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CHAPTER ONE
INTRODUCTION

The need for irrigation is commonly judged in relation to a
country's climate: the adoption of irrigetion 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 suitable soils. The
two need not coincide. A major observation about tropical Africa is that
here they often do not; the nations with the greatest potential for
future irrigation deveTopment 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 self-sufficiency in relation to
climate, a recent FAQO study (1986) identifies eight sub-Saharan countries
where further development of irrigation should take priority: Senegal,
Mauritania, Mali, Burkina Faso, Miger, Somalia, Kenya and Botswana (to
which we would 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
periocds, such as in 1973-74 and again 1983-84, Sudan, Ethiopia and
Tanzania might be added. The proportion of the population 1living in the
eight most affected countries is roughly 14 percent of the sub-Saharan
African total (FAO, 1986). If, however, we add the countries where
drought 1is a persistent concern, this percentage would probably double.
Regional droughts have afflicted 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, Mozambique, 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 which otherwise would be spent on food imports. In additici,
proponents of irrigation often add the creation of rural employment as a
subsidiary goal. When coupled with the notion that irrigation is
"modern" and technologically "efficient," these objectives have often
been sufficient to insure a privileged position for irrigation projects
within national programs for agricultural development--particularly



within the Sahel and the Sudan (Africa'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 African setting will
emerge as a key issue at many points throughout this report. Here we
would point out simply that a concern over the economics of irrigation
has arisen mainly from external donors, who have questioned the
appropriateness of irrigation investments in poor countries at early
stages of commercialization (Carruthers, 1983). To African policy makers
irrigation retains the aura of being the best technology for insuring
food sufficiency and for stabiiizing rural development within the
continent's large, semiarid zone.

Volume I of this study presents an overview of these issues,
oriented toward broad policy concerns. In this volume we attempt to show
that the views of donors and/or recipient governments are both
oversimplified. Africa has greater need for irrigation than most donors
will admit, but the achievements to date have been 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 gen?ration projects of the
coionial and immediate post-independence periods.

Types of African Irrigation

Some of the confusion which arises in trying to weigh the arguments
for and against African irrigation is a consequence of conflicting and
contradictory definitions. Dcnors 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 evolved into
distinctive systems rather different from those found in developed
nations. Also, Africa's indigenous small-scale systems are an amalgam of
ancient, mid-eastern or north African technology and farmers' oWl
adjustments to a tropical environment. Desnite 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 irrigation found in Africa today can be best outlined
by a brief reference to the contrasting descriptors already used in this
Chapter when introducing our topic. The key distinctions are:

ir-igation versus drainage
farmers versus operators

1Among 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), Corac et al., (1985), and FAO (1986, 1987) and Rangely (1985).



total versus supplemental

full control versus partial
large-scale versus small-scale
formal versus nonformal
introduced versus traditional

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 irrigation exists when by human intervention plants are enabled to
meat 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 “irrigation" and "drainage.”
Under tropicel 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 irrigation in Africa's
wetter lands usually incorporate both elements, with the termer at first
trying to drain waterlogged fields and later retaining or adding water to

extend the moisture regime.

The word "farmer" is also a source of confusion. In point of fact,
the person supplying the water to plants is an operator who may or may
not own the land being cultivated. Often, in Africa's larger schemes,
those doing irrigation are tenants, not farmers: they hold their rights
to land and water under a legal arrangement with a Targer organization,
the irrigation scheme. Schemes vary in the degree of autonomy which they -
permit to their tenants. Irrigation projects designed by outsiders
frequently assume that people will show the interest and motivation one
would expect from farmers, when in reality these conditions are not found
within actual schemes. This has beern an important reason for the low
performance often seen on Africa's formal irrigation sciemes (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 required and the
degrees of control achieved differ. "Total irrigation" describes 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
increasing plants' water stress, and because water retention is very poor
in some situations (e.g. in sandy soils). In much of Africa, engineering
sojutions to increase water availability have been concentrated on “total
irrigation" even in those environments where there is substantial natural
rainfall (e.q., Xenya's Mwea Scheme at the foot of Mt. Kenya). However,
in parts of the Sahel where farmers' indigenous techniques utilized
recessional {décrue) 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" systems in
contrast to "full control” irrigation.



While Africa's large projects such as Mali's Office du Niger or
Sudan's Gezira Scheme are large by most standards (the combined Gezira-
Managil schemes cover approximately two million acres, making them one of
the Tlargest 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:

- very large-scale schawes (over 10,000 ha);
large-scale schemes (from 1,000 to 10,000 ha);

- medium-scale schemes (from 100 to 1,000 ha); and
small-scale schemes (from 1 to 100 ha).

To these we would add “micro-irrigation" (less than 1 ha) for certain
very small traditional systems, such as the calabash watered gardens of
Mali's Bandiagara plateau (Moris, Thom and Norman, 1984). The cutoff
points in this categorization imply that size distinctions are more
crucial at the lower end o7 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 standardized
water control devices are usually encountered throughout the system.

Because the adoption of irrigation has tended to be in response to
governmental initiatives--with the notable exczptions of Sudan's private
pump schemes and some estate producers in East and Southern Africa--water
engineers may be requested to design and assist 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. 1In 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 project.

The absence of medium-sized, commercial 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 "traditional" techniques,
employed with hardly any outside assistance. These days they are
incorporating some modern (or "introduced") equipment, notably small
pumps, but their whole imode of financing and operation is very different
from that employed on the large-scale, official schemes. The designation
of "scheme" here has genuine significance. Such projects are designed
from outside, externally financed (in many instances), and usually employ

Iepo (1986) "State of Irrigation--Facts and Figures," Background
Paper for the Consultation on Irrigation in Africa (Lomé, Togo, 21-25
April, 1986), p. 14.



salaried staff. As a consequence, governmentally initiated projects tend
to be larger, to have a formal organizational 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 three, four, eight ard nine of this
report.

It is harder to describe what happens in the small-scal2, non-formal
systems devised by African farmers themselves. 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 supplies. Without
mechanization, the production system resembles horticulture as much as it
does arable field farming, down to the extreme of one meter square
“boxes" into which calabash-carried water is poured. Frequently,
indigenous technology was adeptive rather than manipulative (Richards,
1985). 1In the décrue cultivation widely seen along the Senegal and Niger
Rivers (sometimes called "recessional irrigation"), farmers would plant
crops in sequence down the slcpe 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 achieve the same objective as the much more expensive, imported
technologies used on official schemes.

Awareness of water as a common resource shared between various
production systems is fairly recent in African planning. The tremendous
differences 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 agencies and external donors to
work with Africa's small-scale systems, though there are a few instances
of partial success (in Senegal and Tanzania). The extreme duality which
characterizes the irrigation 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 Africa contexts. Instead, each
specialty has developed its own classification schemes and notions about
how irrigation should be practiced. Engineers working in Africa tend to
categorize irrigation technologies by their water supply and conveyance
mechanisms: recognizing dams, run-of-the-river gravity systems, pumps,
and polders. Irrigation specialists outside Africa distinguish systems
instead by their water application devices: categorizing them into
sprinkler, border, basin, furrow, trickle, or water spreading types. We
prefer a recent, combined classification proposed by Jack Keller (Table
1). It highlights several features of particular importance in Africa,
theugh it does differ from the FAO classifications commonly used in the
continent.



TABLE 1

ESTIMATED PERFORMANCE OF VARIOUS ON-FARM IRRIGATION
SYSTEMS WITH EQUAL WATER IN DEVELOPING CGUNTRIES

(A=Excellent, B=Good, C=Fair, D=Poor, F=Fail, XsNull set, ai..d U=Unknown)

ENERGY INPUTS
and Types of IRRIGATION SYSTEM RELATIVE SIZE,
Conveyance OWNERSHIP AND HANAGEMENT CAPACITY
and
Application TRRIGA ON SYSTEM:
Systems UNIFIED FARMS (1) MULTIPLE FARMS (2]

IndividuaT/ToTTective Parastatal Ihdividual/Coununity PubTi¢c Owner
Traditional  Modarn Typical Modern Traditional Modern  Typical Modern
Mgt. Mgt. Mgt. Mgt. Mgt. Mgt.  Mgt.
GRAVITY FLOW (3]
Earth Channel
Paddy (Rice)
Upland Traditional
Upland Modern
Lined Channel
Paddy (Rice)
Upland Traditional
Upland Modern
Fipe to Surface
Paddy (Rice)
Upland Traditional
Upland Modern
Piped to Pressurized
Hand - Local
Hand - Tota)
Autozatic - Local
Automatic - Total
ELECTRIC PUMPED
Earth Channel
Paddy (Rice)
Upland Traditional
Upland Modern
Lined Channel
Paddy (Rice)
Upland Traditional
Upland Modern
Pipe to Surface
Paddy (Rice)
Upland Traditional
Upland Modern
Piped to Pressurized
Hand - Local
Hand - Total
Automatic ~ Local
Automatic - Total
DIESEL PUMPED
Earth Channel
Paady (Rice)
Upland Traditional
Upland Modern
Lined Channel
Paddy (Rice)
Upland Traditional
Upland Modern
Pipe to Surface
Paddy (Rice)
Upland Traditional
Upland Modern
Piped to Pressurized
Hand - Local -
Hand - Total
Automatic - Local
Automatic - Total
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(1] Assumes that farm and system ownership and management are the same. (Scale
of the irrigation system and farming units are the same. )

(2] Assumes that each of the multiple farms are owned and managed by private
individuals. (Large-scale irrigation systems on small fields.)

(3] Where reliable pumping 1s provided at a large public project level the on-
farm systems will behave as “gravity flow" systems,



A mon:iit's reflection will indicate why it is not practical to
impose a single, unified typology upon African irrigation systems. Any
categorization carries with it implicit suppositions about the universe
being classified--a prime reascn why classification schemes derived
elsewhere may require modification when used in Africa. Even in the USA,
civil engineers use the Bureau of Reclamation's "unifiad" soil taxonomy
when evaluating construction costs, whereas agronomist's empioy USDA's
soil taxonomy when evaluating agricultural potential. The participants
to this stidy contributed two classification schemes, one by Vincent (in
Chipter Two) oriented towards hydrology, and the other by Humpal (in
Chapter Five) towards agronomy.

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 decisiun-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., vases, swamps, depressions,
flood recession, market gardens, and mountain furrows).

The diversity of classifications aid types necessary for describing
African irrigation becomes more comprehensible if one studies Figure 1
derived from Okigbo's important (1984) FAO study on the stabilization of
shifting cultivation in Africa. What this diagram makes clear is that
irrigated farming cross-cuts envirormental zones along a broad continuum,
from moist climates with only 1-2 dry months to very dry ones with
perhaps only 1 humid month in each year. Much of the writing on African
irrigation is phrased as if the main opportunities are concentrated in
semiarid countries 1like Somalia or Mauritania. As we shall see when
reviewing the arguments for and against African irrigation, this is most
certainly not the case. The "limits 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 like Nairobi has roughly the same
rainfall as London, Nairobi appears (to tourists and farmers alike) a
much drier place. Coffee estates outside Nairobi employ supplemental
irrigation routinely, as do also tea growers in parts of highland Malawi.
Necessarily, thie potential for obtaining higher crop yieids by irrigating
exists over a wide spectrum of African environments, even though proven
technologies to accomplish this objective are still under development.

The Case for African Irrigation Development

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

- The buildup of human populations witihin Africa's drier lands,
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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 Africa;

- The critical importance of supplemsntal irrigation to insure
adequate returns from key export crops (particularly coffee);

- The large potential impact of supplemental irrigation within
“rainfed" cropping systems;

- The possibility of employing irrigation to relieve nutritional
constraints in African livestock production;

- Availability of special environments particularly suited to
irrigation production; and

- Long-run  prospects for tapping Africa’'s large hydropower

potential as the source of water and energy for irrigated
agriculture.

Relieving Drought

We begin with the semiarid countries which have 1ittle choice but to
irrigate if they wish 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 fringes of the Sahara
straddle 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 mm in the north and between 500 and 600 mm in the south (Figure 2).
A similar but less geographically uniform 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 Tlivestock.
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 1is 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 services
may have lowered death rates within human populations, so that there are
more people to feed (a larger proportion of which are young children).
Within the wetter half of the Sahel zone, high risk arable farming has

e
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become established. Plow farming accentuates land degradation in bad
years, leaving entire communities to rely upon governmentally provided
famine relief. From this perspective, donor-sponsored famine relief
projects--whether of a short-term, food relief nature or with a Tonger
term agricultural assistance bias-~-only exacerbate the fundamental
problem of land misuse within already overpopulated lands. It is alsc
sometimes claimed that there is no empirical evidence of an actual long-
run decline in rainfali. 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 buiidup of human
and animal populations. That is indeed a powerful line of argument.
Many technical experts accept it as an accurate diagnosis Yf the reasons
for emergent food deficits in the semiarid parts of Africa.

The contrary view accepted by wmany African governments runs as
follows. First, 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 1383 and 1984 Tow water levels on
the Niger River matched the hundred year minima; and again, satellite
imagery documented decreased vegetative growth over the whole continent--
even in densely forested areas far from human occupation (Tucker, et al.,
1985). Second, there hdas been a real expansion of the Sahara southward,
and archaeological excavations reveal similar fluctuaticns at several
periods in the distant past. Third, the shortfall in food production
occurs in part because people must grow export crops (like cotton or
peanuts) in places where otherwise 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 left
people with insufficient food once the dry yesrs 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 whicih carry the dreaded "river blindness" (onchocerciasis). Whole
sections of the Sudanic zone in West Africa have been abandoned when the
outbreaks of onchocerciasis became too severe. Instead, the medieval
African kingdoms were actually Tocated 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 essential for the long-run development
of Africa's semiarid lands. Even the most convinced proponents of the
overpopulation thesis will admit that the atypical occurrence of major
rivers and their associated inland deltas within the dry zones represents

1For a popular presentation of this viewpoint, see the booklet
Famine, a Man-Made Disaster? by the Independent Commission on
International Humanitarian Issues (1985). ‘
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a significant opportunity. Rivers like the Nile, the Niger, the Senegal
and the Juba make irrigation technically feasible over a large area which
is already populated and where rainfall alone cannot support reliable
crop production. To African leaders within the affected countries,
further attention to irrigation seems unavoidable. The traditional
systems for migratory pastoralism which once constituted the principal
alternative are breaking down; irrigated production seems the main
technical option which might stabilize food suppiies within the regfon.
This viewpoint is taken for granted within the Sudan, already heavily
dependent on Africa's largest irrigation sector. It also underlies
Somalia's intense desire to develop irrigation along the Juba, and is the
basis of much of the planning conducted within the CILSS/Club du Sahel
organization (established in West Africa after the 1973-74 drougit).

To date, much of the development of African irrigation has taken
place in countries without sufficient rainfall, either in the Sahel zone
or in the "lowveld" of southern Africa. By FAO's current estimates,
there are ten sub-Saharan African countries with approximately one
hundred thousand acres (40,000 ha) or more of modern irrigation. Listed
in decreasing order, these include (see Table 2): Sudan (1,700,000 ha),
Madagascar (160,000 ha), Zimbabwe (127,000 ha), Mali (100,000 ha),
Ethiopia (82,000 na, Mozambique (66,000 ha), Swaziland (55,000 ha)
Nigeria (50,000 ha), Ivory Coast (42,000 ha), and Somalis (40,000 ha).l
Some of these same countries have substantial areas of small-scale or
traditional irrigation. If the small-scale and traditional sector is
included, 1in eight of these ten countries over 40 percent of their total
irrigation potential has already been developed (FAO 1986). Senegal,
with by FAQ'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 ha), Mauritania (3,000 ha),
Chad (10,000 ha), Niger (10,000 ha), Burkina Faso (9,000 ha), the Gambia
(6,000 ha) and Tanzania (25,000 ha).

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 exploitatiorn 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 downstream projects depending on Sudan's Jonglei 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 teing planned. The priority at this juncture should

e

1Note that country totals shown in Table 2 are based on FAO's own
revision of earlier FAQ figures given on a Comparable table (2) of Volume
1 of this report.
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TABLE 2

SUB-SAHARAN AFRICA: ESTIMATES OF IRRIGATED AREAS, 1982,
IN RELATION TO IRRIGATION POTENTIAL

Area Developed 1982 ('000 ha)

Irrigation Small-Scale or Developed as
Country Potential Modern Traditional Total % of Potential
{7000 ha])
Angola 6,700 0 10 10 "1
Benin 86 7 15 22 26
Botswana 100 0 2 12 12
Burkina Faso 350 9 <0 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 8 2
Ethiopia 670 82 5 87 13
Gabon 440 0 1 1 "1
Gambia 72 6 20 26 36
Ghara 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
Senegaa) 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
Swaziland 7 55 5 60 “100
Tanzania 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 280 127 3 130 46
Total 33,641 2,638 2,391 5,019 14.9

Source: FAQ internal statistics, presented in FAQ, (1986:14).
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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 operation--a theme to which we will return at many
points in this report.

Supplementing Rainfall

The focus on drought in recent analyses of African 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 (1ike 1983-84 in Ethiopia) are only the extreme expression of
moisture deficits which occur more commonly over much of the continent.
As Wigley and Farmer note (1986), 1in any farming system dependent on
rainfall where the mean total lies 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 1ike germination or tasselling may greatly depress the total
output. :

In this respect, it is often the distribution of rainfall in each
growing season which ran be critical for crop survival. An initiai
difficuity 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
early rains. When the pattern is irregular, with interspersed dry
periods, farmers can easily lose the germinated plants. Sometimes two or
even three seedirgs 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 five months, farmers may yet encounter a three-
week dry spell at mid-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, ki1ling crops upon which
farmers have expended most of the effort required for a normal harvest.
Statistical analysis has shown that in many parts of 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 replanting when the rains return.

The hydrologIca] background to irrigation in Africa is dealt with in
the next chapter.! 1In 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
requirements under "total" irrigation in a semiarid environment. 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 control"

D

1Additiona] references useful for understanding African hydrology
include Farmer (1986), Castelina and Khamala (1979), Edwards et al.
(1983), Nicholson (1981), and Walling et al. (1984).
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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 "rainfed" crops is alco
indicated by consideration of plant responses to improved nutrients. It
is sometimes forgotten that the Asian "green revolution" achieved in high
yielding varieties of wheat and rice depended upon simultaneous
improvements in irrigation. Unless suppliec with adequate moisture,
plants cannot take full advantage of chemical fertilizers--a main reason
fertilizers remain less popular in parts of Africa subject to unreliable
rainfall. The high yields sometimes claimed for "improved agriculture"
in Africa (see Table 3) also assume adequate moisture availability:
without better water management, including perhaps some form of
supplemental irrigatien, they cannot be achieved by many farmers.

TABLE 3

COMPARATIVE YIELDS FOR TRADITIONAL AND IMPROVED
METHODS OF CROP PRODUCTION

Traditional Improved
Traditional Varieties and Varieties
Varieties and Improved and
Crop Management Management Management
kg/ha kg/ha kg/ha
Maize 1980 - 2650
Millet 710 900 -
Sorghum 970 2750 . 1835*
Soybean 670 - 1525
Maize/Sorghum 1500/865 - 2135/1030
Sorghum/Soybean 920/390 865/415 1305/750

*Drought at planting

Source:  FAO (1983), Integrating Crops and Livestock in West Africa,
Table 9 (p. 387.

Providing Forage

Observers of African livestock production are generally agreed that
the marked seasonality in nutrient uptake which African livestock
experience is probably the primary constraint upon the continent's
livestock productivity. It is obvious 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
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and delta zones, the very areas of Mali where livestock production is a
traditional way of life and where the land otherwise would have
relatively good carrying capacity (de Ridder, et al., 1982). The low
forage productivity during the two months at the end of each dry season,
in a setting where commercial 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 upuia the
production system. For years, outside analysts have misunderstood
traditional, semi-nomadic pastoralism in Africa. A main source of the
Tow opinion held of the technical efficiency of traditional systems was
the employment of individual animal production coefficients (weight
gains, milk yields, etc.) when making comparisons 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"®
systems. The contrast is, of course, artificial: it is obvious that
animals carried at very low stocking densities and with their
physiological needs externally assisted will perform better individually
(Behnke, 1985). If instead one compares the total biomass sustained per
hectare under existing production constraints (heat stress, water and
forage shortages, disease challenge, etc.), recent measurements from the
Sahel suggest the indigenous systems outperform the “improved" practices
being promoted by animal scientists (Penning de Vries, 1983).

Energy-flow measurements from different 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 systemic adjustments adopted by African
pastoralists are similar to those used by wild species when confronted
with a highly seasonal food supply. Light, hardy animals which gain
condition rapidly during the short growing season but which 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 during the short rainy season, African
pastoralists make a relatively efficient use of a harsh environment.

If, then, it is desirabie to increase animal productivity, this
transformation will not occur simply by lowering stocking rates or
introducing "improved" breeds. The forage constraint must itself be
relaxzd. Options for doing so have been reviewed by de Ridder, et al.
(1983). 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 (Table 4).

The incorporation of irrigated forage into African 1ivestock systems
could have two added benefits., First, {as Fig. 2 indicates), much of
Africa's forage, even when abundant, is of relatively Tow nutritive
quality. Even a fairly small addition of irrigated forage could he 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
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productivity. Irrigated forage could be used to build up the work
animals' strength befsre plowing begins. Indeed, a striking feature of
African livestock production is the lTow degree of integration between the
animal and crop components in the farming system (FAO, 1983). In other
semiarid areas, such as in the American West, irrigated fodder production
sometimes plays a large role in supporting commercialized 1ivestock
production.

TABLE 4
FORAGE PRODUCTION COSTS

Additional Forage Forage
Technique Productivity Quality Price 1
(in kg ha- yr- ) (3 N) (in U.S.$.kg™*)
(1) Herbs harvested early
(natural rangeland in
southern Sahel) less than 500 1,5 15
(2) Hay from fertilized
pastures 5.000 1,5 17
(3) Hay from legumes in '
monoculture 3.000 3,0 23
(4) Forage crops (with
fertilization and
irrigation)
-C4 grasses (N and P) 75.000 1,5 22
-improved C4 grasses
(N and P) 75.000 2,5 27
-legumes (P) 25.000 4,0 43

Source:  de Ridder, et al. (1983), Productivity of Sahelian Rangelands,
—  Vol. 2, p. 84.

Stabilizing Export Crops

For the reasons already noted, Africa's large-scale estate producers
of export crops like coffee, tea, or sugar have often found it
advantageous to install supplemental irrigation. The prominence of
pubTic investments in "official" schemes can give 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).
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As our example, let us take Kenya's estate-grown coffee. Kenya
remains Africa's second most important producer of arabica coffee, with
about 40 percent of national production coming from the estate sector (de
Graaf, 1986). Of this, much comes from farms located in the lower and
drier parts of the Kenya highiands, 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-Jdones, 1977). 1In coffee, supplemental irrigation is
critical to induce plant flowering at times of minimal pest challenge and
to prevent "die back" during droughts. The full benefits are usually
observed in the yield obtained in seasons following irrigation. The
stabilization 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.

ExpYoiting Resource Potentials

In the longer run, a major reason for continuing the deve]oPment of
African irrigation systems must be the Tikelihood that Africa's major
hydroelectric resources will be exploited. These provide an opportunity
for irrigation in three ways: 1) downstream development of irrigation
perimeters using water releascd from a dam; 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, Corgo, Niger, and Zambezi,
are contrasted with the world's other major river systems in Table 5
(derived from Waterbury's excellent study of the Nile). The Nile was the
first to receive sustained attention, but despite its length has a
relatively modest annual discharge. From Sudan northwards its power and
irrigation potentials have been thoroughly exploited. However, major
unexploited potential for hydropower generation remains on the two main
tributaries of the Nile. Where the White Nile Teaves Lake Victoria it is
at an elevation of 1,136 m, in contrast to 370 m at Khartoum at its
confluence with the Blue Nile; the Blue Nile 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

U

1 useful early source describing the use of sprinkler irrigation in
Southern Africa is by Wright Rain, Ltd. (1962) Africa and Irrigation.
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in Uganda, and a further unexploited potential along Ethiopia's
tributaries (on the Atbara 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 experienced (Katerbury, 1979). However, most of this water
originates upstream in Ethiopia and in the Lake Victoria basin, giving
Uganda and Ethiopia substantial potential 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 point
where the energy is required (Table 6).

The first 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 7) 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 exceeds 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 its hard rock
escarpments in East and Southern Africa 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 all
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, cn medium-sized rivers largely
unknown to the outside world (e.g., Somalia's proposed Bardhere Dam on
the Juba River or Tanzania's Steigler's Gorge Project on the Rufiji). If
the rest of Africa were to develop its water resources to anywhere near
the extent South Africa has on its small Vaal River, immense
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 perceived
food needs--though these are likely to figure prominently in subsequent
project 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 Mali's Manantali Dam, being built by the OMVS as
part of larger plans to improve navigation and power generation from the
Senegal River. USAID has assisted in planning the resettlement of

19



TABLE 5
AFRICAN RIVERS IN WORLDWIDE COMPARISON?

Drainage Annual Annual

Length area dischargs sediment load

River (km) (sq. km) (billions m°) (millions tons)
Nile 6,825 3,100,000 84 110
Amazon 6,700 7,050,000 3,000 900
Congo 4,700 3,700,000 1,400 70
Hwang Ho 4,630 776,000 200 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

4Source: John Waterbury (1979) Hydropolitics of the Nile Valley, p. 14,

TABLE 6
POTENTIAL DAMSITES ON THE UPPER NIGER

Country Site River:2 Capacity (109 m3) Output (MW)
Guinea Fomi Niadan 5.0 85

Guinea Kamarato Baoule n.a. 1.7

Mali Selingue Sankarani 2.0 11.2

Mali Tossaye Niger 2.0 n.a.

Mali Labezanga Niger n.a. n.a
Niger Kandadji Niger 15.0 200
Niger Le W Niger n.a. n.a

Benin Mekrou n.a. n.a

3Including tributaries of the Niger River

Source:  Eckenfelder, G.V. (1980) "Hydropower plans in Nigeria," In,
Smil, Vaclav and Knowland, W. E. {eds.) Energy in the

Developing World. London: Oxford University Press, p. 278
{(TabTe 22.17.
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TABLE 7

CHARACTERISTICS OF AFRICA'S MAN-MADE LAKES

Dam, Date Hydro- Name Vol- Surface of Number
River & Dam Power of ums Resergoir People
Country Closed  (MW) Lake (km*) (km¢) 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
Kainji: 1968 960 Kainji 11.5 1,280 50,000
Niger,
Nigeria
Aswan High D.: 1964 107 Nasser- 132 5,000 120,000
Nile, Nubia
Eqypt
Kossou: 1971 175 Kossou 29.5 1,600 100,000
Bandama,
Ivory Coast
Kafue Gorge: 1970 500 Kafue n.d. 3,100 n.d.
Kafue, Gorge
Zambia Reservoir

Source:  Adeniji, H. A. et al. (1981) "Man-made Lakes," in, J. Symoens,

M.

African Inland Waters.

Burgis and J. Gaudet (eds.) The Ecology and Utilization of

Nairobi:
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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 décrue cultivation
along the river banks).

When justifying large dams, proponents typically claim that large
areas will be operned 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 ha) and Cabora Bassa (up to 1 millicn ha) dams in Mozambique; the
Manantali (100-340,000 ha), Tossaye (up to 800,000 ha) and the Selingud
(up to 62.000 ha) dams in Mali; a dam on the Logone River (16-27,000 ha)
in Chad, another at Goré (95,000 ha), and one at Kounbam on the Vina
River (120,000 ha). Possible sites on the various branches of the Yolta
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
underexploited drainages in Ethiopia and Tanzania, a large (but unneeded)
potential in Zaire, and further prospects in Angola.

An even more seductive prospect arises when engineers raview the
overall disposition of Africa's soil and water resources. Much of Africa
consists of the remnants of an ancient, pre-Cambrian rock shield. Major
rivers for long periods flowed inwards into immense, internal drainage
basins. The five largest, each crossed by present-day rivers, are the
Djouf Basin (Miger River); the Chad Basin (the Lognni and Chari Rivers);
the Sudd Basin (the Nile River); Zaire Basin (the Congo River); and the
Kalahari Basin (the Zambezi River) (see Figure 4). Because of the
flatness and size of these internal basins, inceming 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 iniand delta crossed
by the Niger River constitutes one such zone; the deep sediments
underlying Lake Chad another; the enormous Sudd in Southern Sudan still
another; and the Okavango swamps on the borders of Botswana, Namibia and
Angola, yet another. However, these are only the best known examples:
numerous smaller systems with similar hydrogeological origins are found
elsewhere, particularly in Zambia and Tanzania.

Two of Africa's biggest water development schemes, Sudan's Jonglei
Canal and Nigeria's South Chad Irrigation Project, are located where
inland swamps mark the site of ancient lakes. The Sudd, in Sudan's
southern Jonglei Province, is the remains of a huge prehistoric lake
thought to have covered 230,000 square Xilometers (four times the size of
Lake Victoria). Today the seasonally inundated marshlands fed by the
various tributaries of the Wiite Nile cover over 6,000 square kilometers
(2,600 square miles). They constitute an enormous evaporating pan, from
which the incoming Albert Nile (known in Sudan as the Behr el-Jebel)
loses over half its discharge, i.e., a loss of around 14 billien cubic
meters (Waterbury, 1979). For many years, engineers eyed the possibility
of constructing a north-south bypass canal to divert the White Nile's
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water hefore it enters the Sudd's marshlands. Such a diversion would
increase the flow at Malakal on the northern (downstream) side of the
Sudd by 4.6 billion cubic meters. A huge project was drawn up to this
effect, based on a 217 mile long canal which would permit irrigation of
some 200,000 acres along its western side during the dry season; a
parallel highway would <-mnect Juba in the South with Malakal in the
North (Mohamed, 1978). Because of the huge cost and concern over the
environmental impact, the project was scaled down to provide drainage of
only about 19 percent of the Sudd's 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. Meanwhile, urtil 1983-84, the wetter than
normal rainfalls which persisted over the Lake Victoria basin where the
White Nile originates made the canal unnecessary from the standpoint of
the downstream water consumption. At the same time, Nigeria's
development of large-scale irrigation on the plains south of Lake Chad
has been hampered by persistent dEought, leaving insufficient water to
irrigate 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 continent where much of the
land surface consists of exposed hardrock formations, the presence of
rich 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 underexploited hydroelectric
potential can be tapped. FAQ estimates there are five sub-Saharan
countries with each more than two million hectares of potentially
irrigable land: Angola (with 6,700,000 ha), Mozambique (¢,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 compelling reason for introducing suiwe type of
irrigation within Africa 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, with urban centers growing at more than twice this rate.® For

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

2African countries whose 1973-83 annual population growth was
between 2.8 and 3.4 percent included Malawi, Uganda, Niger, Tanzania,
Somalia, Rwanda, Ghana, Sudan, Senegal, Liberia, Zambia, Zimbabwe,
Cameroon, and the Democratic Republic of Congo (World Bank, 1985).
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example, in Kenya where the larger part of the country is semiarid
rangeland, the growth of population over the decade from 1973-83 was
three percent per annum (World 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).

In many African countries, there has been a relative decline in food
self-sufficiency (Table 8). 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 productiin figures
prominently in FAO's justification for further irrigation investments
(FAD, 1986). It also continues as a main motivation underlying the
interest shown by national governments.

Beyond the geiieral 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 their 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 popttliation 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 shouid 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 1imits the possibilities for healthy economic growth
and increases the potential for loss of environmental quality.
(Arid Lands Information Center, 1981:84 quoting Préfol and
Delepierre, 1975)

Once the average size of family farms approaches 1.0 hectare (2.5 acras),
peasants are forced to move into high density, multi-story farming of a
kind quite different from the usual model. The farming systems employed
by people like the Chagga of Tanzania, the Meru or Maragoli of Kenya, or
in the highlands of Rwanda involve intercropping of legumes and maize, as
well as multi-story cropping with bananas or coffee and sometimes fodder
crops for smallstock. The density of human population exceeds 250/km<,
and where there is a bimodal rainfall regime the yearly cropping
intensity may exceed 200 percent--about 90 percent in each rainy season
p]gs)some use of the "dry" season for forage production (Jones and Egli,
1984).

A1l the scenarios for further “improving" these already intensively

utilized systems involve changes in water and land management.  QOne
option would be to take the "labor involution" route of Asian rice-
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TABLE 8
FOOD SELF-SUFFICIENCY RATIOS

1364-66 1978-80 1960
Average Average Population
% 3 {mi11ions)

Low Inccme Sub-Saharan Africa
Benin 95 89 3.4
Burkina Faso 99 94 6.1
Burundi 98 95 4.1
Cape Verde 58 8 0.3
Central African Republic 92 9N 2.3
Chad 100 97 4.5
Comoros 56 50 0.4
Ethiopia 99 93 31.1
Gambia 89 56 0.6
Ghana 83 71 11.5
Guinea 91 13 5.4
Guinea-Bissau 88 60 0.8
Madagascar 98 9] 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
Sierra Leone 91 87 3.5
Somalia 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 0.9
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 7 1.3
Liberia 79 73 1.9
Mauritania 69 20 1.5
Namibia 100 100 1.0
Nigeria 98 84 34.7
Senegal 73 68 5.7
Swaziland 86 85 0.6
Zambia 97 79 £.6
Zimbabwe 96 113 6.9

Production of cereals

3Sel1f-sufficiency = =  —-—-=-m=eccomccmcmcmccccccccccccccc————— X 100
Production + imports - exports of cereals

Source: World Bank, Economic Analysis and Projections Department. Cited
in Singh, S., 1983, Sub-Saharan Agriculture. World Bank Staff
Working Paper No. 608, TabTes I and 6.
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farmers, developing wet-rice cultivation on terraced lands. This is,
indeed, what hill farmers in Madagascar have been doing with the dersely
settled highlands were 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 variant of the
first) is to aim for iabor-intensive “granary" schemes: perhaps a major
wet-rice irrigation scheme operating at a 200 percent cropping 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 Kilimanjaro Region have
done at their own initiative.

A fourth option would be to reclaim the valley-bottom "swamps" which
constitute the last reserve of underutilized Tand 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 ridges and drainage 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 Eqli, 1984:23).

Because the alluvial soils capture nutrients deposited from the upper
slopes and enjoy an extended moisture regime, the output froin these
marshes is "“much greater than their Froportion of cultivated lands would
suggest." For western Kenya, Toksoz (1981) notes there are about 800,000
hectares of land with impeded drainage, of which he thinks at a
"conservative estimate" 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 ccmmensurate with population growth
will require some form of improved water management. The specific
details 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
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be developed in ways that exploit their existing resource potentials,
irrigation is 1likely 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 development comparable to where
Asian countries 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 examines present performance and economic
constraints (impinging on producers and national economic institutions
alike), irrigation appears to be an inappropriate investment. Poor
countries adopting irrigation will find themselves locked into supporting
high-cost, subsidized production of commodit‘es they do not really need.

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 ar unresolved presence of irrigation failure in the
past;

- 1if 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 facilities, high transport costs, or the unavailability
of required agricultural materialsl;

- if irrigation involves massive dislocation of peoples;

- if it will exacerbate social tensions;

- if the institutional capacity to manage irrigation has not been
demonstrated or if overall management is weak;

- 1f a long-term donor commitment is unlikely or if the donor lacks
the required disciplinary skills and monitoring capability.

- if required socioculture knowledge is lacking,

- 1f the legal basis is clouded or if dispute resolution is likely
to be faulty.

As it happens, a majority of Africa's formal irrigation projects
have been implemented under circumstances where several of the above
contraindications were present. In Africa's more remote environments one
typically finds that many earlier projects failed, that the envircnment
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itself is fragi' e, 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 irrigation is almost nonexistent. In a few extreme instances,
such as in Nigeria's ill-fated Bakolori project or Kenya's Bura
Settlement, nearly all the above indicators would have warned against
proceeding. Do we then conclude that any further financing of major
irrigation projects at this stage in African develorment should be
avoided?

Those opposed to further capital 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 guestion 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 1in 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

engineering and bad intentions and they are paying the price
for it now," 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 views are based upun actual project experience, not on the
published record. Taking 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
Worla 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 consultation on irrigation held in April of 1986, FAO made
further use of the Bank's data. A background paper on irrigation
economics showed economic internal rates of return for the Bank's African
projects as follows: SEMRY ] (23 percent), SEMRY II (20 percent), Lake
Alaotra (22 percent), Morondava ("extremely Tow"), Mopti Rice (17
percent), Rahad (19.5 percent), and Senegal's river polders (8 percent).
It concluded that with the exception of Morondava and Senegal's rice
polders, the Bank's other African irrigation projects "pass the test
successfully" (FA0, 1986:17).

Less sympathetic observers might draw different conclusions. The

FAQ economics paper itself noted the 20 percent rate of return for SEMRY
II claimed yields of 9.5 tons of paddy/ha/year, based on double cycle
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cropping, and queried whether such yields "could be easily maintained or
replicated under African conditions." While the Bank has done subsequent
evaluations, the figures it is willing to release are those obtained at
project completion "when projects were still] benefitting from very
intense support and supervision, and considerabl. pressure on the part of
the donor" (FAQ, 1986:18).

The extrapolation of aggregate yields from a sampling of plots to
derive official production statistics tends to yield upwardly biased
estimates of irrigated production. In the case of Senegal's small-scale
rice perimeters, the agency responsible (SAED) claims its field surveys
document relatively homogeneous yields of about 5.2 t/ha, with
intraperimeter variances similar to those seen between perimeters. An
independent analysis of some of these same perimeters by Fresson gave a
rather different picture. For exa.ple, on the Thialy perimeter while
SAED recorded mean yields of & t/ha, with a standard deviation of 0.685,
Fresson's larger sample gave mean yields of either 3.6 t/ha (under
optimistic assumptions? or 2.9 t/ha (under pessimistic assumptions), with
a standard deviation of 1.814. Even under the optimistic case, the modal
value obtained by the largest number of farmers was baraly over 2 t/ha
(Fresson, 1978). Fresson explains the discrepancy as follows. It seems
that under SAED's multi-staje sampling design, each perimet%{ was
represented by only six plots. From these two square plots of 10 m“ were
“randomly" drawn.

Observers who actually attended the sampling for the last
winter harvest season (1977) report that the cheice was made on
the basis of the ripeness of the crop at the time. The
selected plots were those which ripened first, corresponding
therefore to those having had 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
salinized fields, and large sections which for some reason could not be
irrigated in a given season. It is not unusual in Africa to find that
farmers' effective yields may be about half ov what is claimed by the
parent irrigation agency.

Even if one accepts the World 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 al., 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 contribution rose from 42 to 67 million dollars, the Sudanese
Government's went from 25 to 235 million. The Rahad Corporation
established to implement the project ran current account jusses of
between 7-12 million Sudanese pounds in each year between 1979 and 1982,
not including any loan amortization. The project design aimed at nearly
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total mechanization of groundnut and cotton production. In tha two years
prior to evaluation, production costs on these two official crops
exceeded revenues and over 80 perceat 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 described as "appalling.” The new villages
being built in the South lacked even the few amenities provided to the
older northern villages before the Corporation got into such financial
difficulty. 1In 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 point of fact, Sudan's irrigation projects are among the better
ones in sub-Saharan Africa. Mere, "successful" agricultural projects are
the exception rather than the rule. Gray and Marters found that among
thirteen Sahelian development projects they studied, at best only two or
three were viable (1980:64). Of the seven irrigation schemes operated by
Kenya's National Irrigation Board in 1982, only one (the Mwea Scheme) was
operating at a profit (Fitter 1983, Fleuret 1984). I[n Niger, of the
9,000 ha of irrigated perimeters established since independence, only
about 5,500 were still in production by 1982 (Zalla, et al. 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 Frénch 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
subs;dies 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 semiarjd North. Ajao (1980)
describes how the Yobe Irrigation Scheme near Lake Chad which was begun
in 1959 became the basis 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 in most of Nigeria's formal irrigation
projects (Palmer-Jones, 1981; Ejiga, 1970; Adams, 1983, 1984; Igozurike
and Diatchavbe, 1982; Andrae and Beckman, 1985).

The contrast between anticipated and realized performance in

irrigation is sharpest for poor, arid countries like Mauritania or
Somalia which can least aiford mistaken investments. Facing the prospect
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of massive food imports, the Somalia government in its 1983 National Plan
states that the "main thrust" for developing agriculture will be achieved
"by expanding the area under irrigation as rapidly as may be possible"
(SDR, 1983). The plan lists irrigation projects totaling over 40,000 ha,
not counting the proposed Bardhere Dam on the Juba River which might
eventually irrigate 223,000 ha (SDR, 1983). In several instances, the
projects are directed at rehabilitating earlier schemes which
subsequently failed.

Somalia's actual performance in establishing Irrigation can be
Judged 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 (ABD) 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
i981). The 1973-74 01l price increases led to immediate 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 their own cultivation. Machinery
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. Meanwhile, the drought caused a
lToss 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. VYields were reported as having 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 units left idle for three 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... (ADF, 1981:15)

Space precludes itemizing more case histories 1ike the one just
described, which could be duplicated from many other African irrigation
projects. The research for this report 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 Sahelian irrigation projects.
In Montgomery's comparison of irrigation system performance (1983), the

i information on the Afgoi-Mordile project derived from an
African Development Fund report (1981).
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Mwea Scheme was the only African example which was rated even moderately
successful. In general, it seems that many African irrigation projects
are characterized by poor design, cost overruns, incomplete
Tmplementation, 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 Bank's claim to having mostly
successful African projects remains a testament to one donor's faith in
irrigation technology. However, the African experts drawn upon in
formulating this report did not share the Bank's optimism. From their
own field visits and personal experience, most regard African irrigation
as a source of continuing economic and technological problems far
outweighing 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 countries a large share of the
irrigated production comes from the nonformal or “traditional® sector
(Table 9). Investment in expensive new schemes is seen as a double
mistake: first, because the rainfed agriculture 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.

0f course, investigation 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 oyt 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, 19737.

Rice in West Africa was a pivotal study in several respects. It
grew out of AID"s concern following the 1972-73 Sahelian 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 knowledge, it remains the only sophisticated,
in-depth treatment of the economics of a major African crop which
explicitly 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 Tlocal consumption. The study draws « crucial distinction
between private and social profitability, essential for analyzing policy
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TABLE 9
IRRIGATED RICE PRODUCTION IN MAJOR PRODUCING COUNTRIES

(1982)
Modern
Total Modern Irrigation
Production Upland Wetland Irrigation as Percent
of Total
------------------- '000 t-=wemeccmeromcacaaaaaa

Madagascar 2,000 400 1,000 600 30
Nigeria 1,400 350 910 140 10
Sierra Leone 550 306 250 0 0
Ivory Cuoast 500 425 75 0 0
Guinea 275 180 9y n.a. N.a.
Liberia 241 229 12 0 0
Zaire 255 243 12 0 0
Tanzania 200 90 100 10 5
Mali 250 13 87 150 60
Senegal 100 25 65 10 10
Ghana 90 67 5 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 f.da. 32 74
Burkina Faso 40 2 30 8 20
Gambia 35 2 29 4 11
Guinea Bissau 30 15 15 0 10

TOTAL 6,2072 2,375 2,771 1,061 17

Total production of rice in all sub-Saharan Africa is estimated to be
6.45 million tons.

Source:  FAO Investment Centre, 1986, Irrigation in Africa South of the
Sahara, Table 18. Rome: ~FAO. -
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choice in settings where various aspects of production and marketing are
heavily subsidized. It includes chapters on the drier, Sahelian nations
(Senegal and Mali) as well as the wetter countries (Ivory Coast, Liberia,
and Sierra Leone). And, for non-economists, it includes useful
methodological appendices on shadow prices estimation.

What emerges clearly 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 statistics indicates that this continues to be the case despite a
decade's further investment in medium- and large-scale irrigation schemes
(Table 9). Close examination of these figures supports the conclusion
that while irrigated production of rice 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 third reason for avoiding irrigation in Afirica 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 maximize profits despite uncertain rainfall, this
transition can be highly rewarding. The literature provides many
examples from dry lands 1in 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 likely 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 smallholders differ from the
larger-scale, mixed farmers who have adopted irrigation in places 1ike
Texas or Idaho. Without security, attractive prices, available inputs,
access to credit, and reliable water supplies, irrigation itself cuases
to be an attractive technical option. The spread of demand-led
irrigation technologies has occured tropical only under special
circumstances, e.g., among Kenya's coffee estates. Otherwise, it has not
yet become a general feature of African farming. This observation should
constitute a warning that usually a suitable match between farmers'

36



needs, capabilities, and the introduced technology remains to be
achieved.

Many of the projects reviewed in this 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 distance by those without detailed knowledge 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 involved until after most key decisions have been taken on their
behalf. African irrigation presents many examples of bureaucracy-led and
denor-led technology choice.

Perhaps this explains why one sees so many examples of inappropriate
irrigation equipment during site visits. Sometimes the problems arise
because of a failure to consider local contexts. Wire gabioins may be
installed at remote sites where the wire is 1ikely to be “borrowed" by
nomads, or metal gates used without Tocks to protect them from theft and
tampering. Sometimes the equipment is simply too sophisticated: self-
Teveling 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 ue
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 1life, which in turn further raises irrigation costs.
A1l across Africa, one finds broken down pumps which donors installed to
provide household and irrigation water.

A less obvious form of technological mismatch arises in respect to
the choice of crops irrigated. 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 "cereals" and "fiber crops”
disguises the extent to which just these four crops--paddy, sugarcane,
cotton, and (in West Africa) wheat--predominate. (For details on the
agronomy of sugar, rice, and .otton, 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 nroduction of rice and wheat which
made possible the "miracle" high yielding varieties which revolutionized
agricultural output in places 1ike northern India or northern Mexico.

