming. Furthermore, most activities
needed for developing irrigation--testing of materials,
design of new systems, modeling of aquifers, integrated
planning of groundwater and surface supp1 ies,
controlling of saline intrusions--are not activities the
private sector will underwrite (Carruthers, 1983:72).
Nor are the individual African regimes eager to see non-

'national firms playa larger role by being given
privilege'd access to credit or preferential donor
assi stanCE!. Thus, AID/Washi ngton I s pol icy mandate to
give greater assistance to the private sector runs
directly counter to local political realities in many
ex-colonial1 African nations. To the extent that "aiding
the privelte sector ll will mean giving assistance to
outsiders (e.g., Lebanese in West Africa or Asians in
East Africa) or even to tribal e1 ites, it often cannot
become a stated policy. A possible resolution would be
to encourage activities which deepen institutional
resources (training, research and extension) available
to the whole irrigation subsector.



In regard to small-sca1e operators, AID has much
greater flexibility for rendering support, but
comparatively less to offer because such systems are so
different from our own. There appears to be a genuine
"technological gap" at the micro-irrigation end of the
spectrum, where farmers are i rri gat i ng market gardens
from very limited supplies. As a donor, AID could also
underwrite credit for small-scale operators--though this
should be linked to training because of high risks and
frequent fail ures. AID coul d do much more to insure
techni ca1 backstoppi ng for vari ous NGO, PVO and Peace
Corps projects active .in small-scale irrigation. An
assessment of "technology backstopping" needs for small
scale NGO projects might be a suitable topic for an all
Africa workshop.1

7. Hydro-Power vs. Irrigation?

Hydro-power generation and irrigation needs can
come into competition in several ways. If irrigation is
developed· upstream from power generat ion, the loss of
water can necessitate a significant reduction in hydro
power generation--as, for example, Tanzania's irrigation
schemes in Mbeya Region above the Mtera and Kidatu dams
on the Ruaha River. Where power generation lies on the
upstream side, the need to maintain flow even in the
rainy season will reduce water storage available for dry
season irrigation. But much of the most important
interrelationship concerns the cessation of annual
flooding on rivers where this may have been significant
to farmers, e.g., the Aswan High Dam on the Nile
(Waterbury, 1979). In West Africa, on the Senegal and
Niger Rivers, farmers practiced IId~cruell (or
IIrecessionll) farming, planting their crops on river
terraces as the floodwater receded. While not
lIirrigation ll in the strict sense, this tradition made
maximum use of scarce moisture and existing clay soils
in an otherwise barren environment. It is sufficiently
important that the new upstream dam on the Bafing River
(a major source of the Senegal's flow) has been designed
to provide an artificial IIflood" through controlled
water releases. For similar reasons, some have proposed
that Tanzania's Steigler's Gorge Dam (not yet financed
should also allow for downstream flooding in the Rufiji

lAID policy on the public versus private issue is
discussed at some length in Steinberg (1983:57-60).
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Delta (Sandberg, 1974). In either case, the artificial
"f100d" will lack the sediments which are mainly
deposited in the reservoir's upper end.

One might question spending time on this issue when
throughout this report large projects have been
downp1 ayed. However, three added facts are relevant.
Fi rst , the tradeoffs between hydro-power, dry season
irrigation and "decrue" (or equivalent, downstream
pump) farming are a significant issue in three countries
high on USAIO's priority list (Egypt, Sudan and Senegal)
and a1 so in systems whi ch deri ve thei r water from
neighboring countries, e.g., Somalia and Mozambique.
Second, Africa has tremendous though underdeveloped
hyd ro-pow.~r potent i a.1 • It wou1 d be very he1 pfu1 to have
worked out in detail the interrelationships between
power generation and agriculture before further large
schemes are 1aunched. Thi rd and perhaps most appropos
to this report, it is discouraging to see high voltage
transmission lines passing right over irrigab1e lands in
countri es where water pumpi ng st i 11 depends on di ese1
engi nes. Hydro-power in Afri ca has 1arge1 y been used
for industrial development, not irrigation. Since the
continent does have such large reserves of untapped
hydro-pOWE!r potenti a1, the present energy constrai nts
within irlrigation ought to be viewed as an il1heritance
from the past and not a constraint upon future
deve1opment •

8. Hardware or Management?

Many thi nk thi sis the overri di ng question to be
addressed in African irrigation. It is difficult to
answer, bl~cause the usual means donors employ to gai n
i nf1 uence over project management is through fi nanci ng
increments to "hardware." Without building new schemes,
wou1 d donors be a11 owed to assist on "O&M" issues? In
Africa, the answer might well be "yes" for the simple
reason that Mi ni stri es of Agri cu1 ture fi nd themse1 ves
hard pressed to plan and supervise irrigation
development.

In the section on irrigation management, seven
types of "software" were identified as potentially
contributing to the effectiveness of irrigation in
Africa. Not all are operational at the moment--which
part1y exp1ai ns gl ari ng gaps and weaknesses in many of
Afri ca' s present schemes. Let us recapi tu1 ate what the
seven type~s of management include:
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1. Sector planning and supervlslon;
2. The construction stage;
3. Scheme management;
4. Ma in system management of the water

supply;
5. Supervision and liaison with water users;
6. On-farm water management; and
7. Environmental impact management.

Of these seven 1evel s, some type of II software" (i .e.,
organizationa.l routines)..,.-s-definitely required at each
level. Nonetheless, few authorities on irrigation
recogni ze more than three or four. Because of thi s
particular problem encountered in Africa, irrigation
advisors need to become cognizant with all seven.

A pri nci pa1 message of thi s report has been that
these levels are rarely considered jointly. Each
managerial unit concentrates on its phase in the project
cycle in the hope that ultimately crops will be grown
and farmers benefi t. Indeed, one cannot even tell from
the literature on most schemes what managerial practices
are in general use. One suspects that as currently
imp 1emented, proj ect IImanagement II concent rates on
physical construction--always a particularly demanding
task in Africa--with "scheme" management coming in once
a perimeter is" handed over." Enough is known about
field difficulties to suggest that there is very little
margin for error.

Field operations under typical African conditions
encourages an opportunistic, day-by-day management style
which differs greatly from the procedurally complex
routines outsiders often recommend. In stating Africa1s
need for better "software," we are not implying that the
.. hi gh technology" routines comi ng l"ilto vogue among US
irrigation engineers represent a good, or even workable,
solution. Instead, the argument is that the managerial
sphere must be where attention· is concentrated in an
effort to learn how and why existing systems "go wrong."
Only then can one select among "software ll options and
design more effective forms of training.

9. Conjunctive Use of Groundwater?

Where water supp1 y from f1 owi ng ri vers is so
difficult, the question naturally arises whether instead
irrigation should not draw upon "tubewells ll (or
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"boreholes," as they are called in Africa). At a policy
level, the answer obviously must be "yes"--but strongly
qualified by recognition that pumping has a particularly
bad record in Afri ca and that there may be 1arge areas
where the low yi e1 d from well s cannot support anythi ng
beyond a very small patch of irrigation. However,
donors could promote the exchange of experience between
those worldng on household and community supp1 ies, often
based on pumping, and the irrigation sector in the same
country. European donors such as SIDA and the Dutch
have put heavy investments into development of community
supp1 ies in Africa, and have accumu1 ated val uab1 e
exper i enc(~.

10. River Basin Authorities vs. Individual Schemes?

We have noted that many Afri can countri es have
created river basin authorities responsible for planning
water resource development. The degree of executive
involvement varies, ranging from those like Senega1's
SAED, carrying direct operational responsibilities for
small-scale projects, to those with purely planning
functions like Tanzania's RUBADA (for the Rufiji Basin)
or Kenya' s TARDA (for the Tana and Athi Ri ver Bas ins) •
The prior existence of such agencies gives an additional
option to donors interested in assisting African
irrigation. In many countries, donors have three basic
possibilities; (a) assistance to individual field
proj ects; (b) support to the i rri gat i on section in the
Mi ni stry of Ag ri cu1 ture; or (c) support to one or more
river bas·in authorities (RBAs). The policy issue then
becomes to determine under which circumstances
irrigation agencies, ministry units, river basin
authorities, or individual projects merit which kinds of
ass i stanCE!? No general answer app1 i cab1e to all of
Africa is poss"ib1e. The priority placed on irrigation
di ffers from country to country, as do the 1eve1 s of
performance shown by ·outward1y similar organizations.
One can, however, i dent i fy the advantages and
disadvantages of assisting the RBA-type units.

The pri nci p1 e advantage is the fact a1 ready noted
that RBAs are often the only administrative units which
already possess a rudimentary irrigation planning
capability. If an aim of assistance is to deepen in
country technical capabilities, then the TBAs constitute
a feasible starting point. Most are parastata1s, and as
such, have better changes to attract and retain
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specialized staff. Irrigation planning is usually
already within their formal scope of operations, so that
comp1i cated negot i at ions and new 1eg is1at i on are
unnecessary.

The RBA orientation towards planning can also
become an obstacle, if it becomes an end in itself or if
i nappropri ate methodol ogi es are adopted. Vi ncent
(Chapter 2) warns that American concepts of river basin
planning can be quite detrimental in an African context.
And, one might add, very expensive: development
agenc i es can develop an enormous appet i te for an
interminable series of "preliminary investigations."

In vi f!W of the 1atter danger--whi ch Afri can
experience indicates is quite real--we suggest that AID
might concentrate on developing more appropriate and
cost-effect i ve t ra i ni ng and resea rch methods for RBAs.
Among these might be:

Training at a Master's level in
irrigation-related fields;
Regional or Africa-wide seminars to
di rect attention to new concepts,
procedures and resources (e.g., farmer
participation, remote sensing
applications); and
Derivation of simplified planning and
monitoring techniques which would be more
cost-effective under African conditions.

11. Scope for Alternate Energy Sources?

If African peasant farmers depend mainly on human
or animal power, and if irrigation agencies have such
difficulty obtaining fuel, why cannot other fonus of
renewabl e energy be employed? Each of the al ternative
sources--methane, windpower, solar power, photovoltaics,
and even new domest i cates 1ike water buffa1o--has its
adherents. The record so far, however, suggests once
again that caution be exercised. Any alternate energy
source which itself requires complicated technology is
likely to malfunction in the harsh African environment.
Similarly, any "appropriate" technology which is
vulnerable to neglect or misuse is likely to fail.

In the longer run, it may be feasible to power
small-scale equipment from photovoltaics (provided the
vandal ism probl em can be overcome), just as the
inclusion of lucinae stands within a surface irrigation
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system could provide the raw material for biogas
generat ion. A more ri sky and still longer-run option
would be to copy Brazil in using sugar byproducts
(ethanol or alcohol) derived from irrigated production
for poweri ng scheme equi pment. All three options are
technically feasible today, but represent fairly high
risk possibilities in the more remote parts of Africa
(primaril J' for manageri a1 and envi ronmenta1 reasons) •
What is clear is that energy costs are problematic,
whi 1e farm operati ons remai n energy-starved for want of
a cheap ,:lnd readily accessible fuel. Thus, further
experimentation is warranted, and meanwhile the
calculation of energy budgets (both in the ecological
and in the financial sense) ought to accompany any in
depth analysis of proposed irrigation developments.

12. Swamp-Rice vs. Rainfed Rice?

Africa has its own traditional varieties of
lI up1and ll Irice, which appear to have been domesticated
within West Africa itself (Harlan, 1985). In recent
decades, flood-basin types from Asia have been replacing
upland rice in the coastal, West African countries even
though proportionately rainfed rice production is still
far more s i gni fi cant. Neverthe1 ess, by dra i ni ng va 11 ey
bottom 1a:nds (II swamps II) and swi tchi ng to wet ri ce
varieties, per hectare yields can be greatly increased.
Most stat(~-sponsored schemes have been of the IIswamp
rice ll or valley improvement kind. Since, as we have
seen, seasonally waterlogged lands are widely found
throughout tropical Africa, the issue arises whether or
not valley improvement schemes are as cost-effective as
equivalent investment in II ra infed" upland production.
At the country 1eve1, several USAID analyses have
addressed this question--usua11y in the form of a crude
contrast between II i rri gated II versus II ra i nfed ll

deve10pment--with the usual result being to recommend
concentration on rainfed production.

In reality, it is not quite so simple. The va11ey
bottom II ver ti sol Sll represent some of the best
agricultural land available provided they are
intelligently used with suitable technologies. The
division between "irrigation" and "ra infed ll cultivation
is here also arbitrary, since what usually occurs is not
full irrigation, but rather a combination of drainage,
impoundment (for "wet II ri ce), and some supp1 ementa1
water to extend the soil moisture regime. Within



individual countries of West Africa one finds a
diversity of rice production systems extending along a
continuum of gradually increasing investment intensity.
Whil e some "pol der" type swamp schemes can be extremely
expensive, others based on slight modification of
farmers' ex i st i ng technology are not. The Stanford
comparison of rice production in five West African
nations gave different results for each country and for
individual systems (Pearson et al., 1981). We therefore
recommend an updating of the Stanford analysis employing
present prices and incorporating additional crops
(wheat, sorghum and cotton), while focusing more
agricultural engineering attention on the technological
issues inherent in valley-bottom improvement.

13. Rightholders vs. Cultivators?

Tenure problems arise as 'an issue because in
Afri ca those contro11 i ng plot ri ghts--whether they are
bureaucratically appointed managers or male kinsmen ion
charge of a compound--often cannot provi de the 1abor
irrigated production requires. Since this is also true
for much of Asia's irrigation, observers may have been
slow to recognize its rami,fications in the African
context. The "problem" exists because in either of the
two contexts--scheme of compound--those recognized
administratively and socially as rightholders are under
minimal pressure to acknowledge cultivators' claims over
irrigated land and its production. For example, when
irrigation schemes insist upon retaining rights of
eviction over tenants, they create a psychological
climate wherein the individual farmers will be unwilling
to invest in long-term improvement, or sometimes even in
canal maintenance. Similarly, if household bonds, are
weak and a woman anticipates being dispossessed (of
either her home or her share of crop returns), she is
unlikely to provide the substantial labor input which
irrigated rice or cotton requires. There is ample
evi dence that those doi ng fi e1d work are not utili zi ng
irrigation to the full extent which is technically
feasi b1e. Whi 1e one can guess at thei r reasons, such
guesses constitute an insufficient base for policy
formulation. '

We recommend, then, that research targeted on this
topic be undertaken under various social and technical
systems. Furthermore, donors who finance irrigation
projects are in a position to insist that procedural
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changes are made which give greater security to
cultivators. It is a strange situation indeed that in
rural systems where women had quite strong traditional
rights to irrigated food crops, under "modern"
bureaucratic schemes they lose these safeguards. Some
fai rly simply procedural improvements are usually
feasible. One could insist, for example, that daughters
as well as sons coul d i nheri t pl otri ghts; that whoever
is in day-to-day charge of the.crop can be issued
credit; and that houseplots can be owned by farriil i es
outright (thus safeguarding the value of house
improvements). Some countries have al ready impl emented
such changes; exchanges of operational experience might
facilitate the diffusion of better procedures aimed at
increasing household security and intra-household
equity.

14. Full _Control vs. Supplemental Irrigation?

It will be noted that the question usually posed,
whether to stress irrigated versus rainfed agricultural
development, has not received as much emphasis in this
report. Here we suggest an intermediate position makes
the most sense. We note that commercial farmers in East
and Southl~rn Africa have usually found it necessary to
develop supplemental irrigation in order to achieve
reliable crop yields. If so, the same need probably
exists within smallholder farming. Regularization of
rainfed CI"Op returns by stabilizing planting dates and
eliminating the within season dry spells might represent
a more des i rab1e (and water conservi ng) obj ect i ve than
"full II irrigation with its heavy water demands. The
rna in probl em is, of course, the hi gh cost of present
technologies for achieving this objective. Generally,
the large.·scale farmers in Africa employ movable piping
and overhead sprinklers, requiring heavy initial
investment. Some suggest that drip irrigation
represents, an ideal compromi se where water is scarce,
but here, too, practical difficulties--termites and
impure water--are encountered. Perhaps the answer is to
incorporate water harvesting during the rainy season; or
else to ad.d a rainfed, supplemented crop grown alongside
the area used for lIfull" dry season irrigation. We do
not yet have answers, but" the need to pay more attention
to partial irrigation seems obvious (repeating a point
made vis-a-vis "swamp" systems).
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15. Technology Transfer or Technology Development?

The final issue is one which underlies many
aspects' of this review: the selection, adaptation and
support of irrigation technologies. Questions which
come under this rubric have surfaced again and again in
this revie\'1. For example, it is clear that some
irrigation techniques must be accompanied by certain
technological capabilities {e.g., freedom to import
parts or access to streamflow data} before they can be
used effectively. But whi ch ones depend upon whi ch
"upstream" support capabil it ies? Agai n, when shoul d
African governments accept "orphaned ll equipment imported
at donor insistence? {This has been a frequent issue in
irrigation because rapid repair is usually essential.}

.Which aspects of US, Egyptian or Asian irrigation
experience can be transposed directly into African
practice? Are there "miracle ll technologies {l ike drip
irrigation} which might dramatically improve output
within African irrigation? Can systemic weaknesses at
the local 1evel be offset technol ogi cally by increased
investment? Why are even simple technologies like
pumpset operation so problematic in rural Africa? Can
given technological packages such as Dutch polder
techni ques be di saggregated and employed sel ectively?
When and where should donors sponsor technologies which
are new to Africa, such as overhead sprinkler irrigation
or satellite-based lI early warning" systems?

Whatever one might conclude theoretically, such
quest ions are at present answered 1argel y by defaul t.
Particular donors almost invariably stress the kinds of
technology already in use at II horne" or developed in
their former colonies {e.g., the "Gezirall system} •. It
is clear that for the large-scale commercial producers
who enjoy exemption from currency restrictions, the
standard 1I 0 ff-the-shelf" solutions from advanced nations
usually can be made to work under highly standardi zed,
plantation crop situations. However, as soon as one
must deal with typical smallholder situations in the
more remote communities, technologies tend to become
quite problematic unless carefully adapted to circumvent
local constraints. The adaptation and support elements
are often overlooked in programs aimed at direct
technology transfer. Since irrigation is essentially a
repetitive activity, involving a network of support
institutions, we recommend that donors put greater
stress on deepening local technological capabilities.
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Gaps

The scope of work for this overview specified that
it should identify priority areas needing further
attention~-the "gaps" within present research or within
the existing distribution of institutional effort. What
are, then, the most significant missing elements whose
1ack contri butes to the present low effi c i ency of
Africa's irrigation?