As it happens, however, these four crops are subject to economic and

agronomic difficulties in tropical Africa, to such an extent that they
haye made irrigation itself unattractive. In regard to sugarcane, the
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difficulties are economic. Tropical producers find themselves in
competition against heavily subsidized EEC sugarbeet production. Even
relatively 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-coktton, the difficulties are irelated to the ceiling on prices
set bv the competition from cheap synthetics, znd to the rapid emergence
of serious pest problems. African cotton growers often also produce
sorghum, millet, legumes, and pulses for their food. These crops can act
as hosts to many cotton pests, providing a nearby refuge whenever
spraying of cotton commences. Cotton is an input and labor intensive
crop, compating directly with focd crops for household resources
throughout the production cycle. Unless all recommended measures are
effective, the yield obtained falls off dramatically. The involvement of
intermediary agencies to previde spraying and to handle the crop can also
mean that farmers are paid only about half of the already Tow
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 the four main crops tenants grew, cotton was the least profitable both
per man day and per unit cf water consumed (Table 10). Simmons obtained
much the same resuits for irrigated cotton in Niger, where the returns
per day were less than half those from rainfed cowpeas intercropped with
millet, 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 least profitable of the
irrigated crops African farmers might choose to grow. One cannot help
but to agree with Faki's conclusion that these crops are emphasized on
official irrigation schemes to serve overriding national interests,
irrespective of the returns farmers actually obtain.
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TABLE 10

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

Cotton: Wheat: Peanuts: Dura:

Gross Returns ( s/Fed) 24.451 41.594 21.567 17.430
Total variable costs ( s/Fed) 12.420 28.416 12.557 10.439
Gross margins ( s/Fed) 12.031 13.178 9.010 6.991
Labour input (man-days/Fed) 14.000 5.000 5.800 5.800
Gross margins/man-dgy (s) 0.859 2.636 1.553 1.205
Water consuption (mJ/Fed) 3552.000 2238.000 2030.000 1224.000

Gross margins/000 m

3water ( s) 3.2387 5.888 4.438 5.712

Gross retuSns to water 6.884 18.585 10.624 14.240
( s/'000 m°)

Source:  Hamid Faki (1982) "Disparities in the Management of Resources

Between Farm and National Levels in Irrigation Projects,
Example of the Sudan Gezira Scheme, " Agriculture
Administration, vol. 9, 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 could be
adopted directly or even added as a second cycle crop in 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 (Pyricularia oryzae).

Yield reductions caused by competition from weeds have been severe.
Here the problem is that because African rice (Oryza glaberrima) was
domesticated from the annual wild rice (Oryza barthiiJ, anyone
growing new varieties or Asian rice faces immediate problems 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 abendoned 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.
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- 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
major rice producing countries of Asia. The water itself may be
more expensive (if from a pumped source) and its supply more
preblematic (because of seasonality, a high silt load, and
salinity). Many countries cannot afford to import fertilizers and
insecticides. Adequate engineering support cannot be obtained
locally, and support services are missing. The farmers themselves
do not Tlive in tightly integrated households capable of supplying
extra labor required for intensified production.

For ail of these reasons, while breeding of superior varieties continues
at IITA in Ibadan and through WARDA in Monrovia {the main sources of ricT
improvement in West Africa), imminent breakthroughs are not anticipated.

Even wheat, which requires little labor when mechanized ana has been
relatively trouble free when grown under irrigation at higher altitudes,
has been much less successful when grown in Africa (Byerlee and Longmire
1986). Production costs have always been high; Eigher and Baker report
FAO figures showing that in 1966 irrigated wheat in Nigeria 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. price in Lagos for Norih American 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 mechar:zed attempts to grow
it on variable and difficult soils such as one finds in most of lowland
Africa. Whether grown in Nigeria, Mali (Moris, Thom and Norman, 1984),
or Sudan (Pearson, 1980), mean yields remain stubbornly below 1.5
tonnes/ha, giving insufficient returns tc 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 balance-of-
payment difficulties. We have just seen that the notion a country
“saves" hard currency by resorting to irrigated yroduction of cereals is
very misleading. Tractorized farming in Africa tends to have a high
import content, as do also truck transport and the employment of
fertilizers, insecticides, and herbicides. Until recently, because of

Ithe key sources on African rice production are Buddenhagen and
Persley (1979), Are (1981), and Pearson et al. (1981). See also Chapter
Five.
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the strong association between high input farming and "modern" or
"scientific" agriculture, policy makers in Africa were slow to recognize
that some types of 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 require continuing
hard currency support throughout the 1lifetime 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,
which also have a hidden foreign 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 Polic, 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 irrigation if they intend to develop the
agricultural sector. One sometimes suspects ‘policies' are invented by
ecunomists to give 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 agriculturel
modernization, the high costs of the technulogy mean that this preference
is in effect a policy decision even though leaders may evade facing up o
the opportunity costs. Irrigation in sub-Saharan Africa is, as we have
made clear throughout this chapter, a demanding, risky and expensive
option. Any country 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 1ikely to be vested in ministries of planning and finance.
The decline in the overall rate of investment in irrigation in recent
years can be attributed to the aggregate balance-of-payment problems many
African countries have experienced, so that an increasing proportion of
incoming capital is used in debt servicing rather than for the financing
of major new projects. Thus, there has been a de facto curtailment of
commitment to new iriigation 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
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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 irrigaticen
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
develcpment.

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 report 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 policies.

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 "first generation" technological interventions 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 environmental 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 atiention to either ti. setting
or the choice of irrigation technology. It now seems obvious that both
are critical dimensions in African contexts. Furthermo~e, 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 safequard
African food security over the Tonger run? Here one's attention shifts
toward evaluating the long-run population carrying capacity of Africa's
agricultural lands. The central role of improved water management as a
precondition for the adoptior of higher yielding variecties 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 is plain that if irrigation remains a high
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cost, high import content technology, it will be confined to schemes of
an agro-industrial character ("estates"), or their parastatal equivalent
(the Gezira/Mwea model).

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 innovatively? Who
should do the planning and supervision of irrigation develupment?

These are fundamentally "meta-issues," which will remain unresclved
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-wise approach towards irrigation 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 kina 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 learning from
irrigation experience exists. In addition, a country's leadership must
examine basic issues about the costs and location of food production
before specialists are called in to undertake irrigation planning. The
policy issues which we feel should be addressed are presented in Table
11, arranged so that the most basic ones are listed first. Indeed, the
deteriorating eccnomic situation in many sub-Saharan countries makes a
reassessment of investment priorities for agricultural development
mandatory. The very 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
Africa's irrigation performance has been largely unsatisfactory to date.

43



’:) TABLE 11

KEY IRRIGATION POLICY QUESTIONS

A. Food Policy

Consumption trencs. 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

Comparative costs of production by zone.

What import content in production?

Comparative transport costs.

What technical opportunities for each?

What role in supporting population intensification?
What complementarities?

C. What Kinds of Irrigation

Large-:cale versus small-scale, formal versus nonformal.
Full versus partial, total versus supplemental.
Authority managed versus locally managed.

Supply and conveyance options.

D. What CroEs

Present yields, irrigated versus non-irrigated.
Cost/price trends, internal and external.
Available technical packages, input implications.
Foreign exchange implications.

Food security implications.

Integration between enterprises.

E.  Where, When and With Whom

Phases in development.
Location of projects.
Acquisition of right?
Infrastructural costs.

Cost recovery mechanisms.

Is settiement included?
Sources of staff, expertise.
Supervisory structures.
Farmer participation.

Source: Adapted from Moris, Thom and Norman (1984), Prospects for Small-
Scale Irrigation Development in the Sahel, p. 3.
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CHAPTER TWO
HYDROLOGICAL ENVIRONMENTS
Linden F. Vincent

School of Development Studies
University of East Anglia, Norwich, England

Introduction

The objective of this chapter is to review the climatic resources,
surface water resources, groundwater development, and research needs of
the continent of Africa for irrigation development. Because of the
complexity of African rivers, and the important traditional agricu’tural
systems they support, the "river basin" approach of many development
agencies seems inapprop:iate. What is emphasized is the distinctiveness
of a number of differeat environments within the basins. While they may
appear to need simiiar technological solutions, their problems and
prospects are actually very different.

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. Griffiths (1972) provides a comprehensive overview of
climatic characterisitcs, their cases and links to agricultural
production in the various regions of Africa. Thompson (1965) has
compiled an atlas of all basic climatic data. In addition, we now have
many compilations of basic averages of rainfall, temperature, sunshine
duration, and potertial 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 Nieuwoit (1977) gives an excellent summary
of current meteorological knowledge ¢. .ropical climatology and provides
a good description of the atmospheric features influencing African
weather systems, especially the West African monsoon. Other useful
general texts include World Meteorological Organization (1976); Jackson
(1977); and Ayoade (1983). Texts concentrating specifically on West
African and Sahelian countries include Davy (1974, 1976); and Ojo (1977).

Griffiths (1972) discusses the climates of Africa in relation to his
own zonations, based on a synthesis of climuce class’fications developed
by Kdppen and Thornthwaite--classificatious 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 and Chorley, 1976).
This classification has been useful in identifying areas that could be
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considered to have similar regions of climatic variability and
fluctuations.

With increased interest in agricultural development, several new
classifications have emerged looking at agroclimatic zones. These have
been used in several ways--to define areas of similar problems; 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 genetic material for pasture improvement has been influential in
a lot of agroclimatic classification research. Good summaries of current
trends can be found in ICRISAT (1979, 1980).

Zoning to look at the agroclimatic 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 Agro-
ecological Zones approach of FAQ (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).

The droughts of recent years have also been a source of interest, as
have been the disruption and famine in societies no Tonger able to
survive droughts. Pearce (1981) presents a set of papers looking at
climatological techniques for assessing drought risk. Joyce (1977)
orovides a bibliography on socioeconomic aspects of drought and famine.

.1imate, Climatic Change and Agriculture

A full review of the links between climate and agriculture is beyond
:he scope of this review. Good general reviews exist in Ruthenberg
'1990) and Webster and Wilson (1980). Gallais and Sidikou (1978),
'‘elissier and Diarra (1978) and Sautter and Mondjannagni (1978) give more
nsight in the detailed social development that takes place in these
nvironments under different economic and demographic stresses. We would
ike instead to emphasize three points:

- The relationship between climate and staple foodstuffs;

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

- That rainfall alone is often not a key environmental control of when
and where crops are grown. Most so0il zones are a key habitat for
the production of many foodstuffs within the diet, and often,
planting dates may be influenced by photoperiod influences, or the
need to harvest during a dry period.

The prevailing wisdom of many climatologists is that the climate of

frica has not changed substantially within this century or recent
:nturies, although there have certainly been wetter phases within this
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century. This has been established for desert areas (Bowden et al.,
1981; Rasoon, 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 dioxide in the atmosphere (Schware and Kellogg, 1982).

Grove (1983) asserts that a study of the last 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 2f wetter or drier conditions over several years. Much
research is now taking place on the way small shifts 1in 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 either atmospheric 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. A good collection of relevant case
studies is given in Prothero (1972).

Climatic Data Analysis

Working from the premise that climate has not changed significantly,
three main areas of current research will be discussed. The first is tie
general problem of collecting representative spatial and temporal data
serfes to wuse for monitoring rainfall variability. The second 1s
appreciation of the range of environmental variables that can influence
definition of agroecological zones and growing periods. The third 1is
improving the caiculation of crop water req:irements.

The statistical reliability of point or areal estimates of time
series of rainfall measurements has long been a topic of concern for
climatologists and hydrologists. In tropical rainfall areas,
difficulties of maintaining adequate density of rain gauge networks are
compounded by the areas "spottiness" of the convective rainstorms which
bring precipitation. Most areal assessment techniques stil1l1 depend on
efther 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 periods of
rainfall records, but Nicholson (1981) documents many sources of
qualitative 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
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record.

The whole question of how to analyze rainfall in relation to “risks"
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 requiring more rainfall the-
this, and larger 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
failure. 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 mechanisms of surviving spells of bad
weather, which were recognized as part of the climatic risk, but these
mechanisms have largely broken down under economic change (Moris, 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. 1[It is particularly crucial if new cropping practices are
being encouraged. One article dealing with the problem is Riise (1971)--
Just one of the excellent serijes of analytical papers put out by the
Bureau of Resource Assessment and Land Use Planning (BRALUP) in Tanzania.
Riise's 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. Rijise
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 extrapclates the probabilities of runs of dry periods from
the longer time series. Riise shows that there is no climatic change,
but cautions against using short time data records frem 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, correlation studies between stations of Tong 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
Victoria have been used in the reconstruction of Tanzanian climates
(Morth, 1967). Butzer (1971) Tnvestigates climatic fluctuations over
Lake Rudolf, Ethiopia, whose shape makes level fluctuations from rainfall
variation conspicuous. He suggests that fluctuations monitored here
could be representative of variability over other areas of the northern
Rift Valley and the Ethiopian Nile catchment.

48



Recent progress in the definition of agroecological zones has given
us a much wider appreciation of the prospects for rainfall agricultural
production in Africa (Higgens et al., 1981). Before the mid-1970s our
appreciation of the growing season was made mainly through comparisons of
evapotranspiration and rainall, looking at ratios of these phenomena
after criteria used to define the onset of the rains. A good summary of
these older empirical techniques is given by Jackson {1977) and by
Gerbier 1in Pearce (1981). While these techniques s+till 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 certain varieties of crops--thrive
better in certain areas. or why farmers plant when they do. Information
cn 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 nrovide water for a dry period, but it is also
Tmportant to understana day length and temperature regimes of the dry
period in selecting a second crop.

Calculations of crop water requirements still also depend heavily
upon the traditional models of measurement and calculation. While some
areas have sufficient metecrological 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. 0jo (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 evaporation (Doorenbos and
Pruitt, 1977; Legoupil, 1972).

Although we now have evidence that frequent water appiications that
keep soil near field capacity is an important influence on yields (Farah,
1983; Hutcheon et al., 1973; Lassoudiére, 1978; Omar and Aziz, 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. Dcorenbos and Kassam (1979) have
devised a technique for assessing potential yield reduction caused by
Timited 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; Jadin and Snoeck, 1982). Most
African sites 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 neutro: probe (Langelier,
1980), a lysimeter or sufficient soil moisture data for computer modeling
(Prashar, 1981). For a survey of some of the problems in calculating
appropriatc crop water requirements, see Vincent (1980b) and Doorenbos
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and Pruitt (1977).

Climate and Rivers

As discussed in the subsequent section, 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--primarily rainfall, but also baseflow from
groundwater;

- Physiographic characteristics of the catchment area; ana
- 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 hydrnlogical regimes stem
not from difficulties in understanding the effects of topography and
vegetation. Balek (1977) devotes an entire chapter to the role of
vegetation in African hydrology because of its importance.

The long time scale over which most African 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 otner 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 larger rivers
only respond slowiy to rainfali inputs. Ladger {i969) 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 runcff in tie Rima Basin, Nigeria. For many African rivers
the empirical rainfali-runcff 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 & classification system linked to
climatic zones for "smaller" rivers or tributaries whei 2 the majority of
the catchment is under one climatic zone. This classification shows the
differences in the shape of the annual hydrograph that can be anticipated
under different climatic regimes, in terms 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 floud peaks, and extending the duration of river
flow. However, Rodier (1964), like Balek (197/) and Ledger (1969), puts
the flow characteristics of major rivers like the Niger, the Congo, the
Zambezi and the Nile in individual, unique categories.

In the next section reference is made to the few works thatr exist on
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modeling relationships between rainfall and runoff for African rivers.
We prefer to emphasize, however, that the relationship should not be
simplified. A great deail more geographical research is needed before one
can really understand the relationships between rainfall inputs and river
outputs oi 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
emphasizes the importance of rivers and lake 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 1s vital to appreciate the diversity of
hydrological environments within them, and their interrelationships
(Figure 3). There are 15 main drainage systems in Africa (Balek, 1977),
some of them draining enormous areas, and geomorphologically they are
very different from the sinaller, younger rivers of the temperate world.
It is easy to regard the smaller rivers and tributaries as similar in
nature to western rivers, and amenable to the same resource management
concepts, but they are not, for two fundamental reasons.

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). A1l the natural
African hydrological environments, especially 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 rivers which
ignore the needs for these mechanisms are 1ikely 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 differ-
ent. To the many people using the diverse hydrological environments of
Africa, floods are rot the danger--they are the resource, although
extreire 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 irrigation system which will produce more
food than the traditional system it may have destroyaed (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 basis of many key food production and high
population density areas of the continent.
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The second misconception for Africa 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 people, 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 h:.e the example
for Zambia given by Edwards and Vincent (1981). Zambia is seen to have a
potential irrigable 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 80,090 hectares, the
majority of which is wheat or cash crops whose production is considered
beyond the scope of swall 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 he cultivated by iarger
farmers because of the ease of marketing.

The river basin concept of demarcating 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 assessing a river basin as a
means to assess the entire amount of available water that should be
apportioned out for the most "essential" uses is likely %o have
disastrous consequences for many African rivers. Control methods “o 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 wish, therefore, to keep the idea of the river 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
regulation and drainage may be necessary for power and food supplies, but
these should be designed 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, without enormous loss of
power generation and water, and much more attention given to promoting
the advantages of improved grazing and fishing that will result upstream,
Far too few African dams are multipurpose. We need to include 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 traditicnal 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 African
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countries could not cope with the further breakdown of food supplies that
might result from implementing a project unlikely to yield the equivalent
food production for seven to ten years--cxcept, of course, through
further indebtedness (Adams, 1981).

Thus, in the next section, a classification of hydrological environ-
ments is proposed. In subsequent sections the key hydrologic:1 features
which control these environments are described, which must be recognized
in data collection and understanding their traditional uses. The results
of current attempts to intensify them are also reported.

Classification of Hydrological Environments

The droughts of recent years, combined with the fundamental
importance of rainfall-runoff relationships in Western hydroTlogical
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 1influences the
inland waters of Africa is beyond the scope of this chapter, but a good
summary can be found in Beadle (1974). Three points are important. The
first 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 varjous geological epochs, which inundated the
depressed areas of the ancient shield, left sediments over most of North
Africa, parts of Guinea and Senecal, 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 buitding 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 Rift Valley, which influences hydrology from Ethiopia to Zambia,
and where lakes are a key feature of the hydrology. The patterns of
uplift and subsidence and vast periods of geological time have helped 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, pluvials and glacial periods have caused fluctuations in
the long history of the sedimentation of these great basins and lakes, in
floodplain sediments and deltas. These zones are not only important for
water spreading, but are often key zones for groundwater recharge.

To illustrate the diversity of surface water environments that can
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occur within one river basin, ideas from Balek (1977), Rodier (1964) and
Debenham (1952) have been combined to provide a classification which is
Tinked with rainfall, vegetation and physiographic features, but which is
also linked to existing human use and development possibilities. This 1s
shown in Table 12.
In subsequent sections we discuss:

- Rivers and floodplains;

- Emphemeral streams and pans;

- Lakes, lakeside marshes and inland deltas;

- MWest coast environments and deltas;

-  Swamps; and

- Dambos.

Bibliographies of Water Resources Data and Surveys

A number of bibliographies and data tables exist for the hydrology
of Africa. Van der Leeden (1975) gives a good summary of resources by
country throughout Africa, ORSTOM (1966, 1969) and Dubreuil (1972) give
information for Francophone countries and Davy et al., (1976) gives
information for Sahelian 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 their annual
bibliography--the FAO Current Documentation Series. The list of FAQ
reports is extensive and is not included in the bibliography, as the
reader can find topics and countries of interest easily through this
annual document. Gischler (1979) summarizes the water resources of North
Africa, and Balek (1977) provides a key book for the study of tropical
hydrology.

Hydrometric Methods and Surveys

A full discussion of advances in hydrological techniques is heyond
the scope of this chapter, so a brief, general summary of available
literature and advances is made. Then, for each hydrological environment
discussed a representative survey or document to which the reader can
refer is suggested.

The importance of understanding why water behaves as it does in
African river basins is emphi:ized, as well as simply looking at the
total water resources that can be mobilized. The difficulties in
collecting data on vegetation and geomorphology may force us to use
rainfall-runoff relationships, but there should be more research promoted
on the rainfall-sediment-vegetation-runoff 1links. In practice, most

54



6§

DERIVATION OF HYDROLOGICAL ENVIRONMENTS

TABLE 12

Climate Vegetation Physiographic Influences Hydrological Environments
Swamps
Internal Drainage System Lakes
Perennially Rivers and Floodplains
Well-Katered Rainforest
Regions Drainage to Sea Rivers and Floodplains
Wet Coastal Environments
Perennial Drainage Rivers and Floodplains
Seasonally Savanna Intand Deltas

Well-Watered
Regions

Intermittent Drainage

Dambos

Mediterranean

Rivers and Floodplains

Perennially
I11-Watered
Regions

Desert and
Semi-desert

Empheral Strcams and
Pans




recent documentation still emphasizes the eariier 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 countries is now
becoming more extensive. The World Meteorological Organization (1972) is
an excellent overview of techniques and approaches used in Africa. USAID
(1977) 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 special 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 riverflow and sediment data on
rivers with great variation in flow, and where high flows spread
over floodplains can only be very crudely neasured by recording
levels;

- The Timited number of measurement points on which to base work;
- Limited time series of data; and
- Non-existence of extensive 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).

Key techniques for the regionalization of known information on flow
regimes still rely heavily on developing envelop curves around rainfall-
runoff relationships (or with river levels). Key techniques for
extending time series still rely on extrapolating probability series, or
the generation of synthetic data, although Nicholson (1981) emphasizes
strongly the potential of qualitative, local, historical information to
extend understanding. Studies on sediment load still rely on making
Timited 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 Tow fiows or floods--puts on adequate design. We do
not agree with this view. We feel that statistical techniques are
adequate enough now to construct valuable working information. The
problem is much more what designers fail to do with the data collected.

Even where designers can calculate extremes, they rarely use them in

design, because they make a scheme 10 expensive. 1In virtually every
scheme we have analyzed, statistical risk Tevels have been fixed by
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scheme economics, e.g., construction cost or maximization of irrigated
area, and have nothing tc 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 Rana
River (Appel, 1982) 1is discussed, where major embankments are being
constructed against a flood return period of only 50 years.

Problems w1th Irrigation Surveys and Implementation

Several workers have investigated reasons for the gap between
potential and realized benefits on irrigation schemes--for example,
Carruthers (1978); Jurriens et al. (1984); Horst (1983); and Tiffen
(1983). One key technical area has been emphasized on improved
calculations of water requirements and losses in the distribution of
water, to ensure that water gets tc 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 required
to maximize the area irrigable rather than distribute scarce water.
Problems of access to water were compounded by the expectation that
farmers would undertake night irrigation, and the large number of farmers
sharing a water channel.

However, some of the worst technical problems are now seen as
stemming from poor soil survey assessment. We have many examples of
soils being wrongly classified and proving to be saline (Adams, 1981) or
unsuited to the use specified (Savonnet, 1983). Howaver, 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 reauirements (Adams, 1981) or adequate
drainage installatiuns (Azim Abul-Ata, 1977) in order tc cut development
costs are more common causes of salinization than poor water use by
farmers.

The typical range of measurements for an irrigability classification
are given in FAO (1979), Mitchell (1976) and Robochev and Samarets
(1981). However, Dent and Aitken (1983) is sharply critical of the way
that most soil survey data presents information in a useless way. He
thinks that soil surveys may have become a ritual recording of Timited
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 limited research on crop yields on various soils, or on
field trials to establish optimum water application techniques and Tikely
efficencies. FAO (1973) provides an example of the discovery of limited
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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. Azim Abul-Ata
(1977) describes the way a deliberate 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 reiterate the point that we do not think the methodology for data
collection is useless--it is the way in which it is used. The frequent
problem of reconnaissance, pilot surveys and actual development being
done by different groups often exacerbates this problem.

The real problem is the way irrigation surveys always try to
maximize potential, in the hope of further work. How many irrigation
surveys have said firmly 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. Some key hyd:aulic structures may have
to be installed with reference to the maximum desirable 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 cropping for three to four years, yet governments rarely take
responsibility for this problem. Engineers comment on the delays 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 this problem has caused violence to
erupt, with government forces killing protesting farmers, (the Bakolori
Scheme, Nigeria, for example).

The emphasis now should switch to improving the interpretation of
survey 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
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project introduction and much greater protection of the rights of small
farmers involved in the areas affected by schemes.

Rivers and Floodplains

Mention has been made of the complexity of the 15 main river basins
of Africa, and this cnapter has stressed the need for a conceptualization
based on rivers as geomorphic agents and agricultural foci, rather than
Just water. The vast quantities of water and sediment carried by most
African rivers have necessitated the natural development of vast
floodplains.  Virtually 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 Tlimications, but where pockets of high rural and urban
population densities exist, e.g., the Zambezi, the Volta, the Congo
(complex, remote);

- lLarge 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 Kano
rivers (apparently conventional, populous).

A1l 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
Tast two categories of river basins.

Indigenous use of rivers in Africa is widespread ir all categories
of rivers. Flood recession agriculture is widespread throughout Africa,
where vejetables or cereals are grown on ioist soil zones exposed by
receding floods. Small gardens are irrigated by 1ifcing 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
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spontaneously, as market opportunities for vegetables has 1increased
(Marchal, 1970), Deitchman and Boulet (1979) and Vincent (1981), or new
varieties of rice introduced (Waterworth, 1964, 1967). However, there
has been very limited 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 Tlocals did not cuitivate 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 1ocal photoperiod influences. His 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 developments for power and water supply,
which invariably means dams, from devzlopments to intensify agriculture.
These may mean dams, but one can also Jook at prospects for smaller scale
1ift schemes and irrigation furrows, and at intensification of existing
irrigation which may need little new technology.

In the first category--"complex-remote" catchments--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 resettiement experience of the
Volta Lake. Scudder (1980) discusses the disruption of the Kariba 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--"complex-populous" 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 permanent system currently unable to cope with the attendant
waterlogging and salinization (Azim Abul-Ata, 1977). Zikri and E1-Sawaby
(1979) also discuss the way river regulation has reduced the fertility of
soils previously regularly inundated by silt. It is the existence of
permanently inundated channels which has caused the substantial increase
in bilharzia (Amin, 1977). Daget (1977) discusses the general effects of
pesticides on prospects for fish production. Shaheen (1983) and Temarak
(1983) discuss the increased pest infestations following intensification
of agriculture. Most disturbing of all, Worthington (1977) discusses the
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general deterioration of the ecosystem along the Nile, with permanent
irrigation bringing 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 vehicle for extensive
settlement programs. The settlers on the enormous schemes have suffered
from identical problems as the indigenous fedayeen of the Nile (de Wilde,
1967; Barnett, 1975, 1979). Despite the 50 years of technical progress
between the construction of the Gezira/Office du Niger projects and the
Aswan Dam, *“he impacts have been almost exactly the same. Once again, 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 sclution must exist.
If the solution does not work, one can always blame the farmers (Azim
Abul-Ata, 1977).

However, it is in the third 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 (Stryker and
Gotsh, 1982). Thus, it is in these rivers that the really negative
impact of the "water resource mobilization approach" of western hydrology
is seen.

In the debate about the developments of these rivers we are usually
dealing -ith 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 1ift schemes, which may be individual or
communal. The environmental impacts of such schemes are small, and the
hydrological dat3a required for their design quite simple. Their problems
have come either from technulogy (Cruz, 1981; and Keller et al., 1982),
organizaticn of settlers (Clayton, 1978; Weir, 1978), or the labor
constraints of proposed crop production (Vincent, 1981).

More commorily, however, the solution has been to promote dam schemes
which may not only supply water for new irrigation developments (see the
summary for Nigeria by Ogutoyinbo, 1970), but can also regulate river
flow and thereby make small pump-1ift schemes instailed 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 in use for irrigated or
recessional cropping. Evidence on this comes not only from the large
number of dams being built for urban water supply (OTofin, 1982), but
also from those built for irrigation (Adams, 1983). 0lofin compares the
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effects of a number of small dams in upper streams on tributaries of the
Kano River (which are actually nearer the many urban settlements) and the
impact of the much bigger Tiga 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 O0lofin considers larger and more
fertile than the dispersed alluvial patches of the old floodplain, and
says that the new floodplain is actively grazed.

Olofin noves this as a fortuitous result, since there was no
investigation ¢t optimum flow reieases to achieve a desired
geomorphological resu't. However, it is not actually known whether the
new fadama is supporting the same families, a larger number of animals or
is still providiny any food crops. These foubts are confirmed by Adams
(1983) on the effect of the Bakolori Lam on downstream floodplain
villages of the Sokoto River, Nigeria.

One further probiem is that dams are nnt 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 Weltorn (1979) discuss an investigation for the
construction of a storage reservoir by blocking an abandoned flood
Channel. The gectechnical exploration revealed underlying sands which
would require costly seepage control measures so that development options
focused strungly 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 aid, or the
availability 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 problems are happening on the Tana
River in Kenya, and 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 feasibility 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 parastatal 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 irorn from the interior. The scheme has two,
dams-~-the Manantali on an upper tributary, which regulates the flow of
water in the main river but also provides power for the mining area, and
the Diama upstream of the delta. It also envisages the digging of a
navigable channel betweer the two dams. The project is not about the
production of traditional crops like millet or local varieties of rice--
it is actually concerned with producing rice and wheat for the towns.
Scudder (1980) doubts whether the new area irrigated will produce an
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equal amount of food as the habitat 't has disrupted, even after the long
implementation period is completed.

Bessis (1982) and Adams (1981) both comment on the difficuities
small farmers have in producing enough to eat on the plots of land
allocated in settlement schemes. Requirements to produce wheat, rice and
tomatoes for market have interfered with the role of women in producing
supplementary foodstuffs for a balanced diet. Ri.ar regulation will
halve the supply of tish, the main source of protein. Even if the
projects produce enough for the towns, the ssttlers 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 projects will yield this equivalent
even if the projects stabilize after seven to ten years. The food
deficit during the gap is unthinkable.

One further problem beyond the types of cropping dates being
introduced is that of the settlements themselves. Both Adams and Bessis
doubt whether they can be grafted onto the villages or smaller schemes
that have developed over the last half century. In light of settlement
experience from Zambia [(Weir, 1978) and Clayton (1978)], this is also
doubted. The failure of 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 affnrded? Bessis thinks that the oil requirements for pumping
stations will put up a staggering petroleum bill.

In conclusion, a note of caution is sounded in the rapid resource
mobilization of African rivers. 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 irrigated
production, and careful analysis made of the sources of foodstuffs in the
inte;im period vnere 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
obtaining the pumps and the land rights is needed. There is a far
greater case for developing existing rainfed agriculture in the settled
floodplains than aid projects have considered to date.

Ephemeral Streams and Pans

Intermittent runoff occurs over much of arid 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 rainfall. This drainage is different from dambos, where the
drainage is from interflow and soil saturation. Good summaries of the
characteristics of arid zone hydrology and data collection techniques are
given in Jones (1981) and by the International Association of Scientific
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Hydrology (1979).

In some areas ephemeral streams follow old drainage 1ines developed
in wetter periods and have clay beds which make them useful for
agriculture despite low rainfall--examples of these are the dallols of
North and West Africa. 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 courscs. 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 over these pans, there
is a buildup of saline deposits which in turn contaminate the water that
collects in them (Robertson, 1950), Many of these pans have important
Tinks 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 "nafirs"
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 being developed much more systematically (Intermediate
Technology Group, 1969), eitner to provide 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 produciion
depend on the reliability of annual runoff and transport links. Where
these are reasonable, as in parts of North Africa, specialization and
early producticn can help settlers to corner part of the market (Pascon,
1383). However, elsewhere they can prove uneconomic for crop production
against the cost of production (Upton, 1969).

Where a natural 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 & 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 settlement and
marketing possibilities exist, the development of ephemeral stieams may
be worth considering.

Lakes, Lakeside Marshes and Inland Deltas

Natural lakes are an important feature in the hydrology of East and
Central Africa, being found from Ethiopia to Mozambique in association
with the Rift Valley. However, one needs also to mention the internal
drainage of Lake Chad, the ]akes associated with the old "inland delta"
of the Niger, and Lake A oatra in Madagascar. Africa has 15 lakes with
an area of over 10,000 km<, 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 hydroclectric power, e.g., Lake Volta, Lake Kariba, Lake Kossou,
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Lake Kainji and Lake Nasser. Problems with the impact of these projects
have already been discusssed in the section on hydrometric methods and
surveys. Many of these natura! 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 airady 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 practices, and they have attracted attention from developers
because further small-scale 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 traditienal rice producing lake societies are quite well
documented. They have usually developed dynamically under population
pressure, and their fine apreciation of water control and appropriate
crop varieties has attracted attention. Bouguet (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 Aloatra, 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) orclines the adaptation of
traditional rice production to two sets of risk-~th: arrival of the rains
on the one hand, with sufficient but not excess wa‘er. 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 Tlocally ror different planting dates and sites, and that
resist different types of pests. What is particuiarly interesting is
that village fields are constantly changed by a collective rotation,
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 cultivate a variety of
other flood crops as a security against flood failure, and the system is
accustomed to shifting over wide areas.

Intensifiction 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 a 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 difficult to crop, given 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
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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 Tlake-level control and
embankments which require careful siting (Tricart, 1960). These schemes
have formed the hasis for further developments on Lake Faguibine (Niger
Inland Delta), Lake Victoria (Gibb, 1956) and the Lake Zwai project.
Apart from the costs, the projects may well face difficult soil
conditions once the waterlogged sediments are drained. This will be
discussed further in the section on deltas. The most detrimental
feature, however, is the increase in schistosomiasis once lake levels
have been stabilized (Goll, 1982).

The new polders developed for lakes, like those developed for
deltas, may seem attractive because of the potential surplus of one
single rice variety produced, which can be easily milled. In practice,
however, 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,
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.

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 poiders
which will produce only one rice variety.

Techniques and survey methods for Jake investigation can be found in
Makin (1976) and Kramer and Stegemann (1956). Several attempts have been
made to monitor the water balance of lakes and thair fluctuations in
water level (Morth, 1976; fe Saulny, 1970). These often involve models
correlating rainfall cver 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. Although in some stretches of the West African coast,
irrigation is used for the intensification of oil palm.

Some of the best examples of traditional irrigation societias exist
in wet coastal environments along tne coasts of Senegambia, Guinea-Bissau
and Guinea-Conakry (Pelissier and Diarra, 1978; and Oosterbahn, 1982), a
zone characterized by Towlands sinking under coastal muds interwoven by a
dense network of streams, deeply penetrated by estuaries and surrounded
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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 of
coastline rice is the staple crop. Zonsiderable attention has focused on
intensifying production in this arei. It is essential to realize that
the main source of water for the traditional agriculture is derived from
rainfall. Equally important is the nature of cultivation within the
embanked areas, with rice seedlings planted out on ridges. Oosterbahn
(1982) explains how this ridging offers a crucial control over salinity
and also over the deterioration of the acid sulphate soils which typify
this coastal area.

Similar environments in Ghana, within the Volta delta area, but not
part of the active delta, support the intensive vegetable production of
the Ewe (Grove et al., 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 cecast between Liberia and Benin, also
dependent on root crops as staple foodstuffs, show little evidence of
traditional irrigation development, but there has been government
Interest in increasing production of o0il jpaim under irrigated plantations
from lagoon reclamation (Dissou, 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 Vierhout, 1982), and
also the coast of Madagascar (Ramamonjisoa, 1583).

Intensification of these environments can take place in a number of
ways (Horst, 1983). Attempts can be ma“e to intensify existing
production, or can be extended on a small-scale by small new local
embankments (0Oosterbakn, 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 plarned
are the Senegal River (Adams, 1981), the Nile (Diab, 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 large varieties of rice adjusted tu the wide
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
1ike 011 paim.

Oosterbahn (1982) makes a study of the difficulties of the next
option--new small-scale polders. One problem is the difficulty of
organizing land use for areas given to new settlers, or combining
villazas where labor constraints are already extensive. Many of the
older embanked areas are cultivated as a unit by one village. In his

67



study for the introduction of an oil palm plantation in a newly reclaimed
lagoon Dissou (1983) reaches the same conclusion. Khile there were still
some serious technical problems which alienated settlers 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.

The crucial difficulty in extending embanked polders in these areas
is, however, the soil complexity, especially the presence of acid
sulphate soils. These are waterlogged sediments containing iron and
aluminum sulphates in reduced forms which oxidize rapidly to yield iron
and aluminum ions and sulphuric acid and, not surprisingly, extremely
acid soils. Qosterbahn notes that there are currently no easy field
identification techniques for acid sulphate soils. He speculates that
the reasonable pH of the ol“ polders is probably due to careful
improvement over time by drainage control, or that locil cultivators have
their own methods for recognizing potential acid zones. Any rapid
development of new embankments on acid sulphate soils will have
disastrous consequences, not only because of the difficulties soil
acidity will present to cultivation for several years, but also the acid
that will be released into other waters by drainage.

Like Oosterbahn (1982) and Horst (1982), it is agreed that the best
solution is to attempt intensification of production in existing small
polders by further research that might suggest small water engineering
improvements, but above alj by infrastructural improvements to improve
marketing and social facilities that Wizt stem outmigration. However,
pressure for import substitution of scaple foodstuffs for the urban
population has led to the launching of extensive reclamation of the
Senegal, Tana and Ni'e deltas.

This large-scaie polderization has some crucial 1implications 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 traditional polders utilize rainfall, which Tleaches out salts.
However, the large polder schemes will be producing two crops a year by
using river water to flood the fields, so salnity risks increase,
especially if “and 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 comparisor - f proposed work for the Tana delta (Appel and
Vierhout, 1982) with actual experiences in the Senegal delta (Adams,
1978) enables us to compare technical expectations and planning with the
socioeconomic implications. The Tana scheme envisages complete flood
protection and adequate internal drainage for 10,000 hectares, which will
be irrigated by river water conveyed from a diversion weir. The polder
area 1s actually scheduled as a state farm, envisaging the employment of
estate workers and outgrowers. The capital cost in 1982 for flood
protection and drainage works alone were estimated at over $5,000 per
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hectare, and almost $7,000 when storage, milling and compound facilities
are added. Apart from repayments of this capital, annual running costs
of $970 per hectare.

At top yields, which are precbably 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 capitai and running costs, or low
ylelds, is starting to make the project look perilously uneconomic.
While this project should produce 50 percent of Kenya's rice requirement,
it seems that this 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 Tlaunched, although it was discovered subsequently that
19,000 hectares were too saline to be used, and poor leveiing on
remaining areas gave poor water control and very low yields. 1In 1968
crop failure due to lack of river water led the authorities to install
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 scale of intervention by management has made
them very little different in practice, with requirements of
mechanization and insistence on fertilizer use leading to substantial
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) 1links the deita 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
Tight of this study. The first problem is the existence of a consid-
erable area of imperfectly drained and saline soils. The second question
is the reliability of estimates of expected river flows, and the
stability and geomorphic effects of works to control these flows. Appel
tells us that the protection works, already extremely expensive, are
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designed against floods with a return flood period of 50 years. Even
fairly ordinary urban floodworks are designed against a flood return
period of 100 years. Simple probability analysis tells us that there is
a 13 percent chance of a flood of this or greater magnitude occurring
within 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,
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 designed.
A 50-year flood protection scheme is all that can be afforded--it is not
what the scheme requires. The article tells us nothing about the
frequency of luw flows, or the effects on flows of any further regulation
of the Tana River, but the SAED experience tells us that this 1is an
essential component to study. So too would be a search for the tendency
to spells of high and Tow 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 spillways to carry excess flood water. River
training works are notorious for *heijr unpredictable effects on siltation
and scour, and diversion works - : notorious for the extensive seepage
and localized waterlogging creatiu. 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 Africa experience.
However, expeiiences there have many parallels with the Senegal
experience. The Nile Delta is a large-scale reclamation project, made
feasible by water releases from the Aswan lam, with adverse s90i1l
conditions compounded by poor quality water (Schulze and Ridder, 1984).
Diab (1982) gives & sumnary of the technical preblems and the high costs.
Articles by Dayem, et al. (1978) give practical insight into the very
real difficultis of controlling salinity in these areas, as well as
discussing hydraulic models developed to design the optimum drainage
network.

SwamEs

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

Swamps are distinguished from seasonally inundated floodplains
primarily on the degree of marshiness 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 amenable to the same technical solutions,
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 technical
Titerature overlooks this point. A good example of this is the Kafue
flats which, 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 different
from, for example, 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 1lakes (Gibb and Partners, 1956). 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 river water are
discussed. They are frequently linked to topographic depressions, from
which outflow may or may not occur regularly, and act as natural
reservoirs and erosion regulators. [t is the pattern of inflow and
outflow which makes swamps unique, as outflow is usuilly only a tiny
fraction of inflow, with enormous evapotranspiration losses. Within this
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 take
several years to move through the deeper and slower-moving Kafue and
Sudd.  There are few published studies of models of African swamps.
Balek (1977) reports some studies on water flow through swamps that use
the Muskingham flood routing technique. He also 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
evapotranspiration losses are estimated indirectly after comparing inflow
and outflow. Sutcliffe (1976) thinks that hydrological models of swamps
can only be qualitative.

Africa has 17 major swamps covering arezs greater than 2,500 kmZ.

The best known of these are the Sudd of the Sudan, the Middle Congo
(Zaire), the Okovango (Botswana) and the lafue and Lukanga flats of
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Zambia.

Swamps often have unique ecologies, and aquatic vegetation plays an
important role in the water budget through transpiration. Vegetation was
originally considered to influence the flow of wa“er through a swamp
(Debenham, 1948), but this is no longer considered true (Botswana
Society, 1976). It 1is vegetation, however, together with disease
hazards, which are key determinants of traditional use of swamps.

An excellent summary of the previously balanced use of the Kafue
flats is given 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 drainage. Impoldering 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 actvities of the existing population and create a
dependent labor force. Reclamatic. will also alter the outflow in the
Kafue River downstream of the faults and eventually the Zambezi, although
the agricultural impact of this is not discussed. While there has been a
great deal of discussion about the "potential" of the Kafue Basin, 1in
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
complex, as siesmic movements are now known to affect the balance of the
inflow and 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 receijve 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, which is also
characterized by shailow depih 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 Tow fertility and
high risks of wind erosion. Experiments with sprinkler irrigation--
hardly a small farmer technology, but necessary because of the sandy
soil, were defeated by the low so0il fertility. One site where alluvial
soils did exist, however, was too isolated to make Tlarge-scale
developments feasible unless communications were improved.

Drainage of <the "Sudd" swamp in Sudan is Tikewise associated with
power development. Incoming water from one of the inflowing rivers, the
White Nile, is diverted into the Jonglei Canal before entering the swamp
and being conveyed to the Aswan High Dam. The Sudd waters are required
to balance the enormous evapotranspiration 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 only 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
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swamp supplies by the White Nile. Fauchon (1981), howeve-, thinks that
grazing improvement could occur in areas crossed by the Jonglei Canal,
and efforts should be put into promoting this.

Overall, the prospects for major development of swamps are not
encouraging. We agree with Horst (1982) that the major need is research
on improving existing agricutural economic activities in these areas.
Much greater geomorphological understanding is required before
impoldering should even be considered as a technical solution. Planners
should stop seeing the flooding and evapotranspiration of swamps as a
"loss," and see instead the extraordinary wealth of wildlife, grazing
potential, and fish that is often a feature of these areas.

Dambos

Dambos are intermittent swamps. By combining several definitions
iven 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 drainage
system, in a region 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 grazing, vegetable gardens and even
rice production in local agricultural systems in Malawi, Zambia, Zimbabwe
and Botswana, and have received attention for their potential development
for small-scale irrigated production of vegetables and rice (Vincent and
E1Ting, 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 deve]op 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 their recharge.
As dambos are a feature of the upper catchment drainage, the rocks are
less 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, unlike swamps, which are recharged by streams, dambos are

recharged by rainfall. Vincent and £11ing (1981) point out how a market
transition in the wetness of dambos and their uses occurs with the
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increasing annual rainfall as one moves east-west across Zambia.

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 dambo
areas. Balek (1977) reports hydrograph studies monitoring the balance of
surface and subsurface outfiows and notes how vegetation studies can
assist in the delineation of moisture zones and their changes across the
year. He also reports on attempts to recreate size and shape of dambos
with the pattern of runoff, and reports on studies of the interesting
pattern of evapotranspiration over dambos areas.

Groundwater

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 floodpi.ins and dambos have allowed smallscale
development for vegetable production. There are areas, however, where
groundwater resources offer prospects for both large- and small-scale
projects.

An excellent 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 yields that can be anticipated
from borewells and data collection techniques. Gischler (1979) and
Schliephake (1972) give a good overview of groundwater prospects in North
Africa, and the Comité Interafricain d'Etudes Hydrauliques (1976) has
produced some good working maps of resources for sub-Saharan Africa.
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) give details 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
Iggafevelopment prospects in many areas of Africa (for example, UNDP,

In the section on the "river basin concept," a brief overview of the
geological evolution of the African continent-is presented. The core of
Africa 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 material
and the climatic recharge to them. Faulting by tectonic movements, or
buried drainage channels of old rivers, can create favorable resources
for developmert, but yields are usually very low, and will rarely support
an irrigated area of more than two hectares. They are not feasible
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development sites for borewells, but they can be important for supporting
small irrigated areas based on hand-dug wells. These can be seen in
large parts of West and Central Africa (Vincent, 1978; Vincent and
E11ing, 1981).

Over the remaining areas of Africe there are quite complex
geological cross-sections of sedimentary rocks, created by a series of
marine transgrassions over much of North Africa and the coastal zones,
and/or 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 te collectively as the “"Continental Intercalaire." In northeast
Africa Mountain building and faulting has caused uplift of these rocks.
Over old coastal areas like Mauritania, Senegal, Cameroon, Angola,
Somalia, Mozambique, and Madagasgar are found the aquifers frequently
referred to as the "Continental Terminal." in which clay materials are
more common. In central Africa there is no generic term to cover the
cross-sections, but important areas are the Katanga, the Karoco, and
Kalahari deposits.

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

2rospects for dug wells depend on the watar table behavior in the
uppermest stratum, but borewells may collect yields from several strata.
Since many of thase strata were laid down in wetter periods, one
important concern is whether tapped reserves are curvently recharged, or
whether they are fossil reserves. Where fossil reserves exist, water
quality is also a major concern.

Drilling down through these strata will show a great mixture of
Timestories, sandstones, and shales which yield water, and tliey have been
widely developed for water supply. However, the higher yields that would
make groundwater economic to develop are only found in certain sandstone
cr very specific limestone strata. While limestone deposits exist in
several regions across Africa, it is only where sclution channels have
developed under the infiuence of the wet pluviai periods that high yields
are obtained. Thus, prospecting for groundwter reserves at depths that
could sustain irrigation development is a skilled job.

Borewells have been developed by individual large-scale farmers and
utilized subsequently for sprinkler prcduction, but there are few
smallholder projects based on them. However, the recent sediments laid
down in flcodplains and deltas are increasingly seen as a groundwater
resource and there are now areas where pumplift systems are developing
very quickly.

While national and international assistance has gone in to
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developing borehcles in North Africa, Tlittle 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 geohydroiogists
has taken place (Heindle, 1974; Berger, 1975), whose skills could be more
specifically directed to prospecting water table and artesian aquifers
for groundwater irrigation prospects. The key problem, as with surface
water, is to encourage the idea that small diffuse programs are equal in
importance to major projects.

Groundwater Assessment

An extensive discussion of techniques will not be made here because
of the wide range of geohydrology books that exist. Reviews of
techniques for Africa exist in Unitad Nations (1960, 1973), Food and
Agriculture Organization (1975), Schoeller (1359), the World
Meteorological Organization (1972b) and DHV (1879).

Techniques for assessment relevant to African conditions have
centered around:

- Remote sensing techniques (Barrett, 1981; Comité Interafricain
d'Etudes Hydrauliques, 1976);

- Ground survey of water table conditions in existing wells combined
with exploratory borewells used for resistivity survey and pumping
tests (Mohammed et al., 1979; Sedwale and Farr, 1980);

- Isotope studies of current and fossi] recharge {Foster, 1978); and

~ Assessment of the role of floodplain 1inundation 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 geclogical circumstances through a wide range of techniques,
including wells and qanats. An excellent overview of various types of
Saharin oases is giwven by Nesson et al. (1973). However, oases have
never been the basis of inaependant 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
also controlled the slaves who ran them. Dases were as much commercial
service centers as suppliers of food. With the breakdown of nomadism, so
too has come the breakdown cf 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 with the
high transport costs, have left most oases as fossil settlements, far
removed from favored coastal settlement zones.

Many oases have been further damaged by falling water tables
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(Manger, 1981). Collapse of the social systems which excavated and
maintained water sources has also been an important influence. Thus,
most oases still functioning depend on pumps, access io which has been
the subject of many disputes (Fauchon, 1980), as new forms of water dis-
tribution may not match old tenure organizations (Nesson et al., 1973).

Attempts to resurrect the agricultural potential of oases have as
much to do with political concern to maintain a presence in what are now
remote and backward areas as with their real economic potential. 01d
oases sites are thus now in the same economic category as the many small
desert farms developed on the basis of borewells. 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
linked to the degree of government assistance and control and the ability
of settlers to survive the general isolation.

Within the prospects for water table development over the rest of
Africa there is a need to distinguish the environment of the large river
floodplains and inland lakes from the more generalized prospects across
the weathered snurfaces of Africa. The main opportunities for water table
development do exist only aiong minor or major drainage lines, and in
some areas developments have already bzen considerable, even if the scale
of transported surplus is small. In areas close to rivers or lakes,
irrigators will 1ift water from the river or hand-dug wells, according to
the distance of their plots from the water source. Deitchmann-Boulet
(1979) gives an interesting account of the irrigators around N'Djamena,
Chad and Vincent (1981b) discuss the small producers in the Mumbwa
district, Zambia. Dupriez (1979) contains a case study from the
Badeguicheri Valley, Niger where sinking of wellc for domestic use led to
a doubling of irrigated production.

While much of the well irrigation in Africa is still primarily
domestic and marketed very Tlocally, irrigated production can develop
rapidly where there are good marketing prospects. While some of the
existing production is still dependent on hand 1ifting, which limits the
area that can be irrigated, pumps are making a rapid impact. A1l 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 this seminar gives an illustration 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 irrigated production unless they have enough
resources to ensure their subsistence production. Thus, many of the
families involved in irrigated production are aiready the established
ones. However, farmers performing hand T1ifting 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).
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The introduction of pumps also introduces the question of who geils
the technology. Vincent (1981b) showed that barks were extremely
unwilling to extena money to small cultivators for the purchase of pumps,
and those cultivators who had pumps were either the larger farmers
favored by banks, or those who had got the financial resources together
privately to purchase pumps.

The question of who will control access to the landsites favorable
for pump development is also importaat. In India the introduction of
pump technology has led to the "buying out" of smaller farmers and
tenants to enable a larger area to be cultivated under one pump. As yet
there are have been no studies which tell us whether this trend is
starting to happen in the floodplains being developed in Africa.

Turning now to borewell development. Across the settler country of
Central and Souther: Africa there are inany examples of individual large
farmers (which are .ow black as well as white) sinking borewells on which
to base sprinkler irrigation for wheat, vegetables, and fruit. Cccasion-
ally 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 borewells are
rare in Africa, 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 1imestones mean the
possibility of developing a considerable area. While the prrject zone is
close to Copperbelt markets and could have been the focus of a
smallholder settlement with good marketing prospects, the decision has
been inade that the preject should contribute to the wneat needs of the
towns, and thus appropriate sprinkler systems have been designed. These
high irfrastructural costs have necessitated choice of a cash crop as the
second crop, which also has to be appropriate to soil fertility needs, so
soyheans have been selected (Landell Mills, 1979).

The high mechanization requirements mean that smallholders are not
considered at all for the project and land is being distributed in 40-
hectare blocks to interested settlers, who are mainly wealthy retiring
civil servants from the towns. However, uncertainties about real
profitability of the proposed cropring routine because of high capital
and running costs has meant hesitation from even these settiers.
Production of vegetables could be an equally lucrative crop, but if it
develops it will interfere with the prospects of promoting vegetable
production by smallholders. The consultants involved in the project,
Landeil Mills, have pointed out many of the tecnnical difficulties and
uncertainties of the project.

In conclusion, there are considerable prospects for groundwater
development across Africa, but 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 1inked with the promotion of
irrigated cereals.
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Prospects for the future could include increasing the use of water
table sources near river and lake areas, althcugh care is required to
eisure 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
developiments is also 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 small 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 organ-
ization of cooperatives or as the basis of settlement schemes. There is
strong evidence 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 one hand there is a diffuse rural
community that needs better nutrition, but that must also produce the
food requirements for the other group, the urban consumer, whic. 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 ot al. (1981), we think
that rainfed agriculture could 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 suvhsidies which will distort
the prospects of expenditure on other aspects . * development. Irrigation
does have an important role to play, espe .ially for promoting the
livestock and vegetable foodstuffs that will iwprove nutrition. However,
much greater attention needs to be paid to the real eco.omics of pro-
duction, 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 river regulation schemes. Where
dams for water supply or power are constructed, their releases should
show a greater awareness of existing downstream floodplain producers.
Irrigation projects developed by river regulation should show greater
sympathy for existing food production patterns in the area being
drastically changed by the new organization of access to water.

Like Carruthers (1983), we think there are many issues in the poor

technical and economic design of irrigation projects that need more
research before a new era of large irrigation schemes is launched. Some
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of the most crucial are to ensure that poszibilities to minimize the
disease and salinity hazards are fully considered and costed in the
financing of schemes. Betterr information on soils and their 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 e farmer besomes 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
current unreliability of food supplies that can be purchased with cash,
1t 1s inevitable that farmers will ensure their subsistence needs first.
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 this chapter we have tried to stress the diversity of African
hydrological environments ir. which irrigation could be implemented. It
1s felt that much of the current "river basin" apprecach 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 1in
hydrological environments which could further jeopardize the food
supplies of the rural areas.

The diversity of environments and their nydrology 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, tharefore,
the attention of agencies to the “food security” problem is failing to
answer the much larger questions about how African countries can generate
more income for themselves, both to subsidize 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 responsible for production.
Without this no amount of aid for irrigation will alter the food
shortages currently experienced in Africa.
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CHAPTER THREE
SCHEMES AND SETTINGS

Introduction

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
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
smail, their organizational features are very different from the simple
arrangements and technologies found where irrigation has evolved
spontaneously ir response to local needs. This fundamental duality is
reinforced by the “top-down," expert planning associated with formal
schemes in contrast to locally generated sojutions within traditional
irrigation. It is also reflected in the tendency nf formal schemes to
receive advice from engineers and agronomists, while traditional systems
are left to be described by sociologists and anthropologists. Size aione
is not a useful criterion for distinguishing the two types. While most
traditional systems are very small, their aggregate contribution in a
given zone may be large, just as some formal projects are also very small
in size (though usually quite expensive).

In this chapter, we have accordingly treated tne two major types
separately. Africa's officially sponsored irrigation schemes are
described in the first, where for each country reviewed we have presented
one major case outlined at some length. Formal schemes are best seen
within a national context, related to each country's approaches to
irrigation development and its institutional structures. 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, Table 13 overleaf lists the continents' better
«nown 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 publically 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 reported (usually retained by the
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TABLE 13

SELECTe. AFRICAN IRRIGATION SCHEMES

This Tisting follows FAOD (1986:88-118), amended where fzasible by reference to detaiied sources. Users should
note extreme discrepancies between sources, especially regarding areas planned (M) vs. actually irrigated (A)

Country Area (ha)

NAME OF SCHEME When M = maximum Crops No. tenants System

Major Sources Built A = actual Irrigated Av. holding Description

Mali ’

OFFICE DU NIGER (1932-60s) 56,000 (M) Rice & some sugar- 5,700 Markala dam on R. Higer supplias
Fresson (85), de Wilde (67) 41,000 (A) cane {3-5,000 ha) Sahel & Macina sectors by gravity
OP. RIZ-SEGOY  (1950s, 72-75) 35,000 (%) Floating Rice 15,000 Partial control flooding of diked
Biagen (85) 2.19 ha  polders along R. Niger, Bani, Koni
OP. RIZ-MOPTI (107z-75) 31,000 (M) Floating rice 7,800 Partial control flooding of diked
Binger (85) 26,000 (A) polders along R. Niger

Sudan

GEZIRA-MANAGIL (1925- 468,000 Gez Cotton, groundnuts 102,000 Gravity-fed from Sennar Dam on Blue
Barnett (77), €1 Agraa (86) 397,000 Man wheat, sorghuym, vgs. {G+M) Nile into 2 main sections, G & M
NEW HALFA (1962-69) 164,000 (M) Cotton. groundnuts 22,000 Dam on R. Atbara into gravity-fed
Sorbo (85}, Pearson (80) 70-150,000 (A} + sugarcane estate 6.3 ha surface distribution, 15 fd

RAHAD (1973-78) Pumped from Blue Nile diversion
Benedict (82) ) gravity-fed, highly mechanized
KENANA (1976-80) 34,000 (M) Sugarcane estate 10,000 Pumpad water from White Nile, fac-
Abdel Rahman (85), Yohlmuth (83) w/ ind. complex employees tcry at site, continuous production
Senegal

RICHARD TOLL 7,400 Sugarcane Joint private/gov. irrigated estate
NIANGA (1966-75) 750-2,000 (M) Rice, 2x pew yr. 599 Pumping from Senegal R., diked pol-
Weiler & Tyner (81), Weiler {79) 630 (A) Initially merhanized ders, run 'y 36 producer groupings
DAGANA (1973-79) 2,400 (M) Rice, initfally 'Pumping from Sengal R., reservoir
Dumont (85) 1,700 (A) mechanized & diked polders, 2 of 3 units used




relevant country firm). For the most part, we have not enjoyed access to
either of these two major types of sources in compiiing this review.
This makes 1t exceedingly difficult to give accurate and fajr accounts of
individual schemes, and restricts coverage to those projects which are
documented in publishad literature. Even FAQ'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.

The second part of this chapter describes Africa's traditional
irrigation. Indigenous systems are not distinctive to particular
countries, but instead occur within certain settings which make small-
scale irrigation feasible. Montane furrow irrigation, for example, is
found across the highland areas of East Africa, just as “swamp rice"
cultivation is found in coastal West Africa. For readers not familiar
with African place names, the schemes and systems described in this
chapter are iocated on a map of the continent in Figure 5.

Irrigation Schemes

Senegql

National Background - Like its neighbor, Mali, Senegal  spans several
agricultural zones, which range from Sahelian conditions (350 mm annual
rainfall) in the north to coastal swamps (1,600 mm rainfall) in the
south.  The terrain is mainly flat, with fossil sand dures near the
coast. Rainfall gradients 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 al., 1982).

The estimated, population in 1985 was 6,600,000, spread over a land
area of 196,860 km2 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 considerabiy higher rural
population densities and more urbanization (35 percent) than typical for
other countries 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 1in
neighboring Mali). The population is quite mobile, being comprised of
seven main ethnic groups. Ccomunications 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 Vallay.
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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 vears, annual production
(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 nation's annual consumption of sugar (80,000 t)
is produced locally (De Vres, 1984, vel. 2, p. 212). About 90,000 t of
rice is produced annually (14 percent of all cereal production), of which
80 percent comes from traditional "swamp-rice" varieties grown in the
Cassamance (Toure in Buddenhagen and Persley, 1973:341).

The irrigation potential within Senegal occurs around the nation's
periphery, either along the Senegal and Falémé Rivers in the north, or
in the south along the Cassamance River. 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 would indicate that over 50 percent of potential has
already been developed (1986:14). Irrigation has taken different form in
the three major environments where development projects 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 Tlong distance subject to salt intrusion, and traditional
techniques for "“swamp-vice" cultivation. Though ambitious plans remain
under consideration for the construction of four salt-intrusion barrier
dams on the Cassamance, in fact the first generation projects aimed at
diking the mangrove swamps were spectacularly unsuccessful. In general,
the easier sites for small-scale irrigation in Senagal have already been
developed, so that future projects will requirs: larger interventions
carrying a higher risk of failure.

Irrigation Institutions

Irrigation development has a long history i: Senegal, having been
the focus of one of France's early experiments in agricultural
colonization, the unsuccessful attempt in the early 18005 to turn the
delta region into an irrigated island of prosperity. (Dagana was even
designated at one point as the future 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
achieved by Richard Toll, the person in charge of the experimental farms,
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were interpreted favorably and by 1826 6,500 ha had been given out to
French settlers in 130 ha units (Miller, 1985:33). Local opposition,
agricultural difficulties and problems in water control doomed the
project despite an attempt in the 1850s to resurrect it. Nevertheless,
the name Richard Toll was bequeathed to what has become Senegal's major,
large-scale scheme: a 7,400 ha irrigated sugar estate owned and
0perate? by -~ private French-Senegalese sugar company, the CSS (Miller,
1985:33).

Senegal's modern involvement . ith irrigation dates from the early
pre-wa years. when to counteract crowing rice imports MAS (Mission
d'amenagement du Sénégal) was formed in 1938. Of the first three
perimeters 1t built, only the one at Guédé (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. O0AD (Grganization Autonome
du Delta) took over responsibility for the delta in the early 1960s,
prior to the formation of SAED (Société d'aménagement et d'exploitation
des terres du Delta) (Miller, 1985:35). Some of the embankments built to
control the river's flooding and %o 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 dikes on Senegal's left bank, hut of
this much has since been abandoned (Miller, 1985:35).

SAED originated with the objective of bringing modern irrigation to
the delta region, but then gradually extended its influence upriver to
the middle and eventually upper basins. It was at first linked to the
"animation rurale" concept under the regime of Mamadou Dia (Miller,
1985:37). The government's stated aim was at this time to foster formal
cooperatives 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 fage groups, etc.)
already existed at local levels. in time, the term "cooperative"
acquired such nzgative associations among farmers that SAED and other
agencies have renamed them "producer groups" (groupement de producteur),
a term applied tc water user groups which share an assisted perimeter.
However, even at present agencies 1like the distant and highly
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." As described by Miller who observed
its activities in the field:

[I]t treated the zone as a virgin frontier, settling colcnists,
displacing local herders, and forcing each family into a
tenancy relationship with SAED. Each tenant received inputs on
Toan from SAED, would 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 Tow that this policy encouraged outmigration
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rather than reducing it. . . . (Miller, 1985:38-89)

However, 1t can be said in SAED's defense that it did learn from its own
mistakes as its emphasis shifted increasingly to the support of small-
scale village controlled perimeters.

SAED's first generation efforts like Nianga and Dagana (Figure 6)
drew upon the delta's tradition of large-scale farming, with
comparatively large perimeters designed for mechanized production. Prior
schemes had been based on the "partial control" 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 tine river's flood arrived. As indicated below (see “Nianga" and
“Dagana" cases), this approach failed on all counts: the mechanized
operations proved to be highly inefficient and problematic; peasants had
lTittle incentive to contribute the labor needed to keep the scheme
operating; and ir. Tow 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 assisting small-scale, non-mechanized perimeters. Weiler
and Tyner (1981) argue SAED acted prematurely in abandoning its large-
scale approach. The whole rationale for OMVS involvement in sponsoring
irrigation is also based on the premise that larger, full-control
perimeters will be superior to SAED'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 ir thz 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 pionecered across the river
in Mauritania (at Gorgol). These "middle river" schemes were of
necessity smaller than the larger 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 provided on
a grant basis, 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 distribution system. It was hoped that families
could 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 SAED's charges and the operating costs incurred by their perimeter
committee. To insure repayment, they could only market paddy through
SAED at the government's low official prices; farmers' associations held
individual contracts to insure their compliance. Inputs were alsgo
supplied through SAED alone, and charged against each season's 1loan
obligations.

Up to 1977, when SAED entered into external loan negotiations to
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further expand its VIS program, i17 small perimeters had been estabiisked
in the Matam area, with a ffrther 92 around Podor and Aere-Lao, and 27 in
Bakel region (see below). The term "Matam Irrigation Scheme" thus
refers in actuality to over a hundred small perimeters strung out along
the Senegal River and totaling 2,140 ha. SAED's "third generation
projects consisted of its more controversial attempt tn extend the Matam
model past Bakel into the narrower and more difficult upper river zone
along Senegal's far eastern borders with Mauritania and Mali. Before
Tooking at the Bakel experience, however, let us note the present
distribution of SAED‘s 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's irrigation looks very

different depending upon whether total hectares covered or the number of
perimeters assisted are used as the measure (Table 14).

TABLE 14
DEVELOPMENT OF IRRIGATION ALONG THE SENEGAL RIVER

Percent
Total Ecological Total Scheme Total of total
Country ha: Zone: ha: Size (ha): ha: schemes:
Mali 270 Delta 19,000 Large (500+) 21,000 4
Mauritania 5,305 Middle 8,000 Medium(50-500) 2,000 6
Valley
Senegal 23,230  Upper 1,000+ Smali (50-) 5,000+ 90

Basin

Source: MiTTer (19857, p. 41.

By grouping its small perimeters into larger "schemes," SAED portrays its
effort as being directed towards 14 schemes, half large ones and half
clusters of the VIS type. According to Dumont's unpublished FAOQ figures,
SAED in 1983 had 18,478 ha withia its assisted perimeters, with winter
paddy the predominant crop (12,220 ha) giving nearly 50,000 metric tons

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.

89



with an average yield of 4.5 tons per ha. These figures are impressive
when contrasted against the low numbey of perimeters and yields within
Africa's other official irrigation schemes. In Senegal, the costs of
production have been Tower on the smail perimeters (estimated by SAED at
54.1 CFA per kg in contrast to 87.8 at Dagana), being roughly equivalent
when charges aro included to the import parity price. OMVS commissioned
studies citad 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 simall-scale irrigation along the Senegal River should be phased out
to make way for larger perimeters favored by OMVS planners seeking to
Justify the expensive OMVS dams along the Senegal River, the diama salt-
intrusion dam in the delta, and the Mangptali dam upstream on Mali's
Bafing River (Mournier, 1986). The OMVS=, of course, requires large
projects to Jjustify the overheads involved in operating an inter-state
organization linking Senegal, Mali and Mauritania. Formed in 1972 after
the breakup of an sarlier regional authority (OERS), the OMVS was given
responsibility to develop the entire river valley--a process it claimed
weuld nalt 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 ¢ "ganization.

The OMVS proposals seemed daring and technologically imaginative
(though risky} when unveiled shortly after the Sahelian drought of the
early 1970s had made bold proposals fashionable. The Diama dam (now
completed) was sited 27 km Upstream frem Senegal's old colonial capital,
St. Louis, at the muutk of the river. It is intended to block the
incursion of sait water upstream into the middle valley during the
river's low flow season each year, and is part of a larger complex
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, drawing water from
the freshwater lakes behind 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 resylt in a
loss of 67,000 ha currently irrigated or enjoying flood recession
cultivation as traditionally practiced. This i balanced by 225,000 ha
which the planners estimated could be gained for irrigation at full
development of the basin's potential (Drijver and Marchand, 1985). 1In
the interim, up to the year 2028, the sluice gates on the dam will be
opened each year to give a reduced "artificial flood" so that presently
developed small-scale perimeters can still bo 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 piaced upen
1,000 ha fully mechanised units operated by develupment companies
(Mournier, 1986:114).
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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 lirked to eastern Mali by an underutilized railroad.

The Diama dam will have a significant but unknown effect on
Senegal's economically strategic marine fisheries, both
through cutting off the annual nutrient enrichment which makes
the Senegal coast so productive, and by reducing tidal spawning
grounds for some species.

Known saline soil deposits in the delta region may cause
increased salinization of irrigated perimeters because of the
raised groundwater table.

There will be a substantial reduction in freshwater fisheries
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.

Conversion to continuous flow and multi-cycle cropping will
create ideal conditions for the spread of diseases already
present at low endimicity.

A fairly laEge population (10-15,000) must be relocated out
of the 477 km“ Manantali 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 installation of hydropower at the dam (with an eventual
potential of 800 GWh) is heing delayed, so that several years of
siltation into the recervoir will occur without power benefits
being realized.

The dam itself will localize sedimentation within the reservoir
instead of its being of positive benefit to farming communities
downstream along the seasonally flooded riverine lands.

The economic  viability of the whole project depends heavily

upon the rapid industrialization and commercialization of
economic activity throughout the valley, a process bound to
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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 will be added by the year 2028 (Drijver 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, fisheries, and livestock production--large-scale units
employing modern, capital intensive technologies are expected to insure
the full utilization of the increased electricity and improved water
control provided by OMVS.

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 which SAED
found unprofitable in the past. It is also clear farmers' high
production costs and risks leave scant margin for recovering two sets of
overnhead charges. Paradoxizally, 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, i985:40). Recent figures indicate SAED
has 1,033 staff: 98 specialists {including 75 horticulturalists; 6 each
of socio-economists, agricultural engineers, and agronomists; and 1
animal scientist), 40 administrators, 150 technicians, 238 extension
agents, and 507 "implementation agents.” SAED has beaon reorganized to
increase its internal decentralization to the sub-regional ilevel. 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 faﬁp level subsidies (extended through undercharging for
field services).® The Senegal Government has meanwhile (1982-84) imposed
"performance contracts" on all its agricultural parastatals, anticipating
a gradual déperissement (withering away) of their functions as local
associations™ (groupements de producteurs) and national companies take
over the agency's role (Bloch, T1986:357.

Senegal does support other parastatals involved in one way or
ancther with irrigation, notably its Institute for Agricultural Research
(ISRA) with (in 1983) 1,300 staff (174 researchers) and a sub-station on

D P G

1Staffing figures from De Vres, 1984, vol. 2, p. 233. Other data
from an unpublished case study of SAED by D. Dumont for FAQ's Land and
Water Division, June 1985.
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irrigated agriculture at Richard Toll/Fanaye, as well as an
implementation agency 1like SAED but serving the southern, Cassamance
region, SOMIVAC ("Société de mise en valeur agricole de la Cassamance").
SOMIVAC has 611 staff, including 87 technical specialists. Two of its
three main projects, organized with USAID and the Chinese Agricultural
Mission, include irrigation components directed towards improving "swamp
rice" cultivation (De Vres, 1984, vol. 2, pp. 217-232).

The Bakel Project1

The "Bakel Project" as it has come to be termed is different from
the usual situation wherein an axternal donor ascists a single major
scheme from its inception. "Bakel" is the name of a small town on
Sencgal's eastern frontier with Mali and Mauritania, located just below
the juncture of the Faldmé and Sénégal Rivers and across from the
Guidimaka region of Mauritania (with Selibabi as its capital). As a
department (district) headquarters, it nas 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" refers both to
an initial, PV0 assisted viilage level attempt to irrigate 25 hectares
from the waters of the Gassambilakhe swamp near Bakel town (Adams, 1977
and 1981; Miller, 1985), and to the whole :luster of small-scale
perimeters taken over and developed by SAED under USAID fun«ing
throughout the Bakel zone (Table 15). Bakel zone is SAED's smallest and
most distant sub-regional center, but it still encompasses 23 riverine
villages spread along a 150 km stretch of the Sénigal and Falémé Rivers
and irrigating 656 ha in all (Miller, 1985).

The history of how SA®D came to be involved with Bakel axplains 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 as.ride a small section of the rivSr deep in the interior leaves
them a Jistinct minority within Senegai. When SAED officials come to
visit or work in Bakel, they cannot speak with the peasants in their own
language, but must use French instead. For decades the Soninke have
sought their economic fortunes by long distance migration, becoming at
first sailors and then migrant workers in France itself. Many have
retained ties to village associations, to which they remit money while
Tiving 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

1The main sources on Bakel include Adams (1977, 1981, Bradley et al.
(1977), Keller et al. (1982), Patterson (1984), and Miller (1985).

2According to estimates, the Soninke speakers constitute only 2
percent of Senegal's populatior, in contrast to the Wolof and Lebou in
the west (61 percent) and the Tukulors in the middle valley (11 percent,
De Vres (1984, vol. II).
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TABLE 15
SAED IRRIGATED PERIMETERS BY SUBREGION AND PERIMETER SIZE

(Area 1n hectares)

DAGANA PODOR MATAM  BAKEL  TOTAL
Large Large Small & Large smallT Small  Small
(Delta) (Dagana) Medium (Nianga)

Total Irrigated Area 6,403 4,463 647 _I,ZZO 3,001 2,871 656 18,961
July 1, 1983
Area Planted Total 6,4661 3,459 372 973 1,995 1,702 562 15,578
1983-84 Rice 6,446 3,459 © 372 973 1,742 1,416 418 14,846
Rainy Season Maize 0 0 0 0 253 235 87 575
Sorghum 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 Ag 1.40 0.90 0.44 n.a. 0.14 o.n 0.15 0.41:)
Holdings Size B 1.39 1.16 0.76 n.a. 0.21 0.32 0.17 0.50%)
Average AR a9 4.5 6.1 4.3 5.1 6.3 6.0 5.0
Rice Yield g3 4.9 3.5 3.5 3.4 3.4 4,1 5.3 4.1

NOTES: 1) On one perimeter (Boundoum 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 month).

2) 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 s average holdings size using total irrigated area as the numerator.
Rice ylelds are calculated as tons of rice produced divided by total 1rrigated
area, except for Podor Small Perimeters, Matam and Bakel, where Variant Ayields
were multiplied by the ratio of total planted land to total irrigated land.

4) Excludes Podor Large Perimeters.

Source: Bloch et al. 1986, p. 40, derived firom official SAED statistics.
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relatively affluent and who have a sophisticated grasp of the modern
world.

The idea for irrigation at Bakel originated with a migrant worker,
Diabe Sow, then working in France and 1like others concerned about
establishing a viable economic base in his home village. It was his
decision to purchase a small irrigation pump anrd to seek French PVO
assistance {from the Centre International de Développement 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 Tenced 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 enlarged effort. The CIDR
technician meanwhile contacted a range of cutside officials, inciuding
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 contractual agreements with SAED; 3) the CIDR technicians (two
to become three) becoming SAED agents, and iv) acceptance of $60,000
USAID funding (Miller 1985:66).

Bloch aptly describes what then occurred:

When USAID was approached to provide pumps, it decided not only
to de 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 project, then, enabled SAED to
intervene, and it did so with an arrogance that nearly caused
the collapse of the village perimeters. It imposed crop
rotations, technologi.s, input supply and marketing
arrangements that were not only new to the farmers but
misguided as well. . . . Rice was the required crop, even if
1t was not an important part of the local diet . . . and had
previously been grown only sporadically, in bas-fonds, by
women. It was to be grown everywhere, even on sandy soils
which would not hold water properly. It was to be sold to SAED
at unattractively low prices for processing and resale 1in
cities outside the region. (Block, 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 preproject
funding of $124,000 to keep technicians in the field--an amount which
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.

Meanwhile the Seninke villagers and their leader, angered by the
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takeover of their project and the many disadvantageous restrictions in
the standard SAED contract, formed their own Soninke Farmers' 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 comnion, irrigated piot would be permitted.
Miller points out that SAED has had to change its Bakel director several
times as first one and then another tactic was adopted to counteract the
federation's oppcsition (Miller, 1985:69). While the Senegal government
did not approve the Federation's registration, the Feceration initiated
its own contracts with other PVOs and even obtained two tractors frcm the
French Government (Bloch, 1986:35). This was SAED's firct 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's technicians 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
signed an $8 million, four-year project for assistance to Bakel's small-
scale irrigation perimeters (with the US contribution being $5.9
million). The Rakel Project was USAID's largest involvement with
irrigation in any of the OMVS s ates, and it led in turn to USAID
assistance to the OMVS itself (Miller, 1985:73). The controversy
surrounding the project 4id force changes 1in how SAED approached its
Bakel perimeters. Crop choice is now Yeft 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 means of a contract which their leaders mus sign.
The association remains joint!y responsible for its wembers' debts, and
in extreme instances SAED can threaten to shut a village perimeter down
if debts are rnot repaic (Bloch, 1986:39). SAED 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, 1935:123). In a few instances where individuals have
built small perimeters, they hold individual contracts with SAED.

The small-scale perimeters operated by Bakel's villages employ a
simple technology. Miller (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 frem two permanently mounted diesel pumps. Diawara is
lTocated some 30 km downstream, and has 3 diesel pumps on floats moored to
the river bank, which supply some 45 hectares. Sébou is 80 km upstream
along the Falémé River, and has 2 diesel pumps supplying 22.5 hectares.

In the 1980-81 growing season, Bakel had 280 associatio.. members and
six officers; Diawara had 343 with 16 officers, and Sébou 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 Sébou. The lack of water in
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the dry season restricts cultivation at that time, when some farmers
grow miize 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 &Ps (g-oupements de
roducteurs), there are local variations in how the perimeter association
geciaes to organize members' work. The number ard size of internal 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) assigned to the six watering 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 supervisors who are present when members’ plots are being
irrigated and who manage the distribution of water. Leaders are salected
from within each group, and report directly to the Association's
"Secretary General," the key person who coordinates all aspects of
nerimeter 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, which has been che: acterized by
continuing tension between "functionaries" 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:

Many water users, especially women, understand very little
about the irrigation operation procedure. They either 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 seidom actively solicited by the officers
or SAED. . . . (Miller, 1985:127)

Association Tleaders' greatest concern rzmains how to repay the
seasnnal debts which the groups accumulate with SAED. Most asscciations
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 reguiar season charges. Other associations have solicited
contributions from members absent working in Paris or Dakar. All three
of Miller's case exampies 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
Parisien members of its Association; and Sébou has sold cattle to help
repay its debts to SAED. As Miller points out (1985:13'), the
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independent wealth found among the Soninke, their familiarity with
trading and work remittances, and the tradition of external support for
one's nome village's projects have made it easier to repay SAED even when
the irrigation enterprises themselves prove only marginally profitable.
To these advantages we would add the traditicn 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 evaluations. A full
external review by a five-person technical team (Keller et al., 1982)
indicates the balance sheet on the pfoject's achievements at the close of
its four-year funding (late 1981). The team's report make: several
observations about the Bakel experience in relation to its poessible
replication throughout the Senegal River Valley (Keller et al. 1982):

Projects should use whatever functional decision-making units
exist (thereby favoring small-scale units).

- The fixed prices used by SAED had been a disincentive to
farmers' adoption of irrigation.

- The Senegal USAID mission was found to have lacked the
capacity and in-house expertise required for supporting and
monitoring ccmplex, multi-cropping irrigation projects.

- Counterpart relationships had been problematic and on-the-job
training "almost completely lost."

- SAED's staff were judged to lack “hands-on field experience"
in many instances.

- High rice yields of 7 metric tons/ha had been achieved, and
with appropriate inputs other crops like maize and sorghum
could show a similar response.

- Insect and disease problems had been minor, but the presence
of “"red rice" 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 Project."

Lan evaluation which preceded and is completely indej.ndent from
nis review, which has utilized the Keller report in the same way as
other published sources on Bakel. ‘
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- Many pumping piants and penstocks were poorly designed,
causing unnecessary malfunctions and shutdowns.

- Efficient layout of watercourses and adequate land levelling
had not been achieved. "Farmers left to their own devices
with inadequate hand tools and ru tradition of using animal pover
are hardly up to the task."

- Standardization on a fixed pump size should be replaced by
greater flexibility to suit different sized perimeters.

~ Farmers were found to be growing their 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 substituting rice production and its
associated price distortions should be replaced by greater
attention to farm level incentives and to the potential for
growing other foed grains.

- High labor requirements were found to bLe 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 "should 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 emphasis 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.

Other Irrigation Perimeters

Dagana1 - The first "large" scheme developed by SAED, Dagana was designed
to cover 2,400 ha (but actually has never irrigated more than 1,700}, It
is sited on river terraces and seasonally flooded depressions along the
Senegal River, about 130 km upstream from St. Louis (to which it is

1Detaﬂs derived from an unpublished case study by D. Dumont
prepared for FAO's Land and Water Division, June 1985.
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connected by a paved road) and a short ways upstream from the Richard
Toll plantations. There is a single rainy season (July-September) but
the annual amounts vary widely, from 120 to 750 mm over the 45 years
recorded. Traditional cropping was based on the usual combinations of
millet, sorghum, and vegetables grown with décrue techniques,
supplemented by about 160 ha of "“floating rice" grown in riverside
depressions ("cuvettes"). Mean family size was over 6 prople, using on
average 2.3 ha of riverine land and 1.5 ha of rainfed cultivation.

In 1973, following a 1972 World Bank identification mission, a
credit agreement (for $4.5 million) was signed which lumped under a
single project IDA assistance to the Debi, Lampsar, and Dagana
perimeters. (Debi and Lampsar perimeters both occur within the Senegal
delta between Dagana and St. Louis.) Physical works at Dagana
anticipated a 19 km perimeter dike to protect against flooding, a storage
reservoir, and 2,700 ha of land divided into three sections, each with
its low-1ift irrigation pumping station. Bank appraisal documents
forecast paddy yields of 3.2 t/ha, with the addition of tomatoes,
potatoes, onions, and sorghum into the rotation. Appraisal documents
anticipated more than a sevenfold rise in family earnings by the sixth
year o operation--assuming, of course, double-cycle cropping. Of the
estimated $7.4 million required for the three projects, Dagana (at $6.14
million) represented over 80 percent. The foreign exchange component was
$2.9 million, or 40 percent of the total for the three perimeters. IDA
funds were provided to cover 60 percent of the overall total, with
Senegal obligated for the remaining 40 percent.

Construction tenders were awarded in 1973, but the project suffered
from immediate delays and cost overruns. While original costs estimates
had allowed for 10 percent physical contingencies and 10 percent for
price contingencies, actual increases exceeded these allowances and were
additionally complicated by exchange rate fluctuations. By 1974, SAED
was already in trouble in making its payments, and in the same year the
Senegal Government requested reallocation of the credit to Dagana scheme
alone, excluding the Debi and Lampsar perimeters. There were frequent
interruptions of work at the site occasicned by various administrative
and financial problems; the irrigation desiygn was found to be too
sophisticated, requiring a <lose degree of control and monitoring over
the entire system. Equipment ordered also did not suit the anticipated
cropping pattern. Two sections were eventually completed between 1973-
79, but the third (of 375 ha) was left unfinished because of cost
overruns (though part of the canals and the pumps were already
installed). Between 1979 and 1982, the cropping intensity declined from
65 percent to 53 percent, leading to a rehabilitation of the first two
blocks in 1982 and a cropping intensity of 74 percent in 1983.

Total rice production has remained iess than 50 percent of the level
expected in the feasibility studies. By SAED's own figures, one kilogram
of paddy at Dagana cost the scheme 88 CFA to produce, almust exactly what
it would have cost if imported (90 CFA/kg); adding in the differential
for farmers' profits, Dagana rice became 30 percent more expensive than
first quality imported rice. In fact, the problems SAED experienced with
its highly mechanized, larger-scale perimeters (Dagana, Nianga, and

100



Podor) were a major factor in changing the emphasis towards less
mechanized, small-scale perimeters (e.g, Matam, Bakel, etc.).

Nianga - The Department of Podor lies at the northernmost part of the
Senegal River, at the start of what is termed the "middle valley." This
is one of the driest parts of Senegal, with between only 300 and 400 mm
rainfall on average per year. While the district as a whole has perhaps
150,000 people, the town ("commune") and its neighboring villages number
about 14,000. It was originally a trading town, the headquarters for the
pre-French Tukulor state oi Fouta Toro established on the Senegal side of
the river as protection against the Moors. With the decline in the gum
trade and the opening of better transport connections to the interior,
Podor went into a long period of decline. The traditional irrigation
from Tow lying "walo" lands and the surrounding economy were especially
hard hit during the 1968-73 Sahelian drought, when many men left the area
to seek their fortunes near Dakar.

The Nianga perimeter was begun in 1966, but is supervised from
Podor, 10 kms away. In 1972 agreement was signed with FED for
construction of a 20 km dike to provice flood-control over some 9,000 ha,
while permitting SAED to reclaim 2,000 ha for rice cultivation under
"controlled flooding." 1In actuality, "flood control" meant cutting off
farmers' prized "walo" lands from water during the low-water regimes of
1972-73. As one USAID consultant observed:

The Nianga experience became notorious throughout the Middle
Valley for its "destruction" of Walo lands and aroused
considerable anguish and opposition to SAED large-scale
perimeter projects among large segments of the population who
relied heavily on their Walo lands.

It first had been intended to involve only four of the surrounding
villages, but because of the furor over the loss of walo lands some 18
villages were eventually represented within the scheme.

The low water Tevels in 1972-73 required a replanning of the
perimeter, with the aim being changed to achieve full water control over
750 ha under double-cycle cropped rice. EDF financed the flood
protection embankment, pumping station, field levelling, and technical
assistance (for three years after completion). Construction took place
between 1973-75. From 1977 onwards, 630 ha have been under irrigation
with the full 9,000 ha "protected" by dikes. As of 1984, there were 599
participating families holding on average just over one hectare each.
These are organized into 36 mutual producers' associations, each
responsible for one or two irrigation blocks. Average paddy yields were
4.5 t/ha, giving farmers a return per working day 50 percent higher than
the official wage rate of 1,000 CFA. For the perimeter as a whole,
cropping intensity was 74 percent in the main season and 35 percent in
the off-season (Steekelenburg and Zijlstra 1985).

The Wageningen team which visited Nianga noted, however, that Nianga

is not a financial success. There continues to be a large subsidy (of
between 50-70 percent) on direct production costs (services and inputs).
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The charges ("redevance") paid by farmers to SAED cover only about 40
percent o” its ccsts, yielding an annual recurrent cost deficit by SAED
of about 580 ECU/ha. Investment costs per hectare in 1983 constant
prices are estimated at 17,600 ECU, yielding an EIRR of - 5.1 percent
(Steekelenburg and Zijistra 1985).  While SAED continues to exercise
overall managerial control over Nianga, it has tried in recent years to
deiegate more tasks to the producers' associations. Other sources
dealing with Nianga incude Weiler (1979) and Weiler and Tyner (1981).

Mali

National Background - The Republic of Mali is a 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 mm) and the Sahel Zone
(200 to 600 mm). Because most of the country lies in the arid and
semiarid zones where rainfall is highly variable, the government has
made a commitment to the expansion of irrigation as a means of increasing
food production.

Mali is dominated by two major river systems, the Senegal and Niger,
with their respective tributaries. Both rivers rise in the Fouta Djalon
highlands of nearby Guinea. The Senegal River flows from the southeast
approximately 100 km across western Mali into Senegal. Irrigation
potential on the Senegal River in Mali 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 cutting through each of the
ecozones to Tombouctou before filowing 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 FAQ (Table 2) 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
summarized in Table 16. According to this table, only 20 percent of the
potential has been developed.

There are currently 69 irrigation perimetei's encompassing 157,000 ha
of irrigated land. This figure includes 56,000 ha of the Office du Niger
(Table 17). Most of the irrigation development has been funded by
external donors. France has provided funding for the Office du Niger and
continues to support expansion and development. The World Bank and Dutch
are providing assistance for rehabilitation and management for the Office
du Niger. Chinese assistance has developed sugarcane perimeters at
Dougabougou and Siribala. Operation Riz-Mopti and Operation Riz-Ségou
have been funded by the World Bank, while USAID provided funding for
Action B1¢ Diré and Action Riz-Sorgho-Gao. USAID will be involved in
minor irrigation development in the Kayes region under a proposed
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TABLE 16
ESTIMATED POTENTIAL IRRIGATION BY REGION

ha ha
Region Potential Developed

Kayes Region 1,000 219
Southern Mali 70,000 4,435
Upper Niger Valley 100,000 1,650
Segou Region 200,000 38,650
Inactive Delta (ON) 250,000 56,000
Active Delta 100,000 35,410
Lacustrine Zone 100,000 17,720
Niger Bend 60,000 2,600

TOTAL 881,000 156,684

Source: Projet Inventaires de Ressources Terrestres, Mali. Bamako:
USAID/TAMS. 1983.

integrated rural development program.

There is no single 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 Malienne de
Developpement des Textiles (CMDT) in southern Mali or Opération Vallee du
Senegal and la Térékol et du Lac Magui (OVSTOM) in the Kayes Region
(Figure 7). Usually these operations will have a division that oversees
irrigation development. Other Operations such as Opération Riz-Ségou and
Operation 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&-Diré and Action Riz-Sorgho
Gao, where development is at a smaller scale than the Operations. A1l
these development institutions have their own extension services,
administration, study servic:s and programming departments.

Planning and design of dams and irrigation networks is the

responsibility of the division of Genie Rurale (Rural Engineer) of the
Ministry of Agriculture. The actual construction of dams and irrigation
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TABLE 17
EXISTING IRRIGATED PERIMETERS

Area Area
Name ha Name ha
NIGER RIVER BASIN
Southern Mali Upper Niger Valley
Gouéné 65 Nanguna
Kado 200 Bankoumana 650
Korgouan 160 Krina 200
LouTouni 300 Samanko 500
Doumanaba 1,200 Baguineda 3,000
K1éla 100 Ségou
Touroumadie 200 Tamani 8,900
Banbadougou 150 Farako 4,000
Langourala 280 Dioro 15,200
Samorossoni 140 Sosse~Sibila 3,450
Niéna 100 Ké-Macina 2,250
Farako 760 San Quest 1,000
Sinkolo 70 Pénenesso 2,500
Dalabani 650 Kouniana 750
Faboula 60 Sourbasso 600
Inactive Delta Zangesso
Office du Niger 56,000 Lacustrine Zone
Mopti ‘Kassoum-Soump i 600
Saron-Tohbo 4,000 Koboro 2,500
Sofara 700 Zangaaso
Torokoro 510 Dangha 2,5G0
Saré-Mala 3,120 Lac Oro 10,000
Soufouroulaya 4,500 Gara 1,200
Mopti-Sud 3,900 Dire 120
Mopti-Nord 5,800 Koryoumé 600
Ibétémi 300 Bourem Inaly 200
Karbaye 500 Bourem Sidi Awar
Tiroguel 1,050 Niger Bend
Ouro-Néma 4,130 Tacharan 2,000
Dramba-Kourou 400 Gargouna 600
Dia-Tenenkou 6,500
SENEGAL RIVER BASIN
Upstream from Kayes Downstream from Kayes
Sapou Kakoulou 15 Sobokou 40
Fanguéné 15 Moussala 25
Maloum 20 Gakoura 25
Dioumekon 12 Sebetokoura 7
Moussaguya 8 Kamankolé 10
Dantagabougan 10
Diala 12
Samankidi 20
Source: Projet Inventaire des Ressources Terrestres, Mali. Bamako:

USAID/TAMS, 1983.
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networks 1is the responsibility of the Office des Travaux d'Equipment
Rurale (OTER--Office -for Rural Equipment Works). Agricultural
experimentation, socioeconomic surveys and monitoring are the
responsibility of the Institut d'Economie Rurale (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 intervention and the creation of bureaucracies. 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 example of management problems and animosity developing between
government and individual farmers. Similar problems have been observed
in the small-scale Actions.

Action B14 Diral

Local Context. Action B1é-Diré (hereinafter ABD) in Mali's Sixth Region
1s an exampTe 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" refers to a pilot project launched with
government support which, if successful, becomes enlarged into a full-
scale "opération"). The site for the ABD Project is located on the
northern banks of the Niger River, at the edge of the "lacustrine zone"
where much of the Niger River's water overflows diring high water periods
into the southern margins of the Sahara Desert. This is tne northern
edge of Mali's "inland delta," a zone of flat, seasonally flooded soils
which isolates the Diré region from the Mopti area 311 km southwards and
from Bamako. There is no reliable road either to Mopti, or to Tombouctou
(about 100 km northwards into the Sahara).

The Diré area has long been subject to trans-Saharan influences.
Its leading families are the mixed descendants of Sonrai Tandliclders and
Morrocan troops, who invaded in 1591 seeking salt mines. Thus, Sonrai
families have been growing wheat and making bread from before the time of
the American Revolution. Koranic customs are followed, and women play a
relatively minor role in agriculture (in contrast to African societies
farther South). The central "arrondisement” of Diré had in 1975 a
population of 21,360 (excluding the smal} town of Diréd itself), 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 ABD under USAID assistance--including

lThis case study has been excerpted from, Moris, J.R. 1984,
“Managing Trrigation in Isolated Environments: A Case Study of Action
B1é Diré, Mali" African Regional Symposium on Small-Holder Irrigation,
Blackie, M.J., ed., Harare, Zimbabwe, pp. 245-256.
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the communities of Bourem, Diré and Dangha--has a population of rcughly
77,000 (de Rafols, 1982).