1. Irrigation Engineering

At several points in this report it has been
pointed out that irrigation engineering in the J'rnerican
sense is absent from black Africa, except perhaps the
Sudan and Sahel. When tasks requiring irrigation
expertise arise, decisions tend to be made either by
civil engineers (at the design and construction phases)
or by agronomists (in scheme operation and water
management). Few of the civil servants who staff
Africa's river basin authorities and ministry-linked
irrigation units are actually professional irrigation
engi neers. Most come to thei r ass i gnments from other
professions, and see themselves more as employees of the
agency than as i rri gat i on managers per se. As a
consequence, the handful of qual ified. irrigation
engineers in each country will be preoccupied in dealing
with donors and reviewing new projects. While the
manpower gap is being gradually closed by recruitment of
newly trained professionals, "irrigation engineering ll

does not yet exist as an integrated field combining
elements of design, construction, water management and
agronomy within a single discipline.

On the one hand, this situation leaves room to
shape the emer~ing discipline in ways more suited to
Africa's needs. On the other hand, it also explains
the technical void encountered in most countries on
matters rt!1ated to water management. Wi thout enough
trained professional staff, African irrigation agencies
rely heavily on outside consultants and on accidents of

lIn-country programs for training irrigation
engineers constitute an obvious area where fairly modest
donor commitment mi ght have major long-run impacts. If
we look at numbers being trained, Egypt is at present by
far the largest source for African professional manpower
in relation to engineering and irrigation.
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bureaucratic precedent to determine their managerial
systems. -

2. Manpower and Sector Planning

Few African countries have in hand systematic
plans for the strengthening of manpower support for
i rri gat ion development. Most have never analyzed staff
needs in the i rri gati on subsector, nor do they have
accurate or even up-to-date stati sti cs descri bi ng the
sector. Sometimes, as in Kenya, individual units have
good documentation, but the overall effort is badly
fragmented. More typically, as in Somalia, the
necessary information for irrigation planning is simply
not available and no realistic program for staff
preparat i on ex i sts. Of course, staffi n9 weaknesses go
hand-in-hand with an absence of sector planning. As a
consequence, in most countries technical design and even
fi el d supervi si on depend on donor-fi nanced, expatri ate
staff who leave when their contracts terminate. We have
pointed out that this situation greatly reduces the
possibility of organizational learning taking place
within local agencies officially responsible for
irrigation. Even after two decades of external
assistance, many African countries have surprisingly
little institutional capacity for planning and managing
their irrigation subsectors.

3. Project Documentation

For Afri can i rri gat ion, the 111 i terature ll such as
it is consists mostly of project documentation l :
preliminary reviews, appraisal reports, design
specification documents, donors' perfonnance audits, a
sprinkling of trip reports, terminal reports and project
evaluations. For most larger projects, several
consultancy firms will have been involved. Their
reports are user-commissioned. Sometimes individual
authors rework their data for academic publication, but
much more commonly the reports can only be found in the
fi rm' s -headquarters or stacked against the back wall of
some minor official's office in the recipient agency.
Officials receiving this documentation have no incentive
to integrate the information into a larger picture; and,

lFor an annotated bi b1i ography of recent sources,
see Volume III of this report.
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indeed, the site and project-specific format makes
synthesis difficult. In many African countries, the
only general collections of such technical materials
occur in donor's offices, particularly within USAID and
the World Bank.

This background accounts for the thinness of U.S.
documentation on African irrigation. The two principal
exceptions are U.S. theses based on African field
research and the World Bank's home office collections
(to which access is usually restricted). For the bu1 k
of materia.1s on African irrigation, one must travel to
company offi ces in Eng1 and and on the cont i nent or to
library collections in Germany, Holland, London, Paris
and Rome where the larger volume of donor-financed
activity has originated. In particular, we suggest that
there is a need for an inside review of documentation
held in the United Kingdom, since British consulting
firms have been especially active in Africa.

4. Vertiso1 Management

Vertiso1s--what a lay person calls "black cotton
clay soils"--are found throughout the tropics, wherever
soil formation occurs under circumstances of impeded
drainage. Such soils constitute an important resource
because 01:' their moisture retaining capacity and their
differential fertil ity, not only in Africa but a1 so in
India and Brazil (where they are also significant). In
the review of technical aspects, it was pointed out that
while these soils are difficult to work with light
equipment, they are nonetheless the site for most flood
bas in i rr-j gat i on of ri ce in Afri ca. Depending on the
situation, they may be either acidic (highland swamps
and coastal1 mangrove swamps) or a1 ka1 ine (sal ine "pans"
in closed drainages). The main point is that they react
to moisture very differently from the sandy 10ams prized
by plough farmers. With vertisol s, canal 1ining may be
unnecessary--a significant advantage in Africa--but
water control structures must be speci ally constructed.
Also, their high moisture retention may permit
preirrigation and the growing of a subsequent, "ratoon"
crop. For all these reasons, while vertisols constitute
a key resource they require distinctive engineering and
agronomic management. Individual African countries are
rarely in a position to tap the continent-wide
experience with such soils. We suggest that donor
support for exchange of manageri a1 experi ence coupled
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with further research to identify the most cost
effective crop and equipment combinations, would be
somethi ng AID shou1 d consider. Any such exchanges of
experience should also draw in irrigation engineers from
Egypt, India and Brazil.

5. Weed Cont ro1

An unexpected finding has been that control of
weeds--terrestria1 as well as aquatic--is a major
difficulty within African irrigation. Terrestrial weeds
are, of course, usually treated as a farm-level problem,
whereas aquatic weeds are seen as a threat to the 'water
management system as a who1 e. Nonethe1 ess, both types
pose a high level of threat to irrigated production.
Without repeating the technical arguments about \Ired
rice ll and other common weeds, we note simply that the
partial completion of scheme works which often occurs
provides ideal circumstances for rapid weed growth, just
as tropical canal systems do for aquatic \'1eeds. More
attention to this aspect is imperative, since there are
good reasons for suspecting that under typical
conditions for smallholder production the degree of weed
chall en ge may be fa r grea t e r t han i s c omm 0 n1y
acknowledged.

6. Maintenance

If, as earl i er WMS II studi es suggest, phys i ca1
rehabilitation is in effect the provision of IIdeferred
maintenance," then it seems plain that maintenance has
been the weak 1ink in many Afri can i rri gat i on schemes.
The resulting deterioration is evidenced by inoperable
equipment, by weed-choked canals, and by the erosion and
failure of physical works. To the outsider, it seems
poignant that expensive irrigation works should be
allowed to deteriorate so rapidly in such poor
countries. Tractors and pumps which could have serged
for ten years may have an average working life of two or
three years. Some schemes now require rehabilitation
before 'their original loan financing is half repaid.
Observations of this nature explain the nearly unanimous
agreement that poor maintenance const i tutes the si ng1 e
most important unresolved problem in African irrigation.
Of course, it is linked to many other issues: recurrent
cost constraints, the impact of currency and import
restrictions, farmers' alienation or insecurity,
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improper design, seasonal bottlenecks in labor supply,
etc. We reiterate, therefore, a plea made in last
year's review of Sahel ian irrigation: that this topic
should receive top priority within any field research
that donors mi ght fi nance (Mori s, Thorn and Norman,
1984).

7. Irrigation Extension

As a r u1e, e i the r i r rig at i on II extensi on" i s
derivative from scheme requirements and confined to the
project/scheme environment (as in Gezira, the Office du
Niger, or Kenya's National Irrigation Board's schemes)
or it is totally absent, leaving a void between the
water supply section and the usual, rainfed farming
orientation of the general extension service (as in
Somalia). To irrigate successfully in Africa, farmers
require a number of specialized skills: knowledge of
how to level their fields, the signs of moisture stress
in pl ants, when to stop wateri ng, cont ro1 of
salinization, interactions between watering and
ferti1izler use, how to avoid waterlogging and
unnecessar'y erosion, synchronizing irrigation activities
with rainiFed farming, how and when to do maintenance,
the rotat'ion system (if practiced), signs of nemafode
bui 1dup, and how to recogni ze and control weed growth.
This incomplete listing is sufficient to indicate that
there is a fairly large element of skill and local
experience needed.

FarmE!rS who have grown up within an irrigated
farmi ng system (such as in Gezi ra or Madagascar)
probab1 y acqui re most of the necessary sk ill s
i nform all .y • E1sewhere on the contine nt, to the
contrary, adu1 t farmers who in other respects know a
great dea1i about p1 ant husbandry may nonethe1 ess 1ack
these special skills. Where initial extension and
training has been weak, farmers become entirely
dependent on scheme management for advice, and they are
likely to perform certain key operations (like field
leveling) so poorly that yields are greatly depressed.
This situation in turn reinforces stereotypes held by
managers and staff about farmers' low mot i vat i on and
interest, setting in motion the issuance of unexplained
di recti ves whi ch further depress farmers' performance.
The need "IFor advance i nstructi on is particul ar1y great
when irrigators are former pastora1ists, whose
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traditional way of 1ife differs at most from what is
required in itrigated farming.

Hardly anything is known about the actual content
of "irrigation extension" as it occurs in Africa. There
is an urgent need for comparati ve data of thi s nature,
since the World Bank is willy-nilly imposing its India
derived "training and visit" system on most African
countries which accept its financial assistance in the
irrigation sector •.

8. Intra-Household Economics

Identification of household economics as a ."gap"
may strike African special ists as strange, since there
is a huge literature on the continent's systems of
product i on and exchange. There are even a number of
detailed sources on the role of women in African peasant
farmi ng. The "gap" is not, therefore, alack of basi c
sources, but refers instead to failure to integrate and
apply thi s knowl edge wi thi n anal yses of i rri gated
farmi ng. In part, there is a gap if we are interested
in detailed economic analysis of the irrigated
subcomponents within larger arable farming systems.
However, there also appears to have been deliberate
blindness towards likely production costs, since to have
accepted real i st i c est imates woul d have wi ped out the
apparent benefits which were being claimed for
irrigation projects. Incorporation of more realistic
figures on likely yields, labor costs, time scheduling,
etc. would have made it clear that most African
irrigation projects have been problematic right from the
start.