The comparatively large population in the Diré 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
“rainy" season occurs in July-August, tapering off in September, and is
throughout exceeded by potential evapotranspiration (0lsen, 1983). Rice
and sorghum are cultivated on river front lands during 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-April. There are also important secondary crops
planted over the winter--vegetables (ocra, orions, tomatoes, cabbage),
tobacco and spices--which are hand watered. Wheat requires 8,000 m”/ha
of water over 1its growing season of 110-120 days, aqr from 12-14
irrigations per season, whereas for sorghum about 4,200 m°/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 1ifting 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 ridges, while the clay in each basin holds the
water for a day or two, allowing gradual infiltration. 0lsen (1983)
suggests the traditional basins (“"cuvettes") are a good technical
solution, but perhaps 30 percent of the water is being lost in the
unlined distribution 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 ha per unit.

Project Components. ABD's initial activities were to set up its office
and a medium-sized irrigation perimeter at Diré itself. Farmers rented
land in this perimeter, but rice yields were low (600-700 kg/ha). As at
Bakel, a large French solar installation was suppesed 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
notables in the surrounding area. ABD wanted another donor to expand its
provision of pumpsets; USAID/Mali agreed to this.

It was recognized by USAID that assisting ABD would be difficult.
The project area was remote, even by Mali's standards. Farms were almost
entirely traditional and relied 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 incentive to adopt them, since wheat is their staple
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 elsewhere in Mali. 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. With Maii 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
following harvest. Finance for purchase of pumpsets, seasonal inputs and
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credit for participating farmers, and a system of Togistics and servicing
to keep the pumps operating was required.

The USAID Project Paper envisioned several components to circumvent
the obvious technical and organizational problems which ABD was bound to
encounter when introducing more pumpsets. The design was relatively
complete: if each of the components had worked as planned, the project
should have been a success. The kind of expensive siteworks which have
been necessary on most other irrigation projects were avoided in this
project.

First, USAID/Mali recommended small diesel pumps which two men could
hand carry. The ABD Project has made a test case for ordering equipment
from a Third World supplier, since Indian pumps following a Lister design
were available at a quarter the cost ¢f those from Europe. USAID took
the precaution of advising ABD to order enough parts for the 1ife of each
pump, to be shipped with the pump itself.

Second, it was planned that four farmers would become the joint
owners of each pump since one pump could handle up to 4.5 ha of wheat and
one farmer on his own would have enough labor for only about one hectare
(Rafols, 1982:23). This aspect was soon dropped under the opposition
from farmers, leaving a single owner responsible for each pump. A
village commission was also to be formed, composet. of pump owners and
elders, to scrutinize applicants for pump loans. Each loan would be
amortized over a four-year period, requiring payment of 175,000 MF in
annual installments. Tt would be co-signed by two other farmers who must
promise to act as security .,or the loan. The village commissions were
supposed to represent farmers in any disputes which might arise with ABD.

Third, the project design called for ABD 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 ABD to supply fuel, oil,
fertilizer, spare parts, and mechaniCs' services. & levy of 120 F/kg was
Tnitially foreseen to cover project operating costs.

Fourth, there were to be 8 contract mechanics 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
established. Farmers would pay for spare parts as required, but ABD
would pay the mechanics' salaries during the initial period.

Fifth, ABD would upgrade its extension service in the project areas.
It would also engage in an ambitious program of action resea.ch.
Investigations would be launched covering a broad range of topics; socio-
economic factors; appropriate technology for pumps, reforestation and
even the undertaking of a functional literacy program. ABD would run
agronomic trials to test fertilizer applications and to identify
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promising wheat varieties. Its experimental farm would include
demonstrations on water control, wing beans, pigeon peas, sunflowers,
etc.

A1l of this was to be organized under the standard USAID “host
country” contractual arrangements whereby the ABD Director would be in
charge of the Project assisted by a USAID supplied Project Analyst.
While the Project Analyst was given numerous responsibilities within the
scope of work as defined in the Project Paper, the position carried no
authority within the ABD or, for that matter, the Malian administrative
system generally. The ABD's Director was responsible for maintaining
documentation on the expenditure of USAID supplied funds, in accordance
with standard AID regulations.

Implementation Under ABD. When approved in 1978, the Project Paper
envisioned rapid estabTishment 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 delays 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 farmers' 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/Mali decided to have the pumps it
was ordering airlifted into the country. The enormous 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 unacceptable to USAID but ts avoid further delay the
project manager obligated 1/10 of the total and proceeded to make an
advance of funds for operating expenses. Even so, the Project was able
to install only 34 pumps in its first season and participating farmers
were forced to plant late.

The Project's initial effort was concentrated in the Bourem sector,
about 12 km from Diré. Later its activities were spread into villages
into the Dird and Dangha sectors. At its maximum the Project was working
with about 50 villages and 250 pumps. Since the average family size for
pump cwners was 11, there were approximately 2,500 direct beneficiaries.
However, Action B1é Diré's involvement as the Project's executive agency
became so problematic that in January of 1981 USAID froze further
disbursement of fund. The Project did not resume field operations until
September of 1982 when a second phase of "emergency" phase-out activities
were launched by USAID.

From USAID's standpoint, the major problem in the first phase was the
ABJ's accountancy procedures. The ABD's head accountant worked "under
the direct and constant scrutiny of the director" who kept the books
himself (M ttern, 1981:13). There were no separate sections for
budgeting or even salary payment. While the ABD's proposed budget for
1972-80 was not approved, as already noted, the Director did receive some
funds to begin field operations. Meanwhile, there was no operating fund
so when the Director was absent all disbursements ceased.
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A severe and continuing cash flow problem was caused by ASD trying
to make its key equipment purchases using fncorrect procedures. When
farmers did begin to repay their loans at the end of the first wheat
seasori, ABD 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 conflici arose in regard to the
mechanical services which ABD was supposed to supply to pump cwners.
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 lTong periods and tools were often misplaced
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; half
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 ABD's inability to provide the inputs farmers had been
promised. In euch of the first 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 obtain smail
quantities of poor quality and expensive fuel from merchants 1in
Tombouctou or elsewhere (Mattern, 1981:4). Seed supplies proved equally
problematic.

The ABD extension effort was i failure. Smith found that only the
very first of the pump owners had received any advance training from ABD;
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, ABD continued to employ additional staff until there were 94
employees for 158 farmers, not including government. employees in Dird.
As of early 1981, ABD 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, ABD found farmers refused to pay the 10 F/kg
levy because ABD'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 levy. By 1979 many
of the 10 Bernard pumps were not working and spare parts were
unavailable. When ABD could not provide spares, the village leaders
owning and pumps refused to repay their loans--a further disinclination
for repayment by other, less welT-fo-do farmers. Ultimately it was
decided Toans should be recovered in either cash or kind. About 15 tons
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of wheat were received from the 44 participants in the 1979-80, season,
but this required a heavy administrative input in making visits to
farmers and in transporting the wheat back to ABD. Farmers had assumed
the grain they paid ABD would be retained by the organization and
reissued to them as seed grain. Instead, in 1980-81, whan there was a
shortfall of 30 tonnes of seed, ABD supplied seed only to those who had
not already participated and then only enough for 1 ha each. As of May,
1981, when further USAID financing had already been frozen, the unpaid
loans outstanding to ABD 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 appriximated a 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 ABD,
the Project itself merited continuing support.

Project Management. In small-scale pump irrigation, the technical
aspects of water management are sometimes jess important than the
overriding issue of supporting services and fuel availability. Diréd
lacks reliable road access or fuel storage capacity. To stay in
operation the Project required unusuaily efficient and flexible
administration.

It is easy to blame ABD's difficulties on 1its lack of managerial
skills. Yet the combination of shared management, decentralized control,
Tine 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 USAID. In the second phase of implementation
(September I98Z onwards], USAID tried to provide the Projects's support
by working directly with the village leaders and the political party,
i.e., what was termed “"activitids paysannes." This strategem obviated
the need to rely on ABD.

The main goal of the second phase was to get as many pumpsets as
possibie 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 Project team could get the long anticipated workshop built,
recruit and train more mechanics, and re-establish a functioning spare
parts system. The location of the engine manufacturer in India and the
phasing out of the Project's model of pump tremendously complicated the
whole process.

USAID's new field team soon discovered the same constraints which
had afflicted ABD's 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 again a low water year on the river, and the consequent drying up of
the side ponds ("mares") normally used by farmers to extend irrigation.
Thus, pumps were pressed into double duty, supplying water from the river
into the "mares" and then again from the "mares" to the fields (Smith,

111



1983:3). The first delivery of fuel for the wheat season did not occur
until 21 December. This late 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, causing breakdowns. When the river Tlevels 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 tc resurrect farmers' pumps provide an insider's view
of the real work problems which such programs can be expected to
encounter in remote African environments. Both the pre-ordering on parts
and the maintenance 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 semebody'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 theose receiving
pumps, 21 percent had non-farm occupations, either as religious leaders
("marabouts") or as school teachers. (There were some traders, but these
were already 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 .3 ha for non-pump owners. It
seemed likely that pump-owners were generally the descendents of village
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 ABD initiative which gained permission for farmers to clear areas
along the river otherwise protected as forest reserves. Pump owners in
general had greater wealth than non-pump cwners, but it was difficult to
get reliable answers on grain yields since this information could be used
to increase farmers' ABD access and general tax liabilities. Farmers
were also afraid that they might be besieged by neighbors asking for
handouts, and scmetimes even men'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 reducing the
work-time required for growing 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 T1ift water usually dug longer
and deeper canals, "frequently as deep as two meters by a meter wide and
as long as 200 to 500 meters”--a task which sometimes took up a month's
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effort (Crystal, 1981:53). For calabash farmers who did not gain access
to pumps, the Project had serious negative impacts: seed availability
declined; 1labor costs more than tripled between 1978 and 1981; and
various traditional forms of work a.d commodity exchange between
households declined. Those "calabasiers" who tried to circumvent these
consequences by association with pump owners earned 1ittle 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 reeds, they had now to learn how to calculate production costs
ir monetary terms. There wera no significant differences between pump
owners and non-pump operators in the kinds of tasks performed by women,
e.g., seeding, threshing and winnowing. Of "natural" problems, water
shortages and birds were the two major difficulties. (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 mention this as a woman's activity!) The most
serious overall problem in the 1980-81 season was listed as "the
incompetence of the Action-B1é staff" (Crystal, 1981:62-63).

The question of how much pump owners were actually benefitting
surfaced as a priority issue when an economic analysis updated in early
1982 concluded the Project was not economically viable, since at an
iverage of 1.5 tonnes/ha, wheat farmers would be making a Toss 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 Rafols, 1982:27). Why then were farmers at Diré 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 pocr
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
onions, spices, or tobacco. While the areas planted to these other corps
were low (63 ha versus 454 for wheat), the prices were not. At Niamey, a
kg of spice can bring approximately 4,000 MF versus 212 MF/kg for wheat
at Diré. The investigator concluded:

To summarize, the pump is not only less fatiguing than the
calabash, it is the only means of cultivating enoug® land to
feed the area's peopTe. It is said here that the pump is
responsible for repopulating the area. (Smith, 1983:17).

General Lessons of ABD. Many of this Project's difficulties stemmed
directly from welT 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 supplier had disastrous consequences. The French Bernard
pumps may not have been technically optimal, but at least fheir
requirements are well-known in Mali and resupply of critical parts to
Bamako from Paris can be arranged within a matter of days (if not
overnight). If a project already suffers from logistic difficulties (as
this one did), tha imposition of an unsupportable technology all but
guarantees failure.
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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 supplies--all of which were lacking in Diré
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.

Seasonal farm loans must be preceded by effective producer services.
In virtually every season, the Project was iate in getting fuel and seeds
to farmers, thereby guaranteeing diminished output. Breakdown of
mechanical services and fuel supply were frequent within the season. To
advance seasonal crop plans under circumstances of such high levels of
institutional risk was, in retrospect, a mistake. It ig ironic that
while the purpose of the pump irrigation Project was to reduce farmers'
vulnerability to naturally caused production 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 Tocal capability which would
have continued after the termination of Project funding. The high 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.

Niger

National Background - The recent drought (1983-85) has  further
demonstrated the need for the expansion of irrigation in Niger. The
government has given a high priority to irrigation development, but is
constrained by a lack of financial resources and 1imited water resources.

The principal areas of irrigation potential are located along the
Niger River, which fiows across the southwest corner of Niger, around
Lake Chad in the southeast corner, and to a lesser degree in the central
region (Figure 8). The flow of the River peak§ in January and February
during the dry season at approximately 1,800 m°/sec, dropping to below
150 m*/sec in June-duly at the beginning of the rainy season. Population
is concentrated along the Niger River and the intermittent streams
(goulbis) that form it tributaries. Villages have also been established
along the fossil valleys, remnants of tributaries that once flowed into
the Niger River during more humid prehistorical times. These fossi]
valleys (dallols) arec characterized by a high water table and
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occasionally may have a flow of water during an exceptionally rainy
season. With water close to the surface, traditional irrigation
techniques have been applied to cultivate these relatively fertile
alluvial valleys,

Lake Chad, divided between Nigeria, Chad and Niger, is shallow, one
to four meters, and has diminished significantly in recent years. The
Komadougou Yobe is one of four tributaries of Lake Chad and forms a
portion of Niger's southern boundary with Nigeria. Irrigation is carried
on along the Komadougou and around Lake Chad were it is feasible.

Estimates of irrigation potential in Niger range from 100,000 ha to
220,000 ha. Most of the potential is located in the Niger River Valley.
Along the Niger River Valley there is potential for 20,900 to 30,000 ha
for double-cropping and 100,000 ha for single crop irrigation without
the construction of a dam. Plans far the construction of the Kandaji Dam
have been drawn, and estimates suggest that 140,000 ha could be
irrigated. The high cost and the questionable viability of the Kandaji
Dam Project has not attracted donor agencies to invest in the Project.

Extending from the Niger River to Zinder is a region characterized
by dry stream channels (dallols), intermittent streams {goulbis) and hil]
catchment areas that provide water for irrigation. The potential in thig
region is estimated to be 40,000 to 50,000 ha. Estimates range from
15,000 to 25,000 ha in the Lake Chad region, with an additional 15,000 ha
in the Komadougou River Valley. The variability in the estimates of
potential irrigation is indicative of the Tack of baseline data on soils
and water resources.

Prior to 1978 irrigation development in Niger was primarily under
the auspices of the National Union for Credit and Cooperatives (UNCC--
Union Nationale de Crédit et Cooperatives) of the Ministry of Ruraj
Development.  UNCC planned, organized and promoted the development of
irrigation through its technical, extension and marketing services. The
Rural Engineer (Genie Rural) was responsible for planning, designing and
construction of both large-scale and small-scale perimeters. In 1978 the
National Office for Hydro-Agricultural Development (ONAHA--0ffice
National des Aménagements Hydro-Agricoles) was created and the irrigation
operations of UNCC were transferred to ONAHA.  The responsibility of
ONAHA is to manage irrigation perimeters and provide training and
extension services to farmers on state supported perimeters.

The main office of ONAHA is located at Niamey, with regional offices
in Tillaberry and Tahoua. In addition to the governmental institutions
that are responsible for various facets of irrigation, there are a number
of private volunteer organizations that have been active in promoting
small-scale irrigation in different parts of the country. These include
Africare, Church World Service, Lutheran World Relief, French Volunteers
for Progress and Dutch volunteers. The projects of the various volunteer
groups include digging and lining shallow wells, improving traditional
irrigation systems, constructing small reserveirs and introducing motor
pumps for irrigation.
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Within recent years there has been an increase in the development of
irrigated cropland. Between 1983 and 1985 irrigated land increased 9.4
percent from 9,117 ha in 1983 to 9,976 ha in 1985. The cuvettes, or
basins adjacent to the Niger River, comprise over 51 percent of irrigated
land (5,041 ha) and utilize dikes to control water during the flood
season, but require pumping during the Tow water season. The Niger River
terraces located above the floodplain require year-round pumping and
represent only 4 percent (362 ha) of Niger's irrigated area. The
remaining perimeters of the Goulbi and Dallols and Maggia Valley
represent 4,573 ha, or 46 percent of the irrigated cropland. Irrigation
development in Niger has been supported by a number of donor agencies.
FAC and FED have been most dominant, although the Peoples Republic of
China has provided assistance. World Bank 1is funding several
rehabilitation projects, and with German assistance, constructed the
recently developed Namarigoungou (Table 18).

The Tara Project1

Local Context - The village of Tara is located in the southern part of
Dosso Department on the banks of the Niger River about 16 km from Gaya,
the local administrative headquarters. It has 500 families, just over
half of them involved in the rice irrigation component, with about 2,000
people living in the community and another 1,650 involved through 1inked
activities spread over the larger area (fishing, etc.). In this part of
southern Niger the annual rainfall is about 40 inches, sufficient for
growing a range of crops: millet, sorghum, peanuts, rice and garden
vegetables. The Project has four cooperatives: one for irrigated rice
farming, another for poultry farmers, a third for 20 fishermen from the
town, and a fourth for carpenters and blacksmiths. However, this
description will focus only on the Project's irrigation and water
management activities.

As it happens, the idea for irrigation at Tara originated with a
Rhodesian farmer who came through during the great dro''ght and decided to
stay. He built the first dike at the river's edge and began growing
peanuts. Subsequently his farm came under the control of the national
peanut parastatal (SONARA) and then, in July 1975, the Niger government
decided to turn the land back to the local people for small-scale
farming. Africare was contacted and became the Project's executive
agency responsible for implementing a $3.5 million investhnt program
(drawing upon approximately $1 million USAID assistance.) From its

. IThis case study has been excerpted from Moris, et al. 1984
"Prospects for Small-Scale Irrigation in the Sahel," Water Management
Synthesis IT Report 26, Utah State University, Logan, Utah, pp. 61-65.

pfricare is a private, non-profit organization established in 1971
when West Africa was experiencing one of the worst droughts in its
history. Africare undertakes both short- and long-term projects and has
work underway elsewhere in the Sahel.
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IRRIGATED PERIMETERS IN NIGER:

TABLE 18
EXISTING AND UNDER WAY 1985

Date
Total Nusber of Placed Source of Cropping
Perimeter Site Cultiv. D.S.85 R.S.85 Partici- in Financing Systea Observations
parts Service
Niger River Cuvettes
Namari Goungou 1,550 1,319 1,316 3,242 1982 IBRDKFW Rice Inc). 238 ha added 1z 1984
Toula 250 243 243 625 1975 FAC Rice
Sona 152 130 142 346 1975 FAC Rice IBRD rehab to add 15 ha :a
r.5. area
Lossa 164 142 157 403 1975 FAC Rice IBRD rehab to add 32 ha to
: r.s. area
FAC
Koutoukale 341 324 320 720 1982 FED Rice Being rehabilitated by FED
Karma - 125 125 300 1971 FED Rice Being rehabilitated by FED
Karegorou 143 - 135 437 1964 FED Rice B:ing rehab by FED to be
completed fn 1985
Kouretere 13 13 13 32 197G (Belgium) Rice Belgians to rehab and add
10 ha %0 r.s. area
Kirkissoye 96 96 76 308 1964 FAC/FNI Rice IBRD rehab to add 15 ha to
r.s. area
Sa'adia 1G5 105 104 396 1973 LYBIE/FNI Rice IB8RD to rehab
Saga 380 374 350 1,081 1968 FORMOSA Rice IBRD to rehab
Libore 255 242 700 1973 P.R.CHINA Rice IBRD rehab to add 94 ha to
r.s. area
N'Dounga I 250 255 231 770 1975 P.R.CHINA Rice IBRS rehab to add 82 ha to
r.s. area
N'Ocunga 11 280 259 235 1,076 1978 P.R.CHINA Rice IBRD rehab to add 96 ha to
r.s. area
Seber{ 385 350 321 1,100 1980 P.R.CHINA Rice IBRD rehadb to add 73 ha to
r.s. area
Say 297 255 235 467 1978 Belgium Rice
Tara 76 27 40 300 1975 Africare Rice Abandoned
Firgoun 220 55 103 n/a 1983 Ent. Fund Rice IBRD rehab to add 50 ha to
r.s. area
Datkaim 110 96 106 n/a 1964 n/a Rice IBRD rehab to add 7 ha to

r.s. area
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TABLE 18 (continued)

Date
Total Number of Placed Source of Cropping
Perimeter Site Cultiv. 0.5.85 R.5.85 Partici- in Financing System Observations
pants Service

Yalewani 113 110 112 - 1984 BOAD Rice Jo be completed in 1985

Tiaguirire Aaont 111 n/a n/a n/a 1278 R.F.A. Forage Current status unknown

Tiaguirire Ava n/a 171 168 - 1984 t#.C. FAC/PR.CHIMA Rice Not completed by FAC, China
wil? complete in 1985

Lasmorde n/a n/a n/a n/a 1968 FNl Rice Current status unknown

Konroni Baria n/a - n/a - u.c. ABD Rice To be completed in 1987

Diaberi n/a - n/a - Planned FED Rice To be completed in 1986;
being designed

Dombou n/a - n/a - Planned BOAD For/Oairy Unknown completion date

Namarde Gongou n/a 232 232 - u.c. FED Rice Completed in 1984

Existing Perimeters 5,041 4,936 5,006

Niger River Terraces

Tiila Kaina 68 74 n/a n/a 1962/83 FAC/FED Vegetables FED rehab fn 1983

Sakofra (not existing) 42 - - - 1954 FAC/FNI Polycult. Abandoned

Gabagoura 30 n/a n/a n/a 1966 FAC Yegetables Sprinkles irrigation status

Unknown

Lossa Il 91 n/a n/a n/a 1975/76 FAC Polycult. INRAN substation

Sona 11 71 n/a n/a a/a 1983 FAC Polycult.

Goudel 60 n/a n/a n/s 1975/76 FAC Rice Current status unknown

Sub-Total 162 74 n/a n/a

Maggia Valley Perimeters

1bohamane 750 611 590 600 1967 FAC Scro/Cot. IBRD to rehab

Guidan Magagi 129 63 123 270 1971 FAC Scrg/Cot. Barrage damaged {n 1985

Kore-Taboye (not

existing) 57 - - 97 1966 FAC Sorg/Cot. Abandoned

Monlala 72 14 63 128 1967 FAC Sorg/Cot. IBRD rehab to add 3 ha to

Tounfafi{ 24 11 23 69 1968 FAC Sorg/Cot. IBRD to rehab

Garadounee 75 n/a 43 57 1968 FAC/FNI Sorg/Cot. IBRD rehab to add 4 ha to
r.s. area

Kawara 52 10 52 100 1968 FAC Sorg/Cot. Abandoned

Sub-Total 1,159 709 894



0cl

TABLE 18 (continued)

Date
Total Number of Placed Saurce of Cropping
Perimeter Site Cultiv. 0.5.85 R.S.85 Partici- in Financing System Observations
pants Service
Other Perimeters
Konai 1 1,330 505 2,384 1,175 1980 Kowait Polycult.
Konni II 1,100 n/a u.c. Kowait Polycult. To be cospleted in 1984
Galmi 242 n/a 184 1,300 u.c KFuW Polycult. To be completed in 1984
Goulbl Maradi 530 97 483 651 u.c. IBRD Poiycult. To be completed in 1985 to
be well system
Lada-Diffa 52 n/a 43 n/a n/a n/a n/a Cuvetce on Komadougou
Centre de Develop-
pement Agricole de
Diffa 20 n/a 16 n/a 1978 FED/CEAD Polycult. Cuvette on Komadougou
Taz Diffa 140 n/a 105 n/a 1977 FMI/CEAD Polycult. Cuvette on Komadougou
Sub-Total 3,414 602 3,215
Total 9,976 6,321 9,115

Source: OHAHA 1984,



inception the Project embodied the “new directions" approach which USAID
and other donors were promoting in the mid-1970s, including:

- Execution by Nigeriens and their local institutions, with donor
assistance only in areas needed to reinforce lccal capabilirty;

- Inclusion of all the necessary components, applied research,
transport and health and education facilities, making this an
"integrated rural development project"; and

- Villagers' participation not only in food production but also in the
organization and management of the Project.

Phase I of the Project had no less than 12 subcomponents: the
construction of dikes and an irrigation S$ystem; rice production and
research; cooperatives; credit; fisheries development; adult literacy;
poultry production; appropriate technology; community development;
construction of a farm-to-market road; primary health care training; and
agricultural extension. Recently the Project has also begun working with
well diggers to undertake cement lining of shallow wells.

Despite its multiple components, the primary justification for the
Tara Project was the need to teach farmers how to irrigate rice under a
regularized water control regime. The irrigated area consists of a long
sliver of flat land on the bank of the Niger River that was formerly
under traditional recessional irrigation. It appears the original dike
was built with the intention of obtaining gravity flow irrigation. Under
a Genie Rurale design, a new dike of 4 kms length was added in 1977 with
pump intakes at the upstream end leading into a distributory canal system
to the rice paddies. The primaries are cement lined, but the segondaries
are unlined. Six Lister pumps with a theoretic output of 420 m°hr were
installed. The first design anticipated an irrigated area ov¥ 200 ha,
later reduced to 140 ha because of high spots within the perimeter. As
of the 1983 rainy season farmers had 73 ha under irrigation, with plot
sizes ranging from .25 to .50 ha.

The rice cooperative has 256 members and supplies them with credit
for seed, implements, animal traction if needed, and some training.
Seasonal debts are recovered from the harvest, with a high level (85
percent or above) or repayment in the first three seasons but a marked
drop to 57 percent in the fourth. Credit is advanced to the cooperative
from the usual Nigerien Government institutions, the CNCA (La Caisse
Nationale de Credit Agricole) or the UNCC. The Project also advanced
additional funds for various special purchases, such as a rice dehuller
or animal traction equipment. The irrigator's coonerative is in turn
linked to others from the eignt communities participating in Tara under
a general assembly, which elects a five member administrative committee
(president, secretary, treasurer and two bookkeepers) responsible for
overall coordination and supervision.

Water Management. The primary problems in the Tara Project arise from
serious design mistakes made in the early stages of the Project. It was
originally conceived that the Project would provide water for both a
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rainy and dry season rice crop; however, the expectations of the latter
have never fully materialized. The pump intake at the head of the system
was set at a level which was based on a nearby bridge. There was no
consultation on behalf of the designers with the local residents or
farmers who o doubt had spent most of their 1ives along the banks of the
river. As a result, the pump intake level has been above the dry season
flows for most of the years since. Several attempts have been made
during the dry season to move one or two of the four Lister pumps out on
the dry riverbed and place them in series with portable pipe in order to
reach the receded water level. The difficulty encountered here was in
getting a flow rate high enough for water to reach the tail end of the
system.  Seepage through the cracks of the concrete canals compounded
this problem (i.e., 1in pumping to the tail end of the system the
cumulative seepage rate was higher than the output rate of the pumps in
series). Attempts have also been made to dig out a channel to the
receded water level from the pump intake, but this has met with little
permanent success since high flows fill the dug channel with sediment.
Farmers then tried to link up plastic pipes in series to the pump
intakes, but the pipes soon split. Thus, at Tara the simple neglect of
“ground truthing" by the perimeter's designers resulted in a continuing
water supply problem which has be:n difficult to resolve.

Other problems can also be traced to faults in the design stage.
Before implementation of the Project began, no sc¢il survey of the area
had been made nor was it called for 7a any of the Project papers. This
resulted in the dike being partially built over an old sandbar as well as
several areas within the perimeter being uncultivable due to large
pockets of sand. Several areas in the lower half of the perimeter do not
receive water through the canal network due tc channels being lower than
the fields. However, since most of these plots are in the sandier areas,
during the rainy season when the river rises, sufficient water percolates
under the dike up through the sandier soils for rice cultivation.
Initially a pumping station was corstructed and outfitted with several
pumps at the tail end of the system for the purpose of drainage. This
station has been neither used nor needed since most of the paddy water
drains out under the dike as the river level recedes toward the end of
the rainy season, and water delivery via canals to the end of the system
is a problem, anyway. The reason that farmers have been successful in
cultivating these marginal areas probably 1lies in their knowledge of
traditional recessional rice cultivation. Many farmers maintain
traditionally irrigated rice paddies in the rainy season outside of the
irrigation perimeter. These farmers are opportunists and do admirably
well with what they have; such is exhibited by the deepwater rice planted
in most of the drainage canals between fields. Finally, poor design
resulted in one of the two primary canals being built at the immediate
base of the dike. Subsequent erosion of the dike by rainfail and
livestock traffic has caused portions of the camal to be completely
filled with sediment.

Africare's oversight and administration of the Tara Project,
particularly with respect to the cooperative, is considerably more
flexible than a typical ONAHA system. The resultant more “independent"
system has both positive and negative consequences.
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Maintenance, as with many of the projects visited along the Niger
River, is a key problem. At the time of the site visit, labor
competition with dryland cropping was the primary reason cited for poor
canal maintenance. This competition was also causing serious water
distribution difficu'tfes. The cooperative president was trying to get
the farmers to plant in the perimeter at roughly the same time, so that
some type of orderly water distribution could be made. Many farmers
were, however, still in their upland fields trying to get their millet
harvested. The delay in planting rice not only complicates water
delivery timing, it may also mean that those who rlant late will have
trouble getting their rice harvested before an onset of the seasonal bird
problem. When asked about the weeds in the canals, the local perimeter
director said the cooperative had previously scheduled that very day for
cleanup, but it had been postponed %tc the following day so that the
farmers could spend time killing birds which had become a more serious
and immediate problem in their millet fields. This suggests that
organizational problems within the users' cooperiatives are not the sole
reason for maintenance difficulties.

Other maintenance problems were noted in connection with the dike
itself. It is regularly used as a pathway for livestock, which results
in erosion. Larger weeds and shrubs were being allowed to grow along the
slopes and in places these were planted to millet or maize--both of which
could easily result in root cavitation. This seemed to be merely an
information problem. A more serious problem was the many animal burrows
which could be seeen along the sides of the dike.

Tara Project was visited by IBRD engineers, who recommended a whole
gamut of further surveys to identify soils types precisely and assist in
releveling of the fields. We consider the main problem to be the
question of the intake design and levels; otherwise, farmers have
developed their own solutions ts what might appear as technical
difficulties (e.g., planting floating rice in the partially flooded area
between the two dikes). Perhaps it would be more reaiistic to
acknowledge that in a 40-inch rainfall area there will always be a
competition between rainfed farming and the second cycle of irrigated
rice production.
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Nigeria

National Background - On a population basis, Nigeria is virtually a case
unto 1itself in sub-Saharan Africa. Nigeria's 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 populous countries, Tanzania, Sudan and Kenya. Furthermore,
much of this population is concentrated in the drier, northern half of
Nigeria, where cities like Kaduna, Kano, and Sokoto are experiencing
rapid urban growth. The demand for crops which 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 middle-income
nation, leaving the country's irrigation development to be assisted by
multilateral funding rather than by concessarionary bilateral aid.

Nigeria contains six distinct agro-ecological zones, ranging from
coastal swamps in tne humid south to Sahelian 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 glabberrima grown 1in flood plains under
either traditional or to a much more Timited extent, modern irrigation
(Atanda et al. 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 teach (Andrae
and Beckman 1985).

Unlike Sudan, Kenya, or Senegal, Nigeria came to independence in
1960 without even a beginning having been, made in developing the
country's potential for modern irrigation.l There were a few rice
frrigation schemes established by the colonial government from 1952
onwards in Nigeria's middle belt near Bida (northwest of the Jjuncture
between the Niger and Benue Rivers), but these totalled less than 2,000
ha in extent (Carter et al. 1983). Nigeria's first substantial
irrigation project was the Bacita Sugar Estate (5,500 ha), built near
Ilorin 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 governmenti
and Booker McConnell (Adams, 1986:192).

However, the main interest in irrigation within Nigeria has been and
continues to be in the north. Here, because of the marked seasonality of

l5ee Table 19 overleaf. Useful reviews of the history of irrigation
in Nigeria are contained in Andrae and Beckman (1985), Adams (1985), and
Palmer-Jones (1981). The first two sources have been used in compiling
this section.
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TABLE 19
HISTORY OF NIGERIA'S IRRIGATION DEVELOPMENT

1949

1952

1956
1958

1959
1961

1962
1964
1968
1971
1972
1973

1974
1975
1976
1978
1979
1980
1981

1982

First irrigation division set up in the Northern Department of
Agriculture.

Rice schemes started in the Middle Belt near Bida: Wuya-
Edozhigi; Loguma; Toroko; Badeggi; Lapai (ca. 1900 ha total)

Establishment of hydrometeorological network around Lake Chad

Pilot irrigation schemes begun on Yobe and Ebeji Rivers
(Borno)

Hydrological section set up in the irrigation division of the
Northern Region Ministry of Agriculture

Wheat schemes started in North Western State (Wurno, Tungan
Tudu)

Nigeria joined Lake Chad Basin Commission

Bacita Sugar Estate built

Kainji Dam completed; USBR Report on Kano River Project
Military government invites tenders for design of Bakolori Scheme
Feasibility studies for Savannah Sugar Company done

South Chad Irrigation Project feasibility studies completed
Chad Basin Development Authority created

Sokoto Rima Basin Development Authority created

Tiga Dam completed on the Kano River

Construction started on South Chad Irrigation Project, Phase I
11 RBDAs created by Decree of Federal Military Governmentq
Bakolori Dam completed

South Chad Irrigation Project Phase II begun

Police action to re-establish control over Bakolori Scheme

Kafin Zaki Dam construction commenced (River Jama'are)
Goronyo Dam (Sokoto State) under construction

Kiri Dam completed (River Gongola--Savannah Sugar Co.)
Dadin Kowa Dam construction commenced (River Gongola)

Source: Wright, et al. (1982), pp. 10-11 with some changes.
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the major rivers and the presence of a large human population near
alluvial plains, irrigation has seemed the technical answer p..rmitting
intensified agricultural development. The Sokoto and Rima rivers, for
example, provide 70 percent of their total annual runoff in just the two
months of August and September (Adams 1985:192). Two major river basins
span the northern boundaries 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 political 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 Bakolori
project southeast of Sokoto in the Sokoto Rima Basin, the Kano River
Project south of Kano in the Hadejia-Jama'are Basin, and the South Chad
Project northeast of Maiduguri on the plains adjicent to Lake Chad. OQur
interest here will be to trace briefly how these ambitious projects came
into being, before looking in greater detail at the troubled Bakolori
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 L277--were later destroyed by the local people
"amid great rejoicing” (Adams 1985:191), a small pilot project was
eventually established in 1925 at Kware near Sokoto. Its poor
performance over the years has been attributad by Palmer-dones (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; 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 rivers or small reservoirs: none required
major dams or large canals.

After independence, Nigeria's 1962-68 National Development Plan
identified the country's lack of irrigation as a major constraint
retarding its agricultural development--a conclusion reached earlier in a
1954 World Bank report (Andrae and Beckman 1985:81). The Nigerian
Government then obtained UN Special Fund financing to commission FAO to
undertake a $2.88 miliion (US) survey of the soil and water resources of
the Sokoto Valley. The study took six years (1962-68), and resulted in a
six-volume report which conceptualized the area's future deveiopment 1in
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 possible from irrigation, provided farmers were
"properly indoctrinated" and more suitable institutional forms could be
devised (Adams 1985, Andrae and Beckman 1985, Palmer-Jones 1981). At
about the same time, USAID financed a parallel survey of the Hadejia-
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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 FAO nor the USBR reports dealt realistically with
project economics. They Jjudged that upland agriculture held little
promise, and throughout assumed that stabilized production on the
riverine flood plains based on vater 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
consultancy--no details as to which crops should be grown were specified
(Andrae and Beckman 1984:82). It did ciaim, however, that the Kano River
Project would show a nine percent internal rate of return.

The stress upon irrigated wheat production, which was to becoms so
prominent in North~rn Nigerian policy, arose from a joint FAO-World Bank
mission report based on a visit to the proposed Bakclori 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 FAO agronomists noted that all crops excepting wheat
which had been propused by the engineers for irrigation 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 ab:ut the lack of
economic realism in the initial FAO, USBR, CDC, and IBID documents, but
it should also be noted that those doing the site surveys thought it
would be many decades before actual revelopment commenced. Irrigation
was so expensive and so speculative that nobody expected immediate
implementation. FAO recommended a gradually phased development of the
Sokoto Rima basin, starting with a 12,000 ha perimeter near Talata Mafara
on the Sokoto River--itself to be cautiously developed in two stages
because of the lack of local experience (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 FAO 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 Italian consultants for
comprehensive 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 point for irrigation

throughout Nigeria. Nigeria's o0il boom coincided with the Sahelian
drought and military rule by northerners. A federal deficit of half a

127



billion Naira in 1970 was turned into a two billion Naira surplus 1in
1974, and by 1977 oil revenues had reached six billion Naira. The three
large projects identified in the earlier engineering studies were now
pushed ahead: the Kano River Project (20,000 ha) located 60 km south of
Kano and drawing water from the Tiga dam; the Bakolori (or Talata Mafara)
Project on the Sokoto River, planned for 23,000 ha; and the South Chad
Irrigation Project (22,000 ha) in the extreme north-east on the shores of
Lake Chad, from which it was meant to draw its water by pumping (Andrae
and Beckman 1985:88-90). The fact these projects “were highly capital-
and foreign-exchange intensive was no disadvantage at this point. The
state had more foreign exchange than it could spend" (Ibid., p. 89). As
Andrae and Beckman further note:

[Llarge-scale irrigation seemed to offer a way in which state
capital could move in a big way into the agricultural sector.
Projects oriented towards rainfed smallholder 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 “surpius"”
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 military governors from the north of Nigeria, this seemed an
attractive proposition, buttressed by their realization that Nigeria's
wheat imports had been steadily rising.

Institutional Support - As could be expected, Nigeria's lack of earlier
involvement with 1rrigation 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 (RBDAs),
modelled on the TVA in the United States, were established in 1973 for
the Chad and Sokoto-Rima basins. In 1975, a separate Ministry of Water
Resources was carved out of the Federal Ministry of Agriculture. In mid-
1976, a full complement of 11 RBDAs covering all parts of Nigeria was
created by Federal decree. As the maps given in Adams (1985) show, the
initial RBDAs differed widely from actual drainage boundaries and also
overlapped the state boundaries upon which Nigeria's budgetsry
allocations are based. & further revision of the RBDA boundaries was
made in a 1979 decree. It retained the 11 authorities (Table 21) and
specified their functions in greater detail (Table 22). 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 rival states and implemented without
much regard either for the State Ministries of Agricu]ture or for
existing Water Boards, which employ most of Nigeria's civil engineers
dealing with water development. This competition did not matter at the
start when funds were in surplus. More recently, however, it threatens
to leave the less well endowed RBDAs stranded, having an ambitious
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TABLE 20
IRRIGATED AREAS OF NIGERIA IN 1980

Basin DeveTopment Authority ‘Total area proposed Areas irrigated
(ha) December 198G
Sokoto-Rima 108,800 5,200
Hadejia-Jama'are River 75,009 7,009
Chad 157,500 2,000
Upper Benue River 309,700 110
Lower Benua River 130,750 677
Cross River 724,900 n/a
Anambra-Imo River 5,000 n/a
Niger River 243,200 448
Orgun-0Oshun River 242,300 128
Benin-Owena River n/a n/a
Niger Delta 2,500 24
Sub-total 1,999,659 15,596
Commercial projects 47,200 6,978
State Government projects n/a 8,132
Total 2,046,859 30,706

source:  Adams (1985], p. 195.  Derived from Nwa & Marins,

Table 21
NIGERIA'S RIVER BASIN DEVELOPMENT AUTHORITIES

The Sokoto-Rima Basin Development Authority

The Hadejia-Jama'are River Basin Development Authority
The Chad Basin Development Authority

The Upper Benue River Basin Development Authority
The Lower Benue River Basin Development Authority
The Cross River Basin Development Authority

The Anambra-Imo River Basin Development Authority
The Niger River Basin Development Authority

The Oregun-Pshun River Basin Development Authority
The Benin-Owena River Basin Development Authority
The Niger Delta Basin Development Authority

—
— OWoONOOLE WN
*« e e o e o

Source:  Adams [I1985), p. 178, citing River Basin Authority
Decree, 1979.
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1.
2.
3.

4.

g.

10.

11,

TABLE 22
FUNCTIONS OF NIGERIA'S RIVER BASIN AUTHORITIES

To undertake comprehensive development of both surface and
underground water resources for multi-purpose use.
To undertake schemes for the control of floods and erosion, and for
water-shed management including afforestation.
To construct and maintain dams, dykes, polders, wells, boreholes,
irrigation drainage systems and other works necessary for the
achievements under this section.

To provide water from recervoirs and lakes under the control of the
Authority for irrigation purposes to farmers and recognized
associations as well as for urban water supply schemes for a fee to
be determined by the Authority concerned, with the approval of the
Commissioner.
The control of pollution in rivers, lakes, lagoons and creeks in the
Authority's area in accordance with nationally laid down standards.
To resettle persons affected by the works and schemes specified in
this section or under special resettlement schemes.
To develop fisheries and improve navigation on the rivers, lakes,
reservoirs, lagoons and creeks in the Authority's area.
To undertake the mechanized clearing and cultivation of land for
the production of crops and livestock and for forestry in areas both
inside and outside irrigation projects for a fee to be determined by
the Authority concerned with the approval of the Commissioner.
To undertake the large-scale multiplication of improved seeds,
livestock and tree seedlings for distribution to farmers and for
afforestation schemes.
To process crops, livestock products and fish produced by farmers in
the Authority's area in partnersnip with State agencies and any
other person.

To assist the State and Local Governments in the implementation of
the following rural development work in the Authority's area:

a) The construction of small dams, wells and boreholes for
rural water supply schemes and of feeder roads for the
evacuation of farm produce;

b) The provision of power for rural electrification schemes
from suitable irrigation dams and other types of power
stations under the control of the Authority concerned;

c) The establishment of agro-service centers;

d) The establishment of grazing services; and

e) The training of staff for the ruaning and maintenance of
rural development schemes and for general extension work at
the village level.
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mandate but neither the resources nor the performance to Jjustify further
support. The rivalry with Water Boards should have been anticipated,
since a dry environment any urban development will require water from the
same supplies which are of interest 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 policy matters to be addressed. ‘

Bakolori Irrigation Project - The Bakolori scheme gets its name from
Bakolor1 village, one of the many flooded in the reservoir 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 FAO report had recommended (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 objective was to control river
floods and to stabilize agriculture in the basin. Bakolori scheme along
with a Tinked project, the Talata Mafara Irrigation Scheme, constitute
phase I of the Sokoto River Basin Bevelopment Project, the major 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 River (pictured 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 distributed by 45 km of
lined primary canals, and several hundred km of unlined secondary and
tertiary canals. 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
movable pipes and buried 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 reserveir'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
prices were about 13,500 Naira per hectare (assuming full use of the
planned area), in contrast to original estimates of 3,700 Naira/ha,
fxc1udi?g the hydropower and infrastructure components (PRC Nigeria Ltd

982:27).

1This account is entirely derived from varicus papers by Adams
(1983, 1984, 1985) a case study by Beckman (1986) and further details in
Andrae and Beckman (1985). Other sources include FAOQ (1969), Impresit
(1979), Etuk and Abalu (1982), and Igozurike and Diatchave (1982).
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The description just given would be how a project like Bakolori
would appear in most official documents, which rarely describe how land
s acquired and a system put into operation. The value of the detailed
case studies con Bakolori suppliec by Beckman and Adams is that they
allow one to follow the process of scheme establishment step by step.
Perhaps the most fundamental error made when construction began in 1976
was the failure to resolve precisely what would happen to the large
number of people dispossessed from the reservoir.  The initi:l plan
announced to farmers would have given them cash compensaticn, followed by
access to employment perhaps as fishermen on the reservoir or in the
sugar estate which the Sokoto-Rima RBDA planned to establish on
Bakolori's best irrigated land. The Federal Government subsequently
ruled out direct compensation, insisting alternate land should be found
for evacuees instead. The SKRBDA then cleared land around new, upland
settlements, but these were placed on heavily eroded and shallow soils
which local farmers had already abandoned. In 1978 ‘he 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 margins of the boom-town economy
which grew up around Talata Mafara. For others, however, the coming of
the fcheme was an economic disaster akin to a major drought (Griffith,
1983).

After much agitation, local authorities finally prevailed upon the
Federal Government to agree that farmers could receive compensation for
economic trees destroyed in the reservoir. However, the survey by
students from Kaduna Polytechnic had to be rushed because the reservoir
was already filling. Many farmers alleged they were never paid, and an
inquiry was undertaken to trace what actually happened to the
compensation money. Its report was never released, and meanwhile the
aggrieved evacuees became the militant core for an emerging peasant
resistance to the whole project.

As for those whose land would be "improved” by the scheme, the
planners envisioned only a temporary hiatus in household production to
enable the completion of necessary physical works. Tha theory was that
land could be taken over at the end of the wet season, developed during
the ensuing dry season, and handed back in time for families to grow the
usual rainfed crops during the next wet season (Adams, 1984). This neat
"solution" ignored the complications of operating heavy equipment on
smallholdings, aad the Nigerian government's interest in having scheme
farmers grow wheat, which competes with farmers' own food crops because
of an overlap in seasons. Land expropriation began in October of 1976
with a request by the SRBDA to the Local Government Authority at Talata
Mafara for permission to begin construction work on the first quarter of
the irrigation area.

Troubles surfaced at once. Most hard hit were those unlucky farmers
whose land lay 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 their part of the scheme
was ready to be handed back. (Resentment on *his score was so great the
scheme's service centers were nicknamed in Hausa “thief centers.") Nor

132



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 shrinkage, and one survey engineer admitted
to Beckman that farmers' original holdings were reduced 40 percent
(Beckman, 1986:143). Survey methods and compensation procedures had to
be worked out as the project unfolded. While fairly sophisticated
techniques were eventually evolved, the fact that almost everyone lost
land and some farmers got none at all further polarized Tlocal opinion
against the scheme.

Other difficulties arose in connection with cropping prohibitions.
The contractor had assembled a huge fleet of heavy equipment, and
approached its task in the customary fashion by levelling everything in
sight so that equipment units could proceed to construct canals and
drains. This meant farmers' access to their fields was blocked over much
of the area, at first for one season and then two and scmetimes for three
years in a row. Disputes over compensation for the destruction of
standing crops became commonplace. At issue were farmers' claims to
guinea corn, their food staple, which is late maturing. The cantractor
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 equipment entering standing
crops, and again in 1978/79. By 1979 the project was falling behind
schedule and the SRBDA thought it obtained commitments from village
leaders that no guinea corn would be planted in any areas scheduled for
construction. However, for some families this was their third season
without food or compensation, and farmers widely refused to comply with
the agreement. Other farmers were refusing to plant lands which had been
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 things came to a
head when farmers began to blockade access roads to keep the contractor's
equipment out of standing crons. 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
called in Nigeria's much feared "mobile police" units. The Deputy State
Governor met with farmers' representatives and promised that
compensation money would soon be received. 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 police guard. In early 1980, the Federal Government dissolved the
board of the Bakolori Authority and charged a caretaker committee with
inquiring into the causes of the crisis.

Now the opposition moved into a new and more strategic phase. By
the end of February, farmers had taken control of the dam and its central
power station. This affected the city of Sokoto, whose water supply
downstream depends upon releases from Bakolori dam. The New Nigerian
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reported to the nation in late February that 5,000 farmers had blocked
all entrances to the dam. Visiting journalists 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 million Naira for this purpose brought
about a 1ifting of the blockade at the dam. Officially, the crisis was
over.

Instead, the momentum of opposition swung back against the
government when it became clear that while 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 i7th of
April 1980, the blockade of the project was renewed although now shifted
to the Impresit and consultants' headquarters at Birnin Tudu because the
mobile police had taken up strategic positions around the dam. On the
2lst, the blockade was reimposed on the dam site itself, and according to
préss reports staff were taken hostage but later rescued by the mobile
poiice. Finally, on the 26th of April, anti-riot police entered the
scheme in force while ail journalists were excluded. The official death
toll for the numbers of farmers killed was eventually given as 23.
According to Beckman:

A leading opposition politician . . . accused the police of
having killed hundreds of villagers. He was arrested, but his
case was only brought to court two years later. The police
claimed in court that most of the names listed as killed . . .
nad been invented.

According to an opposition paper, hospital doctors had been
warned . . . not to leak any casualty figures. The for-
eigners . . . were threatened with summary deportation. One
newspaper . . . claimed 386 people were known to have died.
Another detailed list contains 126 names. I* has not been
challenged by the authorities. (Beckman, 1986:140)

From a wider perspective, the Bakolori crisis of early 1980 should be
seen as a loss of innocence for Africa's irrigation planners. It should
be recognized that Africa's earlier large schemes were designed and built,
without incident mainly because the land was taken from pastoralists who
lacked modern arms and political influence.

It is still early to judge whether Bakolori will ever hecome
economically viable. Maurya and Sachan (1984:277) now give Bakolori's
capital cost as 21,500 Naira per ha, assuming 23,200 ha irrigated. The
real figure should be much higher, since the design greatly
underestimated water consumption needs on the scheme, making it doubtful
that the full capacity will ever be realized. As for 1981/82, the scheme
management was able to get about 5,000 ha under irrigation--but at a
recurrent cost of roughly 2,000 Naira per ha, excluding capital repayment
and SRBDA overhead costs (Andrae and Beckman, 1985:123). The trial
balance accounts for 1982 showed scheme expenditures of over nine million
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Naira, as against revenues of 390,000 Naira (Table 23 below).

TABLE 23

Bakolori Scheme Recurrent Costs, 1982
{(in Naira)

Salaries and wages . . . . . . .. .. . 1,980,240
Staff allowances . . . . .. ... .. . 1,314,302
Staff quarters (mostly maintenance) . . 737,985
Offices (construction, maintenance,

and equipment) . . ... ... ... 161,638
Electrification of quarters and

offices . . . .. .. ... ... .. 751,879
Motor vehicles (purchases and

maintenance). . . . . . . e « « o+ .+ 596,349
Plant and machinery (purchase and

maintenance). . . . . .. ... . . 2,954,668
Fuel and lubricants . ... ... ... 273,686
Maintenance of canal . . . .. . . ... 73,348
Other items (livestock, fisheries,

and forestry) . . . ... ... .. 175,007

TOTAL (excluding dam, power station 2,019,147
and HQ overheads)

Source: Andrae and Beckman, 1985:123.

Interviews with scheme staff cited by Andrae and Beckman indicated that
Bakolori 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 cnly will
Bakolori farmers make no contribution towards the project's capital
costs; just to reccver current expenses, the scheme would run at a
deficit of between 3-5 million Naira annually.

Without any capital repayment, the wheat produced at Bakolori and
Nigeria's othar northern schemes costs conservative calculations between
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 132 Naira per ton. Andrae and Beckman conclude
that the factory gate cost of domestic wheat at Nigeria's leading flour
Ti]] 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 fauits not of Nigerian origin. The problem of insufficient
water at Bakolori arises because consultants applied standard FAO
formulae to calculate 1ikely water demand, whereas special circumstances
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have resulted in higher than average consumption. The “intermediate"
sofl suitability classification applied to 78 percent of Bakolori'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 being shallow, 1light, and sandy. The Jankarawa extension
prepared at great cost for irrigation northeast of the dam *urned out to
have thin topsoil and numerous rifts and guliies: "the area is more
suitable for military exercises than for farming, according to a
frustrated farm manager who had failed miserably to grow wheat in the
place" {(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 farmers have refused night irrigation. Then it was found that
the high winds during the day when wheat was sprinkled caused pronounced
puddling, so the system can only be used to the full during the morning
and late afternoon hours (Ibid.). The scheme has been chronically short
of energy to operate all ifs pumps. By 19€2 a 7 MW diese: 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 sufficient to irrigate the whole
of the planned area (Andrae and Beckman, 1985:105).

Meanwhile, the competition for labor between farmers' guinea corn
and government mandated wheat continues. The shortage of water has
forced scheme managers to choose between scheme and farmers' needs:

Farmers interviewed at Bakolori pleaded for irrigation
water . . . on their traditional crops, especially at times of
poor rains, but management has not been able to accommodate
them.  Apart from design problems, management foresaw major
difficulties with irrigation and field staff if supplementary
irrigation was ever to be attempted on a large scale. Staff at
all levels saw the wet season as a period when they were able
to relax, go on leave, and attend to personal matters. (Andrae
and Beckman, 1985:109-110)

There is no point in further describing Bakolori's various field
problems, many of which are shared with Nigeria's two other 1large
northern projects (see details on Kano and South Chad in Andrae and
Beckman 1985). The attempt to speed up implementation when money
suddenly became ava'..able lies behind many mistakes 1in all three
projects. It is aiso clear that just because Nigeria produces less than
two percent of the wheat it consumes does not automatically make wneat
suitablie 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 1its
expensive northern schemes.
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Sudan

National Background - Sudan has the largest area (2.5 million km?) 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 landscape away from the Nile is true desert.
Development clusters along the river or around Lake Nasser, formed by the
Aswan high dam (across the border in Egypt) which flooded the 01d 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 Jebel Marra,
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 Halfa 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
capital and main industrial base which is actually composed of three
adjacent cities (Khartoum, Omdurman 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 jand use
(Abusin 1985). South of Khartoum a vast area of flat, clay soils between
the White andd Blue Nile rivers has been developed un%er gravity fed
irrigation. The Gezira Province is roughly 25,000 km* in size, and
contains the one million feddan (420,000 ha) Geziri scheme and its linked
Managil Extension (800,000 feddans or 336,000 ha).! The combined Gezira-
Managil scheme is operated by the Sudan Gezira Board (SGB), and
constitutes one of the largest irrigation complexes in the world. It
will figure prominently, then, in any review of irrigation in Sudan--or,
for that matter, in Africa.

The north-south flow of the Nile 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 connections northeastwards to Port Sudan
and westwards into Kordofan and Darfur (see Figure 9). Over time, these
created an east-west belt of human settlement Tlinked through Gezira

Ip 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 EI Agraa, et al. (1986).
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to Khartoum and taking the form of an inverted crossbow with Khartoum at
its uppermost and Kassala and el 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 Nyala in Darfur (Farah, 1985; Abusin,
1985).

From Nyala stretching southeastwards lies a less 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 links and by the enormous Sudd swamps at the
confluence of the major tributaries feeding the White Nile. Except for
Malakal, the entry for the north to the Upper Nile, all the other main
southern towns lie in Bahr el Ghazal and Equatoria provinces reached
mainly by air from Khartoum and constituting a distant hinterland far
removed socially, politically, and economically from the country's
emerging central zone (Mills 1985). 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 we.l described in the literature (see D'Silva
1986, Waterbury 1979, Clarke et al. 1985, el Agraa et al. 1986, and Fadl
and Bailey 1984) and in numerous restricted World Bank documents. It
includes five major types of projects: 1) traditional, small-scale
irrigation; 2) pump schemes along the Nile; 3) larger, gravity fed
schemes (like Gezira and Rahad); 4) spate irrigation on the Gash and
Tokar deltas; and 5) parastatal or commercial estates (1ike the Kenana
sugar project). In diversity, importance, and adequacy of documentation
Sudan's projects would take priority in any overview of African
irrigation. They acquire added significance, however, because Sudan is
with 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 provinces and 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 large irrigated
sector depends upon the river Nile's water (Waterbury, 1979). Th% Nile's
average annual discharge measured at Aswan is 84 billion m , only
sliahtly greater than that of the Rhine although the Nile is five.times
lTonger. The Nile's maximum measqfed flow was in 1878-79 at 150 m3, and
its minimum in 1913-14 at 42 bm°. More than 80 percent of the Nile's
annual flow used to occur between August and October in a ceasonal
flood. This water is received from three main sources: the Atbara River
(entering from Ethiopia north of the Blue Nile); the Blue Nile
(originating from Lake Tana in Ethiopia), and the White Nile (originating
from Lake Victoria in East Africa and ultimately the Kagera River in
Rwanda and Tanzania). The White Nile's water has been of particular

139



interest to Egypt, whereas rost of Sudan's irrigation development has
depended upon water carried by the shorter and more sediment 1laden 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 carried by the Blue Nile'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 five times that of the Blue Nile. 1Its silt Toad has been
largely deposited upstream in the swamps of Uganda and southern Sudan.
This explains why the Jebel Auliya was built in preference to a larger
downstream structure and why it could be closed for storage earlier than
the old Aswan dam.

It is important to recognize that the Aswan high dam built after
Sudan's independence marked a radical 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 accumulate the Blue Nile's
large annual silt 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 compiete human control (Tvedt, 1986:10).

The benefits from this decision were clearly apparent in 1984-85,
when Tow 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 first proposed in 1904 to increase the
White Nile's flow by circumventing its "Sudd" swamps. Near Bor in
southern Sudan the White Nibe (known at that point as the Bahr el Jebel)
enters a vast 180,000 Lm¢ area of seasonally floodec swamplands.
Measurements of the river's flow above and below the Sudd undertaken as
early as 1902-03 showed that about half the water was lost through
evaporation. A _ 1904 report by Garstin proposed thai a1 wide canal
conveying 1,000 m® per second should be dug for some 340 km (nearly from
Bor to Malakal). This measure alone, it was suggestad, 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 Jonglei canal in a form not much different from
Garstin's initial proposal.

Sudan's own irrigation is usually 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 irrigation, and staff
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had already accumulated 15 years of operational experience. These
developments had not escaped Egypt's attention: in 1929 a Nile Waters
Agreement was reached which allocated to Sudan enough water from the Blue
Nile to irrigate one million feddans (420,00C 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 al. 1986:85-87). While the
Gezira Scheme (described below) became Sudan's major irrigation
commitment, the 300 km long reservoir for the Jebel Auliya dam mede it
feasible for pump irrigation to be developed on the White Nile. The Qoz
en Nogara and other schemes were developed on lands below the dam,
supposedly to compensate for the area flooded by the reservoir
(Trilsbach, 1986).

By the time of fudan's independence in 1957 it was clear that
Sudan's 4 milliard m° 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 Managil extension of the Gezira Scheme. From then onwards Sudan has
implemented a success of major schemes on either the Blue Nile and its
tributaries or the Atbara River: notubly several huge sugar plantations
as well as teh New Halfa (or Khashm el Girba) Scheme (built in 1962-69)
and the Rahad Scheme (1973-78). While these are the best known projects
because of the involvement of international financing, Sudan has added
many others (see Table 24). What se.eral 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 1ifeé the reservoir behind the Khashm el Girba
dam, which had 1.3 milliard m° water storage %n 1964 had been reduced by
sedimentation to an estimated 0.7 milliard m° in 1984 (Gallabi in Fad]
and Bailey, 1984:71).

If we accept official Sudanese Government figures the country has
today over four million feddans under irrigation, supplying the direct
Tivelihood for more than 140,000 tenant families (Fadl and Bailey, 1984).
The realities, while stiil impressive, are less clear-cut. Because of
pronounced foreign 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 larger 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 intensitics being achieved 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 producticn would have been
even lower. By 1980-81, Suden's irrigation sector was nearly paralyzed:
the Sudan Gezira Board had to organize direct transport of laborers from
a distance to "rescue" blocks of cotton which had been abandoned unpicked
(E1 Bagir et al., 1984:112). The Board's share of cotton profits in that
year covered only 17 percent of its expenses, witi the shortfall of 6.7
million Sudanese pounds being paid by the Sudanese government (E1 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 for a major restructuring of the
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TABLE 24
IRRIGATED AREAS OF THE SUDAN?

Source & Annual Rotation
Scheme Water Crop Cultivable  Number and

(years when requige Intensity Net area: of Crops
developed) (mn.m=)S  Percent (feddans) tenants Grown:P

I. BLUE NILE
Blue Nile Agr.

Prod. Corp. 876 (P) 67 292,000 NA C-S/G-F

(1950-65)

Abu Na'ama 100 (pP) 100 30,000 - Kenaf

(1973-75)

Es Suki 330 (P) 67 86,900 NA C-S/G-F

(1971-72)

Sennar Sugar 388 (P) peren. 32,500 -- Sugar

(1972-73)

Gezira-Main 4,000 (G) 75 1,135,400 48,350 C-W-S/

(1925-5u) G-F

Managil! Ext. 3,600 (G) 100 946,300 53,900 C~-W-S/G

Rahad Corp. 1,139 (P/G) 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 (pr) 83 45,400 2,000 C-W-S/G

(1964)

Seleit

Livestock NA (P) 100 20,000 - Fodder

(pvt.)(1973-74)

Private pumps 165 (P) NA 63,500 NA NA

(1935-present)
II. WHITE NILE
White Nile Agr.

Prod. Corp. 830 (P) 75 359,600 NA C-W-S/G-F
(1950-67)
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TABLE 24 (continued)

Source & Annual Rotation
Scheme Water Crop Cultivable  Number and
(years when requiseg Intensity Net area: of Crops b
developed)  (mn.m2jS Percent  (feddans)  tenants  Grown:

Hagar Asalaya 363 (P) peren. 29,000 - Sugar

Sugar

(1974-77)

Kenana Sugar 968 (P) peren. 81,000 - Sugar

(1976-80)

Private pumps 70 (P) - NA 28,000 NA NA

(1935-present)

III. ATBARA

New Halfa Agr.

Prod. Corp. 970 (G) 100 330,000 22,000 C-W/S-G

(1962-69)

Halfa Sugar 210 (G) 100 19,600 -- Sugar

(1962-69)

IV. MAIN NILE

Private pumps 730 (P) 100 208,000 NA M/S/0-

(ind. & coops) W/WL/
Ct/D/
Lucerne

Northern Agr. 430 (P) 100 103,000 NA M/S/0-

Prod. Corp. W/WL/

(1930-present) Ct/b/
Lucerne

Basins 40 (P) var. 40,000 NA M/S/0-
W/WL/
Ct/D/
Lucerne

V. OUTSIDE THE NILE SYSTEM (estimates)

Gash -- NA 80,000 NA S/or
castor

Tokar -- NA 30,000 NA S
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TABLE 24 (continued)

Source & Annual Rotation
Scheme Water Crop Cultivable  Number and
(years when requ1§ Intensity Net area: of Crops
developed) (mn.m2)<  Percent (feddans) tenants  Grown:°
Aweil Rice -- NA 5,000 NA rice
Scheme
North Darfur -- NA 3,000 NA S/Fr/V
small-holders & Ct
TOTALS:
I. BLUE 11,018 2,990,700 118,570
NILE
II. WHITE 2,231 497,600
NILE
ITI. ATBARA 1,180 349,600 22,000
IV. MAIN 1,200 351,000
NILE
V. OUTSIDE 118,000
TOTAL SUDAN 15,629 4,210,000 140,570+

in

&Source: Fadl, Osman and C. Bailey (1984) Water Distribution
Sudanese Trrigated Agrlculture np, 4-6.
ngx: --Hater source: P = pumped, G = gravity
--Creps: C = cotton, W = wheat, § = s:rghum G = groundnuts
F = fallow, V = vegs., Fr = fruits, M = maize
W1 = winter legumes, Ct = citrus, D = dates
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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 "less than complete success” (D'Silva, 1986). The grounds for
pessimism derive from the larger context of Sudan's irrigation
development. In retrospect, it s clear that for three decades the
Sudanese government has relied upon its high cost sugar and cotton
producti~s as the mainstay of its irrigation economy, supported by a
ponderous bureaucracy and by an attempted mechanization of much of the
field production. The mechanized operations and the many pump-based
schemes (roughly one-third of Sudan's total frrigation) depend entirely
upon imported fuel and parts. Furthermore, the low sugar and cotton
prices received in recent years are likely to persist into the future,
jeopardizing Sudan's export earnings upon which the whole system depends.
As Sudan's reservoirs built under loan financing fi11 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 Africa, the prosperity of its
irrigation)systems and their 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 1in the short run, but
makes the system resistant to radical changes. At the top, the national
Nile Waters Commission determines the allecation of water quotas between
provinces and regions within Sudan (Phillips 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 (MOI) builds and supervises the water suppiy
systems, but hands operational control over the production aspects to
public and parastatal corporations--the Sudan Gezira 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 large to fit
within the normal framework for the pump-scheme sub-sector, e.g. the
30,000 feddan Zeidab scheme which would otherwise fall under the NAPC's
supervision. The large number of such bodies has not caused confusion
because most are territorially distinct and follow the general pattern
initially evolved at Gezira, where many of Sudan's senior staff were
first 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 running the larger schemes
employ their own extension staff and attempt to dictate what tenants may
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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 Tlevel upwards
(Phillips in Bloch, et al., 1986:75). At the bottom one has village or
nomads' councils, then rural councils, then district or township
councils, then the People'd 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 contro) its functional activit-;f in the
regions but merely provides manpower to the regional governments.

Gezira - At the time wher 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
rivers was used seasonally by pastoralists 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 al., 1986).

It should be stressed that the topography was unusually favorable
for the development of large-scale irrigation. The total Gezira-Managil
area with linked units across the rivar now covers about 2.1 million
feddans, taking up most of the land lying south of Khartoum between the
Blue and White Niles (Figure 9). 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 frem 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 ridge for 57 km before joining and then being again subdivided, with
one main and three subsidiary canals serving Managil to the west and a
second main canal continuing onwards for nearly 145 km through the older
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 fitted with storage weirs. Ninety feddan
fiela units (called "numbers") are each served by one tertiary canal; in
Gezira proper, these are cubdivided for water application by 9 laterals
serving 10 feddans each, whereas in Managil (as in most of Sudan's pump
schemes), a "number" contains 18 laterals serving 5 feddan field units

1The situation observed in December 1984,
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called “"hawashas"). Gezira's water distribution system is described in
detail 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 "gaffirs" of control over
the field outlet pipes (FOPs), accompanied by continuous (rather than
day-only) irrigation necessary as the cropping system has become more
diversified !though this 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 application regime but
allow each tenant a range of croups in each season. The "number" made up
90 feddans served by a tertiary canal (commonly termed an "Abu XX," for
Abu Ishreen) is ideally managed under one crop as a unit. However, four
adjacent numbers at any one point in time will be growing, say, cotton,
wheat, groundnuts or sorghum (dura), while one will be fallow. (In
Managil, as on Sudan's other large schemes, because of the lack of
fallow in the rotation the sequence will 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 will have
simultaneous access to cotton, wheat, dura, etc. In each "number" there
are between 9 and 18 tenancies, resulting in 5-10 feddan individual
fields within the larger area growing a common crop (and thus watered
during the same periods). The return cycle between waterings varies
between 10-14 days, and is feasible because of the high water retention
of cracking clays.

Crop water requirements have been arrived at traditionally by a
process known as "indenting," whereby the SGB block inspectors
responsible for individual minor canals forward their estimates to the
MOI 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 "Gezira main" being
the area nearer to the Blue Nile which was developed in phases between
1925-58, and the "Managil extension" to the west and south which was
added after the revised Nile Waters Agreement of 1959 (Taha, 1975). At
Gezira, tenants at first received 30 feddan holdings (12.6 ha), in three
separate plots: one for cotton, one split between Luba (a Teguminous
fodder crop) and dura (the food staple), and one left fallow. The
standard holding was increased to 40 feddans (16.8 ha) 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 ha), 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 (E1 Agraa, et
al., 1986). From 1978-79, the main forage crop lubia) was phased out.
because it was host to various cotton pests.
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For over 40 years up until the 1980-81 crop season, the costs of
scheme production were recovered under what was termed the "joint
account" system. This meant that returns from the sale of cotton were
divided in fixed proportion betwean the Sudanese government, the Gezira
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 returns. Since the tenants'
proportion of profits was below 50 percent (up to 1971), in years when
cotton prices were Tow tenants actually 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 vould be received per
feddan from the stabilization fund and ﬁgnants' housenold labor received
payments of 20.33 pounds per feddan. The Ministry of Finance and
cconomic Planning calculated that at average 1980-81 yields, mean private
profit for extra long staple cotton was minus 45.07 per feddan and for
the less labor intensive Acala cotton minus 41.22 per feddan (E1-Bagir,
et al., 1984:122-123). In one block surveyed in 1980-81, only 52 out of
1,198 tenan;s received a net profit from their cotton crop (E1 Agraa, et
al. 1986:95).

0f course, the SGB's deduction of all its charges against only the
cotton payout made the crop seem even Tess attractive. Throughout the
1960s and 1970s, tenants devoted more effort to their other crops; in
1975-76 and 1976-77, for example, the area planted 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 (E] Agraa, et al. 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-Managil 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 al. 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 to the 150-
200,000 seasonal migrants who enter the scheme each year to harvest the
cotton crop; it is said there are 170,000 people 1iving in labor camps
(E1 Bagir, et al. 1984é104) among the 1,300 or so settlements 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

1 Tenants' Reserve Fund was set up in the 1930s to repay bad debts
from the Depression, to give security for tenant Toans, and to act as an
equiiization fund evening out price fluctuations.

2Taha (1975:35) estimates the total Gezira-Managil population at
approximately 1,250,000 in 1975.
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TABLE 25
AREA UNDER DIFFERENT CROPS AT GEZIRA
('000 of hectares)

Crop: Year: 68,69 75/75 76/71 78/79 79/80 81/82
Cotton 249 166 210 210 227 183
Wheat 69 238 212 209 158 112
Dura 135 143 148 144 113 144
Groundnuts 66 178 105 51 112 111
Rice - 5 5 2 4 -
Lubia 53 0.6 0.3 --- --- ---
Vegetables 16 10 13 11 14 18
Total (rounded) 593 742 693 667 628 568

Source: E1 Agraa, et al. 1986:94, from official SGB records. The
total ha figures may differ slightly from column totals because of small
areas devoted to other crops.

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
agricultural services to tenants through a separate territorial hierarchy
from that used by Sudan's general administration, responsible for
education, health, agri:ultural extension, and security. The SGB divides
its territory into 14 “"groups" (7 each in Gezira and Managil), and these
in turn into a joint total of 107 "blocks." During early years, the
block 1inspectors and their staff "wielded great disciplinary power"
(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 councils had been set up, 483 in Gezira 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 Managil by 1975). The “top down" and cautious
orientation of the SGB's field bureaucracy contrasts with the farmers'
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increasing adoption of night watering and nther crops not officially part
of the "Gezira 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
orcanization growing cotton for the national benefit. This can be seen
most clearly if one examines how the Managil extension was implemented by
the SGB, developed in five phases between 1959 and 1963. The SGB's
activities concentrated on extending Gezira's light railway, building
staff quarters and offices, sinking tubewells ("borehioles"), expanding
ginneries and warehouses, and purchasing the necessary equipment to carry
out ““e 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 wculd have holdings and allowing
for a future 50 percent expansion (Taha quoted in E1 Agraa, et al.,
1980:310).  However, for the actual provision of services communities
"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 project costs
to be raised by recipients (Taha, 1975:32).

As a consequence, until recently the provisicn 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 %0 with
cholorination. The Rural Water Corporation responsible for village
supplies had dug over a thousand wells, mostly on a self-help basis.
However, some of Managil's water treatment plants had not been maintained
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” (E1 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 only 10 percent in the whole of the
Managil area (E1 Agraa, et al., 1980:367). In regard to schools, Gezira
has the highest share in the country. There are 23 boys' and 14 girls'
higher academic secondary schools (with 9 private ones each); but of the
14 girls' schools, only 1 is in Managil. At the apex is the University
of Gezira, opened in 1979 at Wad Medani (E1 Agraa, et al. 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 al. (184:86) found that
even among agricultural laborers, 53 percent were literate. By 1981, it
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was reported the scheme had 589 social clubs, 630 mosques, and 93 beer
houses; tenants and staff owned nearly 5,000 television sets (E1 Agraa,
et al. 1984:103). Between 1950 and 1980, then, the Gezira area emerged
as the major economic hinterland for Khartoum, to which it i5 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 also through the
Board's own Social Development Department (begun in 1950). Under it come
11 sections handling 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" 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 (E1 Agraa,
et al., 1980:354). Overall coordination of each year's program is
provided by the "Gezira Local Committee," 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 late 1970s was
that while Gezira Province seemed prosperous, individual tenants were
deriving only 30 percent of their household incomes from their own
tenancies (£1-Bagir, et al., 1984:126). Barnett records that in Nueila
villages, a tenant with 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 1in
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 that for
medium staple cotton "the most notable feature . . . is that at Tow
Tevels 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 El1-Barir, et al.
1984:128). Despite the growth of urban centers in the scheme area--
admirably documented in E1 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 halfed from a high
point of over 550,000 tons in 1977-78 to less than 300,000 tons in 80-81,
and, as we have already noted, scheme revenues covered less than one-
fifth of the SGB's costs (D'Silva, 1986:5). The Board's own facilities
Tooked alimost unchanged from the 1940s, with rusting iron bridges and
gates and dilapidated, colonial style bungalows.

Today, a Werld 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, varying
according to crop water needs, and they are charged for the services they
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actually receive. These and numerous other changes which have been
implemented under the Bank's conditions for its support seem to be
working. 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.

Kenyé

National Background - Kenya's total surface area of 583,000 square km
puts 1t at roughTy 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 consists of a butterfly-shaped wedge of
highlands on either side of the Rift Valley, which bisects the country
from north to south. In length, each of the two main highland blocks
stretch about 350 km, so that some 120,000 square km (just slightly
Targer than Malawi) would contain most of Kenya's agricultural potential,
poulation, and developed infrastructure save for a narrow slice 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 highland core is surrounded by a
doughnut of drier, agro-pastoral lands (forming parts of Narok, Kajiado,
Machakos, Kitui, Embu, Meru, Laikipia, Baringo, Elgeyo Marakwet, and
West Poko districts), and these in turn by a much wider belt of semi-
desert extending to the Somali border in the east and to Ethiopia to the
north. These outer lands contain patches of true desert, and have on
average less than 400 mm of rainfall per annum making them genuinely
"Sahelian" and permitting only semi-nomadic pastoral. Kenya is thus in a
marked sense three countries: a central highlands populated 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 Tlong-rur demand for irrigation could be great, in view of
Kenya's need to stabilize food supplies on its drier lands where rapid
population growth is occuring, and the government's desire to generate
further employment through an intensification of crop production. Access
to irrigation also permits Kenya's estate sector to produce coffee for
export irrespective of the varying annual rainfall--a significant
national benefit. Nevertheless, Kenya makes only limited use of
irrigation--a trait it shares with Uganda, Tanzania, and Malawi. FAQ
estimates the total area under modern irrigation in 1982 was 21,000 ha
(1986:14), while Palutikof (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 less
than one might find on a single large Sudanese scheme.

The explanation lies both in the late development of irrigation
schemes (not launched 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 half the 1,000 displaced families could be
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reabsorbed into the scheme as tenanis (Palutikof, 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 large-scale irrigation development--the Bura West project
described below--has had to be scaled down to about one-tenth the earlier
projections, though the government continues to plan for a 16,000 ha
deve opment in the Tana delta. Bura West was feasible hecause of a
series of upstream hydroelectric dams put on the Tana River, which drains
the distant eastern highlands before flowirg through drier lands to the
Indian Ocean. Kenya's 1979 National Master Water Plan gives the total
potential of irrigable 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 Blackie, Hungwe
and Rukuni, 1984:43). In fact, the Tana River with 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
delta--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. FAQ (1986:14) puts the total at 350,000, and Palutikof
(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 1984-88, 42,000 ha in 1989-
93, 54,000 ha in 1994-98, and 59,000 ha in 1999-2003 (Blackie, Hungwe and
Rukuni, 1984:45). The Kenya Government's Sessional Paper No. 4 of 1981
on food policy reaffirmed this tot:1 of 200,000 ha to be developed within
the next twenty years (Gichuki, 1986). Some advisors put the total still
higher. In arguing for accelerated irrigation development, Toksoz (1981)
stated that of the 800,000 ha with impeded drainage in western Kenya,
600,000 ha could be reclaimed 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. Palutikof projected that Kenya would have
58,600 ha by 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 later Kenya has by FAQ's estimates 21,000 ha of developed modern
irrigation (1986:14). While we would put this figure nearer to
Palutikof's 1978-79 estimate of 32,000 ha (because of Kenya's active
estate sector involvement), this total is still well below half of what
the government had anticipated by the mid 1980s.

The most obvious 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's FAOQ
assisted "ARID" schemes at US $8,000 per ha, whereas actual costs turned
out to have been US $62,000 per hectare (based on unpublished FAQ
figures). The "large scale" Bura West project (which acordingly 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
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said that the Wor.d Bank assisted Village Irrigation Project (VIpP)
implemented with Dutch technical assistance has spent some 40 million
Kenya shillings, while developing approximately 164 ha to date (Arao
1986:15). Rapidly escalating investment costs have wmade irrigation
unattainable in all but extremely favored environments like Lake
Naivasha, where private growers pump lakewater 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 third 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 complications--as we
shall see below. The Kenya Government's estimate (Table 26) that the
middle and lower Tana have some 105,000 ha suited to irrigation
development is probably five times too high. Similarly, while
technically one could irrigate the entire Kano plain with water from Lake

ictoria, this 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 feasibility estimates as actual
plan targets for future irrigation development gives a distorted picture.
And, finally, the institutional and manpower basic 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 public 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 1is described in Wright Rain (1962) and Kumar et al. (1981). The
location of Kenya's estate growers in a zone marginal for coffee even
though they produce 40 percent of national output makes sprinkler
irrigation attractive in dry years. Palutikof states that during the
brief coffee price boom in the mid 1970s many estate growers added
sprinkler systems, so that by 1981 perhaps 90 percent of coffee on
holdings larger than 50 ha received supplemental irrigation when needed.

Government-led irrigation 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 Moris, 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 terminated and the projets 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 Tower Embu (the Ishiara
irrigation scheme). The ALDEY approach with its labor-intensive
construction techniques provided an apparent solution to the colonial
government's need to enploy landless ex-Mau May detainees in the late
1950s.  One such project which becaan as a hand dug canal grew into the
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TABLE 26
OFFICIAL ESTIMATES OF KENYA'S IRRIGATION POTENTIAL

River Basin Location of Proposed Province Irrigation
Low Cost Irrigation Potential
Projects (hectares)

Nzola Middle/Lower Western/Nyanza 5,000
Yala Yala Swamp Western/Nyanza 15,000
Nyanda/Sondu/
Lake Victoria Kano Plain Nyanza €0,000
Gucha Migori Lower Nyanza 25,000
Mara Upper Rift Valley 20,000
Lake Victoria Lake Margin Western/Nyanza 20,000
Turkwel Middle/Lower Rift ValTey 25,000
Kerio Upper/Middle Rift Valley 30,000
Baringo Basin Rift Valley 10,000
Ewaso Ng'iro(s) Basin Rift Valley 10,000
Naivasha Basin Rift Valley/

Central 10,000
Flood Spreading Various Rift Valley
Athi Upper Central/Rift

Valley/Eastern 10,000
Athi Middle Eastern 15,000
Sabaki Lower Coast 15,000
Lumi (Taveta) Lower Ceast 9,000
Tana Upper 100,000
Tana Middle/Lower 105,000
twaso Ng'iro (N) Upper Central/Rift

Valley/Eastern 15,000
Ewaso Ng'iro (N) Middle Rift Valley

Eastern 15,000
Omo (Lake Turkana) Eastern/Rift

Valley 15,000
Daua North Eastern 1,000
Flood Water Various Eastern/North
Spreading Eastern 5,000
Total Irrigation Potential 600,000

Source: Blackie, Hungwe and Rukuni

(1984:44), b

Water Development, 5th Development Plan (1984-1988).
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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 1966 to provide supervision
and technical support to Kenya's public irrigation schemes (Giglioli 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 Aherc
Scheme (840 ha), West Kano (840 na), and the Bunyala Scheme (400 ha). By
1983, the Mwea Scheme had 5,800 ha under irrigation, making it six times
larger than any other these other schemes, which have all run at a loss.
The Bira 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
tww phases and perhaps 250,000 ha later. Why this did not happen and
instead Bura had to be taken out from under the NIB's control at
presidential directive provides our case study below. First, however, it
s necessary to outline the rudiments of what might be termed the "Mwea
system" 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 (excluding 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 piots undr 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 hold appointments through the Board on parastatal terms rather than
being .civil servants. Except for Perkerra in the Rift Valley and the
Tana River projects (Hola and Bura), all the schemes grow paddy (with
sugarcane also at West Kano). Tenants thus retain a fixed amount of the
scheme's official crop (usually paddy) in place of having 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 against each tenant's
account, and deducted from the payout after the scheme has handled the
season's crop. Tenants also recejve access to a tiny houseplot within
tightly packed scheme villages, and they repay the costs of their houses
under a short-term loan (originally at Mwea in three years). They farm
under a welter 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 fleet 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 establishment of new schemes.
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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 without regard
to irrigation experience, a tremendous handicap in such a specialized
organization.) While the NIB's schemes hhve 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 only one out of several agencies which have been
promoting irrigation development within Kenya. After earlier droughts,
UNDP/FAO engineers became involved in assisting several small PVO schemes
in_northern Kenya (reviewed in chapter six). The program was at first
called the "Minor Irrigation Project" and later renamed the Arid Region
Irrigation Development (ARID). For ease of operational support, the
small field perimeters were grouped into five clusters--for Turkana,
Mandera, Isiolo, Garissa, and Tana--each with a cluster manager.
Bringing in heavy equipment and salaried staff to rebuild small schemes
in a dry environment was, in retrospect, a mistake; and in 1980 FAOQ
handed its projects over to the Ministry 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
prov;ding 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
FAC/UNDP withdrawal led to expanded Ministry support and the creation of
an Irrigation and Drainage Branch (IDB) within the Ministry's Land
Development Division. To give more direct field assistance, the IDB
operates through Provincial Irrigation Units (PIUs), which report to the
Ministry's Provincial Directors of Agriculture but remain under the IDB
on technical 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, identification
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/PIU program has concentrated its initial
efforts on scheme rehabilitation (Arao, 1986:11-12). The Ministry of
Water also supports a few projects (such as the Yatta Furrow) and gives
some design assistance on request.
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TABLE 27
ESTIMATED FARM INCOMES ON NIB SCHEMES

Gross Return/ha KL Net Return/Farmer KL
1981/82 1982/83 1981/82 1982/83
Mwea 576 616 554 567
Ahero 254 360 220 256
West Kano 343 192 225 214
Bunyala 603 738 517 669
Perkerra 810 1,318 185 352
Hola 395 356 212 186
Bura - 409 - 168
Mean 484 520 425 416

Source: Blackie, Hungwe and Rukuni (1984:35), based on
NIB staff interviews.

TABLE 28
TOTAL NIB STAFF (as of June 1983)

Senior Junior Subordinate TOTAL
Head Office 35 36 19 90
Bura 11 73 11 90
Total 90 505 445 1,040

Source: Blackie, HYungwe and Rukuni (1984:35), based on

NIB staff interviews.
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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 Isiolo cluster (now termed the Waso Ngiro lrrigation 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 Mitungu Irrigation Schemes in Eastern Province enjoy West
German assistance. As of 1984, the main support to IDP headquarters came
from the Dutch through provision of six expatriate staff (Blackie, Hungwe
and Rukuni, 1984:30-31).

Finally, there are the overarching river development authorities
which report to the Office of the President. The earliest established
(in 1974) was the Tana and Athir 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 Eldoret. The Bura West project comes under TARDA,
which helped to coordinate planning and projecc preparation but not
implementation (entrusted to the NIR). However, there are signs that
individual river development authorities may become implementing agencies
on some of the projects now on the drawing boards. In the light of the
Bura experience, perhaps they should instead pay more attention to
project monitoring.

The Bura West Scheme1 - Bura Scheme lies on plains adjacent to the lower
Tana River in a remote, hot part of eastern Kenya some 380 km by road
from Mombasa and 425 km from Nairobi (Figure 10). The area receives on
average between 400-500 mm of rainfall each year. Prior to development
it he'd some 21,000 people, about 15,000 consisting of Malakote
agricu .turalists {sometimes termed "Pokomos") Tiving in the riverine
forests along the Tana River, and perhaps 6,000 Orma semi-nomadic
pastoralists. There was virtually nc infrastructure aside from a
seasonal track running southwards 50 km to the district headquarters at
Hola or northwards 80 km to Garissa, 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 +hem back in the mid-1970s (Vainio-Mattila, 1987:28-29). To
outsiders, the open bushland probably seemed virtually "empty."

The Bura Scheme (planned for 6,700 ha) was to have been the first
phase of a much larger 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

lgince most of the sources on Bura are restricted World Bank
documents, this case is heavily based upon Gitonga (1985) and Vainio-
Mattila (1987). Other published sources include Ruigu et al. (1984),
Bahemuka (1983), Hughes (1984), Vainio-Mattila (1985), and Republic of
Kenya (1985).
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FIGURE/10
LOCATION OF KENYA'S BURA SCHEME

Sources: Hughes (1984) I
Vainio-Mattila (1987)
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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 should be established to manage some
100,000 to 120,000 ha of potentially irrigable 7iand. Kenya's large
upstream investment in five major dams made downstream irrigation more
attractive by bringing much of the Tana River's annual flood under
control. The Bura West Project was seen as the first stage for a much
larger irrigation complex which could repay the high investment costs
required 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. Settlement of the scheme would
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"
underutilized, 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 "from scratch" so far from markets. The
investigation of the initial colonial proposals judged in 1942 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 later. In 1956-57, it started the Hola Pilot Irrigation
Scheme. Hola had been built as a detention camp for Mau Mau insurgents,
and detai?ee Tabor was used to construct the first 200 ha (since expanded
to 870 ha).

Shortly before independence, the Kenya Government sought UNDP/FAOQ
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 intc 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
could support irrigation of some 100,000-120,000 ha (the area needed to
achieve a 10 percent economic rate of return). This report is said to
have called for the rehabilitation of the Hola scheme and for creation of
a Tana Irrigation Authority (Gitonga, 1985:2-5). The disappointing
results concerning irrigation potential in the lower Tana led the
Netherlands government to indicate it would only finance further studies
in the upper Tana basin, again undertaken by ILACO in 1970-71. Two
feasibility studies were then carried out, one at Masinga far upstream
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and the other, the first, at Bura itself. 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 River 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 survey. 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
negotiations with donors 1in Paris (November 1976) and London {March
1977), culminating in the necessary loan credit agreements sigred in Juna
of 1977 (NIB Annual Report, 1976-77). While the World Bank's “cray
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.

While the MacDonald's report agreed on the 6,700 ha size for phase
one, it proposed the weir to serve Bura West be replaced by a dam to
serve both banks once the necessary survey work on Bura East was
complete. In the interim, a "temporary" pumping station would be
installed at the head of a 42 km supply canal until the main dam was
built. It also proposed that the raised aquaducts which were to have
carried the main canal over seasonal drainages (or "lagas") should be
replaced by more expensive inverted siphons. Gitonga suggests that
despite the reduced size of phase one and these increased costs, a 13
percent economic rate of return obtained by ILACO when assuming a 14,000
ha scheme was retained (1985:40).

A1l 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 itself
(which pledged $20.6 million). Approval was received in time to begin
work 1in December of 1978, although one donor (the CDC) eventually
withdrew, and the plans for phase two remained incomplete. Thus, in
1978, MacDonald 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
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office. Bura was a larger and far more complex project, involving
multiple donors and consultants with conflicting 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 Tlinked
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 domestic water suppty for the rural center and the
airstrip were complete. Some of the delays arose from a
"misunderstanding" between the NIB and its 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 itself. In both 1978 and
1979, the Bura area experienced unusuaily 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 remarkable that the first 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 ospects, a Bura Project
Coordinator's Office was set up within the NIB tc 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 counterparts. Under a Project Manager and his deputy would come
an Agricultural Manager, Project Engineer, Workshop Foreman, and
Administrative Officer. Reporting to the Agricultural Managar would be
five irrigation officers, one for each command; under them would come a
technical assistant and several field assistants to be the main extension
link to farmers (Gitonga, 1985:25). This structure, similar to what was
found on other NIB schemes, is portrayed in Figure 10.

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 sc'ection of tenants. (Kenya's overpopulation insures a
ready supply of applicants.) Those recruited are supposed to meet the
following criteria (Vainio-Mattila, 1987:37):

- They should be landless, and ejther unemployed or earning far below
the average for their home area;

- The head of the household should 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 housenold should contain the equivalent of four adult labor
units.

It is NIB practice that those dispossessed to make room for an irrigation
scheme should get priority 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 nominate an heir, problems can arise 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,
es?ecia11y, 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 dictrict (chaired
by the District Commissioner) and who instructs them concerning
recruitment criteria. For Bura, recruitment was done nationally so that
the new scheme contains people from ali provinces and many districts
throughcut Kenva. 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 1in advance to a site and join a builders' brigade, which builds
houses in turn for all its members under the supervision of skilled NIR
workmen. At Bura, it was not to be so simple. Building materials could
not be obtained Tocally. 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
Tt was eventually disbanded and the task turned over to a private
contractor. By then more tenants were arriving and the work had to be
rushed. Houses which had been budgeted in 1976 at between 4-6,000 K shs.
cost as much as 32,000 shillings each by 1983, "raising serious doubts
whether the tenant farmer will 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 1loan
financing subsequently collapsed. In village 1, settled in 1792, 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
s 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 rains" tenants grow maize for their 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
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rotation in alternative years, but in actual fact because cotton stays in
the ground for six months and time is Tost to pTantin% and harvesting,
the land is never really rested for any extended period.

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. Fertilizer is applied once. Immediately 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 will obtain eventually per kg of cotton sold to
the Board. The picking advances are paid weekly, and while they last
farmers can pay their labor, buy firewood, eat meat, and even repay
debts. The balance comes in one Tump sum, idealiy 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. .ot 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 (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 accordirg to Ruigu et al., 1984).

In fact, serious operational difficulties have been encountered
beyond what the above average figures indicate. It took three years for
the NIB to award the contract for the bulk of the Scheme's tractors. The
attempt to subcontract land preparation t. private operators resulted in
many tenants' holdings being planted between one and two months late,
causing increased pest prohlems, lower yields, and interference with
tenants' vital food crops (Gitonga, 1985:29). There have beel frequent
pump breakdowns and intermittent fuel shortages. One visiting delegation
in early Cctober of 1986, shortly before farmers' maize should be
planted, f%und only one of the Scheme's four supply pumps was
operational.® 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 substantial damage to tenants' maize. Indeed,
on a scheme supposedly established to increase food security, many
tenants were being fed by their participation in food-for-work famine
relief. An evaiuation team from Nairobi's Institute for Development

1Pernaps accounting for the rapid decline in cotton yields within
the older, Bura command. The experience at Gezira where yields were very
Tow until a longer fallow period was adopted might be relevant.

2"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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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 established.
Particularly during the hot December to February season, they experienced
a high incidence of malaria which caused “many fatalities" during tie
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 families run out of money and their maize has not
yet ripened. Dysentery remains a problem because of poor sanitation in
the scheme and the lack of any place where wistes can be deposi ted.
However, the situation in regard to health facilities has greatly
improved, in part through K30 actions. 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-Mattila, 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 comparison to upland areas must have increased the reluctance of NIB
staff to accept a Bura posting, atd it led some tenants to leave children
and even their wives back whers they had come from. It is reckoned
farmers need between 3.5 and 4 ‘tabor units at peak seasons to operate
their holding--a requirement which increases if the cotton is planted
late so that vital tasks overlap ir time. As a consequence, older
children or the Scheme are pressed into performing light agricultural
work and :ing many household tasks, such as childcaring, firewood
collection, and stove minding (Vainio-Mattila, 1987:68). Even though the
primary schools are crowded, absenteeism is high at some seasons. Fer
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, “the basic idea is that all are tenants and now
belong to Bura" (Vainio-Mattila, 1987:104). The improved stove project
with which Vainio-Mattila was associated found that ethnic ties had an
important but complex influence over success. By deliberate policy, all
of Bura's villages have mixed ethnic membership, but in some villages one
group predominates while in other membership is spread more evenly over
many group Where a village has a single majority group, its leaders
usually repcesent that group and others have little opportunity to
participate. However, this makes it easjer te organize group activities.
Villages with a more even distribution between ethnic groups proved more
difficult to organize. FEither a more truly cooperative situation
eventually emerged, or there was a breakdown of common effort "in which
all groups are out for themselves" (Vainio-Mattila, 1987:105).