To understand future irrigation performance, donors
must become wi 11 i ng to incorporate actual fi el d data
reflecting typical conditions into project appraisals
and evaluation. In systems where households are loosely
integrated, allowance must be made for the possibil ity
that returns within the household unit may be
insufficient to guarantee the necessary commitment by
women and other farm laborers. Analyses must also take
into account the opportuni ty cost of farm 1abor duri ng
the peak bottlenecks so cha racteri st i c of Afri can hoe
cul ti vati on. Pl anners must recogni ze women's strong
commitment to achieving food security, and their limited
access to cred i t whi ch forces them to gi ve pri ori ty to
low input, rainfed cultivation even under conditions of
high risk. In short, there are a bundle of agricultural
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economi c oj ssues whi ch requi re know1 edge of patterns of
internal household organization within African farming
systems. While many of these relate specifically to the
women I s sphere, there are also other aspects of a more
general nature requiring similar data. Estimation of
farm inv€!stment potential, labor costs, livestock
economics, 10cationa1 economics and intra-household
distribution requires a type of applied household
economics which is not yet available for most settings
where irrigation might be considered.

9. US-Based Irrigation E~pertise

The thinness of US documentation on African
irrigation is matched by equivalent weakness in regard
to irrigation expertise. There are only a handful of
practitioners in the USA with professional interests in
the various aspects of African irrigation. It was
anticipated that there might be few US irrigation
engineers interested in Africa, but in fact, irrigation
economists are just as scarce. Yet, paradoxically, one
finds numbers of younger scholars eager to work on
applied aspects of irrigation deve10pment--individua1s
with the necessary field acquaintance and language
skills, but usually lacking technical training in
irrigation or sufficient support to maintain an active
involvement.

Given the lack of senior specialists, it is
apparent that AID I S future programs wi 11 depend upon
expanding the numbers of younger professionals in
irrigation-related fields. We strongly endorse the
concep9 of "tag-along" assignments, whereby younger
workers are funded to accompany the few sen i or experts
on applied assignments in Africa. Another option might
be to initiate an exchange program, wherein US graduate
students lacking field experience might "fill in" at the
host-country level for national s who come to the USA
under 1ongl-term training arrangements. Sti 11 another
need is for estab1i shment of two or three US centers
where there is adequate documentation and staff
background to provide relevant short and long term
training olriented towards African water management.

The difficulties we have encountered in assembling
thi s repor't from (mainly) US sources wi 11 a1 so apply
when efforts are made to train African nationals within
the USA. It is clear that US institutions have not paid
much attention to African irrigation, and have
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relatively little to offer when it comes to an
integrated, relevant perspective. To give adequate
managerial training always requires having at hand a
wealth of materials related to the problem: case
studies, exercises, description of field constraints,
etc. At present thi s context rel evant to Afri can
circumstances is missing within US technical training,
whi ch instead perpetuates a bi as toward further
specialization and. "high technology" solutions.

AID Strategy

The message our revi ew holds for AID/Washi ngton may at
first glance seem contradictory. African countries face
increased reliance on irrigation in the future, and--in
view of the low levels of present performance--have an
urgent need to learn how to use irrigation technologies
more cost-effectively. Nevertheless, because in most
Afri can countri es USAID has become a mi nor donor, we
cannot recommend any dramatic increases in AlDis direct
financial support to underwrite new irrigation projects.
Existing African irrigation projects are simply too
expensive to warrant receiving scarce investment . funds
from a small donor. This conclusion is strongly
supported by the background papers prepared
independently by Vincent, Humpal and Sparling. It also
echoes the World Bankls "Berg Report" (1981:78), and
Carruthers l OECD review (1983:15), both of which
recommend an initial concentration in improving output
from present schemes rather than upon starting new ones.

Instead, the consensus among nearly all expert
observers is that first priority within the irrigation
subsector should be to strengthen its institutional
capacities. As a general strategy, this has the
advantage of providing a base for future project funding
while al so assisting countries to get higher returns
from al ready convni tted proj ects. In a few instances

. where a country is heavily dependent on its irrigation
sector (as is Sudan and Somalia), the US Government may
find it politically desirable to intervene at the
production level, but even in these cases we recommend
AID moves cautiously. At present, the USAID system in
Africa, both at regional level sand withi n country
missions, simply does not have enough qualified
irrigation engineers to plan and supervise an expanded
portfolio of irrigation projects. An immediate area for
attention should be to expand US technical capabilities
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for deal i I1g wi th i rri gati on and water management issues
in Afri can contexts. Thus, improvements in
lIinstitutionalization" are needed in the USA itself as
well as in recipient nations.

By lIinstitutionalization," what is meant?
BasicallYl\ lIinstitutional ll measures are those which
increase the capacity of national, regional and rocar
systems to use lrrigation more intelligently. More
effectlve lrrlgatlon plannlng, based on actual field
information and realistic premises, is one obvious
requi si te. Ways must be found to st imul ate feedback
from the farm and scheme levels. Decision-making
procedures themselves need revision, so that once
problems are identified they receive prompt and
effective remedial attention. An organized capability
to provide specialized assistance when individual
schemes n,eed he 1p must be created. And, of course,
projects must be institutionalized at the local level so
that scheme users--the farmers themselves--understand
what is rtequired and participate to insure the success
of their own irrigation.

In revi ewi ng how AID mi ght best render such
assistance, we have kept two limitations in mind.
Fi rst, oVI~r the past two decades USAID in Afri ca has
paid little systematic attention to support for
irrigation. Very little of value can be found in AlDIs
Washington-based documentation service on African
irrigation. When US firms have been active implementing
irrigation-related activities (mostly in the Sahel),
they have as likely as not enployed French Canadians or
European (!ngi neeri ng staff on those aspects requi ri ng
detailed African experience. For East and Southern
Africa, USAI D has neither the eng i neers nor the
documents required for an upgraded program of
institutional support. We must therefore be realistic
in assessing which are the areas of comparative US
advantage, recognizing that on some desirable topics the
US has l"ittle to offer. Second, except in a few
countries, it is quite unlikely USAID will ever serve as
the major donor assisting irrigation. Among other
donors, the Dutch, Germans and Japanese are already far
ahead and will likely remain so. This situation makes
it desirable that AID coordinates its input to take into
account what other donors are al ready doi ng wi thi n the
continent. It also suggests we cannot rely upon II spin
off ll benefits (participant training, etc.) from USAIDls
present projects to meet the main need for institutional
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strengtheni ng. If this becomes AID I S goal for the
irrigation subsector, it must be addressed directly.

Taking the above limitations into account, we
propose nine options as suitable areas for immediate AID
support:

1. Cooperation with Other Donors
2. Incorporat i on of I rri gat ion into FSR

Projects.
3. Systemic Malfunctioning and Rehabilitation
4. RBAs and Irrigation Planning
5. Remote Sensing Applications
6. Women-in-Irrigation-Development
7. Small-Scale Systems
8. NGOs and the Private Sector
9. Deepening of US Capacity

1. Cooperation with Other Donors

In the short run, AID needs to incorporate the
experience of other donors which have been active in
assisting African irrigation. In saying this, we do not
imply that these countries necessarily have better water
management expert i se than does the USA. The poi nt is
simply that documentation on irrigation consists largely
of project reports of one kind or another: appraisal
estimates, site surveys, trip reports, managerial audits
and terminal evaluations. Such materials are usually
cOl1111issioned, and rarely find their way into academic
collections outside the country where they occur•. In
Africa, the main donors have been the World Bank, FAD,
France and England; supplemented in recent years by the
vari ous development banks and funds and newer donors
such as the Dutch and Germans. To consol idate Afri ca' s
present experience with irrigation, one must start with
the agencies and donors who have been doing actual
i rri gat ion proj ects--and that means goi ng outsi de the
USA (with the World Bank's Washington headquarters being
the one notable exception).!

Beyond ta 1king to those who ha ve implemented
irrigation in Africa, AID should reach a policy decision

lOur inabil ity in this study to tap these other
sources--except for those in France, which were visited
--was a serious limitation, which probably reduces the
general applicability and validity of our conclusions.
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to participate vigorously in various low-level,
multilateral activities which are already under way.
For instance, FAD and the Dutch have strongly supported
small-scale irrigation in Africa (Underhill, 1984), and
FAD is taking the lead also in analyzing women's
participation (Dey, 1984). Both kinds of activity merit
additional support, and would constitute excellent
starting points for a collaborative effort. AID should
strengthen its representation at the vari ous regi ona1
conferences on i rri gati on, whi ch have become more
important as the number of donors and potential
recipient nations have increased. Assistance might
also be gliven to DOl'S irrigation network, which has
reached a size where to remain effective it must have
additional resources. None of these initiatives seem
very gl amorous, but they have the advantage of bri ngi ng
US technical personnel into contact with those involved
on a day-to-day basis in the planning and field
implementation of African irrigation projects. Another
source closer to home is the World Bank, which despite
its policy pronouncements, remains closely tied to a
number of large investments in African irrigation. While
liaison between the Bank and AID in Washington has been
smooth, for irrigation expertise the Bank has generally
drawn on non-US sources. One way or another, AID and
its associated contractors must develop direct access to
an experi€!ntia1 base on African irrigation before other
forms of institutional support become feasible.