Sometimes ethnic ties are reinforced by religious affiliation. The
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local people who are incorporated in varying proportion into different
villages are mostly Muslim. There are two established mosques, but
numercus small churches in almost every village. 0f the seven
functioning women's groups, five are directly connected wit) the Catholic
Mission. These groups carry on a range of activities, from dress-making
to literacy classes. Official opinion has been that to promote cohesion
each village should have only one recogr.ized women's group. (In fact, on
one village there is a cross-cultural group participated in by both the
Christian and Muslim women.) It was found in the stove project that
sometimes having this focus caused more women to join a given group,
leading to an eventual split along ethnic lines (Vainio-Mattila
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 houseplots 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 houseplot was vitally important to family welfare (Chambers and
Moris, 1973). It was recommended then that the "Mwea 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 public circulation. Within
Kenya, one hears of highly critical field evaluations and consultant's
reports, which are reputed to have been especially concerned about the
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 Tabor 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, one-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
(Figure 10). 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 also
represented on site at Bura. On local matters not involving money (such
as disputcs 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 centralized organ, with all
day-to-day decision-making deferred to the General Manager, and
policy-making to the Board.... In Bura it meant long delays
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even in purchasing spare parts and other quite minor things; to
the World Bank it meant diminished capacity to manage, not only
Bura but the other schemes as well. (Vainio-Matil]a, 1987:41)

The World Bank's mid-term evaluation of Bura was highly critical of
the way Bura had been managed. The Scheme was running two years behind
schequ]e, and the fundg originally a]]oca?ed hgd all been spent. As a

Bank management team which operated under the general guidance of a
steering committee composed of prominent Kenyans (mostly located in
Nairobi). To ensure complete decentralization, the Bura Coordinator's
Office was directed to move to the site as well, and eventually the
scheme was taken out from under the NIB to become an autonomous
parastatal, 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
engineers did not have counterparts and the manager was reported as
having been away much of the time. The engineers "ended up taking
respensibility for everyday running" while the accountants were left to
sort out tenants' problems (Vainio-Mattila, 1987:45).

It can be arqued that Bura's managerial problems were in
considerable degree gener:~:d by the situation itself. First, Bura was
the NIB's most remote presi.t, requiring air charters for even routine
visits. The communication difficulties made overt the costs which the
NIB's paternalistic style of management entailed. Second, thera were
bound to be serious tensions when the construction schedule (supervised
from Nairobi) slipped a year and then two years behind, while at the same
time tenants began to arrive and production at site had to begin. Third,
the NIB undoubtedly underestimated the managerial time required when

the numerous subcontracts Bura's physical development required. Because
of its remoteness and their experience of the adverse 1979 season,
contractors became reluctant to tender for work at Bura, increasing costs
and delays fi.»*har, Fourth, the unattractivenss of 1ife at site which
depressed tenant morale also effected managerial staff, for whom the
relative deprivation was even greater. With the changeover in Bura's
status to an autonomous parastatal, staff feared they would become
trapped permanently at Bura for the whole of their careers--a truly
daunting prospect (Vainio-Mattila, 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 details,
Bank-imposed decisions greatly increased management's difficulties.
Sixth, the crop handling parastatal had its own, major problems, which in
the Bura context, Tleft the scheme management appearing to be at fault
when there were intolerah]e delays in paying tenants for their crops.
And, Tastly, the Kenya Government compounded all these difficulties by
viewing managerial positions as & form of political patronage. Bura
would have been difficult to guvern effectively even under very
experienced direction: it was an impossible assignment for those not
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already experienced in irrigation.

The most recent managerial structure is 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 his own management team. The increased role of the provincial
and district administration is also evident at the locai 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 1686 was the withdrawal of the World Bank "from
further involvement in the Bura Scheme" (Vainio-Mattila, 1987:47).

Overall Performance - It is important when reviewing Bura's experience to
acknowTedge that the Scheme would have encountered serious operational
difficulties even if it had enjoyed sxcellent management and highly
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
lTower than the Scheme's somewhat optimistic budgets assume, so there is
no scope for increasing service charges to reduce the deficit.

Second, the Scheme's dependence on an unreliable pumping station
located far from its main operational base makes it subject to breakdowns
and delays 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 Tleft the Scheme so vulnerable to supply
disruptions.

Third, at Bura (as in the NIB's projects generally) timely planting,
which is required for good yields, depends upon a synchronized movement
of tractors throughout the scheme area. As at Mwea (Chambers and Moris,
1973), it is this aspect rather than water delivery per se which imposes
severe scheduling 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
also 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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Traditional Irrigation

Introduction

Indigenous, small-scale irrigation has o long history 1in various
parts of tropical Africa. Hints of an earlier 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 (Greve,
1970:88). Over much of Sudan and West Africa, small oasis wells using a
shaduf for water 1ifting are found, while north of the Sahara are Persian
styTe qanats, horizontal galleries cut back into mountainsides to reach
an aquifer, In the "qoz" sands of north central Sudan and around
Tombouctou in Mali, traditional irrigation on the border]ands of the
Sahara was once quite important. Along major rivers like the Niger, the
Senegal, and the Nile, African farmers have for centuries grown sorghum,
millet, and perhaps rice under a form of “flood recession" (or décrue)
irrigation. As already noted, the fact that the varieties of rice
traditionally grown in Africa (Oryza glaberrima) are of a different
species from the Asian types (Oryza sativa) supports the conclusion that
African varieties were domesticated Tocally, possibly in the borderlands
of the Sahel (Harlan, 1975). Along the West African coast from Liberia
northward to southern Senegal farmers developed indigenous forms of
swamp-rice cultivation. In FEast Africa, the surviving systems depend
upon Tlocally constructed and maintained furrows seen in Kenya's Kerio
Valley and among the Sonjo of northern Tanzania (the two best documented
instances), but also found among the Chagga on Mt. Kilimanjaro, the Taita
living nearby in Kenya, and in the Pare and Usambara Mountains. In all
of these instances, the technologies employed are quite simple even
though the resulting system may show complex adaptations to suit Tocal
environments (Richards, 1985). Finally, one should note the traditional
wet rice irrigation found in the highlands of Madagascar, with strong
cultural and historical 1inks to southeast Asia.

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. The figures given in official
documents are mere guesses. For example, in Nigeria Maurya and Sachan
(working in Zaria's Institute for Agricultural Research) state the tota]
number of hectares devoted to "fadama" small-scale production is 26,356
ha (1985:275). FAO, drawing upon the World Bank's earlier 1979
agricultural sector estimates, puts this total at 800,000 ha (1986:14).
Even among well informed observers the estimate may vary by as much as
300,000 ha, equivalent conservatively to the livelihood of some 1.5
million people.

There are good reasons for paying closer attention to Africa's

traditional irrigation at present. The most compelling are related to
the construction of dams in Mali, Nigeria and Kenya (and others planned
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for Ethiopia and Somalia) which permanently alter the downstream flood
upon which traditional flood recession farming depended. It seems only
reasonable that planners, at the least, should know how much production
they are displacing before new large projects are built. On the Senegal
River, an artificial flood is to be provided by water releases from the
Manantali dam (upstream on the Bafing River in Mali), but for this tactic
to be effective, a great deal must be learned about downstream décrue
cultivation. 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 likely 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 Tlike 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 responsibilities 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 this question requires detailed kncwledge of existing
practices beyond what has been available to date when irrigation projects
were being planned (Mock 1985}.

Oasis Irrigation (Sahara desert)

While peripheral to this report's main concentration on sub-Saharan
Africa, the topic of oasis irrigation does provide an instructive example
of the fragility of traditional systems under changed economic or
ecological circumstances. It might be noted the oases on the Sahara's
northern edge depended on large part for water derived from "qanats"
(Tocally termed "foggaras"), upslope, horizontally driven tunnels which
tap groundwater from a mountain range. Apparently brought into North
Africa from Persia during the Arab invasions of the ninth century, these
structures provided water for the larger oases in southern Algeria and
southern Morocco. They represented a large commitment of labor during
original construction, and must be repeatedly cleaned to continue in
operation. While some are still important on the Cape Verde Islands
(Stutler, personal communication), in North Africa "there are numerous
'dead qanats'" (Nir, 1974:66). Various reasons can be given for their
decline--advance of dunes, falling groundwater table, abandonment of the
oases--but a main cause was the necessity of having access to cheap labor
for maintenance:

The construction...and their maintenance was a collective

enterprise; the qanat belonged to a group of owners, whe took
care of it and used part of its water; the work was done by
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slaves. The French administration abolished slavery; the slaves
became hired laborers; the qanat owners were faced with
expenses they had not incurred before. The ganat, instead of
being a coliective enterprise, became the property of those who
had money to buy a share in it; thus, the falahs who did not
possess enough money to buy a share became tenants of the ganat
owners. Those who had no lands abandoned the oasis. In many
cases the qanat i3 not worth its expensive upkeep, deterijorates
and is abandoned. (Nir, 1976:66)

It appears that the atrophy of oasis production north of the Sahara
extends southwards, where a matching decline has taken place. Authors
examining this phenomenon include Nesson et al. (1973), and Wilkinson
(1978). Many oases depended on date production, utilizing poor quality
water. With a decline in demand and high transport costs, today most
have become "fossil settlements" which are unattractive except where for
reasons of governmental control outside financial support is interjected
into the local system. Those oases still functioning depend on pumps,
with many disputes arising over access to water and the emergence of new
forms of distribution (Fauchon, 1980; Nesson et al. 1973; Allan, 1976).
Trade into "black" Africa has also atrophied with a collapse in the
demand for salt blocks -iich were formerly carried by camel caravan to
pastoral communities and farmers Tiving on salt deficient lands far to
the south.

SwamE Rice

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 (Rydzewiki,
1984; Pearson et al. 1981; Dey, 1984; Richards, 1985). It is not usual
to think of the high rainfall zone of Africa's humid tropics as requiring
irrigation, but in fact during the four months of dry season rice does
require supplemental water if it is to be grown, either out of season
according to local practice or under a more intensive two-cycle regime as
recommended by some development projects. The Titerature has come to
refer to all such instances as “swamp rice" production in contrast to
"upland" 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; Richard, 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 "swamp rice" cultivation arises because
of the peculiar, undulating terrain found along the coast of Sierra Leone
and its neighboring states. In places the land has become submerged into
the sea, proving "drowned" valleys where the rivers entering the ocean
provide an ideal environment for the formation of mangrove swamps.
Farther inland, numerous small hil}s have hundreds of winding depressions
between them. In Sierra Leone's Northern Project area (site of a World
Bank assisted integrated agricultural development project, or IADP), for
example, it is estimated there are about 1,500 such swamps totaling
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perhaps §,000 hectares.

A typical swamp is from 60 to 100 meters wide, and of varying
iength. The ones most attractive for cultivation tend to be between 400
and 800 m long and have an area in the range of frcm 2-4 ha. Clay soils
are found tecause the valley bottoms are very flat and hencz have impeded
drainage. However, thcre 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 tre benefits of more
systematic bunding, a drainage channel was inadvertently cut through the
clay "with results...not unlike pulling the plug out of a bath"
(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 ccnstructing perimeter ditches
and bunds, and usualiy a central drainage ditch with bunds on eitker
side. Where clay soils are very thin, cae bunds must follow the contour,
but engineers prefer rectangular bunds to facilitate access for
equipment. It has been found that for individual farmers, plcts of about
a tenth of a hectare are all that they can manage with typical labor
resources (Rydzewski, 1964). Having urged farmers to work jointly in
making these improvements in the first ysar, assuming about 290 man-days
per hectare, the IADP plan was that fermers would level their plats and
install inlet pipes from the perimeter ditches to achieve a substantially
improved degree of control over wates levels in their rice paddies. Such
“improved" swamp systems built under World Bark supplied farm loans can
be contrasted with farmers' indigencus development of their 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 calied for double cycle cropping of chorter
duration rice varieties where swamps had sufficient water to make this
feasible. In some of the "improved" projects, an atfempt was also made
to introduce Asian wet rice varieties in the mistaken hope that these
might out-yiald existing cultivars.

The term "swamp rice" cultivetion thus encompasses at least four
different types which are all labor intensive alternatives to upland rice
growing. The two indigencus versions--upland valley farming and coastal
mangrove swamy 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 "improvee" systems was based on
two false assumptions: 1) that land for production was more limiting
than labor; and 2) that the intensive, valley bottom production of wet
rice was more efficient and profitable than farmers' alternatives.

Johnny, Karimu and Richards (1981) argue that among Sierra Leone's
farmers, the advantages of swamp cultivation are recognized hut 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 exampie, rainfall was 40 percent below average in the eastern
and northwestern parts of the country. Within a season, farmers doing
swamp cuitivation are less tightly hound bty timing decisions than are
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those who grow upland rice--an advantage to households short of labor
such as those with children in school or doing agriculture on a part time
basis (teachers and businessmen). However, only a few swamps are
sitvated where they receive water throughout the year. Most dry out
seasonally, and are "very carefully broken down into component soil 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 uncomfortanle; and if two cycle
croppirg is attempted, one crop will mature in cloudy and wet weather
making harvesting and storage very difficult. Swamp farming 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 yields are not as great as the proponents of
“improved" systems claimed, both because yields from the intercropped
upland system were underestimated but also because, ironically, there has
been a high failure rate from the supposedly more secure swamp rice
projects. Richards summarizes the results from numerous recent
evaluations on the attempted transfer of the “Asian model“:

Many swamps quickly dry out when the rains cease, and the
promised benefit of double cropping proves to be unattainable.
Design, 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 of the head bund.... Swamps with insufficient water flow
are vulnerable tc a number of soil managsment problems,
including iron toxicity.

Farmers...frequentiy find that their yields drop below those
achieved by local management practices without water control.
Abandonment rates for developed swamps are high, and recovery
of swamp loans is, not surorisingly, 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 1is traditionally 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 rice and only
two--both widows--had upland rice farms. Women in Sierra Leore 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 sale to
give them an independent income. None of the men in an earlier 1978
village survey cultiva*=d in a swamp, even though land was available, and
none applied the Mende term kpaa (or "farm") to cultivated swamp.
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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
several years earlier a prominent chief had organized communal labor for
swamp improvement in response to government exhortation, "the work was
pursued in desuitory fashion...and was subsequently abandoned" (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.

Official attempts to upgrade swamp cultivation through offering
externally-backed loan financing have been, it wouid seem, premature.
First, double cropping of Asian rice varieties (assumed in project
appraisal) has not been successful: local varieties continue to
outperform introduced ones (Richards, 1986:131-155). Second, women who
knew the most about traditional rice 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 labor, and the "package" suits only
certain types of producers in particular resource 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." And, fifth, it seems that the high
iron 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 aluminum toxicity as soil
acidity increased (1984:123). It is said that on some of the "improved"
mangrove swamp projects, a similar process rendered fields completely
sterile after a few seasons.

Taita Hills (SE Kenya)l

Kenya's Taita Hills which rise abruptly to about 2,000 m from out of
the coastal plains are densely popuiated. Farmers attempt to obtain
plots on which 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, "European" vegetables
and coffee are the major cash crops.

lrhis account is based entirely upon Fleuret (1985), who did
fieldwork in Taita/Taveta District from January 1981 to May 1982.
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Like most of their neighbors, the Taita people were organized
traditionally on the basis of clans and lineages. One's residence
depends either upon marriage or one's membership in a "great lineage"
twhich controls access to land, grazing rights, and residence in a strip
of territory which preferably stretches across the three major zones. In
each locality or neighborhood will be found two or more "great lineages"
which divide into smaller patrilineages and these ultimately into
exogamous small lineages within which genealogical Tinks between members
can be explicitly traced. Status differences based un gender, age, and
generation are also important, with particular deference being accorded
to one's grandfathers, fathers, father's brothers, and elder brothers.
Such people,are expected to assist in acquiring land and becoming
married.

Boundaries of neighborhoods coincide roughly with those of
sublocations, under an administratively appointed sub-chief. Access to
land, 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 in the highland zone there has been a
movement in recent years of younger men out onto the surrounding plains.
In the hills, land is still associated with 1lineage membership even
though in parts of the area land registration has been completed. The
fact that access to land depends on kinship means that the land registers
are soon outmoded by subsequent, unrecorded land transfers. While buying
and selling of land is infrequent, ldand is often loaned temporarily
between agnatic and affinal kin.

In this setting, furrow irrigation has been practiced for many
generations, and it seems the irrigation works msay have been more
extensive and bette: maintained during the precolonial era than they are
today. The system Fleuret describes 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 diverted 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 river tumbles
down its gorge. The intakes are repaired each year after the hcaviest
rains are over; the temporary nature of the intakes protects the furrows,
which are dug into the slopes and built up at places where they must
skirt large rocks. Furirows are less than a meter wide and about a foot
deep, with footpaths along their narrow banks giving access to adjacent
fields.

Customarily, those on a furrow get water in turn for a 12-hour
stretch {midday to midnight or midnight to midday), 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 "tailenders" receive their turn. Similarly, the
communal rehabilitation at the start of the irrigation 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
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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 should forget.

The principal use of furrow water is to extend the growing season,
both during the "long rains" (March to June) and the "short rains"
(October to December). If in eitker 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 furrcw 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 vegetable production occurs. After harvest, water can be
diverted to other purposes such as irrigating pastures or serving
livestock (otherwise taken to water in the valley bottoms by children}.
Since 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
househcld needs. During the driest parts of the year, livestock are
supposed to be given 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 irrigation season, encouraging
users to keep their sections maintained, and deciding upon water
allocation when water is scarce. The basic rule is that work is done by
the potential beneficiaries. Unlike in other agricultural tasks, furrow
cleaning and repairs are done by men rather than women; and men also
organize the meetings where decisions are reached. Each main furrow has
its own committee with an elected chairman and representatives from the
principal lineages using the water. The committee sets the days for
furrow maintenance, and if necessary assesses fines upon thcse 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 common between upstream anc downstream furrow users
sharing a common source, since upstream withdras (s to suppert year-round
vegetable production have increased and there .s 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, Fleuret stresses that the kinship ties Tinking
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 foundation--and the problems which arise can be
resolved within the framework of multipurpose local institutions which
were not created specifically for water management. The furrow
committees 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
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continuing cash inputs is doubtful. Even "small-scale" expert designed
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 production for over forty years because they did not entail
such changes for their operation.

Marakwet {Kenya, Kerio Valley)

Pokot - Among the Marakwet and Pokot peoples on the west side of Kenya's
Rift Valley, particularly along the very steep Elgeyo escarpment, farmers
have lonyg 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.!

The Marakwet furrows seem deceptively simple, based upon permeable
weirs built across fast fl.w'ng streams as they come off the escarpment
to channel water into div'rsion furrows only 60-90 cm wide. The
combination of rudimencary construction and steep 1initial gradients
imposes an effective limit 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-
takc 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. The 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 which drops 80-90 m in 1 km), but become
much flatter lower down where they reach farmers' fields. At points a
furrow may be carried across a rock face, flowing along a platform built
up of tree trunks and branches; where there is a steep gradient it may be
lined with rocks or a natural watercourse used; and in a 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 different clans to obtain a more assured water supply for their crops
and animals. The furrows must be maintained constantly, since during
heavy rains they become clogged with mud and sand and the Tocally-built
construction requires frequent repairs. 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 1involved 1in its construction. Only two of the streams provide

1See contributions by Scper and Ssennyonga in Kipkorir, et al.
(eds.) kKerio Valley (1983) and Ssennyonga (1986).

178



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 distribution can become quite complicated
(Soper, 1983:89-92). It is customary to open furrows to allow a small
flow during part of each day for domestic use, termed “"water for goats."
On shared furrows, clans may take turns for a year at a time in obtaining
access. For example, the Kabarmwar furrow is owned by the Kabarmwar and
Karmariny clans who cooperated in its construction. In 1980, when the
Karmariny 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 with~rut. Here the water is so scarce the plots
have become strips a few yards wide and between sixty and a hundred yards
long. As a rule, furrow water is employed to supplement and stabilise
rainted cultivation: fields are saturated at the time of planting, and
then as rainfall tapers off continue to receive furrow water until crops
are maiure. The major inefficiencies which have been observed derive
from conveyance losses where soils are more porous and from an individual
farmer's inability 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 depend obviously upon the capacity of the
furrow and its length: the people of Endo who had the largest 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, Marakwet, 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 thought to own it, ownership being by named
corporate groups which are either clans or sub-sections (lineages) of a
clan. The farther a clan's territory from a water source, the greater
the effort required 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 Tlands
obtained from their patrilineal relatives, “"there is nc water bureaucracy
nor does one have to seek permission or even to notify anybody else in
order to get irrigation water" (Ssennyonga, 1983:105).

Those using a furrow meet once a month or so to work out the
distribution schedule, except at times 1ike the heavy rains 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 individuais often being
given uninterrupted access for six hcurs during thz day or throughout the
night. Closing or opening a furrow at the diversicn point is done by
stones or logs in accordance with the agreed schedule. 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 sure to have
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someone to report back what was decided.

When need=1, 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 dc the regular checkirng and
maintenance but expect to participate in any ceremonies carried out by
the other group. Ad hoc repairs are called for at the time when noticed,
usually by the person appointed 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 damaaes, 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 Tocal sccial system to facilitate furiow operation:

1. Routine inspection;

2. Monitoring and regulating water level and flow;
3. Opening and clesing the diversion points;

4. Cieaning; and

5. Repairs.

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
intervention of externally appointed government agents and by ambitious
higner level plans for the development of the Kerio 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. First, the Kenya
Fluorspar 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" (Ssemnyonga, 1982:100). While this
would not have affected the water diverted 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 valley.) Second, intensified settlement with attendant loss of
forest and exposure of slopes in the upper zone feeding each river has
reduced furrow yields, both because of there being less water and because
of increased saltation. Third, the authority of the clan leaders'
councils (kokwo) has been effectively eroded by the interposition of
chiefs and sub-chiefs into the local political system. Today it is the
ppointed subchief "who takes the people's problems to the higher levels
and articulates their needs" (Ssennyonga, 1983:107). Fourth, the
Ministry of Agriculture has entered with its own plans for an officially
sponsored irrigation scheme at Tot; there is equaily wide scope afforded
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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 and mineral
development.  Soper (1983) warns that the apparently minor structures
such as embankients 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 upnn external initiative and support is perhaps inevitable.
Ssennyonga gives 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 this furrow contained a stretch of about 50 m which had
a serious break in January 1980. Through intervention of the sub~chief,
its repair became a "Harambee project" whereby all males in the
sublocation were required to pay two or three shillings, and those
working outside ten to fifteen shillings. The money raised bought pipes,
cement, and the skilled work to build a masonry wall 10 m long and 2 m
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 domestic 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, largely decomposed gneiss bed-rock through which
large stretcies of it are cut.... (Soper, 1983:43)

One can foresee that a lined, cement canal would solve the problem and
provide output from a substantial locai effort. At the same time, to
realize this relatively minor technical intervention would mean involving
outside experts and higher level officialdom. As Ssennyonja asks:

Will the people lose their sense of initiative and instead
adopt an attitude 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 context of increased
water demands. (SSennyonga 1983:107)

The 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 mgre than
100 years ago and were owned by specific plans 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
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person who had built the pool (also more than a century earlier). These
collect water from a spring or nearby stream for release during daylight
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 towa'ds the plains below. The water is used for irrigating
crops, watering livestock, and making bricks. It allows cultivation of
maize, beans, vegetables, sugarcane and cardamom during 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 clar, an unpaid role termed in Kiswahili "leader of the
furrow(s).” Those intending to use water arrange when they will get
their turn--normally six hours at a stretch--with the furrow leader. All
such arrangements are verbal, but backed Ly the threat of 2 communaily
enforced fine--a goat, or from three to five kgs of sugar and tea for
all, or perhaps fifty shillings--levied against anyone taking water out
of turn. There are no water charges, and access to water depends very
much upon the precise 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 larger plots get the use of furrow
water for longer periods, though in some villages Yoshida reports it was
claimed tailenders 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
Towland arras where water is most scarce (Yoshida,1935:58). At this time
there is usually a communal cleaning of the entire 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 conflicts between villages where
furrows draw water from the same river. The usual custom is for each
village to take its turn (zamu) one week at a time. OCn one furrow with
branches, the flow regime has been divided into five sections, with each
getting three days in turn. Without having any volumetric measurement,
villagers adjust to scarcity by shortening the duration of access but
keeping the proportions between users the same. During 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
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drought, the lack of any water, even at night, forced the chairmen of the
downstream villages to negotiate with the mountain villagers for release
of more water (Yoshida, 1985:60-61),

The traditional 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 village
council (with a Chairman, 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 for furrow management if one
or more furrows are important to members. Typically, a subcommittee in
charge of irrigation affairs has on it one representative for each furrow
or section of the village. Yeshida notes (1985:55) those appointed to
the irrigation sub-committees were probably already the traditional water
managers.

fo-option of Traditional Institutions

As indicated eariier, the contemporary interest in African
traditional irrigation has arisen by analogy to the Asian experience.
The underlying hope has been that by building upon existing institutions,
farmers' 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?

First, most of the systems encountered in Africa are by civil
engineering standards of minuscule size without a major technological
input into the water conveyance system. If such systems have strategic
importance, as indeed the "swamp rice" and "fadama" systems of West
Africa do, it is because of their aggregate impact upon securing 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
engineering 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 World Bank attempts to assist "swamp rice"
projects in West Africa, and seems equally the case for externally
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 spre«d of
high volume pumps which has eliminated traditional shaduf and 5agia
pumping from Sudan and the Sahel. Small systems are as vulnerabTe as
larger ones if farmers discover more rewarding uses of their time.

Third, many small systems have suffered from declining water
supplies, either a falling water table during the extended drought of
1983-85 or the removal of forests which protected the catchment areas.
Under conditions of drought or of population increase, small systems
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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 religious and political authority (in Sahelian
West Africa) or with clan and neighborhood based elders' committees (in
East Africa). Rights to use water were acquired by virtue of residence,
kinship, and propinquity. It is misleading to term these syctems as
being "village" or “community" owned. Specialized corporate bodies to
supervise, maintain, and expand the system did not exist in their own
right, but were rather an outgrowth of the social network. People gained
access to water by being or nc+rying clansmen. To obtain benefit from
water required a large labor input, which discouraged many households
frum makiny the attempt even when it was technically feasible.

Many African regimes have acted as if traditional authorities
constitute a barrier to full national 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 similarly abolished 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 appointed officials. Across much of the continent
increased commercialization 1is 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 institutional form is indigenous
or-introduced, but rather that the locus of control should remain within
the community.
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CHAPTER FOUR
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 distributi?g water, with soil
conditions, or with the agronomy of field crops. Obviously, a high
incidence of technical difficulties will result in shortened project life
and lowered productivity, dramaticaly 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 this means
countries can buy the extra attention to technical aspects which modern
irrigation requires. Yet we find many examples of donor-designed and
funded projects operating far below their target capacity. And, of
course, because such projects generate insufficient revenue for loan
repayment, national leaders may be forced to divert funding from other
sectors to cover the shortfall. [f 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 be applied universally. Successful
irrigation in places like Israel, Egypt, Morocco, and South Africa
indicates 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
political schemes, where people refuse to provide the kinds of support
and utilization which the technology requires. From this standpoint,
there is little learning required of specialists, 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 technical
specialists from making necessary adjustments in their 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-cycle
cropping when it is common knowledge that few projects can attain such
cropping intensities? Why do field specifications continue to call for

1o useful study which reviews difficulties experienced in
15 Sahelian projects is Brondolo's (1985) Irrigated Agriculture in the
Sahel: The Donor Experience, Washington, D.C.: Office of the Sahel and
West APrica, Agency for International Development.
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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 necessity of learning from past mistakes.
On larger projects, several firms may be involved and the staff will come
from a number of European countries. Those writing specifications and
designing scheme layout rarely have the opportunity to see the schneme in
actual operation. The lack of feedback is in our view a serious weakness
in how African irrigation has been institutionalized to date.

Problems with Remote Sensing

The potential advantages of reinote fensing technologies for
assessment of water resources are well-known. 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 soil moisture) can often be inferred
with a high degree of reliability. Similarly, growing plants appear
conspicuous when examined in the appropriate wavelength band. Thus, the
aspects which show most clearly on satellite imagery--surface water (if
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 resource and
irrigation planning.

For Africa, a potent further reason for using 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
recognized that while the North American Desert is approximately
1,300,000 square kilometers, the Great Sahara Desert is over 9,000,000
square kilometers in extent (ET1-Baz, 1979:384). The fact that each
LANDSAT image from the earlier orbiters covers 35,000 square kilometers
is thus a suitable area for reconnaissance coverage when one must deal
with huge zones 1ike the Sahel and a number of countries where travel is
difficuit 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

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, I981. See
also Pauison and Shope (1985).

186



dramatic findings about African water resources.

There were as a consequence several initial projects aimed at
testing remote sensing applications in an African context, e.g., 1in
Botswana (a study of the Okavango Swamp), in Tanzania (water planning in
Arusha Region), groundwater exploration in the Sudanic zone of West
Africa (Burkina Faso, Benin, and Ghana) and a studv of surface drainage
in Niger (see papers by Huttén and Dincer, Zall and Russell, and Kruck in
Deutsch et al., 1981). More recently there have been many further
applications financed oy 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 Mali completed in 1983 (Projet
Inventaire des Ressources Terrestres, Mali [PIRT]).

Despite its popularity among donors, remote sensing imagery turned
out to, have pronounced limitations when uncritically applied within
Africa.1 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 limited areas with good coverage. Second, even with further
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 uniform cash crop in Llocks. 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 farm and field boundaries
within known administrative units. Fourth, when applied to unfamiliar
terrain the imagery reguires 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 lines. And fifth,
because of the small size of African houseplots, human settlements were
usually indistinguishable from the surrounding bushland.

Compensatory techniques were developed, of course (e.g., computer-
ized linear and edge enhancement), but on the balance this "miracle"
technology raised more problems than it resolved. A comparison of
predictions based on LANDSAT imagery versus air photos when cross-checked
by ground surveys tound that while LANDSAT imagery yielded interpre-
tations equivalent to those from air photos in subhumid (savanna regions,
Nigeria), it was considerably ocorer in arid regions like Saudia Arabia
(Kucera, 1984). Even in the Lnited States where landscapes appear more
suited to the capabilities orf the technology, careful ground checking

1Based 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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against LANDSAT-derived interpretation for individual cells gave a
variance between conventional and remote sensing classification of 38
ercent in one case and about 29 percent in another (Cermak et al. Jn
Beutscﬁ et al., 1981).

These and numerous other technical difficulties have generated
widespread disenchantment with remote sensing among natural resaurce
managers. Their scepticism is bound to increase once satellite costs
begin to be passed on to users, as is now being proposed. Then too, bad
luck has plagued the later stages of LANDSAT development. The big
break through was to have been the installation of a "thematic mapper" on
LANDSAT-4. Tne thematic mapper had greatly enhanced capibilities,
measuring pixels cof 30 m x 30 m in a swatch 185 km wide; yet another
development was the multi-spectral resource sampler (MRS) which can read
pixels 15 m x 15 m on a 15 km wide swath. The two were to have been
jointly installed on a new series of satellites (OERS 1 and 2) originally
scheduled for Tlaunch in 1985 and 1986. However, shortly after the
thematic mapper was placed in orbit it ceased functioning. Now funding
cutbacks and "privatization" place the whole program in jeopardy, at just
the point where the technology could deliver useful, non-military
outputs.

Failure to make further use of remote sensing for irrigation
planning would be unfortunate. First, it should be noted that while the
technology gives rather low reliability for predicting soil types, its
performance in allowing estimates of land suitability for jrrigation has
been more successful (Kucera, 1984). The distinctive "signatures" of
water-related features and the synoptic coverage of wide arsas which
cannot be easily visited on the ground remain very significant
advantages.

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 heen astablished 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 QObservation 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 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 techically feasible. Otherwise, some of the
most useful environmental monitoring comes from the various weather
satellites rather than from LANDSAT imagery. Tucker et al. (1985)
proposes that advanced very-high-resolution radiometer (AVHRR) data from
the National Oceanic and Atmospheric Administration's (NOAA) meteor-
ological satellites have “significant potential for assessing and mapping
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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 immense importance when planning the focus of cropping within
the contirent'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 Information

Soil properties and conditions heavily influence project location
and site design in those areas where water supply permits irrigation
development. Information on exisiting 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 cerditions will
be problematic;

- To assist in determining project layout, based on topography and
estimates of agricultural potential; and

- To arrive at cost estimates for surface irrigation (since 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 necessary
for determining canal layout. A tenant of faith underlying all soil
taxonomies is that the soil will reflect local conditions: parent
material, slope and past climate. Accurate determination of soijl
properties thus requires site specific information, obtained in the past
by expensive ground surveys. These days aerial photography has speeded
up the process of soil mepping (Cook, 1974), but a fairly intensive
degree of "ground truthing" remains essential. It should be noted also
that different soil properties are significant when evaluating
construction costs from those that determine agronomic capability--the
primary difference between the U.S. Bureau of Reclamation's "unified soil
taxonomy" and the USDA's agronomically-related classification system.

A _frequent problem in Africa has been that the necessary types of
soils information are not available on an appropriate scale at the times
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when projects are being selected and designed.1 Understandably, much of
the initial effort 1n Africa 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
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 is Tucky, irrigation
planners may have access to an experienced soil scientist willing to
undertake a quick site visit before project funding is "locked in." 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, ore can take Kenya's 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 "lessons learned:"

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 project area down to 6,700 ha. At
14,000 ha the economic rate of return was 13 percent. This was
. ret?ined even after the project size was halved (Gitonga,
1985:39

In 1983 the cost cverruns caused by the iritially grandiose plans caused
the Kenya Goverrment 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 USDA's) is really
appropriate. Dent and Aitken question whether soils surveys have not
become a "ritual," employed irrespective of the cost-effectiveness of the
methodologies. In a retrospective review of crop performance on
Nigeria's 5,000 hecatares Bacita sugar estate, they found that in
sections under overhead irrigation all the soil mapping units yielded
similarly (no significant difference between them) and a4t about 80 per-
cent of potential. They conclude:

Results at Bacita have shown that original assessments were
wrong in several respects. It seems that there is little
justification for aitempting to define degrees of suitability
once an area has been identified as broadly suited to the

lIn four of Brondolo'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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specified use ... Neither relative nor absolute yicld 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 s0il conditions requiring close investigation. The problem is a
real one. On the African land surface, composed of underlying pre-
Cambrian rocks, soils favorable to irrigation occui in depressional areas
or on tne toe-slopes of the catenary succession. On the higher areas
sandy soils predominate. If irrigated, 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
lining unnecessary, but are highly variable in extent, depending upon
local topography. Certain types of clay permit pre-irrigation (e.g., in
coastal Somaiiiand 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
mangirove swamps. Under acidic conditions, plants may suffer from ferric
or aluminum toxicity as well as from rapid depletion of soil
micronutrients when once put under intensive :ultivation. All in ali,
those with access to relevant soils informatior insist that sojl related
problems strongly influence the success of irrigation technologies in
Africa.

With regard to soil nutrient status, it has often been noted that
soils in the Towland 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 6,000-foct level) before humus is accumulated in
the soil in the way it would be within temperate lands (Young, 1969). It
is no iccident that the "agrarian miracles" of Africa occur generally in
highl=..d areas, as in Kenya and on the Zimbabwean plateau. Elsewhere,
instead, soil fertility limitations may be an even more severe constraint
on long-run agricultural development than are moisture deficits (see
Chapter Five).

The high iron content in plateau soils encourages the formation of
lateritic hardpan on undissected surface remnants of the ancient land
surface.  Young suggests (1969) this relation may indicate that the
"ironstone" pavement which often appears when plateau areas are poorly
farmed may be a relict feature, formed as groundwater laterite on a
poorly drained, nearly 1level surface prior to valley down-cutting.

2The concept of a soil's catena was in fact developed by Milne from
observations made in Tanzania TMiTne, 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.

191



Whatever its origins, the emergence of a 1- to 2-foot thick lateritic
horizon underlying cultivated fields is associated with the rapid removal
of valuable topsoil--a condition observea 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 adversa
situation for the application of surface irrigation.

On the other hand, the clay soil areas of Africa probably have a
higher potential for iriigation than might be realized from temperate
zone experience. The growing of "wet" 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 interactinns) so that yields do not decrease over time as
they would under normal, dryland farming of arable field 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 1imita-
tion under mechanized 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 self-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
large 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 would appear that further attention to the management of
vertisols in an African context is warranted, and would encompass mcre
than half 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 major donors active in Africa. While for construction
purposes many donors have employed the "unified system" preferred by the
U.S. Bureau of Reclamation (and the Army Corps of Engineers), there are
major differences in the taxonowies used for assessing agricultural
potential. In Africa, the most widely used system is probably FAQ's
(FAO, 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 Zaire one will encounter
the Belgian system, while in Angola and Mozambique there is a Portuguese
version (also employed in Brazil).

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 preliminary effort in this direction, from a TAMS study
in Mali, see Table 29.) It should be noted that all the scientific work
done during the colonial period employed the classification systems in
favor within the former colonial power. Furthermore, there has been a
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TABLE 29
COMPARISON OF SOIL CLASSIFICATIONS

B4 TAXONOMIE AMERICAINE DES SOLS ET EQUIVALENTS APPROXIMATIFS DES CLASSIFICATIONS FRANCAISE E7 DE LA FAO
U.S, SOIL TAXONOMY AND APPROXIMATE EQUIVALENTS OF THE FAO AND THE FRENCH SOIL CLASSIFICATIONS

/CLASSIFICATION FRANCAISE DES SOLS /FRENCH SOIL CLASSIFICATION / FAO /UNESCO

TAXONOMIE
AMERICAINE DES SOLS
US. SOIL TAXONOMY

ALFISOLS hd
ACUALFS [
USTALFS ° . ° )

ARIDISOLS b g
ARGIDS L] L
ORTHIDS ) °

ENTISOLS e
ORTHENTS
PSAMMENTS
AQUENTS

INCEPTISOLS

. TRAOPEPTS . ° . .
OCHREPTS
AQUEPTS [ ] e [ ]

MOLLISOLS L] ?

oLTISOLS o
UDULTS . .
USTULTS » .

VERTISOLS |
USTERTS [ )

Sources: Aubert, G. et al. Classfication des sols. 1.1., Commistion de gbdologia et de cart s #: *is des sols, 1967,

FAQ JUNESCO. Soil Map of the Worid 1:5 00C 000. Volumia VI: Alrice. Pals, UNESCO, 1872,

Source: Reoubliaue du Mali, 1983 Mali Land and Water Resources. Vol. 2 Technical Report.
Mew York: TAMS/USAID.




major and continuing French effort devoted to the reconnaissance of
African resources, not only in the Sahel but also in the humid zones of
West and Central Africa. In Anglophone Africa, most researchers based
their efforts on a preliminary mapping 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
adoptiqp of a more ecological approach to land classification (Moss,
1969).% Thus, in neither West nor East Africa has the USDA system
(generally requirad 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 FAOQ or the French
system, The overall effect of having several overlapping and
noncomparabie 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 perinhery, the lay of the land
would seem to favor groundwater e:cumulation within the interior.
Geographers recognize five major r'ver 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 Zaire
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
(2,00U feet) deep and contains sandy zones which are important aquifers
(Pullan, 1969). The sther major basins also contain sites which are
locally favorable for groundwater extraction, as do some of Africa's
coastal plains and river deltas (though such water is often saline).

In actuality, however, even in the Sahel and Sudanic zones of West
Africa, there are large areas where rccks 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, 1959). 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. 1In the
former, "“there is no possibility of finding deep underground reserves,"”
while in the latter tnere is "...very little possibility" (Rodier,
1963:184). 1In our view, this is a valid statement concerning the limited

Ithomas and Wnittington's (1969) work, Environment and Land Use 1in
Africa contains several excellent chapters™on land classification in
tropical Africa, reflecting the British experience. For the American
approach to tropical soils, see Bornemisza and Alvarado (1975). The
British versus American approaches to soils classification are dealt with
in Butler (1980), Webster (1977); and Buol et al. (1980).
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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 al. (1983) point out, most of the Sahel
lies just north of the pre-Cambrian substratum which 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 tertiary times, and is known as the
Continental Terminal. Tre prosracts 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 eolian sandy soils
(characteristics of the northern Sahel); (2) a detritic complex developed
on sandstone or laterite with very heterogeneous soils (more typical of
the Sudanic and savanna zones to the south); and (3) a fluviatile or
lacustrine complex of fossil sediments originally laid aown in
depressions and flood plains. de Ridder et al. estimate the proportions
of land under these three major complexes for Mali and for the Sahel
generally as follows (1983:17):

Complex Mali Sahel
Sandy 40% 50%
Detritic 30% 30%
Fluvialtile/lacustrine 30% 20%

A 1976 CIEH study estimates that there is a continuous aquifer below
about 50 percent of Mali's areas, at depths ranging between 20 to §0 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
Tocation (CIEH figures cited in de Ridder et al., 1981).

Outside this area, the availability of groundwater depends on local
characteristics and is extremely 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 places the water collects into stagnant pools, but
more commonly is drained by numerous "wadis" (resembling the "arroyo" of
the American Sout“west).
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Soil erosion can be serious, and land degradation is widespread. In
the fluviatile or 1lacustrine sediments, which can be either recently
formed or of fossil origin, the deeper layers are clay loam often
overlain by eolian sandy loam. This complex lacks natural drainage, so
runoff collects into floodplains or temporary ponds. Such floodplains
are a feature in Senegal, Mali, Niger, Chad and the Sudan (de Ridder et
al., 1983). Thus, the three complexes evidence quite 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, *here 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 estimted 800,000 hectares of
mostly fadama land was under traditional irrigation, up from 120,000 hec-
tares farmed in this way in 1958 (Wright et al., 1982). The technol-
ologies 1in use are very simple, consisting either of shallow wells or
boreholes employing either 2-inch steel pipe or 3-inch PVC casing. While
traditional lifting devices like the shadouf are still sometimes in use
on the hand dug wells, small gasoline powered centrifugal pumps are the
most popular for shalluw boreholes (Carter, 1984).

Carter describes in some detail the adeptation of Indian technology
for low-cost fadama drilling, using three variations of jetted or
"washbore" 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 C.6 hectares
of fadama lands are cultivated per family, slightly 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 profit 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 inter-
national standards these are very small-scale, Tow-yield supplies.

Along the eastern side of Africa, 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 Kilompero 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" pre-Cambrian shield area
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which covers large parts of Tanzania, Zambia, Malawi, Mozambique and
Zimbabwe. The higher elevations where populations are concentrated occur
where the underlying bedrock has been uplifted in large blocks, giving
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 sig-
nificant aquifer. Even where fracturing 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 realized throughout the region, where it is common to
find boreholes drilled to depths of 100 to 150 m in a futile attempt to
increase yields. Chilton summarizes the problem as follows (1983:283):

- The borehole and dug well programs have grown up
independently. These two large, widely dispersed and costly
activities have been implemented separately, without
coordination and without due consideration for the most
apprepriate 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 iimited recharge borehole supplies for small-scale irrigation. These
include:

- Low average yields;

- The high opportunity cost of water, which must also support domestic
needs and livestock;

- A tendency for such sources to be:ome depleted at the end of the dry
season;

- Dangers of damage to drill-rods when a well may be drawn dry by
continued pumping;

- Problems of shut-down when fuel rannot be obtained for the pump; and

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

These problems, which are seen repeatedly, explain why African policy-
makers 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 supplies should be drawn upon.
Both the Scandinavians 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;
Falkanmark and Lundquist, 1984).

Falkenmark (1982) gives several examples to illustrate how a failure
to consider local contexts in the transfer of water-related technologies
often leads to project failure, mainly hecause 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 al_ng with
the initial intervention, it will soon fail. Four conclusions can be
drawn from the village water supply experience which are eTua]]y relevant
for small-scale irrigation projects (Falkenmark, 1982:94):

1. Low-cost technologies, especially those which 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 m:jor rivers where the water table may
lie close to the su‘face or on tie toe-slopes of hilly and escarpment
topography. Neither s.tuation riquires deep well drilling with all the
complications just outlined. On riverine plains, the need arises because
of the extreme seasonality of the annual flow. In the toe-~slope
situation, soils are generally fairly deep and groundwater supplies ample

lother valuable sources are the series of AID-financed "WASH
Project" reports, issued by Camp, Dresser and McKee, and several World
Bank publications (see 0'Mara, 1984; Carruthers and Stoner, 1981; IDRC,
1981; and three publications on water development by ILCA [Edwards et
al., 1983; Sandford, 1983; and King, 1983]).
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for small-scale purposes. Planners have been slow to recognize that
human populations are already concentrated within this 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 “headworks" or intake structures.
Sometimes these are filled with sand, and no Tonger function during dry
periods when most needed. Others stand high and dry above a down-scoured
river channel. Still others have been stranded when the entire river
changes its course. Such failures are usually catastrophic for the
linked distribution 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 noted, the prevalence of these faults in African
contexts is evidence of poor feedback between field units and planners.
Since these problems are widespread, let us examine briefly some Tlikely
causes.

First, on many of Africa's rivers volumetric measurement based on
flow gauges and water height 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, relatively 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 part high water levels. Farmers generally possess
definite knowledge of changes in a river's course and of the low levels
during dry periods. The failure to employ such readily accessible
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 large farmers who will be affected will
usually take the initiative to insure that plans are modified before
construction is completed.

Second, an intake structure may fail aftin several seasons because
of local changes in its immediate environment.* A sedimentation buildup
on the main channel may cause a river to overtop the protective dikes.
Erosion may occur which is itself an indication that the design was

lsee "Improved Headworks for Reduced Sediment Intake" (Kraatz and
Stoutjesdijk, 1984); based on Malawi's experience with small gravity-fed
systems.
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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 constructioi agency is failing to learn from jits
own field experience--an inadequacy which has serious implications
concerning the future of irrigation in that setting. Such difficulties
may also indicate a Tlack of involvement by iocal 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
indicates about longer run land 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 increased runoff
once a normal pattern of rainfall recommences. 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 point. Surface runoff is therefore a
variable factor which can show marked changes in response to land
degradation associated with failures of plow farming and overgrazing
during a time of drought. Changes of such magnitude usually cannot be
anticipated in a project design, so that any prclonged period of arought
will be followed by numerous structural failures if heavy rains then
commence (a likely outcome we should anticipate in parts of northeastern
Ethiopia, which feed several of Sudan's 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
distinguished (though the first 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 projected life may be used when
estimating benefits from construction of a dam. Under tropical
conditions where land use cannot be controlled in the catchment above the
dam, its actual life may be considerably shorter. In mid-1984 Wells
(1984) visited several small dams in Niger and found that in 15 years of
operétion, sedimentation had reduced reservoir storage capacity by one-
half in one case, and one-third in two instances. Where slopes are
greater, as in East Africa, the problem is more serious. In one extreme
case outside Arusha in northern Tanzania, Murray-Rust found sediment
yields of 640 cubic meters per square kilometer, so that a small dam
constructed to assist pastoralists in 1960 would have an “economic 1ife"
of only 15 years (Murray-Rust, 1973). The reservoir completely filled
and then the dam breached in 1974, one year anhead of Murray-Rust's
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prediction.1 We should also note that because sedimentation accumulates
in the bottom of the reservoir, during the last 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 failure of the dam itself commonly occurs because the
spillway cannot accommodate peak flows. In Africa dam designers look for
four critical ingredients: clay soils (to form the seal within an earth
fill structure); a comparably long and deep reservoir (to minimize
evaporation losses); minimal fill required for the dam itself (to
conserve on fuel costs in constructing the dam); and finally, a hard rock
zone to serve as a wide spiliway. 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 would be
doubled or even tripied.) 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 Tong 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 prohibitively expensive by the
time it has been transported to site, and one soon learns to avoid
incorporating concrete structures into a design. 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 also lead to its structural failure. Instead of
irrigating on the dam's downstream side, African farmers will plough 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. And finally, when
one dam high on a watershed fails, this may have a cascading 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 African experience can
afford this Tluxury, because in Africa it is often at the supply where

This section draws on the senjor author's experience in Tanzania's
Maasai Project, where numerous small earthfill dams were constructed (and
roughly one-third of them subsequently failed).
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irrigation systems fail most dramatically.

Drainage Problems

Drainage constitutes a clear-cut protlem area on many of Africa's
irrigation systems which incorporate canal systems for surface water
delivery. Alkaline and sodic soils are common in depressional areas,
where clayey soils improve water retention. Full irrigation without
lined canals (which is very attractive economically) leads to a rapid
rise in groundwater level and salinization of the irrigated area. This
danger is well recognized, but nevertheless often occurs because of the
short-run attractiveness of lower construction 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 =ven in semiarid areas. The erosive power of flash
floods must be seen to be believed. Furthermore, where the rainy season
ovérlaps ihe irrigation cycle, a weekend of heavy rain even when not of
“cloudburst" intensity may cause waterlogging of field crops and
generalized flooding, made more severe by the superimposed water control
structures. Anyone designing field structures 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 flatness 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 high level of environmental stress, tnere 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 tubewells 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 last for
some ten to twelve years before being rendered inoperative. Pumps, when
employed by unskilled operators without benefit of adequate mechanics and
parts, may not last through their second season--the actual experience of
many Action B1é-Diré farmers during the first phase of a USAID-assisted
Mali Project (Chapter Three). Avoidance of unnecessary pumping is one of
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the first rules of thumb a neophyte engineer must learn in tropical
Africa. This is true in even quite wel! endowed countries like Kenya, as
the f:1lowing extended case study illustrates:

The Malka Dakka scheme is capital intensive, investment costs
are estimated to be well over Ksh 200,000 per ha2 (=$16,000):
water is supplied by diesel pumps, furrow irrigation is done by
syphons, land preparation is mechanized and the scheme is
managed by a hierarchically organized, imposed management 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, cierks, watchmen, and whatever. Only Jjunior
positions are held by Boran.

Needless to say, recurrent costs are high and, in spite of a’'l
external financial aid and high-levael management staffing,
scheme performance has been and remains very poor. In 1980
responsibilities were transferred to the Provincisl Trrigation
Unit at Cmbu and the expatriate team withdrew, leaving further
financing to the Kenyan Government. Since then the scheme has
operated on a sheestring budget. There has been nc money to
buy spare parts for machinery, much of which has been
cannibalized and lies idle and rusting, and often no money te
buy diesel to operate the pumps. At present some 276 people,
nearly all scheme farmers, receive 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 risky
pumps. The pressed and reluctant diggers, most of whom are
wcmen and children, 3till have over 1 km to dig. Many men seck
survival for their families by trying to find a job elsewhere.
'At Malka Daklaa an air of despair hangs 1like a pall over the
Scheme.' (Kortenhorst, 1983: 18-19).

Similar outcomes (for similar 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 delivery has
several major advantages when contrasted with expensive canal delivery
systems. Pumps come in many ranges and sizas. They are idzally suited
to small perimeters Tocated alongside major rivers such as the Senegal or
Niger, where the 1ift required ranges from about 5 to 15 meters. Small
pumps can be removed for repairs, or repositioned between seasons. Theijr
cost is within the reach of the more commerciaily 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 profitable at the moment. Finally, pumps can be linked to
various types of delivery system--including 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,
almost all of USAID's first generation irrigation projects in the Sahel
have relied upon pumping, and will probably continue to do so in the
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future (Brondolo, 1985).

Even so, irrigation planners must come to terms with the
peculiarities of pump operation under typical African conditions. Pumps
apear to have been very problematic when introduced into the more remote
setcings where small schemes are often located. The sources of
difficulty are the following:

- The great vulnerability of ‘“orphan" equipment which canrot be
supported within the immediate commercial envirorwuent;

- The fact that a pump breakdown may immediately threaten the
associated production system;

- Poor maintenance, which leads to a high 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;

- Difficulties caused by fluctuating water levels, which may exceed a
pump's 1ift 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 technology as contributory factors
reflecting back on inadequate irrigation planning.

There is little in this list which will appear as a surprise to a
field engineer; similar "first generation" problems occur widely
throughout the tropics. The point to note is perhaps instead the
interactive nature of the problematic factors. For example, “orphan"
equipment (meaning units without a local supplier's representative) 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 equipment type is bound to fail over 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.
Orphared units of American equipment introduced under USAID auspices can
be found all across Africa--rusting in the yard or being "cannibalized"
for parts to keep other units working. With nonconvertible currencies,
Africa's field engineers must request every spare part through the
central bank, usually months in advance of actual delivery (a delay so
Tong, 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
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crippling in pump systems where when a pump is down the whole production
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.

Pour maintenance is cited in most field revie.s as a strongly
contributing factor behind pump failures. It was a major factor
contributing to poor performance in five of Brondolo's 15 cases:
Mauritania, Gouraye; Niger, Tara; Senegal, Bake!l: Senegal River Polders;
and the Gambia Agricultural Development (1985). As in the case of
inadequate canil maintenance (discussed later :n 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, in East Africa the attitude is prevalent that
routine maintenance is a "luxury" to be undertaken at those times of the
year when funds are in surplus and equipment utilization low. We have
probably all experienced the temptation to forego maintenance when funds
are short or equipment 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
immediate and obvious; it must be taken as a matter of faith. And
finally, maintenance immediately suffers when tools are missing or one
cannot obtain the correct types of lubrication Ffluid (a common problem
within Africa's underequipped field workshops).

Before we criticize African field technicians in this regard, we
should note exactly the same tendency among donor-sponsored projects.
When projects become short of either money or time, one of the first
things to be compromised is the effort directed toward institutionalizing
adequate maintenance procedures. Perhaps the earliest area to suffer is
in regard to 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 fcrmal training. Lacking
effective instructional modules, most project 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&-Diré Project). Similarly, cost
overruns can mean that the inventory of spare parts is never actually
made operational, and this in turn forces mechanics to cannibalize new
equipment. A1l in all, maintenance is a difficult function to
institutionalize, and therefore tends to be sacrificed when projects run
into logistic and scheduling difficulties.

Problems with fuel supply appear to be more severe in Africa than on
any other continent. Most African pumps are powered by diesel engines,
except for the very smallest ones. The "problem" arises in several
contexts. First, out in *he more remote areas of Africa imported fuel is
simply not available for extended periods. Second, physical storage is
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difficuit because there are often no storage tanks, and instead all fuel
is kept in 44-gallon drums. As Keller et al. (1982) noted in regard to
Senegal's Bakel Project, the consequence is often that fuel becomes dirty
while being transferred. A third problem is that because of the high
prices for diesel fuel out in the "bush," unofficial diversions are
commonplace. Drums will be delivered a quarter empty or, even worse,
topped up with water to appear full. In turr, using watered fuel will
necessitate frequent replacement of injectors.

For engineers, it may be helpful to think of the national fuel
supply in a typical African district or prevince as if it were a 1imited
recharge aquifer. During times of low demand tiie system is not under
much tension and supplies will be locally adequate. However, once the
aggregate capacity 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 Bangladesh) explains 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 technical difficulty often encountered in Africa 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 gznerally
regarded as a success, -kid and float mounted pumps have their own
problems. It is easy to get the coupling from engine to pump out of
alignment, the mounting may shake apart from engine vibration, routine
maintenance becomes more difficult and list or unsteadiness of floats can
adversely affect tne Tubricating system or Toad the shafts and bearings
unevenly (Keller et al., 1982). However, as Keller'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 directed at
improving the design of existing systems.

The problem of cost recovery within subsistence agriculture is, of
course, not unique to pumps. However, irrigation by pumping does require
continuous financial outflows from some source. By mid-season the less
commercially oriented farmers will have exhausted their cash reserves.
Here the use of annual income and yield estimates within apraisal
documents hides 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 irrigated production
at mid-szason, even after having incurred substantial production costs.

The willingness of farmers to pay their own operating costs can
become an issue if pumps are part of an official scheme (as they often
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are in Africa) and support services are obviously inadequate. One such
situation is described by Keller et al. 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. This last time the
pump shaft broke and was out of commission for three weeks. It
was obvious from the appearance cof the paddy crop that this
last breakdown severely reduced yield. (1982:47).

As in other aspects of irrigation development, it iz the general weakness
of commercial support services through much of Africa which puts the
entire burden for pump support on project staff cr 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 1ifting
devices in use had extremely small capacity. Channels were seldom more
than a few meters in length, typically feeding into small earth-walled
basins only a few meters square. Most farmers alsn 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 fields or
because of severe constraints on the ability to move soil, the
consequence has been that fields being 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 depending upon
fixed structures or siphons.

Inadequate Canal Maintenance

Signs of poor maintenance are abudnantly 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; hiroken bunds allow water to flow freely between field
units; gates may have been stolen from control structures: and so forth.
Such failures occur both at the scheme level (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 plotholders, whe 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;
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- Unwillingness of women to contribute free labor toward thei;
husbands' speculative involvement in irrigation;

- The "common property" nature of maintenance, which does not become
cost-effective uniess all farmers do their part;

- Failure to appreciate the returns which can result;

- Insecurity of tenure, which militates against making permanent
imprcvements; and

A desire to use vegetative growth as fodder for animals.

Obviously, these causes will vary from household to household and project
to project. A1l of them can be important in the African contaxt; and
where there are several, overlapping reasons for not doing maintenance,
perhaps the most intriguing question is why a few farmers do provide this
input.

At the scheme levei, the failure to do maintenance is more puzzling.
The high costs of employing salaried staff to operate an irrigation
scheme are usuaily incurred in expectation that the staff will see that
vital commor operation: are carried out. Nonetheless, the reasons why
maintenance is poor may include:

- Design and construction faults when systems are built;

- A severe constraint upon recurrent expenditure;

- Unrealistic expectations about what farmers will do;

- Lack of suitable equipment; and

- Failure to understand the importance of routine maintenance.

Again, on occasion all 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 operation. 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 ace privilegea to receive an irrigation plot may find it
easy to insist that all maintenance should be farmers' voluntary
contribution. But zn even more basic problem is the attitude that
maintenance is a “luxury," to be done only when the scheme receives some
financial windfall. Comments one hears from scheme staff indicate a
general failure to comprehens that routine maintenance is the key to
Tongevity of a system's physical 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 rebuildiny a scheme than it is the
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recurrent funds for keeping it well maintained from the start.l

It is not customary to think of maintenance as something which must
be managed, but, in fact, that is how it must be conceptualized if it is
to be taken seriously. The usual situation one sees in Africa has been
described by three ILO experts as follows:

Development programs generally fund new investments, leaving
governments to fund maintenance. But governments rarely find
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 1lubrication and routine maintenance are
rarely adequate. Investments in maintenance werkshops,
facilities and stores are usual’y slighted or misdirected....
Managers then face impossible situations--building up the
necessary mcintenarce capabilities whilst trying simultaneously
to deal with the immediate 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 financing leaves projects without a guaranteed
source for covering necessary operational costs (the recurrent cost
squeeze already 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
irrigation projects. lan Rule -(1984:7) points out that in Zimbabwe it 1s
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 expensive pumps and engines). In
Nigeria, while irrigation comes undar 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,
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
orojects 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 maintenance projects 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:

1A 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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The high returns basically reflect the great profitability of
small expenditures to maintain the full-service vaiue
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 Barnk, 1981:5).

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

Weed Infestation

[t is not sufficiently recognized that irrigation development can,
if not carefully managed, intensiiy and spread weed growth. A good
example is Tanzania's Mbarali rice scheme, which while a "success" at an
earlier period, is reported to have experienced serious weed infestation
in recent years. Weeds tend to out-compete the introduced crops when
irrigation water is pooriy 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 irrigated crops (Harlan,
1975). Backcrosses with indigenous varieties are an ever present danger.

Weeds also out-compete introduced crops in colonizing soil which has
been disturbed during perimeter construction. Firestone describes one
such situation observed in Niger in March of 1984:

In spite of being a well-designed perimeter, 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 widespread throughout the cultivated
rields of tne perimeter. The farm ditches are full of weeds...
The)farm drains are in similar condition. (Zalla et al., 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. on &
1983 visit. Once established, the seed becomes incorporated into the
harvest of the sown rice and spreads thereby to other areas of the
country. (One suspects that the Ruvu scheme may have been the source of
Mbarali's problems, since both are managed under the same parastatal
agency.) Seed inspection is poor in many African countries. It is quite
common for government farms to supply farmers and other schemes directly
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 irrigation spreads, so
do the weeds associated with the major irrigated crops.
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Further evidence in support of this observation comes from the
"swaizn rice" farming of coastal West Africa, where often it is the
infestation by weeds which forces farmers to abandon diked areas after
severa]l seasons. After a certain point, the lator required to control
weed growth exceeds the energy value of the crop and the homestead will
begin production at a new site.

Aguatic weeds have also become a serious problem over much of
central Africa. In the 1950s the water hyacinth was introduced into
parts of Zaire 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 blocks irrigation pump inlets,
clogs canals, completely covers smaller irrigation channels, makes
fishing difficult and provides suitable breeuing sites for mosquitoes and
good shelter in its roots for Bulinus snails, the vector for
schistosomiasis. It has been responsible for a large increase in the
costs of river transport, necessitating corstant effort to keep channels
clear.  According to a Khartoum workshop held in 1975, water 1losses
brought about by its presence could run as high as 7 billion cubic meters
per year, equivalent to one-tenth the normai yield of the Nile, or 1.78
times the amount of water which the first phase of the Jonglei Canal was
to yield (1975:2). The same source estimates that between 1959 when
control efforts began and 1975, Sudan spent 6,829 milion 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, Ethiopia and Eyypt) seem “extremely vulnerable" to infectation by
a number of other alien plants as well (1975:6).

It must be admitted that the Sudanese (with help from the Y.S.
Academy of Sciences) have shown imagination in proposing countermeasures
(1975:6). Amung the possibilities Tisted 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);

- Conversion into compost, rich in plant nutrients;

- Introduction of herbivorous fish, such as the grass carp;

- As a food base for introduction of water buffalo;

- Introduction of other acquatic weeds (e.g., bladderworts) 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 protein);
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- Introduction of spikerushes ("underwater lawns") which out-compete
even the water hyacinth plants; and

- Use 1in 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") is an apparently attractive way to gain higher
utilization of expensive irrigation facilities. In Asian wet rice
cultivation, for example, externally financed irrigation schemes have
often had as their objective instituting a second cycle of cropping
within the assisted perimeters. (Where double-cycle cropping is
practiced, ore needs to incorporate estimates of cropping intensity--
e.g., 175 percent to reflect a situation where three-fourths of the
fields are also used in the second cycle.) This tactic greatly boosts
the cash flow within the farming system, and with it both prefits and
apparent repayment capabilities--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 lead to
markedly higher 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
realize double-cropped rice 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 decline from a 95 percent level in 1981. The
Mwea Scheme in Kenya has also instituted double-cycle cropping of rice in
recent years. However, despite the huge increase in effort this move
entailed for scheme management, actual on-farm returns were boosted on
average only about 30 percent (Kenya Natioral 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 constraints within each year, the
attainment of double-cycle cropping may require an overlap between
the harvest of one crop and land preparation for the next crop.
This creates an automatic "labor bottleneck" for the househaid labor
force, as well as intense pressure on project resources.

- Sometimes, changed climatic circumstances may require different
varieties for the second cycle.

- "Backward linkages" in the form of aggregate supply needs (for
fertilizers, input delivery, etc.) will become greatly intensified.
Input capacity is already a conrstraining factor at present Tow
Tevels of utilization.

- Service organizations need continuous access %o inputs, fuel,
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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, organization 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 irrigated
farming then becomes direct and unavoidable.

- Often, African males are accustomed to different dry season pursuits
{e.g., livestock trading or short-term labor migration). 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.

- The drawdown of existing soil nutrients, amount of soi! compaction
and buildup of root nematcdes or similar parasites are, of course,
accelerated. Similarly, if deep drains have not been installed,
second cycle cropping may accelerate soil salinizatjon.

In short, the problems of second cycle cropping are mostly caused by
the overlapping of activities and the intensification of demands put on
the larger economic system. In systems where labor 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 also feasible in those economies of northern and
southern Africa where input and support services are already prepared for
year-round operation.

The Livestock Issue

Irrination 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 scientific answer to the
needs of local producers. Their co-existence should not be surprising.
If ore considers the areas where irrigation is most used outside of sub-
Saharan Africa 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 livestock. While

213



obviously not all irrigation is for this purpose, it does seem that most
commercial livestock producers who have the option do employ irrigation
in one form or another.

The reasons for doing so are clear enough. The lack of forage is
often the key constraint limiting a producer's 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 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 within irrigated
field crop production is thus normal and economically advantageous
development. And, in point of fact, some livestock occur almost
everywhere within Africa's irrigation schemes, even on projects where the
keeping of livestock 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, Tlivestock production is often not
mentioned in official project plans when irrigation is being established.
Here the main exception is the Sudan, where farmers' insistence on
growing fodder crops alongside the "official" cotton has long been a
point of contention. Elsewhere, 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 "partial" 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 irrigation is practiced,
farmers must protect their growing crops from livestock once the off-
scheme grazing is exhausted. Sometimes tenant farmers encounter angry
pastoralists, whose traditional dry season grazing along riverine
terraces is usually disrupted by the physical layout of irrigation 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 view this situation as it will appear to
local livestock producers. It is insufficiently realized that virtually
all irrigation development in Africa has occurred on prime areas for
Tivestock production. In any system for extensive 1ivestock raising,
those areas which are near to water and which have soils that retain
moisture are likely to be crucial to the carrying capacity of a much
larger zone. The producers' ability to tap seasonal grazing in very dry
lands which may receive only 1-2 months' 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 soils, and in the clayey depressions where grass
remains green into the dry season. For the same reason, deltaic areas
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with richer soils were also heavily used by livestock producers.

The Senegal delta formerly used by pnastoralists is the site of the
irrigated Richard Toll plantations, just as is Mali's inland delta on the
Niger River for the Office du Niger and Riz-Mopti projects. The Tana
delta is targetad for imminent irrigation development by the Kenya
Government; it, too, while officially “unused" is a kay resource for the
Pokomo and Orma pastoralists on the lower Tana. Sudan's major irrigation
schemes, with a few exceptions, occur alongside major rivers on lands
previously used by pastoralists. Most of Ethiopia's irrigation
development in ths Awash valley occurs on ‘Afar grazing lands in the
Danakil depression. Irrigation development on Somalia's lower Shebelli
has removed a long strip of alluvial and deltaic lands from pastoral use.
The large-scale development of pumped irrigation near Lake Chad in
Nigeria has similarly affected transhumant Fulani herds. For
pastoralists, particular problems are caused by the linear layout of most
irrigated perimeters: Sudan's Khashm el 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 otherwise into drier areas in even greater need thar those
served by the irrigation. This objection can be raised against several
of Northern Nigeria's projects, the World Bank financed SEMRY projects
(affecting the main source of water for Lake Chad), Mali's 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's Bura Scheme, for example, the value of
pre-project production was estimated at about four Kenya shillings per
hectare (Gitonga, 1985:8). On other schemes it has sometimes been
claimed the riverine lands were “unused." The most charitable
explanation is that where livastock 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 tne
legal code, which in many African countries gives little protection to
customary use in instances when such rights conflict with 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 "traditional” p-oduction on riverine
lands would greatly alter the benefit-cost weighting. 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 justify idrrigation investments in most instances where
large schemes are anticipated--a point we return to in Chapter Eight.

Perhaps irrigation planners have been naive about the value of
Tivestock production within the drier countries where irrigation tends to
be a privileged technology. A steer in good condition was selling 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
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to Kaduna). In 1979, when Nigeria was embarking upon its major
irrigation schemes in the North, FAQO estimates put the national herd at
about 12 million cattle, in addition to some 33 million smallstocx (data
cited in Jahnke, 1982:230). These animals are largely kept in the sub-
humid and semiarid zones to avoid tsetse infested pastures--the parts of
Nigeria where irrigation 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 million
cattle and almost 30 million smallstock. As with northern Nigeria, so
also 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 smallstock have become quite
valuable in recent years.

More generally for the Sahel zone and its extension into the African
horn, Tlivestock are in several countries the nation's most important
single export. The situation varies from year to year and from country
to country, but certainly for Somalia 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 animals kept do not rival countries like Ethiopia, Sudan, or
Nigeria (with Tanzania being Africa's four largest livestock producers),
the proportionate importance of livestock is much greater. Ignoring for
the moment camels and smallstock, if we count just cattle, the FAQ
estimates for 1979, put the national herds in Mali 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
whcle 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 lands to the East of the Nile 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 wider area of the Sudan was
obvious, even if the Sudan Gezira Board was reluctant to admit this fact,
given the desire to encourage cotton production instead. Thus, the
integration between livestock 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 mid-1986 survey of livestock in the
Gezira area (Blench, 1987). We see this as a desirable trend, indicating
it is time for irrigation planners to see livestock as an opportunity
rather than as a "problem" 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 policy concerns from the national 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;

I-rigated production is a potential source of renewable enerqy
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 availanle fuel.
Any larger settlement will eventually exhaust surrounding
supplies or wJod, leading to impoverishment and hardship unless
alternative sources have been provided;

The 1labor 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 questions concerning the relative efficiencies
of growing irrigated trees and shrubs versus having these inputs
purchased by farmer:;

Irrigated production of trees may be 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.
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Obviously, these diverse considerations take us far beyond the sphere
uiually dealt with under the topic of "irrigation development." It is
not feasible at this point to review the huge, recent literature on the
energy implications of agricultural prcduction (see Smil and Knowland,
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
distance transmission lines were built at great cost, there was no means
for rural users to tap this supposedly "cheap" power. The fact is that
in Africa electric power has been aimed entirely at the industrial sector
or at larger urban centers within 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 irrigaticn. The situation is especially poignant in countries
1ike Kenya, Tanzania, Zaire, Zambia and Migeria 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 with its 9
generators and huge fuel depot required to run the pumps was three times
larger than the power station in the state capital at Maiduguri (Andrae
and Beckman, 1985:99). Africa's very substantial hydropower reserves are
thus paradoxically of 1ittle use in meeting the agricultural sector's
energy needs.

At the scheme or perimeter level, energy issues can be summarized
as being concerned witl: gravity, diesel, ard trees. As aiready 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 whole
perimeter may be put at risk, 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 fuei and part imports) throughout
the Tife of the system. External design consultants have tended to
overlook this point, and must bear at least 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 pimp-based irrigation systems in operation.

Trees come next to livestock in being viewed 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 shallcw roots tend to disrupt the bunds and dikes
built by the management, and larger trees are a major obstacle
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to field layout if they are already in place. One of the first steps in
scheme constructicii as often practised is, therefore, to cut down all
trees, large or small, within the confines of the pronosed perimeter and
also along its main supply canal. Third, trees provids refuge for pests,
rodents, insects, and birds--all of which become complicating and
potentially dangerous factors within a production environment already
characterized as having high levels of uncertainty. And, finally, trees
tend to become boundary markers valued by their owners, and thereby
circumscribing the management's frecdom when retocating roads or canals.

None of these apparent disadvantages need be aspecially serious. In
parts of India, Southeast Asia, and Mediterranean Europe, trees have been
a usual part of irrigated agriculture for centuries. In ths American
West, they were planted within farmers' land along canals and roads from
the very start. There arec well developed systems for irrigated forestry
in the arid and semiarid lands of the Near East (see Armitage, 1985).
Thus, the claim sometimes advanced by expatriate managers in Africa that
trees obstruct irrigation should be viewed as & 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 irrigated system. In
parts of Sudan and the West African Sahel, trees are so important as a
protection for crops that they may become the primary focus for irrigated
production.

A Tlack of household energy sources remains a signficant constraint
within African irrigation development (Haswell, 1985, Pimental and
Pimental, 1979). Estimates of the amount of fuel wood a typical African
family requires per year vary, but most avthors 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 purposes (as well as that removed by production of charcoal for
external sale), it soon becomes apparent why shortages of firewood emerge
quite quickly 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-Mattila 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 “bush." By 1984, however,
the price for a donkey cart load had risen to 50 shs., which doubled to
100 shs. by June of 1986 (Vainio-Mattila, 1987:80).

The Tloss of trees around irrigation settlements becomes a hardship
when families must organize their own trips sometimes of several days'
duratior to collect firewood from distant sources (Hanger and Moris,
1973). What is ironic about such shortage is, of course, that they need
not occur. Deeply rooting species of trees can be planted along scheme
roads and tracks--as they are within irrigation systems in Europe and
America--and houseplots can be left large enough to accommodate private
woodlots. There are marked advantages in the drier zone to having
fuelwood plantations as well as windbreaks to protect the field crops.
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Despite these advantages, only a few sources analyze the role of forestry
and agro-forestry within Africa's energy-starved irrigation schemes:
mainly the two case studies by Vainio-Mattila (1987) and Hughes (1984) of
the Bura West situation, arnd a number of other accounts about fuelwood
plantations within Sudan's Gezira Scheme. The Bura West example is
instructive: despite fuelwood shortages having been anticipated within
the project documents and agreed upon by all concerned in establishing
the scheme, and despite the presence of a donor willing to support the
planting of fuelwood, 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 least one means to make the diminishing
supply last longer.

Health Impacts

The negative health impacts associated with irrigation development
in hot tropical climates are well known. but nonetheless constitute aT
influence of growing significance in many African irrigation schemes.
The linkage may be direct, 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 principal factor
limiting the build-up of ve:tor 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 wrrk where people are bound to become
infected.

To illustrate this point, it can be noted that on a large scheme
such as Sudan's Gezira, it has been estimated that 80 perzent of children
and up to 60 percent of adults have schistosomiasis. It is said the
disease causes an annual loss in labor time equivalent to 30 million
Sudanese pounds, and direct costs for human treatment of nearly half a
million pounds annually plus inother 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 (E1 Agraz, et al., 1986:103). These negative impacts are
sufficient to have caused some observers to rate Gezira as a failure
(Pollard, 1981), despite the scheme's economic achievements.

The problems posed to people by the spread of malaria and

Isee Hughes and Hunter (1970), Kamark (1976), Mc Junkin (1975),
Mather (1984), Owen (1973), Stanley and Alpers (1977) and especially
Feachem et al. (1977). Sources looking at specific diseases spread by
irrigatiorn include Jewsbury (1984) and Family Health Care (1979), while
the latter source and Cairncross et al. (1980) are especially useful on
techniques for estimating likely health impacts of water "improvements."
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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 dynamic nature. This is not welcome news for
groponents of African irrigation, but the issue of negative health
impacts needs to be faced honestly and 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 incomplete application of control
and treatment meé.vres (creating ideal conditions for the emergence of
resistant strains). Other negative influences not considered in the past
include the impoverishment of diets through removal of protein sources
(typically obtained from inland fisheries 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 heaith impacts are treated as a residual
category within project documertation. The specialized nature of public
health concerns renders them vulnerable to professional marginalization
within project cycle activities. Once external consultants have
contributed their chapter to the project appraisal and a provision has
been made within the project design for spraying and disease monitoring,
there is 1little 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 pelicy 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
operationai 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 born;
2) water-washed; 3) water-based; or, 4) carried by insect vectors linked
to water availability (Table 30;. Essentially, the strong link between
irrigation and increased incidence of water-related diseases occurs
because an irrigation 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
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which have become résurgent within parts of Africa in recent years) where
the pathogen is actually conveyed by water itself. Many other serious
tropical diseases, such as infectious hepatitis and bacillary dysentery,
are also 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 ton
increased water availability. Some tropical diseases (including
apparently many diarrhoeal ones) are reduced when people keep clean by
adequate washing--hence the category, '"water-washed diseases." Ready
access to water reduces the incidence of skin and eye infections as well
as infestation of ectoparisites like body lice. The third category,
water-based diseases, applies to parasitic worms which must spend part of
their life cycle in an intermediate aquatic host, e.g., schistosomiasis

TABLE 30

DISEASE TRANSMISSION MECHANISMS AND POSSIBLE
CONTROL MEASURES

Mode of Preventative
Transmission Measures
1. Water-borne Improve water quality

Prevent casual use of other sources

2. MWater-washed Improve water quantity
Improve water accessibility
Improve hygiene

3. Water-based Decrease the need for water contact
Control snail populations
Improve quality

4. Water-related Improve surface water management
insect vectors Destroy breeding sites of insects
Decrease need to visit breeding sites
Remove need for water storage in the home or
1mprove storage vassels

Source: Cairncross, et al. (1980) Evaluation for Village Water
Supply Planning, p. 78.

and Guinea worms (Dracunculus medinensis). The fourth and final category
consists of diseases spread by an insect vector itself, 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 mechanisms to water.
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Many--1ike yellow fever, river blindness, cholera, and typhoid--are very
serious. There are entire sections of northern Ghana and neighboring
Burkina Faso which were abandoned by their 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
disearss most often mentioned in connection with African irrigation
development--schistosomiasis, river blindness, and malaria--are only the
leading candidates among a wide array of potentially serious diseases
which can spread rapidly by means of water-1inked transmission. Most
depend either upon a fecal oral connection (facilitated by water) or upon
the presence of insects and mollusks which live in or near water.

Greater awareness of disease risks has led to increasing use of
field surveys to determine the probable health impacts of increased water
availability in the local environment. The preliminary African results
are not encouraging. For example, 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 situaticns, the creation of a more favorable moisture
regime could lead to a rapid build-up of parasites. In Nigeria, Adekolu-
Jonn (1980, 1983) warns that the major dams being built are often located
in the savanna/guinea zone, where malaria, schistosomiasis,
trypanosomiasis, and onchocerciasis are also ~ndemic. 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
intermediate 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. (1376), and
Oomen, (1981).  The fact is that almost everywhere either 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 and
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 31).

The focus on schistosomiasis--commonly 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
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attention to the other water-linked diseases, such as malaria, cholera
and typhoid as well as hepatitis and various forms of dysentery and
diarrhea.
TABLE 31
CHANGES IN SCHISTOSOMIASIS INCIDENCE FOLLOWING

IMPLEMENTATION OF WATER PROJECTS

Pre-project Post Project
Project prevalence prevalence
Country (Yr. completed) (percent) (percent)
Egypt Aswan Dam (first) 7 60% (3 years later)
(1900)
Sudan Gezira Scheme 0 30-60% (15 years
(1925) later)
Tanzania Arusha Chini Tow 53-86% (30 years
(irrigation) later)
Zambia and Lake Kariba 0 16% adults
Zimbabwe (1958) 69% children
(10 years later)
Ghana Volta Lake 1ow 90% (2 years later)
(1966)
Nigeria Lake Kainji Tow 31% (1 year later)
(1969) 4% (2 years later)

Source: FAO (1986) African Agriculture: the Next 25 Years, Annex II,
The Land Resource Base, p. 69 based on work by Rosenfield and
Bower (19/8).

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 Gezira that the mean
values for DDT in cow's milk on the scheme were 0.23 ppm, and water from
surface wells and canals were found to contain 0.2 and 0.16-1.2
micrograms/1itre respectively. Concentrations of DDT in Gezira cows'
milk as high as 1.3 ppm have been recorded, in contrast to the WHO/FAQ
standards of a maximum of 0.05 ppm. Maximum acceptable levels in the
U.S.A. are as Tlow as 0.001 micrograms per iitre, depending upon varying
state standards (E1 Agraa et al., 1985:129). Modern high intensity
agriculture is characterized by vastly increased uses of toxic chemicals,
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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 supplies
or where the drains from one area become the suoply for another.

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 fu:r~~ws 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 favorable environments for disease vectors and parasite
hosts.

To remain effective, control measures must be continuously applied.
Stopgap remedial measures based on cnemotherapy for diseased humans and
insecticides to control vectors can be expected to have a relatively
short effectiveness, for the reasons already given and because the poorer
African nations are now acutely short of hard currercy to finance
imports. Haphazardous and partial application of chemical controls
actually increases the problem by stimulating the early emergence of
resistant stra‘as. 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, ireeless plains where the only place field workers can
defecate in privacy is on the banks of the irrigation canals where people
wash their clothes and water their cattle (Charnock 1982).

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, reliance upon unlined canals which 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 shallow wells
which draw polluted groundwater or which permit ready surface
contamination. Several investigators have reviewed the use of
engineering control measures to make irrigation safer, including McJunkin
(1970), Ackers and Gowing (1983) and Bolton (1987). Hydraulics Research
at Wallingford in England have an on-going research program in Zimbabwe
on this topic. A word of warning is that engineers must also consider

1Reported in a special issue of the 0DU Bulletin (July 1987, no. 7)
on "Health Aspects of Irrigation," HydrauTics Research, Wallingford.
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the behavioral aspects, since people locally often do not behave in ways
which distant experts assume. An especially izportant 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 vermin. A great deal
has been learned about tropical sanitation by domestic water supply
experts, and this experience c<hould be tapped within African irrigation
planning.

On the negative 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 privacy or sanitation, and the adoption of standardized
western water control structures which encourage parasite infestation.

The dangers which accompany the incomplete or partial application of
control measures are only now becoming recognized in Africa. A
resurgence of malaria is a cause for particular concern in a 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 derive from a combination 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 carriers. These same
factors occur widely throughout much of tropical Africa. Conditions in
Swaziland are far more favorable than in parts of coastal East Africa
(such as Kenya'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 lessors about control measures are that they
must be implemented on a system-wide basis, must be kept in continuous
operation, and cannot be chosen piecemeal from the narrow perspective 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
which consume farmers' grain. Workers brought in from a distance help
farmers harvest their crop, but may bring diseases with them and may
subsequently spread endemic scheme diseases to other, non-irrigation
communities. All in all, it se2ms that the adoption of irrigated
agriculture in the hot tropics 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
technologies should not be adopted.
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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 SCi.2me
layout; economists do the project appraisal; soil scientists evaluate
land potential; agronomists determine plant water needs and the croppiny
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 iasures at a minimum
that eventually an agreed project plan materializes, but it inhibits
0. ganizational learning and destroys feedback between different
specialities.

Chapter Three documents the low performance which is being achieved
on many of Africa's formal irrigation 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, bring this chapter to a close by listing the priority
topics which this review suggests merit urgent, transdisciplinary
attention. The main ~nenda of topics for future research in Afr-can
irrigation development would include:

1. Cost containment: Why high costs on small schemes? What factors
contribute To the high costs often encountered in African
irrigation? What traits distinguish high from low cost schemes?
How well are costs monitored?

2. Swamp rice/valley bottom development. Comparative returns
versus “full" irrigation.” Description of range of present types.
Agronomic problems of working with "swamp" rice. Population
absorption potential. Types of technology, indigenous and
introduced. Suitable frameworks (organization, economic) for
intervention. Why poor record to date?

3. Long-run, 1life-of-project irrigation performance. Document
longitudinal performance of irrigation Schemes, try to identify
reasons why it has been difficuit to keep initial levels. Analyze
those schemes (1ike Mwea) which have maintained high yields. Role
of social and economic factors, commercialization. Multiplier bene-
fits over project 1life.

4. Choice of crops. Why such a narrow range of crops being irrigated?
Linkages of crop to associatad irrigation technology. Biological
versus economic efficiency. Import content of various crops. Long
run prospects for irrigation of staple and food crops? Linkage to
commercialization? Prospects for new crops, either traditional or
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10.

11.

12.

13.

oriented to Gulf States? Food versus export crops? Energy, FE,
labor, capital requirements?

New technologies for small systems. Review of alternative
technologies, traditional or modern, suitable for small-scale
irrigation. Possibilities to be reviewed include photovoltaics,
hand and animal powered pumps, “bubble" irrigation, technical
options for supplemental application in low-cost, small-holding or
horticultural systems.

Vertisol management. Strategic significance of vertisols relative

to African agriculture; types of vertisols anc potential under
irrigation. Energy requirements. Crop responses, agronomic
aspects.  Construction implications. Indigenous and traditional
technologies for vertisol use.

Intra-season, intra-year work budgeting. Investigation of temporal
aspects of energy demand associated with various irrigation
technologies. Temporal profile of available farm power, either
under two adult hand cultivation or combined with animal power.
Relationship cf energy inputs to food reauirements, identification
ot bottlenecks and deficit pericds. Energy-disease linkages.

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

Weeds. Document association of weed establishment with irrigation.
Degree of weed challenge under varying crops and irrigation
technologies. Problems of seed quality, role of irrigation in
spreading weed seeds. Labor implications of weed growth, also for
maintenance. Economic aspects of weed control in consirained
economic systems.

Pump-system deterioration. Comparative vulnerability of variouc
delivery systems. Upstream or systemic requirements of pump
systems. Cost over life-of-project versus investment costs. Gaps
in pump types. Problems of "orphan" technology vis-a-vis pumps.

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

Energy issues in irrigation. Explore adaptations to the national
power grid to facilitate irrigation. When and where to use pumping?
Household fuel and power requirements, with and without animals.
Design of field systems to incorporate forage crops and trees.

Behavioral and engineering aspects of disease control. Identify
disease risks associated with various standard designs. Behavioral
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assumptions made in site layout from standpoint of disease 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 maintained and which
failed at present? Maintenance assumptions embodied in project
designs and their realism. Relative costs of maintenance versus
eventual reconstruction. Differential willingness to do
maintenance. Farmers' ability to absorb maintenance costs.
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CHAPTER FIVE
AGRONOMY AND IRRIGATION IN AFRICAL

Introduction

This interpretative review of the agronomic issues on irrigation in
Africa examines the literature of Francophone and Anglophone West Africa,
Central Africa, and to a more limted 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 organized in five sections. The first section gives
some general considerations on water and agriculture in Africa. The
second section provides an outline of the diverse irrigation and drainage
methods used. The third, fourth and fifth 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 agronomic technology for irrigated agriculture in a
broader context than individual scheme or country efforts, and partly a
function of available documentatiaon.

Water and Agriculture in Africa - General Considerations

Water, either in amount or interannual variability of rainfall and
surface flows, has been generally held to be the major natural Timiting
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 sustainably boosting yields and introducing new crops and
double-cropping in more humid environments. However, recent work carried
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 al., 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 large year-to-year variations in production and the potential for
large-scale crop failure due to drought would remain. In the more humid

1Author, Donald S. Humpal, Agronomist, Development Alternatives,
Inc., 624 Ninth St., N.W., Washington, D.C., 20001.
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areas greater water control has been sought to increase yields and the
reliability of production of sugarcane and rice and, occasionally,
perennial tree crops and vegetables (Barnes, 1984; 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 level; and
2. To reduce interannual yield variation to a designed level.

Ir 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;

- 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 provides more uniform stands cf vegetation and
good conditions for pest multiplication;

- Creation of attractive feeding sites for vertebrate pests;

- Unexpected or ignored problems 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 yieids are lower and interannual variation greater in
rainfed agriculture. But in economic terms, rainfed techniques may
provide the greatest net addition to national income, even for a crop
such as rice, which produces high yields only with high water
availability (Pearson et al., 1981). Arguments can and should 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
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resulted in fairly impressive production increases. Also, many of the
irrigation projects should probably be considered 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 stability of production from existing schemes and
those in the financing pipeline.

Irrigation Methods and Agrcnomic Production Alternatives

Debate about what is and is not irrigation in Africa has gone on for
some time. Most observers include systems based on water application
structures or drainage works as irrigation. Several 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 roted:

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 Rydzewsk i
1975:162).

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

Screening of sub-Saharan production systems with a broad definition
of irrigation yields a long list of irrigation and drainage methods.
Nine classes based upcn source of water, means of water control, drainage
provisions and chief crops have been identified as follows.

Class I. Groundwater Use with Drainage and Minor Extraction

Means of Water Control Drainage Provisions Crops

Drainage only or with Natural, mounding, Groundwater rice,
supplemental ditching and mounding sugarcane, taro,
extraction and sweet potato,
watering vegetables

Locations: Coastal floodplains, fresh water lenses behind coastal dunes,
river floodplains, seasonal streambeds, marshlands, inland valleys with
impeded drainage. Type sites: Casamance, Senegal ‘"grey soil" ground-
water rice zone; North Togo, Kabye mound cultivation of rice, yams and
cowpeas in bottomlands (bas fonds); coastal freshwater swamps behind sand
dunes producing sweet potatoes in the Cap Vert region, Senegal; riverine
swamp cultivation of sweet potatoes, cocoyam, vegetables along Zaire
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River. Areal extent small. High value due to proximity to markets.

Class II. Groundwater Use with Intensive Extraction

Means of Water Control Drainage Provisions Crops

Hand, shaduf, some Naturally permeable Multistory, oases,
pumpset extraction; dates, vegetables,
flooded basin and barley, grain,
microbasin application lequmes, henna,

fruit trees, forage

Type sites: Oases in areas just south of the Sahara or in mountainous
pre-Saharan or enclave areas, e.g., Atar, Chinguetii and Sana, Mauritania
and siuilar sites in Mali, Niger and Chad. Once closely tied to pastoral
movements, now generally linked with more permanent settled smallstock.
Also, generally in decline and subject to increasing environmental
degradation. Dallou system in mountain oases of Niger using oxen to lift
water from 4 to 5 meter deep wells. Of great importance locally, but
making only minor contributions to national economies.

Large diameter, shallow Natural, occasional Vegetables,
wells with calabash, surface drains wheat
watering can or pump

extraction. Furrow,

microbasin, some

advanced applications

such as drip

Type sites: Diverse site from extremely arid to humid, often combined
with recessional and swampland cultivation. Walk-in wells in the
"Niayas" vegetable production zone of coastal freshwater leases in
Senegal. The Dogon and Lake Zone Calabask system in Mali. Pumpsets in
shallow wells around many towns in Sahelian and Sudanian zones.
Extractinn from stream recharged aquifers in Botswana. Limited in areas
extent, high value of product to local economy and to surrounding town
areas, but threatened by urban expansion and potable water needs in many
areas.

Small diameter bore- Variable Wheat,
holes at depth, ad- vegetables
vanced pumping tech-

nology, combined with

furrow, sprinkler and

drip application

Type sites: Burkina Faso pilot wheat project, Sud-Senegal pre-pilot drip

irrigation vegetable project, Nigeria center pivot. High costs need high
value crops and/or large surface areas in order to be financially viable.
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Class III. Rainwater Harvesting

Means of Water Control Drainage Provisions Crops

Runoff concentration Varies, usually nat- Wheat, cotton, sor-
structures and microba- ural drainage except ghum, tree crops,
sins, runoff retention in iarger schemes onions, vegetables,
dams and flooded basins, maize

runoff retention dams and
canals. Supplemental
and full irrigation

Type sites: Concentrated in arid and semiarid zones. Interlinked small
dams and flooded areas using recession techniques in central Mauritania,
Callols and Goulbis systems in Niger, Western Sudan runoff around Darfur;
small impoundments in Botswana.

Microharvesting Natural Sorghum, millet,
structures seed melons

Type site: Mauritania in Brakna and Gorgol regions.

Class IV. Capture of Seasonal Surface flows

Means of Water Control Drainage Provisions Crops

Spate irrigation canals Natural and enhanced Sorghum, cotton,
in interior seasonal drainage lines forage

river deltas in desert

environments.

Type site: Tokar and Gash river deltas in Sudan. Basicaily an improved
recessional system.

Dike impoundment Natural Sorghum, millet,
pulses, forages

Type sites: Gorgol and Brakna regions in Mauritania which are part of an
interlinked system of oases, oueds and rainfed pasture and crop
production. Also used in braided stream environment on tributaries and
drainage lines to White Nile in Sudan.

Weir diversion of Natural and improved Maize, sunflower,
seasonal streams sorghum, cowpeas,
melons, vegetables

Type sites: Tanzania, Chagga and Meru systems, some of which are
engineered with canals. Botswana canal and piped systems from weirs used
as supplemented irrigation for rainfed crops or, if longer flows are
available, for vegetables and fruit trees.
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Traditional flood Some surface dra ns Rice, wheat, sor-

recession along may be cut in wet ghum, cowpeas,

rivers and lakes year: millet, melons,
maize, vegetables

Type sites: Niger and Senegal River floodplains, Niger Lacustrine zone,
Lake Chad, small-scale depressions in Mauritania.

Traditional flood As above As above
retention structures

Type sites: As above. Plus, Malapos in the Okavango drainage area in
Botswena.

Dikes, gates and Common main canal Rice, wheat, sor-
occasionally pumps and drain, flood ghum and cowpeas
recession gates at margins

Type sites: Mopti, Segou and Inland Delta cf Mali. Long-term plans to
provide pumps along rivers to provide full control and convert to year-
round cultivation when dams and reservoirs constructed. Transitional to
Class V.

Class V. Supply from Perennial Flows, Run-of-the-River

Means of Water Control Drainage Provisions Crops
Pumping from pumpsets With or without flood Varied rice
or stations, canal protection depending

conveyance on site

Type sites: OMVS small, medium and large perimeters. Kaedi, Boghé,
Richard Toll, Rosso Area, Bakel in Mauritania and Senegal.

Pumping stations, pipe- Field drains Vegetables, flowers,
line conveyance, furrow, fruit trees
sprinkler and drip

Type site: Lac de Guiers offtake at Sebikotane, Senegal. High value,
but competition with urban water needs led to greatly reduced operations.