2. Incorporation of Irrigation into FSR Projects

Currently AID has under way several farming systems
research (FSR) projects in Africa (in Sudan, Tanzania,
Malawi, Ruanda, Burundi and Botswana, among others).
The rational e for these projects has been the need to
identify €!xisting constraints and to describe the needs
of various farming systems. Similarly, ILCA has
sponsored several in-depth investigations of the role of
livestock enterprises within the larger farming systems
(with regional centers in Kenya and Mali as well as in
Ethiopi a iitse1 f). Then, under AID fundi ng CIMMYT has
its East and South Africa program, based in Nairobi, but
conducting farm-level diagnostic surveys and seminars
throughout the region.

Irrigated production exists as a significant option
in many of the countri es where FSR research is bei ng
done. Th,e fail ure of researchers to give it exp1 icit
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consideration probably stems from the fact already noted
that irrigated enterprises are often only a subcomponent
withi n 1arger-non-i rri gated systems. A1 so, early FSR
research was preoccupied with rainfed, arable fanning to
the extent even of ignoring livestock enterprises which
were a1 so often present. We suggest that there is no
defensible reason for arbitrarily excluding irrigation
and 1ivestock aspects from FSR, even in systems where
these various enterprises are not tightly integrated.

Adding an irrigation component would thus
complement existing FSR activities. From AID's
standpoint, since these are already funded projects,
some finance might already exist which could be tapped;
or, alternatively, a minimal startup period would be
needed if it were decided to broaden their objectives by
additional funding for attention to irrigation and water
management aspects. Several speci fi c changes mi ght be
instituted along with such modifications:
(a) incorporation of more attention to farm decision
making and intra-household aspects; (b)' careful
attention to competition between rainfed and irrigated
enterprises; (c) analysis of the institutional risk
which farmers incur when attempting irrigation;
(d) analysis of on-farm labor costs and returns, between
enterprises and throughout the season; and
(e) estimation of returns from different potential
innovations. The value of such information for under
standing why irrigation has not been popular is obvious.

3. Systemic Malfunctioning and Rehabilitation

A broad review such as this one, based mainly on a
literature search, can only provide rough estimates of
systemic performance. Numerous examp1 es cou1 d be gi ven
in earlier chapters to support the conclusion that
Africa's irrigation performance is generally far below
its design potential. Suggestions were also reviews as
to why irrigation has been so problematic, but here the
finrngs are of necessity more tentative. Only a
handful of fi e1 d vis its were permi tted; fi e1 d
practitioners were, with a few exceptions, not
interviewed; and the engineering component is very
poorly covered in the available US literature. It would
seem essential, then, for AID to further refine the
broad conclusions within this report •.

Three possibilities for doing so suggest
themselves. First, better coverage of individual scheme
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experience would seem imperative. There are whole
countries not covered in this report (e.g., Angola and
MozambiquEl, as well as most of central Africa), just as
there ar'e many interesting schemes where the
documentation is not available within the USA. Second,
it might be fruitful' to look at irrigation systems
regi on by regi on--a task fai r1 y well in hand for the
Sahel, but barely begun for Africa's other regions.
There are pronounced regional differences which are
bound to have direct policy implications; and, in any
event, AID's own approach to proj ect moni tori ng makes
use of regional REDSO units. Third, it would be
productive to look at particular technologies or
situations (lakeside pumping; flood rice cultivation;
swamp impl"ovements, etc.) comparatively. (Since these
constitute a very large agenda for potential action, we
stress thl~ need once again to avoid dup1 icating what
other donors may have already begun.

However obtai ned, more preci se know1 edge of the
causes of scheme and systemic malfunctioning must be in
hand before investments of the usual lIinstitutiona1
building ll variety are launched. Pub1 ic agencies have
such an insatiable appetite for conferences, courses,
training modules, publications, and the like that we
cannot re,commend the customary II shotgun ll approach to
deepening institutional capacity. First, let it become
c1 ear what the real reasons for poor performance have
been and then begin packaging remedial interventions.

Of ~~se, gaining such information on schemes
whi ch are not USAID-funded wi 11 be di ffi cu1 t.
Descriptions of main system management and present
irrigation procedures are almost entirely missing, and
must be created from scratch. In the process, it ought
to be pClssib1e to learn why maintenance is so poor,
what skill s farmers 1ack, and the reasons why they are
excluded from meaningful participation. Information
will also be required on the bureaucratic aspects of
agency opl:!rat i on, and on the performance of necessary
support institutions in the external environment.

4. RBAs and Irrigation Planning

As a1 ready noted in this chapter, AID could focus
assistance for irrigation planning within the existing
river basin authorities. Here the danger to avoid is
to merely duplicate the present pre-investment planning
which is a,lready underway for the larger, multinational
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RBAs like the OMVS. SlJch projects simply substitute
outside planners for local ones; they can become very
expensive; and the large number of RBAs opens the door
for a never-ending stream of requests. Instead, we
recommend AID focus on improving existing methodologies
and in-country capacities to do integrated water
management p1ann i ng. Topi ca1 attent ion (conveyed by
means of short courses, regional workshops, etc.) might
address needs . such as development of rapi d
reconnaissance methods, better integration of soils
information, exchanges of experience with regard to
vertisols, identification of labor constraints and
comparisons between technologies. RBAs might also
benefit from manpower analysis and provision of
externally assisted training to fill certain priority
needs. They are strategically located to monitor
environmental impacts, and might welcome assistance to
facilitate this important function. In some countries
where agricultural engineering has been established
within higher level agricultural training, USAID might
encourage linkages between training and river basin
institutions. Another priority area would be to assist
RBAs in eva1uat i ng and (where appropri ate) organi zi ng
technology support to the irrigation subsector.
Finally, RBAs should devise their own rating system for
measuri ng scheme and project performance--a development
whi ch mi ght serve as a potent st imul us towards better
performance.

In all instances, the goal should be to demonstrate
an integrated, multidisciplinary approach in practice.
Perhaps AID/Washi ngton coul d sel ect one or two ri ver
basins to serve as pilot areas for the application of
more flexible, field oriented approaches~-maybe the
Gambia and Juba basins? (We assume further details
about how such a program shoul d be impl emented wi 11 be
forthcoming from AlDis parallel review of four African
river basins.)

5. Remote Sensing Applications

Until recently, the USA has enjoyed a technological
advantage in providing high quality LANDSAT imagery for
African natural resource planning. it offers
substantial promise for documenting rainfall coverage,
and hence, irrigation demand. Weather satellite imagery
has been drawn upon to provide relativ.ely quick overall
estimates of moisture and vegetative growth conditions.
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No other sources can provide equivalent information for
such 1arg(~ areas of the cont i nent. We suggest such data
should bl~ integrated into a continent-wide nearly
warning" system, whose forecasts of impending drought
would be shared with the countries concerned. In
several I<ey countries (from the perspective of US
interests) this information, if provided promptly, could
trigger a shift towards increased cereal .food production
in the irrigation sector, e.g., as happened in the Sudan
in 1984. There are undoubtedly other applications which
a1 so mer'it further refinement, carried out by
co11 aborat i ve teams of US sci ent i sts and host country
nationals., One suspects, for example, that spatial and
trend analysis of the degree of environmental
degradation taking place on the continent will continue
to command policy-makers· attention. There is no reason
why measurement of broad environmental trends cannot be
combined \iith specific attention to hydrologic aspects.
It wou1 d be a pi ty if at just the poi nt where we are
learning how to make these technologies genuinely
useful, further financial assistance is withdrawn.

The above arguments constitute strong reasons why
the US should maintain its present comparative advantage
in applying remote sensing to the assessment and
planning of natural resources. Earth Observation
Satellite Company (EOSAT) is the company that now
provides remotely-sensed data to the public and includes
access to more than two mill i on images. The next
generation of Landsat will be sent into orbit in 1991
and will provide better resolution and more infonnation.
It is imperative that the U.S. maintain leadership in
this area, especially with the current emphasis on
global change and environmental monitoring. Already the
French are in the business of providing remotely-sensed
data through thei r SPOT program and the Japanese are
poised to enter the field.

6. Women in Irrigation Development

It s(~ems that ultimately many issues in African
i rri gation revolve around gender-1 inked di fferences in
farmers· commitment and access to resources. The role
of women in African farming is already an academic area
where US researchers have a comparative advantage. (One
thinks immediately of Simmons, Fortmann, Staudt, Peters,
Atherton, Jones and Spring, among others.) We recommend
that AID funds a modest nadd_on n program targeted
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specifically at learning how African women participate
ina nd ben e fit from i r rig at ion. A top i cal foe uson
irrigation would give greater practical thrust to AID's
present WID commitment, and might constitute
justification for added support. The individual studies
required would be mostly small-scale, to insure that
intra-household aspects receive scrutiny.l

7. Small-Scale Systems

The transfer of experience with small-scale
i r rig a t ion sy stemsal soc 0 nstitutesan at t rae t i ve
possi bi 1ity for donor support (though one is already
receiving attention within Europe). USAID has been
closely involved with small-scale systems in several
Asian countries (notably Sri Lanka, Indonesia and the
Phi 11 i pi nes) • It seems 1i kel y that the 1essons from
such experiences may also apply within parts of Africa.
The theoretical arguments in favor of small-seal e
systems have already been reviewed, but still it would
be useful to determi ne to what extent these can be
realized in actual practice.

Issues which might be examined under AID funding
include:

1. Factors related to the survival of some
traditional systems and technologies;

2. Existing institutions for water
allocation, maintenance, dispute
resolution and cost recovery;

3. Types of perimeter organi zation al ready
in use;

4. Kinds of technical IIbackstopping ll

required in small-scale scale systems;
5. The choi ce and support of pumps in

African environments;
6. Impact of the spontaneous spread of small

pump systems; and
7. Options for providing external aid to

small-scale systems.

I perhaps the FAD office working on this topic or
the two African REDSD units could provide an
organizational base, to which researchers might be
attached under a rotating post-doctoral fellowship.
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8. NGOs and the Private Sector

Another option for AID support would be to
concentrate on hel ping the NGOs and the PVOs active in
African small-scale irrigation. For example, Kenya's
small, PVO-assisted schemes reviewed by Kortenhorst
(1983) helve experi enced many techni cal probl ems.
(Weber's background paper for this study cites numerous
examples from other parts of Africa.) These suggest
that small schemes can be just as problematic as large
ones if designs are faulty or technologies
inappropriate. Given that PVO staff are usually
motivated and willing to experiment, helping them
resolve technological and organizational problems might
give AID access to a wide spectrum of African field
experiences at comparatively low cost. There are
individuals who have accumulated an in-depth
understanding of particular aspects of irrigation
development, but one usually finds they focus on only
one or two elements of the larger process, and they are
not free to advise beyond their own limited circle of
projects. Outside assistance could help in pooling this
valuable experience and making it more widely available.

In rE!gard to private sector irrigation within
African countries, there is an equivalent need to
stimulate sharing of technological experience between
large-scal,e, commercial operators andPVOs or pUblic
agencies working with smallholder farmers.

9. Deepening of US Capacity

The eagerness of US institutions for federal funds
sometimes disguises the true situation vis-a-vis
availability of manpower and resources to undertake
requested technical tasks. This seems to be the case in
regard to Afri can development. Whi 1e there are many
Ameri can speci al i sts wi th Afri can experi ence, most are
social scientists without in-depth understanding of the
technical side of irrigation. Others lack the French or
Arabic or Portuguese needed to undertake field
assignments. And still others will find the
deteriorating security and supply situation daunting.
For all three reasons, we have identified the thinness
of US capacity as a major constraint limiting AID's
scope of action in the short run.

Remedial interventions should address both staffing
and institutional resources. On the staffing side, we
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have suggested more use of "tag-a10ng" assi gnments to
bring in young professionals who will acquire broadened
field experience. This is particularly necessary in
regard to the technical specialties (agronomy,
irrigation engineering, hydrology, soil science, etc.)
but it also applies to irrigation economics and
settlement organization. (French and Arabic capability
are also crucially important in certain countries, but
many potential candidates already have the necessary
languages from their initial field assignments.)

In regard to inst i tut i ona1 resources, we propose
greater use by Americans of London1s 001 irrigation
network rather than attempting to duplicate this listing
of field practitioners. Close liaison with the
International Irrigation Management Institute's (IIMI)
program for Africa should a1 so be established. Access
to field reports and theses on African needs to be
improved at the major US institutions which AID intends
to involve. Many of the needed resources do exist
within the US, but are scattered within institutions
which do not have an irrigation emphasis.

Bridging the Gap-

Thi s study has aimed to fi 11 a gap in the
literature by providing a continent-wide overview of
African irrigation experience to date. Our contributors
discovered the task sometimes exceeded the means within
thei r reach. Not on1 y is there a major gap between
academic sources--which generally can be located within
the USA--and the many user-conmi ss i oned proj ect reports
fi 1ed away overseas, there is a1 so a chasm separati ng
engineers who design and construct Africa1s schemes from
the agronomists and administrators who try to make them
work. The fi rst gap was expected, but the second one
was not. We close this study, then, by identifying
several areas where at present effective inter
communication often breaks down:

Between civil engineers and agronomists
(design versus operation);
Between scheme managers and farmers;
Between technology suppliers and
technology users;
Between plot-holders and field workers;
and
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Between scheme members and surrounding
communities.

The WMS· II project originated because of concern
that field programs would benefit from an integrated
perspect i ve, uti 1i zi ng water management as a uni fyi ng
device to highlight interconnections between sectors
(and hence, between analytic disciplines). The
"synthesis" element expressed AID's belief that field
projects should not keep repeating each other's
mistakes. This review makes it abundantly clear that
both concerns are especially relevant within African
irrigation. Present organizational structures virtually
guarantee a fragmented approach to i rri gati on, 1eavi ng
each set of actors in a position to blame others for the
obvious faults which abound on every side. And, as a
consequence, learning from past experience does not
occur. WE! hope the vi ews expressed in thi s report wi 11
constitute a fi rst step towards a comprehensive
understanding, enabling all those involved to assume
collective responsibility and, eventually, to devise
more effective solutions.
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ABN

ACDI

ACSAD

ADRAO

AGCD

AID

ARS

·ARSO

APPENOIX I

ACRONYMS

Action Ble-Dire, Mali;
Action Wheat-Dire, Mali.

Autorite du Bassin du Niger;
Niger Basin Authority (NBA).

Agence Canadienne pour 1e Developpement
Internationale;
Canadian Agency for International
Development.

Arab Center for the Studies of Arid Zones
and Dry Lands.

Association pour le Developpement de la
Riziculture en Afrique de 1'Ouest;
West African Rice Development Association
(WARDA).

Administration Generale de la Cooperation
au Developpement, Belgique;
Administration for Development
Cooperation, Belgium.

Agency for International Development,
Washington, D.C.

Action Riz, Sorgho-Gao, Mali;
Action Rice, Sorghum-Gao, Mali.

Autorite pour la Region du Sud~Ouest,

Cote d I Ivoi re;
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AVV

BAD

BADEA

BAN

BCEAO

BCOM

BDPA

BEAC

BEDI

BEl

BID

BIRD

Southwest Regional Authority, Ivory
Coast.

Autorite des Amenagements de Val lees des
. Vol ta;
Volta River Authority.

Banque Africaine de Developpement;
African Development Bank.

Banque Arabe pour le Developpement
Economique de l'Afrique;
Arab Bank for African Economic
Deve1opment.

Bulletin, de l'Afrique Noire;
Black African Bulletin.

Banque Centrale des Etats de 1'Afrique de
1 1 Ouest;
Central Bank of West African States.

Bureau Central d'Etudes pour les
Equipements d'Outre Mer;
Central Office for the Study of Overseas
Equipment.

Bureau pour le Developpement de la
Production Agricole, Paris, France;
Office of Agricultural Production and
Development, Paris, France.
Banque des Etats de l'Afrique Centrale;
Bank of Central African States.

Bureau d'Etudes pour le Developpement
Integre, Cameroun;
Office for the Study of Integrated
Develo~lent, Cameroon.

Banque Europeenne d'Investissement;
European Investment Bank.

Banque Islamique de Developpement;
Islamic Development Bank.

Banque Internationale pour 1a
Reconstruction et le Deve1oppement;
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BRAlllP

CBlT

CCCE

CDC

CEA

CEAO

CEOEAO

CEE

CEEMAT

CEJC

CENECA

665

International Bank for Reconstruction and
Development (IBRO).

Bureau Nationa1e d'Etudes Techniques de
Oeveloppement (Cote
d' Ivoire);
National Office for Technical Development
Studies (Ivory Coast).

Bureau of Resource Assessment and land
Use Planning, Tanzania.

Commission du Bassin du lac Tchad;
lake Chad Basin Committee.

Caisse Centrale de Cooperation Economique

Commonwealth Development Corporation.

Commission Economique pour 1'Afrique;
Economic Commission for Africa (ECA).

Communaute Economique de 1'Afrique de
l' Ouest;
Economic' Community of West Africa.

Communaute Economique des Etats de
1'Afrique de 1'Ouest;
Economic Community of West African States
(ECOWAS).

Communaute Economique Europeenne
European Economic Community (EEC).

Centre d' Etudes d' ensei gnement de 1a
Machinisme Agricole Tropicale;
Center for the Study and Teach i ng of
Tropical Agricultural Machinery.

Cent re d' Etudes Ju ri diques Compa rat i ves ,
Paris, France;
Study Center for Comparative law, Paris,
France.

Centre National de Expositions et
Concours Agricole;
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CFDT

CFN

CIDAT

C.lOR

CIEH

CILLS

CIPEA

CMDT

CNCA

CNEAT

National Center for Expositions and
Agriculture Competitions.
Compagnie Fran~aise pour le Developpement
des Fibres Textiles;
French Company for the Development of
Textile Fibers.

Commission du Fleuve Niger;
Niger River Commission.

Centre d'Informatique Appliquee au
Developpement et a l'Agriculture
Tropi ca1;
Center for Applied Inquiry into
Development and Tropical Agriculture.

Compagnie Internationale de Developpement
Rural;

International Company for Rural
Deve1opment.

Centre Inter-Africain d'Etudes
Hydraul i que;
Inter-African Center for Hydraulic
Studies.

Comite Inter-Etats de Lutte Contre la
Secheresse du Sahel;
Interstate Committee for the Struggle
Against Sahel ian Drought.

Centre International pour l'Elevage en
Afrique, Addis-Abeba;
International Livestock Center for
Africa, Addis-Ababa, (ILCA).

Compagni eMali enne de Deve1oppement des
Textil es;
Malian Company for Textile Development.