Diversion weirs, Field and main Cotton, rice,
canals drains peanuts, vegetables

Type site: O0ffice du Niger, Mali.
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Class VI. Dam and Reservoir River Regulation

Means of Water Control Drainage Provisions Crops
Fresh and salt water Gravity and pumped Rice
inlets to polders drainage, flood

control

Type sites: Sierra Leone, Liberia and the Casamance, southern Senegal.

Class VII. Riverine Grasslands

Means of Water Control Drainage Provisions Crops
Flooded, Tow control, Natural Rice

some poldering

Type site: Sierra Leone.

Class VIIi. Inland Valleys and Swamps

Means of Water Control Drainage Provisions Crops
Small dikes and gates Gravity drainage Rice

Class X. Surface Flow Exclusion

Means of Water Control Drainage Provisions Crops
Isolated polders, with Overflow drains Sorghum, pulses,
rudimentary inlet and rice

outlet control

Type sites: Overland flow zone Jonglei province, Sudan. Lufira Valley,
Zaire.

These nine classes give 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 production in that
they are parts of farming systems that occupy primariiy freely drained
upland fields with a smaller lowland component. Only in arid zones is
dependency on irrigated crop production dominant, but 1in these cases
households are supported by a diverse set of economic activities
including livestock and crop production in wetter zones, trading or off-
farm employment.
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Rice Agronomy in Africa

Classification of Rice Production Systems

Among the major food crops of the world, the rice 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 classify these rice 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
distinguisn 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 water supply (Moorman and Van Bremen,
1978). In floating rice areas of Mali, the constructicn of dikes and
gates has permitted successful floating rice production in nine years out
of ten (vVallée and Truong, 1978; Martin, 1976). These systems do not
permit water application before river flooding occurs and would be
excluded from the irrigated category on this basis. However, production
from these schemes has been mora reliable than that from many run-of-the-
river pumping schemes on the iiiger and Senegal rivers which have been
engineered to provide full water control, but in practice have failed to
deliver the water with the same degree of regularity 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 developed in full control settings. Irrigation does not
always guarantee full water control for rice (Moris et al., 1984),
Rainfed cultivavion 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 for rice research and development
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's
best efforts, a g-eat deal of terminological confusion exists about rice
production systems around the world. Africa is no exception. Table 32
attempts to correlate the different classification systems most commonly
usea in Africa.

Hydrology is the main distinguishing characteristic used in these
classification systems. No one of them provides an approach that can be
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TABLE 32

CORRELATION OF RICE PRODUCTION CLASSIFICATION SYSTEMS

ITTA MOORMAN &
(Buddenhagen VAN BREEMAN FRENCH/IRAT WARDA [RRI
1978) (1978) (Seguy et al., 1976) (Lewis, 1983) (1982)
Irrigated Irrigated Irrique Fresh water, Irrigated
Full Control
Upland Pluviale Upland Rainfed
K. " Dryland Pluvial Riz de montagne Strictly Upland Rainfed "ryland
Riz pluviale, draine
B. Hydropmorphic  Phreatic/Fluxial Riz de bas-fond Groundwater Rainfed Shallow
Riz phreatiaue Cultivation Drought and Submer-
Riz de nappe gence Prone
Inland Swamp Fluxial/Phreatic Riziculture d'inon- Lowland Rainfed Sahllow-Deep
dation Cultivation
A. Non-toxic Fluxial/Phreatic Riziculture d'inon- Freshwater Rainfed Shallow,
dation Cultivation Submergence Prone
B. TYoxic Fluxial/Phreatic Riz de marais Freshwater Rainfed Medium-Deep,
Cultivation Waterlogged
Flooded Fluxial Riziculture d'inon- Freshwater Rainfed Shallow-
dation/flottante Cultivation Floating
A. Riverine Fluxial Riziculture d'inon- Freshwater Rainfed Shallow
dation Cultivation
8. Riverine Deep Fluxial Riziculture d'fnon- Freshwater Rainfed Deepwater
dation/flottante Cultivatiron
C. Boliland Fluxiai/Phreatic Riziculture d'inon- Freshwater Rainfed Shallow-
dation Cultivation Medium Deep
D. Mangrove Fluxial Riziculture d'inon-

dation

Riziculture flottante

Riziculture de décrue

Mangrove
1. WTTE tidal

control
2. W/out tidal
control

Rainfed Medium-Deep,
Tidal Swamp

Flsating Rice
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applied worldeide without modification. The TITA and WARDA systems
reflect West African soil and water concerns. Moorman and Van Breemen's
system is based on natural hydrological cycles with many further
subdivisions not shown in Table 32. Their subdivisions are based on
physingraphic types, man-made alterations of hydirology 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 1is
strongly weighted toward the Asian experience in which most “rainfed"
landscapes have undergone so much transformation chrough 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 irrigation. Most African rice 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 considered for African environments. The
reason that 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 to ccnsider 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 with those of Asia
by examining the general underlying complex of climate, soil, biological
and human factors which determine productivity potential at a given
location. In Africa the types of rice culture, soil conditions and
perhaps more importantly, the biological evolution and low technological
level of agriculture, have given rice to rice ecosystems very different
from their Asian counterparts. Distinguishing traits include:

- The dominance of rainfed production over 80 percent of the rice
surface area. In Asia there is a closer balance between the 49
percent of rice land which is teimed "irrigated" and the 51 percent
which is not (IRRI, 1982).

- Over half of the total rice ar=2a in Africa is dryland in IRRI
terminology. Jn Asia this type of rice culture accounts for only a
little over 8 percent of the rice area (IRRI, 1982).

- Africa has a much higher proportion of strongly leached and
weathered soils and 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 minerals to downstream soils.

- Africa is a site of origin of a different rice species
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0. glaberrima, cultivated for 3,000 years. While the Asjan 0.
Sativa varieties have heen in Malagasy for over a thousand years and
in West Africa for 400 yecars, a different weed, insect and disease
complex has evolved (Carpentor, 1978). Asian concerns of bacterial
blight, tungro virus, leaf hoppars and planthoppers are absent or
not yet damaging (Buddenhagen, 1)78).

- The technological level of rice production in Africa is generally
much Tower 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 with high to moderate water control common to
Asia have not yet been established in Africa to any real extent.

- The intermediate input mix in Africa 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 play a minor role in African rice
systems. Seed, fertilizer, pesticides and machinery are in short
and costly supply in Africa. Rice growing areas are generally
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 humar and livestock ability to live
and work in them. Trypanosomiasis, onchocerciasis and
schistosomiasis, for example, have all reduced the habitability of
good rice environments. Water control that leads to longer periods
of standing water increases the prevelence of these diseases, thus
increasing the need for monitoring and control (Lee and Maurice,
1983; USAID, 1982).

- Finally, there are few truly rice-based cultures in sub-Saharan
Africa. Parts of Malagasy and some lowland zones along the West
African coast provide exceptions to this statement, but most farmers
who grow rice do so as part of land 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
semiarid or arid lands by non-rice-centric agronomists.)

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 latter environments are the main
production sites of Africa's own cultivated rice species, 0. glaberrima
and the wild rice species which plague current production (Chambrolin,
1978; Carpenter, 1978). The Asian cultivars of the species O. sativa
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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, 0. sativa and 0. glaberrima. 0. sativa
varieties are grown under varying degrees of water control from none to
full. Clonsequentiy, there is a wide diversity of growing regions,
practices and cultivars. However, rice is the main cereal fcodstuff of
the population 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--Mali, Nigeria, Zaire, Guinea, Tanzania and the Ivory Coast
(Winch, 1978).

Farmers have adapted prcduction systems to a wide range of sites,
mangrove swamps, coastal freshwater swamps, drainage catenas, rijver
valley floodplains, lake recession lands, inland swamps and bottomlands
and altered sites with traditionai impoundment and drainage structures to
improve production. More recently, formally engineered structures have
been introduced to achieve highar levels of water control than was
possible under traditional practice. While the rice subsector has shown
frustratingly slow progress relative to Asian experience, it has been far
from stagnant. Averace 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 failure of the
rice sector to match demand. Among the more important ones are:

- Most programs of research and development of rice, even in
traditional rice areas, started from assumptions of transformation
of production systems from low water control to full water control.
They assumed a full range of supporting services, which in turn
carry their own assumptions about infrastructure, management,
organizational procedures and policy.

- The Green Revolution in rice production and subsequent developmerits
in Asia and elsewhere have led to price shifts which make much of
African rice production noncompetitive at current productivity
levels and transportation costs.

- Political and organizational shifts have disrupted research and
development efforts.

= Until fairly recently there have 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 reviews of research and

development strategies have been made that begin to permit
reasonably fair ranking in physical, f:onomic, social and managerial
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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 strageties 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 Contrd].

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 cultivar improvement, water contrs] and tillage in the
Delta area of the Niger River;

2. Main emphasis on cultivar 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 cultivar
improvement in coastal mangrove swamps in West Africa.

Except in the cases of transformation of farming systems to fuli
water control or the implantation of rice schemes in new areas, varietal
improvement, water control, soii management, and mechanization tend to
make up th2 main elements of rice intensification strateay.

Varietal Improvement. Chambrolin (1977) breaks the history of
lowland rice varietal improvement into three periods:

1. Collection of adapted land races of 0. glaberrima and 0. sativa
up until 1946 (yield potential about I t/ha);

2. Selection of pure lines of land races of 0. sativa and crosses
with introduced materials evaluated for Tresponse to fertilzer
during the period from 1946 to 1966 (yield potential 5 t/ha);
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and

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/hz for upland varieties).

Yield potential has been the dnminant criterion for selection and
subsequent release to productiusi projects across all three periods.
During the late 1960s and 1970s the importance of weighting selection
criteria for disease, drought and insect pest reistance 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,
Olufowote 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 (IRRI, 1982, 1983).
As pointed out in a standard reference on rice production, (Grist, 1975).
the new approach may redress the relative neglect of upland rice and
permit the realization of the potential for use of underexploited
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 1is the
improvement of floating rice varieties by IRAT and IRAT's predecessors at
the Ibetemi station near Mopti in Mali. (Mopti is currently the site of
both a WARDA research station and Operation 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.

Fioating and Deepwater Rice in Mali. There are three critical
periods 1n the Ti7e of a floating rice plant. The first is establishment
under essentially rainfed conditions when drought may cause mortality or
reduce growth to the point that the plants 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 flooding
may produce stems which Todge at flood recession. The third critical
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 Niger River. 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

244



compared iand races of 0. glaberrima and 0. sativa and inade introductions
of Vietnamese floating rice fypes selected at the Kankan Center in
Guinea. Three 0. sativa introductions were selected for multiplication

and extension before 1960.

IRAT took over the station in 1962 with the objectives to improve
seed quality, 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 1:74 improvement research focused on seiection of the
most fertilizer responsive varieties, their adaptation to local water
regimes and breeding work. Breeding conzentrated on crosses between
floating and erect varieties and irradiation of both sativa and
qlaberrima germplasm. No success was achieved with glaber. .ma material
ybridization or induced mutations. 0. sativa  selecFion and
hybridization ied to identification of three floating and several tall
straw non-floating varieties with yield potential of from 3 to 5§ t/ha for
floating and 4 to 7 t/ha for nonfloating varieties under shallow water
and good management conditions (Martin, 1976). sSite variety trials were
performed to determine which varieties were best suited to the varied
flood regimes and degree of water control along the river.

While 1ittle progress was made in improving indigenous 0. glaberrima
varieties, the researchers at IRAT reccgnized the desirability of a
number of traits 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 Jidcctype that researchers had
developed possessed many of the traits of the indigenous rice species
along with the higher yielding character of sativa selections.
Transition to breeding work on drought, flooding and borer resistance
using glaberrima germplasm did not occur, as the IRAT station closed at
about the same time the WARDA station at Mopti began operations.

The TRAT 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 w0 introcuce 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 Tor the introduction of rice into cropping systems on
upland and flooded land in the M'Bos plain of Cameroon (Sequy et al.,
1376). The study opted for the adaptation of rice production to existing
ad variable natural hydrologic conditions as a less costly method than
the construcion 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 cycie into the preflood period of rainfed cultivation, flood
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and recession. Rice varieties with growing cycles of the duration of
each of these three periods were identified an: tested in direct seeded
and transplanted plots. These varieties were early medium straw upland
varieties from Brazil and a range of flcating 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 lodiing resistance were identified as priorities for further
varietal improvement.

The Mali and Cameroon experiences, both concerned with floating
rice, show the different rice ecosystems that result from very different
topographies and climatic conditions. The Mali rainfall runs about 400
um/year, while nearly 1,500 mm falls in the M'Bos plains. The higher
rainfall at M'Bos makos it possible to double-crop and necessary to have
varieties with both fleating and non-floating habit to achieve the
double-cropping objactive.

As 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 complex one. Each of the cells of
the matrix defines selection criteria that should be applied in screening
and improvement piograms. The two examples given show a little of the
variation in selection criteria that occurs for the same type of rice
culture 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 rice variety development. Soil constraints are the principal
elements of the ecosystem which limit rice production. Combined with
saline water intrusion in coastal environments, it is clear that either
major development and recurring 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 itself, or by toxic concentrations
of dissolved aluminum, iron, hydrogen sulfide, carbon dioxide and crganic
acids during the first few weeks of reflooding. In coastal environments
ihese soils may not dry out and acidify, but salt water intrusion during
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the dry season creates an unfavorable environment for rice plant
establishment. Rice farmers must wait until rainfall and river flows
leach salts to the point 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 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, well-adapted, photoperiod sensitive,
lTong duration and vigorous growing varieties. Hybridization work
produced much breeding material, but few varieties were found that
performed as well as local or exotic selections. Interspecific crosses
between 0. sativa and 0. glaberrima were hampered by high sterility,
segregation into advanced generations and apparently poor combining
ability for desired traits (Virmani, 1978). Mangrove swamp rice
improvement has continued to rely upon selection and limited
hybridization, but from an expanding germplasm base from Asia facilitated
by links to WARDA and IRRI. Selection is groupel for freshwater and for
saline areas at Rokupr. Yields vary greatly /rom 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 achieved. Concern over the
apparently growing incidence of borer and diopsid damage and blast and
blight diseases has prompted increased work on selection for varietal
resistance (Lewic et al., 1983; Virmani et al., 1978).

Shallow Swamp and Irrigated Rice. The third major rice ecosystem
for which varieties 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 cultivars. 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 Tlocated in the more humid zones of Africa where arowing
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 material effect on varietal introductions for both research
and extension purposes (Chambrolin, 1977; Virmant et al., 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
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these, IR 8, IR 5, IR 6, IR 20 and IR 24 have been grown in major 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 cof
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 (Chambrolin, 1977; Virmani et al., 1978).

Water Stress Tolerance: Upland versus Lowland Types. Africa
possesses numerous local and improved dryTand 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
dryland varieties might be better suited to low water control situations.
The answer appears to be a qualified no. Across water stress studies
done under irrigated and rainfed conditions, the semi-dwarf lowland HYVs
generally outperform the traditional upland 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 savings from the use of upland varieties in flooded field
conditions or under high rainfall regimes.

However, Change and Vergara (1975) point out that there is a wide
range of drought resistance traits in rice that reflects the environments
of selection. Rice varieties from some intermittert wet and dry growing
systems carry with them a measure of the deeper and coarser rooting
characteristics of the dryland varieties. They also retain moderate to
high tillering ability, which enables them to recover from drought and
produce higher yields if late rains are available.

Drought resistance 1literature for rice has a confusing history
because of the wide mix of methods and plant materials used. Drought
avoidance, recovery from drought effects and drought tolerance appear to
be associated with different plant types (Alluri et al., 1978). The
different components of varietal resistance to drought are studied using
soil water potential gradients obtained on natural toposequences or
artificial chambers (Lal and Moomaw, 1978). Quantification of drought
resistance and yield 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 Towland and dryland varieties are developed using transect
screening for soil water regime and a variety of agronomic traits
(Chabrolin, 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 rainfali conditions in Ivory
Coast, some of the IRAT dryland rice cultivars 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 dryland varieties may offer greater yield stability
on perimeters which have water control difficulties. Taller, traditional
varieties may also offer associated disease and pest resistances, better

248



competitive ability with aerobic weeds and slightly greaver flexibility
in crop management could be anticipated for arid and semiarid sites where
rice is the preferred crop. An evaluation of the Bakel Small Perimete.s
Project in Western Senegal provides some support for this approach on the
lTighter texture soils of the project (Keller et al., 1982). This
approach would also fit with economic recommerdations for an incremental
approach to transformation of river basin farming systems from flooded,
recessional and rainfed cropping to full water control (Sparling, 1981).

Insect Pest Resistance. Soto and Siddiqui (1978) reviewed the
status of 1nsect pest research in Africa. The insect pest complex
contains many species that are different from those found in Asia. One
of the reasons advanced for this is the existence in Africa of different
native wild and domesticated rice species. The low insect damage to rice
under smallholder conditions was ascribed to the 1ow density and
intensity of rice production, varietal resistance and the assumption that
rotential 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 studies which documented levels of
resistance of their apparent mechanisms. Martin (1976) showed that
Milian collections of floating rice of the species 0. glaberrima had on
the average only 5 to 15 percent of culms attached by ChiTo and Maliarpha
borers. 0. sativa varieties averaged 30 to 80 percent attack incidence.
Plant cycTe Tengths were different--0. sativa varieties wero in the field
longer--but this conrounding factor was thought to only partially account
for the differences. Several years of field studies in the Casamance
region in southern Senegal showed that C. glaberrima had high resistance
to Diopsis thoracica (Vercambe, 1981).” Few egg masses were laid on the
indigenous rice species. Resistance varied across 0. sativa cultivated.
Some had few egg masses; others had many egg masses but little dead
heart; and others had significant growing point damage but recovered,
apparently due to stimulation of heavy tillering as apical dominance was
removed by larval feeding.

IITA, IRAT, WARDA and national research programs 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 0. sativa and 0. glaberrima have prevented
exploitation of the high levels found in the 1ndigenous African species.

As irrigation of rice increases in surface area and in intensity, it
has become clear that some "Asian" 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 Dipterid
pests in greater numbers with double-cropping in Tvory Coast (Moyai,
1982) indicate that past hypotheses about greater damage levels occurring
with increased cropping intensity are being confirmed. Control methods
other than resistance screening are discussed in a later section.

Disease Resistance. A1l major breeding and selection programs for
rice Tn Africa incTude blaste (Pyricularia oryzae) resistance as one of
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their top priorities. Bidaux (1978) points to the rapid expansion of
rice cultivation in West Africa as altering the host and pathogen
balance. Larger rice areas are sown, less blast resistant varieties have
been introduced and growing practices are extended that favor blast
development. Because many different blast strains are found, researchers
are concentrating on the selection of varieties with durable blast
resistance. Hcowever, 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 pathcgens
develop or are introduced.

High and Low Temperature Tolerance. Critically high anc low
temperatures for rice vary from one growth stage to another and also
differ according to variety, 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 selection of cold tolerant varieties in
collaboration with IRRI (IRRI, 1983). Screening for rice varieties that
withstand temperatures higher than 35° celcius at flowering is also a
concern in many Sahelian and Sudanian zone countries.

Regional Coordination of Varietal improvement. WARDA  has
established a ranking of stations for their 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 (Wills, 1977). [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 dryland rice production.

Evaluation of WARDA's role in rice research and development lauds
its werk in exchange of information, germplasm 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 al. (1983) as not leading to progress in identifying improved
varieties for the diverse production environments 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
application to similar rice production systems in the region. The Lewis
report is very favorable toward potential WARDA involvement in the upland
rice research programs at Bouaké in Ivory Coast. A recent review of
agricultural research in ivory Coast upholds the pre-eminent position of
the Bouaké in upland rice improvement (ISNAR, 1982). At the same time,
the varietal improvement program is seen as perhaps too fundamentally
oriented end definitely in need of reorientation to incorporate cropping
and farming systems work.
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Water Management

Water regimes for rice lands have been extensively described and
used in the selection of rice varieties and development of rice-based
cropping systems in Asia (Moorman and Van Breeman, 1976; IRRI, 1983).
Water deficit at any period reduces yield to some degree (Yoshida, 1976),
but yield losses may be insiguificant 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 than 1,000 mm of
rainfall (Yoshida, 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 mm (ITaco, 1981).

The field water requirement in full control systems is generally
applied in one of three ways--continuous flow, rotational applications to
maintain or top off water levels or intermittent irrigation which
alternates flooded and dry surface conditions. IRRI 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
yield in both Towland and dryland varieties. Rice is more susceptible to
water 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
availabilty 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
irri?ation with its water savings more attractive (Grist, 1975; [laco,
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 soil 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
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soil bulk density upon drying and the need for additional water and
tillage power to regenerate topsoil structure are liabilities for farms
on which a non-rice crop is planted in the puddied field. Also, in
rainfed areas where early season drought is a problem, dried puddled soil
may reduce grewth 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 difficuit to sustain in sub-Saharan Africa.
Traditiorally, 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 little pressure
or opportunity for intensive water mangement--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 their problems over a range of natural water regimes in Africa.

Floating Rice. Depending on the species and cultivar grown,
floating rice can be subject to two or three periods of greatly different
water regimes. Rice is broadcast or drilled and grows as a rainfed 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
lTand for a recessional sorghum crop after the rice harvest. Small
poiders are constructed by farmers to gain some control over flooding
rates and flood recession dates (USAID/Bamako, 1981). Most of the rice
land races grown are 0. glaberrima types.

Researchers from IRAT and projecc managers for Operation Riz-Mopti
have oriented their work on water control toward progressive improvement
that may eventually lead to full-water control (Vallée and Vuong, 1978;
Martin, 1976; USAID, 198l). In the first phase, dikes and gates are
constructed to regulate the rate of flooding and protect the rice against
submersion 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 plants--
less than 1 cm/day--and the delay of harvests. Depending on position
along the river and site topography, flooding 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.

[ a second phase, complete water control with pumping of water from
the river to supplement early season rairfall and avoid drought stress at
crop establishment is expected. Fields would be leveled and most of the
deeper water zones would be eliminated, permitting the greater use of
HYVs and more secure investment in inputs. This phase has not been
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reached, even at the WARDA research station near Mopti (Lewis et al.,
1963).

Rather curiously, the Action Riz-Sorgho Project in the Gao region
misapplied Mopci station results to a project attempting to achieve
complete water control with small-scale submersible dikes and
transplanting. Lack of field leveling and the delay in both the rice
crop and subsequent recessional sorghum crop brought about by the
recommended practice of transplanting led to low adoption rates by
farmers and the lack of success of the project (USAID/Bamako, 1981).

One strategy thet has not been examined for the controlled flooding
sites for rica production is improved management during the rainfed
period of crop estab’ishment. 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 Africa can be seen as
an intermediate stage in water control between floating and shallow
water/irrigated rice. In the riverine environments of Sierra Leona,
water control is poor and improvements are more oriented to mechanized
assistance to tillage operations. 1In the M'Bos Plain in Cameroon,
varietal selection and mechanization of tillage operations have permitted
yields of 4 to 7 t/ha without investment in infrastructure. In the
inlend 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 parcels. 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
establishiment.

Mangrove Swamps

Water management in mangrove swamps ranges from uncontrolled tidal
flooding to control of both fresh water and salt water application and
pumped drainge systems. Touré and Arial (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 wrainfall 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 tc improve water control in mangrove swamps must pay

careful attention to fresh water and salt water application and drainage.
Complete drainage and drying of mangrove swamps leads to strongl, acid
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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 ¢” about 5 t/ha.

Thare 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 sustainability of good management practice on these lands has been
guestioned, not only in Africa but worldwide (Saenger, Hegerl 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 uses for shrimp and {ish have been cited 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 inflows from
watersheds and streams and along rivers, traditional water control has
been practiced. Except in areas where upstream storage reservoirs or
river diversions provide a more reliable surface flows, the shallow water
rice areas are subject to intermittent wet and dry pericds which
adversely affect rice establishment. These areas also frequently are
part of landscapes which contain a gradient in water regimes from flooded
through hydromorphic to freely draining. Bertrand et al. (1978) and
Moorman and Van Breeman (1978) discuss these drainage catenas.

As these sites are valuable parts of farming systems that use many
Tand classes for linked 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 land preparation for rice. Therefore, work to repair
bunds 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 livestock be
excluded or otherwise dealt with to permit better use of available soil
and water resources for rice production. Both sandy and clay 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 complete water control and intensive
use of animal traction, fertilizers and pesticides were used over a
three-year period to permit rice double-cropping. The first crop was
rainfed, shallow water. The second crop was irrigated during the dry
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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 aTmost every country in sub-Saharan Africa. As Moris et al.
(1984) point out, the use of the term "full-control® is inappropriate to
many schemes. Variability in water availability, main system operations,
drainage 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 or farmers.

An assessment of irrigated agriculture in Mauritania outlines some
of the trends in full-control perimeter utilization (Humpal et al.,
1983). Average facility wutilization calculated as the percent
constructed command area that was cropped ran about 61 percent, with a
modest increase to 67 percent if double-cropped area was included. Newer
irrigation perimeters generally had higher cultivation intensities than
older ones. Table 33 gives trends in cultivation intensities for small-
scale perimeters consiiucted and managed in the Gouraye sector with
as~stance from private vcluntary organizations.

TABLE 33

CULTIVATION INTENSITIES IN THE GOURAYE SECTOR
SMALL IRRIGATED PERIMETERS

Year 1978 1979 1980 1981 1982
Cultivation
Intensity 0.6 1.45 1.48 1.84 1.49

§§gygg: Humpal et al., 1984.

In these run-of-the-river 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 inability to
repay old credits was caused by pump breakdowns, which the central
irrigation agency was unable to repair in a timely manner. Although
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 broadcast rice planting. Poor leveling of fields was noticeable.
Corn and sorghum were grown on high spots, while flooded rice occupied
the Tow spots.
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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 flcod 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 te 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
irrigation perimeters along the Senegal river (SONADER, 1981). The
second, covering 920 ha at Boghé&, is also in a floodplain. The third and
iargest, covering 1,420 ha at M'Pourie, is 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 (Société
de 1'Aménagement et 1'Exploitation des Terres du Delta et de la Vallée 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, operations cost was high, conveyance efficiencies were low,
infiltration rates high due to poor site selecticn, land leveling had not
been done and farmers were shifting some land to maize and other less
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, 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 ranga of irrigation options
for the Senegal River Basin that are yet to be explored (Keller et al.,
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 Tayout;

- Production of rice 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 cuitivated.

It would be fair to say that adoption c¢f a monolithic continuous
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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 Zaire 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 soils (dystric and eutric natrustalfs) 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 soils. Available water studies were used to adjust
water application 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 richer soils and 2.5 t/ha on
the poorer soils (Dewez and Catzeflis, 1959; Vandenput, 1981).

Humphreys (1981) describes three types of irrigation in Ivory Coast:

1. Lowland irrigation by diversion from small streams into
small valleys;

2. Dam and storage reservoir-fed systems; and
3. Run-of-the-river gump schemes.

While theoretically able to support double-cropping, none of the three
do. In the lowland case, streamflows do not provide sufficient water: for
a dry season crop. The dam schemes have insufficient storage capacity
-and percolation rates have been higher than anticipated. The pump
schemes suffer from highly variable river flow, poor pumping and
conveyance efficiencies, and loss of water to deep percolation.

These three examples illustrate that many irrigation schemes are
designed and constructed with less than necessary understanding of soil,
water and climate data. Des Bouvrie and Rudzewski (1977) make this
point. 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
identificaton 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 tc 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 small- and medium-scale
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perimeters suffer from conveyance systems with high unieliability 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 1little irrigation
experience need to be discounted by some sort of system unreliabilty risk
factor.  As Kaller (1982) points out, the Bakel farmers became very
efficient irrigators and utilizers of microdrainage 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 place
perhaps says more about the inability 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 Bark, 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.

Sofl Management During Rainfed Periods. Flouding and puddling were
discussed in the previous 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 sn, e.g., to control aerobic weeds,
facilitate leaching of salts, prevent acidification of mangrove soils or
reduce the Tikelihood of intermittent wet and dry periods that leak
nitrogen from the fields. Puddling is seldom employed in Africa, with
the exception of Madagascar. It is possible but extremely difficult to
puddle many of the oxisols, ultisols 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 <upply 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 soil. Many of the lighter texture soils
also develop mechanical impedance to roct penetration after a few years
of crop production. Apparently because the low water control systems are
viewed as transient to full control systems, there has 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);
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2. Tiilage 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
shortening the time to first tillage by hand or animal drawn
equipment (Henderson, 1979);

3. Tillage at the end of the season tc incorporate residue: and

4. Tillage 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. Fertili‘y managerent is a function of soils, past
use, isater managemert, proposed cropping intensity and availability of
inpitts, together with the money and farm power needed to employ them. A
wide ranie of practices has bean followed.

During tiie 1940s and 1950 research pursued an organic approach to
fertility management at the same time that commercial fertilizers were
being tested. In Zaire four approaches were tested on-station and on
farmer ho;g;ngs (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 main effects were related to nutrients or to
modified physical properties.

2. Green manures. Mucuna utilis gave the best results with six-
month fallows equivalent to Tonger fallows of other crops.

3. Fallows of pasture species. Effects of different species
varied. O0One year after the pasture fallows yield effects were
about the same. In year two after fallows the leguminous
fallows generally gave better results.

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

A1l of these approaches required mechanization and did 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.

Application of mineral fartilizers to rice érops has been reviewed
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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 fertility differences,
the susceptibility of older varieties to lodging at moderate nitrogen
levels, application of inappropriate nitrogen forms to wet rice systems
and the leaching characteristics of the soils investigated. Generally,
ammonium-based fertilizers 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.

Poulain (1976) studied nitrogen response curves in rice grown under
flooded, full control and dryland conditions. For irrigated short
stature rice, he recommended split applications at tillering and panicle
formation. For tall varieties, a single application half that for
irrigated rice was advanced.

Weed Control

Annual Oryza barthii and perennial Oryza longistaminata wild rices
are generally recognized as the most serious weed pest of all rice
production systems that are irrigated or flooded for long periods 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
harrewings; and plowing before flood arrival, followed by late plowing at
the beginning of the next growing season, kept wild rices in check on
controlled flooding schemes in Mali (Vallee, 1980). Perennial wild rice
is best controlled hy plowing, which brings tubers to the surface ta be
dessicated during the dry season.

+__Under irrigated conditions annual red rice has become a serious pest
(keller, 1982; Deuse ot al., 1980). On small perimeters manual control
is possible. 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 cleaning to eliminate red rice--an expensive process;
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- 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 weeds during the second month after germination is
identified as the critical practice for dryland production weed
competition during the second month of crop growth reduced yields 70
percent. 0xadiazon showad its relative effectiveness in rice weed
control. Weeds and their control in dryland, hydromorphic and lowland
rice 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. Emphasis is placad on the nead to
understand the biclogy, ecology and distribution of rice pests as a
necessary preconditon to the development of effective insect pest
management strategies. Breniére (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, habitaet and seasonal population behavior led to recommendations on
cultural practices ana varietal selection to avoid damage. Bonzi (1982)
and toyal (1982) discuss the increasing incidence of borers, whorl maggot
and rice gall midge on irrigated rice crops in Burkina Faso and the Ivory
Coast. Breniére (1981) and Breniére and Bordat (1962) discuss the role
and potential of biological contral 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 avoid or reduce economic damage levels will 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, Breniére advocates a pragmatic, empirical, approach,
including:

- Determination of the economic threshold of damage;
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- Determination of the economic feusibility of the treatment;

- A treatment calendar based on susceptible periods during insect 1ife
cycles; and

- Minimization of the risks of disequilibraton of the agroecosystem.

Sugarcane

Introduction

Sugarcane is a crop that originated in the wet tropics of Melanesia,
but has been most successfully grown in tropical wet-dry and sub-tropical
climates (Barnes, 1974). It has been cultivated as a sweet reed for
chewing in West Africa since its introduction there in absut the 15th
Century. It was probably introduced much earlier in East Africa.
However, by the mid-1920s only two continental Africa countries produced
significant amounts of sugarcane--Mozambique and South Africa. Mauritius
and Reunion dominated African sugar production at that time. Between the
mid-1920s and early 1970s sugar production in Africa grew nearly eight-
fold, cut-distanced oniy 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, multiple year cycles of
high prices and inclusion of self-sufficiency in sugar producion as a
national planning goal (Barnes, 1974; Purseglove, 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 imarkets 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 fusl substitute
(Zimbabwe).

Both the history and the agronomy of sugarcane development are
focused on large-scile production. Production has to be closely linked
to processing operations to avnid post-harvest losses of sucrose conver-
sinn. The processing operations are generally more efficient at larger
than smaller scale if white sugars are the desired output. Smallholder
participation is usually limited tc an outgrower role, providing cane to
a mill which has a significant proportion of its capacity supplied by a
nucleus estate or series of estates. Smallholders outside these schemes
generally confine their production to old varieties. They are grown
under conditions which produce Tow sugar concentrations and are used for
chewing use or crude jaggery sugar {Brown, 1974).
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Irrigated and Rainfed Production

Irrigation and/or drainage 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
reliabilty of rainfall at times when rapid growth of cane is desired.

Both irrigated and rainfed sugarcane production exisis in Africa.
In areas with high rainfall, well distributed over a several month
period, sugarcane has beer grown successfully without irrigation. In
some lowland areas water control has revolved more around flood protec-
tion and drainge than water application. But, as shown in Table 34,
rainfed production in marginal areas may result in & reduction in both
yields and the lifespan of the perennial sugarcane plant relative to that
grown under irrigation.

TABLE 34
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 n/a

Source: Barnes, 1974, Table 4.

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 yields at first
harvest, then drop to 40 to 45 percent in the third 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 irrigated and rainfed
sugarcane in another wet-dry environment in Ivory Coast indicates that
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varietal improvement had probably reduced the gap between irrigated and
rainfed production, perhaps bringing rainfed production within range of
economic competitiveness with irrigated production. In a fifteen-year
study of the productivity of rainfed producticn 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
yields of the same variety grown under optimum irrigation conditions
(Claus, 1982).

In contrast to the earlier example from Mozambique, rainfed crops
maintained their yield positicn relative to irrigated cane acress ratoon
crops. The sites were carefully selected. Soils had a minimum
potentially available soil water reserve of 120 to 150 mm either
naturally or through ripping, and seed beds were well prepared. Great
care was taken in selection 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 5 percent variation
from the average could 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 stripped and used as a
soil mulch. Cane fields in the Ivory Coast are usually fired before
harvest to reduce manual Tlabor requirements. The mulch contributed to
higher soil moisture status and reduced weeding. Its net effect on labor
use and cost compared to firing and manual 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 expansicn into rainfed sugarcane production in
northern Ivory Coast. He cited the lower cost in capital outlays; the
shorter maturity period of the cane under rainfed conditions, 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 irrigation. The
proviso was that about a third to a half of production should be
irrigated to dampen interannual production variations. Production in
wetter zones of the country would permit some reiaxation of the tight
technical control required to maintain high rainfed yields in drier
zones.

In Zaire there is a long history of supplemental irrigation of

sugarcane (Drachoussof, 1959; Mohrmann, 1958). Both furrow and sprinkler
irrigation is practiced. Rainfed cultivation is possible in the major
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sugarcane growing areas in Bas Zaire, but the distinct, strong dry season
of three months, which provides a good maturation period, also interrupts
the planting cycle. Supplemental irrigation permits 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 stress in rainfed
plantings can be expected. Equally important is the effect of
supplemental irrigation on the scheduling of both labor needs and
machinery 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 Kwilu Ngongo area of Zaire both irrigated 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 succeeding ratoons. Under
irrigated conditions from 180 to 200 t/ha can be obtained from a first
crop grown over an l8-month period, with 12-month ratoon crops averaging
about €0 t/ha (Vandenput, 1981). Harvesting is done by hand to permit
maximum recovery of mature stems. While this practice maximizes sugar
racovery, it is unclear whether the practice is eccnomically optimum.

In the Kivu region in eastern Zaire, sugarcane is grown at 980
meters in the relatively fertile Ruzizi Valley with furrow irrigation.
Rainfall 1is Tower than in the Zaire 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
growing cycle was based on a 13-month first 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 Zaire. Full-scale
production yields were reduced to about 60 percent of trial yields.

Under conditions of adecuate soil moisture, soil fertility and high
insolation, the rate of growth to maturity can be accelerated. In Africa
these arcas are in arid or sumiarid zones. At Tillaberry in Niger total
water arlications 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).

I't can be seen from the preceding examples that site and crop
management practice can be combined in many ways to maximize sugar
production. The crop can be grown for one year, two years or 18 months
befyre harvesting. Ratoon crops can be varied in number and duration.
Mechanization can be nearly total or selectively 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 environmment and variety.
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Varietal Decline and Improvement

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 epidemic or mutation of a disease 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 varieties is
seven to ten years, cane production strategies have been oriented to
continuous testing of new introductions and Tocal selections, along with
the cultivation of several varieties on one plantation.

Varieties differ in their susceptibility to decline in the same
environment and rates of decline for the same variety often differ across
growing environments. Genetic makeup; bacterial, fungal and viral
diseases; insect pests, nematodes; and environmental stresses have all
been implicated in varietal decline (Barnes, 1974). The problem has been
reduced mainly by introduction of interspecific hybrids of sugarcane with
vigorous growti1 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 hct 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
recoverad 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 differances in response to environmental and
management factors. WNickel (1976) reviews work in Hawaii that shows the
great varietal variability that exists in response to solar radiation,
temperature, drought tolerance, wind stress, salinity, flooding and
fertilizer. The implication of the work is that 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 ?C]aus, 1682).  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 posts of
newly planted seed pieces or of standing cane during prclonged or intense
dry seasons. Root grubs and nematodes affect plantings of all ages under
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many different moisture regimes. Stem borer has been increasing in
importance as a cane pest in West Africa since 1965, when major new
irrigated cane projects (Banfora in Burkina Faso, Ferkessedougou in Ivory
Coast, Seribala and Dougabougou in Mali) were constructed. Substantial
varietal resistance to root grubs and nematodes has been developed.
Termites 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 plantings on cane. The cause seems to be the suppression
of a controlling fauna of insects and ants by field-wide applicetions 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 basal stem reservoirs of egg masses and larvae 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:

- 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 irric.tion for crop establishment--emerging borer larvae
are drowned and pi-.dator 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 emergence 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
ratoor crop.

Post harvest insecticide treatment showed greater stem borer attack than
untreated checks (Betbeder-Matibet, 1981).

Deuse and Bassereau (1980) review the status of weed control in
irrigated sugarcane projects covering 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 operations up to full cover. Then
succeeding ratoon crops usually develop a strong weed challenge,
especiaily after field firing. Herbicides tend to shift the weed
population to tolerant species, which require different herbicides for
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control or are highly resistant to many herbicides (e.g., [mperata
cylindrica and various Cyperaceae). Since the major problem species vary
extensively within a project, 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
economic and operational constraints 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--varieties that drop their Tleaves
easily--would provide good weed control, but would be too costly where
labor is expensive.

The Large-Scale Nature of Sugarcane Production
and smaitholder TsoTation From Technological Advances

Because sugarcane is an industrial crop, economic 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
production practices 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 poised 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 variety or technique is quickly adapted and
integrated into plantation management.

Smallholders in Africa are generally outside the sugarcane research
and development circles. Varieties, growing practices, input use,
maturation techniques and harvest technologies lag a decade or more
behind 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 required could
cost a good deal more than the increased crop would be worth. As far as
is known, there are no programs in Africa which work on sugarcane
improvement or sugarcane-based cropping systems for smallholder
conditions.

Cotton

Africa produces about 1.2 million tons of lint cotton annually
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(Vandenput, 1981). Sub-Saharan Africa produces about 700,000 tons of
lint annually with fairly large vear-to-year variations (Singh, 1983).
The average yield in the sub-Sahzran 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 interannual variation
is because the vast majority 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 third 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
projects in Sudan have ueen stagnant or declining for the past ten years
(DAI and RTI, 1982; Benedict et al., 1982). Inadequate pest and weed
management, drainage problems, poorly mechanized practices, lack of
harvest labor and poor farmer management are factors at the micro Tevel
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 major problem, although some resistance has been found in the Sakel
varieties. However, resolution of these problems will remove only some
of the important root causes of cotton production problems. Based on
circumstantial evidence, other problems are macroeconomic dislocations in
the Sudanese economy, scheme organization and management, a monopolistic
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 (DAI and RTI, 1982).

Recent studies of historical long-term cotton yields in the United
States suggest that yields tend to level out and decline despite steady
improvements in genetic yield potential of new varieties. Meredith and
Bridge (1984) showed that U.3. cotton yields were unchanged from 1866
through 1635, increased at the annual rate of 10.4 kg/ha from 1936 to
1960 and have declined 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 yields at
the 7arm 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 (Helicthis) complex, the
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expansion of cotton production into low productivity environments and
management practices by farmers which are aimed at eccnomic optimization
of production rather than maximization of yield. However, yield declines
in high productivity irrigated environments such as California are
important.  Monocultural 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 their 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 irrigation schemes are rehabilitated
and reorganized. One little cxplored 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-fallow rotation.
Shifting the cropping pattern to more frequent cotton production has
probably intensified crop and water management problems. For example,
the reduction of fallow periods may have reduced the soil depth to which
cotton extracts water. Work on fine textured soiis elsewhere has
demonstrated the utility of two-or-more-year grass or fodder Tegume
fallows on depth of water extraction by cotton (Longenecker and Erie,
1968). While the Gezira scheme has a large proportion of "self-plowing"
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, high yields 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 Bol Archipelago in the Lake Chad basin. In
Madagascar, recessional production of cotton during the dry season
produces yields betwezn 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 results obtained from
flood fallowing or from growing a crop of cotton following flooded paddy
rice in the United States. Bell (1984) states that cotton following a
paddy rice crop showed very substantial yield increases. Flooding alone
reduces diseases bhut 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 moisture, in about that
order. Cotton insect praoblems and their control are discussed in
numerous reviews (USA and the World--El1liot, 1968; Kohl and Lewis, 1984;
Tropics--Purseglove, 1968; Africa--Vandenput, 1981; Parry, 1982). In the
technologically advanced countries the trend over the last decade has
been toward integrated pest management strategies combining cultural
practices, biological control and chemical control at the farm level; and
in area-widc pest population control programs. Biological pest control
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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 pesticide
application methods, such as ultra-low volume (ULV) spraying; and
resistance breeding have been emphasized. Giilham (1972) reviews efforts
to develop control methods for cotton insect pests in Malawi, Zambia and
Zimbabwe. He traces a progression from reaction to catastrophic crop
failure, wnich resulted in unsuccessful single insecticide control
approaches, to progressive exploration of pest biology and response to
pesticide treatment and the search for resistant varieties.

Currently, numerous projects in Africa, financed by IBRD and the
European Development Fund, have been Taunched with strong components in
improved insecticide and herbicide programs. In Sudan the larger
international agrochemical firms hold contracts tv provide pest
monitoring and control services to the Gezira Board, Mechanized Farming
Corporation and other major irrigated and mechanized rainfed schemes.
While the need to upgrade iasect 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 complexity and
intensity of the IPM approach and the institutional interests of chemical
firms ar« severe constraints to its introduction. The improved
anvironment for pest proliferation in cotton under irrigated conditions,
through longer periods of crop production, which include alternate hosts
of pest species; the likelihood that longer growing cycles for cotton
will be preferred by farmers, leading to greater buildup of diapausing
bollworms; and increz-<d sugar and other sap components in more succulent
plants, make cotton pest control in irrigated conditioins 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 indicates that weed-free maintenance of stands for
up te nine weeks was necessary to prevent yield 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 follow
recommended practice. In many 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 find that the cotton planted 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.

Preplant tillage is most commonly used to control standing
vegetation. Although paraquat and dalapon have been used in some cases,
failure of farmers to carry out hand weedings after planting often
eliminates any early advantages in stand establishment. More effective
have been pre-emergence applications of alachlor, cyanazine, diuron,
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fluometuro+, norflurazon, prometryn and trifluralin. Applied at planting
under favorable conditions, they give cotton plants a head start on
weeds. In systems where nitrogen is side-dressed after planting, the
werd-free period may approach optimum conditions. The pre-emergence
herbicide controls weed growth before germination and for a short period
during stand establishment. Hoeing in a nitrogen fertjl:zer protects
cotton for an additional pericd of time. Where animal traction is
available or soils permit tracter passage, mechanical cultivation may be
practiced, but is generally rare on irrigated perimeter:. 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 al., 1982). As a rule, good land preparation, a pre-
emergence herbicide or early mechenical or hand weeding, and a well-timed
second and third “and or mechkanical 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 production include ssed
and seedling diseases such as Fusarium spp., Alternaria spp., Rhizoctcnia
solani, Sclerotium rolfsii and Pythium spp. “The seed-borne diseases im
Africa are often favored by failure to delint and treat seed. Failure to
delint also lengthens the period before seeds germinate, as lint delays
imbibition of water by the seed. Fusarium wilt is the major wilt disease
found in warm areas. Macrcphoming root rot occurs as well (8211, 1984).
Most irrigated areas now use cultivars resistant tc the black arm or
bacterial blight organism Xanthomonas campestris var. malvecearum.  Some
rainfed areas with obsofete cultivars rerain 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 %osszgéi. BoT1
discases afferting lint yieid and quality are caused by Di lodia,
Nemantospora, Aspergilius, Fusarium and Coletotrichum spp. (B&TT, 198%;
Vandenput, 1968T7. Many of the Dboll diseases are the result of boll
injury by a variety o1 insects which provide points of entry for the
pathogens. Varieties with resistance to bacterial blight, Fusarium wilt,
and blue diseass have entered into production. Selection of seed for
high vigor, careful control of nitrogen fertilizaticn to avoid
aggravation of wilt severity, potassium fertilizatiun to avoid potassium
deficiencies favoring wiits, adequate irrigation, rotations anrd clean
tillage have all been reccmmended as ways to control disease incidence
(Bell, 1984). Chemical control of cotton disease is seldom economic.
Biologicai control and solarization to destroy soil pathogens hLave yet to
prove their economic viability or practicality for coiton in the
developed or developing worid.
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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 leve! 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 fertilization practices vary considerably, a complete NPK
fertilization generally is carried out. In many countries in Africa a
"cotton fertilizer," or engrais coton, is used which inciudes sulphur and
boron in the mix. Given the more pressing problems nf 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 soil or 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 