Caisse Nationale de Credit Agricole.
National Fund for Aricultural Credit
Centre National d'Etudes Agronomie
Tropicale;
National Center for the Study of Tropical
Agronomy.
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CNRS

CWS

DGRST

EDIAFRIC -

EDF

EPHE

ENSA

ENSAT

FAC

FAD

FADES
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Comite National de la Recherche
Agronomique. Mali;
National Committee for Agronomie
Research, Mal i.

Centre National de Recherche
Scientifique, Paris, France;
National Center for Scientific Research,
Paris, France.

Church World Service.

D~l~gation G~n~rale a la Recherche
Scientifique et Technique, Paris, France;
Delegation for Scientific and Technical
Research, Paris, France.

Editions Africaines, Paris, France;
African Editions, Paris, France.

Electricite de France, Paris, France;
Electricity of France, Paris, France.

Ecole pour les Haute Etudes;
School for Advanced Studies.

Ecole Nationale Superieure Agronomie;
National School of Agronomy.

Ecole Superieure d'Agronomie Tropicale;
School of Tropical Agronomy.

Fonds d'Aide et Cooperation, Paris.
France;
Fund for Aid and Cooperation, Paris,
France.

Fonds Africain de Developpement;
African Development Fund.

Fonds Arabe pour 1e Developpement
Economique et Social;
Ar ab Fun d for Econ om i can d Soc i a1
Development.
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FED

FEDES

FIDA

FIOOM

GERCA

GEROAT

GERSAR

GMP

GROT

HMSO

IAI

Fonds Europeen de Deve1oppement, Pari s,
France;
European Development Fund, Paris, France.

Fonds de Developpement Economi que et
Soci al ;
Economic and Social Development Fund.

Fonds Internat i ona 1 de Deve1oppement
Agricole;
International Agricultural Development
Fund.

Fonds dlInvestissement des Departements
d'Outre Mer;
Overseas Departments Investment Fund.

Groupement d'Etudes Rurales en Casamance,
Senega1;
Study Group for Rural Studies of
Casamance, Senegal.

Groupement d'Etudes et de Recherches pour
1e Oeveloppement de 1 lAg ronomi e
Tropicale, Paris, France;
Study Group for Research and Development
of Tropical Agronomy, Paris, France.

Groupement d'Etudes et de Realisation des
Societies d'Amenagements Regional;
Study Group for the Implementation of
Regional Management Societies.

Groupe Moto-pump;
Motor Pump Group.

Groupe de Recherche et de Reali sat ions
pour le Oeveloppement Rural dans le Tiers
Monde;
Research Group for Rural Oevelopment in
the Thi rd Worl d.

Her Majestys' Stationery Office.

International African Institute.



IBRD

ICIO

ICRISAT

IEDES

IER

IFAN

IGN

IITA

ILRI

ILACO

IMF

INA

INEAC
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International Bank for Reconstruction and
Development (World Bank).

International Commission on Irrigation
and Drainage.

International Crops Research Institute
for the Semi-Arid Tropics.

Institut d'Etudes du Deve10ppement
Economique and Socia1e;
Inst i tute for the Study of Economi c and
Social Development.

Institut d'Economie Rural, Mali;
Institute for Rural Economy, Mali.

Institut Fondamental d'Afrique Noire,
Senegal;
Fundamental Insti tute for B1 ack Africa,
Senegal.

Institut Geographique National, France;
National Geographic Institute, France.

International Institute for Tropical
Agriculture, Ibadan;
Institut International pour 1'Agriculture
Tropica1,lbadan.

International Institute for Land
Rec1 amat ion and Improvement, Wageni ngen,
Netherlands.

International Land Development
Consultants Ltd.; Arnhem, Netherlands.

International Monetary Fund.

Institut National Agronomique;
National Institute of Agronomy.

Institut National pour l'Etude
Agronomique du Congo (Be1ge);
National Institute for the Study of
Agronomy in the Congo (Belgian).
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INRA

INRAN

INSEE

IRAM

IRAT

IRRI

Institute National de la Recherche
Agronomique, France;
National Institute for Agronomic
Research, France.

Institut National de Recherche
Agronomique du Niger;
National Agronomic Research Institute of
Niger.

Institut National de la Statistique et
des Etudes Economiques;
National Institute of Statistics and
Economic Studies.

Institut de Recherches et dlApplications
de Methodes de Developpement;
Institute for Research and Application of
Development Methods.

Institut de Recherches Agronomique
Tropicales et de Culture Vivrieres;
Research Institute for Tropical Agronomy
and Food Crops.

International Rice Research Institute,
Philippines;
Institut International de Recherches
Rizicoles, Philippines.

Non-Governmental Organization.
National Oceanic and Atmospheric
Administration

Fonds Koweitien de Developpement;
Kuwaiti Development Fund.

Lutheran World Relief.

Machinisme Agricole Tropical.
Tropical Agricultural Systems.

Niger Basin Authority.

KDF

LWR

MAT

NBA

NIB

NGO

National Irrigation Board, Kenya.



OAA

OCAM

OCDE

ODA

001

OECD

OMVG

OMVS

ON

ONBI

ONAHA

ONRD
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Organisation des Nations Unies pour
l'Alimentation et l'Agriculture;
Food and Agriculture Organization (FAO).

Organi sat i on Commune Afri ca i ne et
Mal agache;
Community Organi zation of Africa and
Malagache.

Organisation de Cooperation de
Developpement Economique;
Orginization for Economic Cooperation and
Development (OECD).

Overseas Development Administration.

Overseas Development Institute, London.

Organization for Economic Cooperation and
Development.

Organisation pour la Mise en Valeur du
Fl euve Gambi e;
Organi zat i on for the Development of the
Gambi a Ri ver.

Organisation pour la Mise en Valeur du
Fleuve Senegal;
Organization for the Development of the
Senegal River.

Office du Niger, Mali.

Office National des Barrages et
d'lrrigation, Bourkina Fasso;
National Office for Dams and Irrigation,;
Burkina Faso. ,",

Office National des Prnenagements Hydro
Agricole, Niger;
National Office for Hydro~Agricultural

Development, Niger.

Offi ce Nat i ona1e de 1a Recherche et du
Developpement;
National Research and Development Office
(Bel gi urn) •
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SAED

SATEC

SCET

SCIP

SDPT

SEAE

SEDAGRI

SEDES

SEMRY

SODELAC

Company for Study and Execution of
Development, France.

Societe d'Amenagement et d'Exploitation
des Terres du Delta;
Delta Canal Development Corporation,
Senegal.

Societe d'Aide Technique et de
Cooperat ion;
Company for Technical Aid and
Cooperation.

Societe Ce~trale pour Equipment du
Territoire International;
Central Company for Equi pment of
International Territories.

South Chad Irrigation Project.

Sahel Development Planning Team, Mali.

Secretariat d'Etat pour les Affaires
Etrangeres;
Secretary of State for Foreign Affairs.

Societe d'Etudes et de Developpement
Agricole;
Company for the Study of Agricultural
Development.

Societe d'Etudes pour le Developpement
Economique et Social, Paris, France;
Company for the Study of Social and
Economic Development, Paris, France.

Societe d'Expansion et Modernisation de
la Riziculture de Yagoua, Cameroun.
Company for the Expansi on and
Modernization of Rice Cultivation at
Yagoua, Cameroon.

Societe de Developpement du Lac (Tchad);
Company for the Development of Lake Chad.

SODEVA Societe de
Vulgarisation

Developpement et
Agricole, Senegal;

de



SOGETHA

SOGREAH

SONADER

UNCC

UNDP

UNEP

USAID/

WARDA

WMO

WMS-II
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Society for Agricultural Development and
Extension, Senegal.

Societe Generale des Techniques Hydro
Agricoles, France;
General Company for Hydro-Agricultural
Techniques, France.

Societe Grenobloise d'Etudes et
d'Application Hydrauliques, Grenoble,
France;
Grenoble Company for the Study and
Application of Hydrology, Grenoble,
France.

Societe Nationale pour le Developpement
Rurale, Mauritanie;
National Company for Rural Development,
Mauritania.

Uni on Nat iona1e de Cred i t et de Coops,
Niger;
National Union for Credit and Coops,
Niger.

United Nations Development Program.

United Nations Environment Program.

United States Agency for International
Deve1OPillent.
West African Rice Development
Association.

World Meteorological Organization.

Water Management Synthesis-II, a~ AID
funded proj ect through the Bureau of
Science and Technology.



AFRICA'S BEST KNOWN IRRIGATION SCHEMES

This listfng follows FAO (1986: 88-1181. amended where feasible by reference to detailed sources. Users should
note there are extreme dfscrepancfes. espec1all)i estfmates of areas planned (M) vs. actually irrfgated (A).

a..... II... \

j.i' :-H~~i~ulll
A • Actual

Crops
frrigated

No. tenants
mean hol df ng

System
descrf ption

Call1eroon
SERRrr (1972-75)

SEMRY II (1978-86)

SEHRY III (1979-84)
van Steekelenburg (85)

Rfce. 2x per yr. .25ha Pumped to perfmeters for 4 vf1lages
plots each spreaa over 65 km, base at Kouserrf

Cotton 4,000 workers Comercfal cotton estate water frOll
(state farlll) 10,000 temporary Awash R., IICstly gravi ty-fed

Cotton, cereals Gravfty/floodfng, private (7)

Sugarcane Pumped from Awash R., former estate

Cotton, vegetables Gravfty fed •. Awash R., fonner estate

:>

"",."::z
c><

PUDlped supply. WB Project

Gravfty from reservoiJl, WB Project

State farm + 2,000 ha settlement
Wefr & furrows, WB & EEC project

Rfce. 2x per yr.

Rfce. 2x per yr

Cotton, groundnuts
bananas

7.000

4.075 (A)

1.400 (H)
760 (A)

10,000

12,000 (H)
10,000?(A)

10,000

9,200

6,200

(1970s)

(1959)UC~3Aa
FAO (unpub. case)

AHBIBARA
FAO (unpub. case)

MERES GASH

METEHARA

NURA/ERA ABADIR

Ghana
mrnJARE 1,900 Rfce & Sugarcane Pumped fro. Yolta R. below Akosomo

dllll

TONO

YEA

AFIFE

2,500

800

800-1.000

Rfce & vegetables Earth dall & canal network

Rfce & Yegetables Earth dall, 60S large fa rillS , 301
state

Rfce 1 ha each Da. to s..llholder, ex-state faN



BURA WEST (1976-83) 6,700 (H)
Gitonga(S5),Yaino-Mattl1a ,(S7. 2-3900 (A)

~WE{a Fitter (83), Arao (86), Palutikof (81)
(1955-5S) 5,SOO (A)

Chambers (73), Clayton (93)

AHERO (1966-69)
Walker (79), Boodhoo (SI)

WEST KANO
Baull (83)

PERKERRA
Chambers (73)

840 (H)
726 (A)

(1975-77) 840 (H)
840 (A)

(1953-56, 62-63) 260 (H)
180 (A)

Rice(2x83 onwards) 3,625 • Diversions from .'yarnindi "
1.6 -ha Thiba R., gravity-fed

Rice, 2x a yr. 525 PUl!lped from tly"ndo R., gravity-
1.6 ha fed distri but ion

Rice & Sugarcane 500 PUlllped supply into gravity-
1.6 ha fed distribution

Onions, chillies 350-400 Diversion from Perkerra R.,
.6 ha gravity-fed distribution

Cotton &mai ze 2-3,000 Pumped frOlll Tana R., gravity
distr.fbution, WB project

Madarscar potten (84), phillips (86)
MORC IJAvA (1973-S1) 9,300 (H)

3,800 (A)

LAKE ALAOTRA (1970-75) 30,000 (H) Rice. Pl anned beans
& ",heat not achieved

MAROVAOAY

ANTANANARIYO PLAIN

AHBIL08E

20,000 (H)

13,000 (H)

9',000 (H)

Rice, some
sugarcane

Rice

Rice

Rice &Sugarcane

2,300 est•• Gravity-fed system,
in plans W8 project

Gravity-fed system, settlnent
1eft undone. Part WB project

Gravity distribution

Gravity distribution

Gravity distribution

Malawi Hunting (81)
smmA' (1965-70s) 9,000 (H)

DWANGWA (mid-70s) 6,000 (H)

HUOHA (1968-69) 365 (A)

LIKANGALA (1968-69) 400 (A)

DOHASI (1970-72) 475 (A)

LIHPHASA (1968-69) 435 (A)

Sugarcane (parastatal estate) Pumped frOlll R. Shire to sprinklers

Sugarcane (parastatal estate) Diversion" pumping to furrows

Rice 1,566(.2 ha each) Gravity-fed frOlll river diversion

Rice, maize 69S(.4 ha each) Gravity-fed from river diversion

Rice, maize 1,279(.3 ha each) Gravity-fed from river diversion

Rice 300+(.6 ha each) Gravity-fed froll river diversIon



HAll
OFtTCE DU NIGER (1932-60s) 56.000 (M) Rfce & some sugar- 5.700
Fresson (85). de Wflde (67) 41.000 (A) cane (3-5,000) ha

OP .R!!~SEGO!.! (1950:. 72~75) 35.000 HH Flc:ti::; rica 1r: nnn
6 ttl I w""""

Bfngen (85) 2.19 ha

OP.RIZ-HOPTI (1972-75) 31.000 (M) Floatfng rfce 7.800
Bfngen (85) 26.000 (A)

Mauritania Park (861
"'pOURIE (BOSSO) 1.400 (M) Rfce

GORGOL (Kaedf) 700 (M) Rfce

M'BOUGHE 850 (M) Rtce

:lAXRIzalla (841. Arnauld (861
GOUNGOU (1981-83) 1.500 (H) Rtce 2.700-2.900

8407(A)

KONNI I (1979) 1.330 (H) Cotton. wheat. cowpeas 1.773

:Ieilla PRe (82). Wrfght (82), Nwa (82). Andrae (85). Adams (85)
(1964) 5.500 Sugarcane

SAVANNAH SUGAR (1980s) 12.500 (M) Sugarcane
3,000 (A)

BAICOLORI (1974-81) 23,200 (M) Wheat, cotton, Approx.
fr..
Beckllln (86), AdallS (83) groundnuts, IIIfze 1-5 ha

KANO RIVER (1969-80s) 20,000 Phs.1 Wheat (2/3) Approx.
Wallace (BU, Jackson (84) tomatoes (1/3) 1-5 ha

Harkala dam on R. Nfger supplfes
Sahel & Mactna sectors by gravtty

P~rt1al cCiitrol flooding of dikiu
polders along R. Nfger. Banf. Kenf

Parthl control floodfng of dtked
polders along R. Nfger

Pumped to polders froID Senegal R.

Pumped to polders frOll Senegal R.

Pumped to polders frOll Senegal R.

Pumped frOll Nf ger R. to perflleters
servfng 15 vf11ages. VB project

Surface dall

COIIIIIercfal sugar estate

CClIIIIIerfcal sugar estate, water frc.
Kfrf dam on R. &ongola

Sprinkler and surface irrigatfon

dill on Sakata R. to sllll1holders

Water frOll 1tga Da. (75)

SOUTH CHAD
Andral (85)

(1973-8Os) 20,000 Phs.1 Wheat (dry season) Planned Water pumped from Lake Chad, hfgh
27,000 Phs. II Rfce (wet season) 4 ha each degree Ilechanfsatfon, WB project



Rice, 2x per yr. 599 Pumping from Senegal R., diked
Initially mechanized pol ders run by 36 producer groupings

Rice. initially From Senegal R•• reservoir &
mechanized 1-sca1e diked polders, 2 of 3 units used

Rice, some maize 117+ Small 6-20 ha pump-fed village
.3 ha perimeters spread along Senegal R.

i!C~jR~ Pe.srson (81). Bloch (86). Mil ler (85)
TOll 7.400

NIAtlGA (1966-75) 750-2.000 (H)
Weiler & Tyner (81). Weiler (79) 630 (A)

DAGAMA (1973-79) 2.400 (H)
Ba (76) 1.700 (A)

MATAM (1974-831) 2.571
Fresson (78), Sanchez (80)

. Sugarcane Joint private/gov. irrigated estate

BAKEL (1974-81)
Hiller (85), Keller (82)

656 Rice 3,S63
0.17 ha

Small pump-fed perimeters for 23
villages spread along Senegal R.

ES SUlCI (1971-72) 35.700 (H)
Abde1 Salam (82)

GUHEID (1950-54, 64) 35,300 (M)
Jedrej (71)

Tanzania Rascarenhas (SS)J Boeree liz)
~ (193Ds 4-5,000'

RUYU (1967-70s) 800 1

K1lDHBERO (1960s) 10,000 1

HBARALI (195S-71) 3.200 1

DAKAWA (19705) 2,000

Pumped from Ruvu R.

Original sugar estate doubled in
size by extension in 1960s

Dam on R. Atbara into gravity-fed
surface distribution. 15 fd

Gravity-fed. rebull t by Chi nese

Pumpi ng & gravity-fed dhtributi on

Rice (state farm)

Rice (state fann)

Rice (state fann &
servi~e camp)

Sugarcane (parastata1 estate) Pumping & sprinkler irrigation

Sugarcane (parastata1 estate) Sprinkler & surface irrigation

Sugarcane/groundnuts 4,320
sorghum, wheat

Sugarcane estate 10,000 Pumped water from White Nile, fae-
w/ind. complex employees tory at site. continuous production

Cotton, groundnuts
Sorghum

Cotton. groundnuts 22,000
+ sugarcane estate 6.3 ha

Cotton. groundnuts 102,000 Gravity-fed from Sennar Dam on Blue
wheat. sorghum. vgs. (G+H) Nile into 2 main sections, G & H

468,000 Gez.
397.000 Han.

164,000 (H)
70-140.000 (A)

34,000 (M)KENAHA (1976-80)
Abde1 Rahlllan (S5), Woh1muth (83)

sudan Fad1 (84). b'silva (86)
CEII1fA-MANAGIL (1925-
E1 Agraa (S6). Barnett (77)

NEW HAlFA (1962-69)
Sorbo (85). Pearson (SO).



Ziai)abwe SUnning iS6i. iiiackie (8lii

NANYAOZI (1933-805) 500 (A) 14ahe. cotton 424 Diverston form rtvers tnto' gravity-
Stanntng (86) wheJt. groundnuts 1.4 ha fed surface dfstrtbuti on

TSOVAHI (1980s) 330 (A) Cotton. wheat 165 planned PUllped frOlll rher to storage dall
gr.vtty-

12 h. each fed dhtrtbutt on

CHISUHBANJE (1966-70s) 2.400 (A) Cotton. estate(2.000 hal Core estate + surroundt ng farlls
Stanntng (86) wheat 90 X 3-6 h. each PUIllped frOll Sabt R. into surface

MIDDLE SMI (1969-80) 7,000 (A) Cotton, 25. 160 ha n.rge) Core estate + surrounding fI,.s
Sunning (86) wheat 50 • 10 ha (silall) PUllped fro Sabf R. to sprinklers






