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FORUM ON THE PERFORMANCE OF IRRIGATED AGRICULTURE IN AFRICA
 

January 18-22, 1988
 

THEME
 

Delineating the important issues which constrain the perform
ance 
of irrigated agriculture in sub-Saharan Africa; and strengthening
 
the effectiveness of African irrigation professionals in dealing with
 
these issues.
 

OBJECTIVES
 

1. 	To demonstrate and assess the utility of an interdisci
plinary, field-based methodology to examine irrigated
 
agriculture by focusing on small-scale irrigation systems
 
in sub-Saharan Africa.
 

2. 	To identify important opportunities and constraints
 
facing sustainable irrigated agriculture.
 

3. 	To outline a set of general guidelines to be used by

irrigation professionals for formulating and implementing
 
programs supporting sustainable irrigated agriculture.
 

4. 	To encourage the effective functioning of networks of
 
African irrigation professionals that can stimulate
 
collaboration, information exchange, and technology

transfer within and among the African countries.
 

January 17 - Sunday Afternoon
 

3:00 	- 6:00 p.m. Registration
 
Get Acquainted
 
Logistical Information
 

January 18 - Monday
 

7:45 	a.m. Leave New Stanley Hotel
 

8:30 	- 12:30 Forum Opening Session 
Chair, Worth Fitzgerald, USAID 

8:30 	 Introduction 
Welcoming Remarks - Hon. Elijah 
Mwangale - Minister of Agriculture 
Read by Mr. C. Osoro, Irrigation 
and Drainage Branch, Ministry of
 
Agriculture, Kenya.
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9:30 	 Purpose and Objectives of Forum
 
Richard McConnen, Consortium for
 
International Development
 

9:45 	 Small Groups - The Process
 
Dan Lattimore, Memphis State
 
University
 

10:00 	 Break
 

10:15 	 #1 Small Group Organization Meeting
 
Small Group Leaders
 

11:00 	 Keynote Address
 
Irrigated Agriculture in Africa:
 
Past Accomplishments and Future
 
Directions
 
Shem Migot-Adholla, World Bank
 

12:30 - 1:30 	 Lunch 

1:30 	- 8:00 Afternoon Session 
Chair, C. Osoro, Irrigation and 
Drainage Branch, Ministry of Agricul
ture, Kenya. 

1:30 	 The Difficulty oF Making
 
Irrigation Projects in Africa
 
Viable
 
Pi eter Van Steeklenburg,
 
International Institute for
 
Land Reclamation and Improve
ment, Netherlands
 

2:45 	 #2 Small Group Meeting
 
Discussion on African Irriga
tion Overview and Sustainabil
ity
 

4:30 	 Plenary - Report and Discussion 
on Small Group Discussions 

5:30 	 The Joint Field Studies/Work
shops Objectives - Wayne Clyma,
Colorado State University 

6:00 - 8:00 	 Informal Reception/Buffet UNEP
 

8:30 	 Return to New Stanley Hotel
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January 19 - Tuesday 

7:45 	 Leave New Stanley Hotel
 

8:30 - 12:00 Morning Session
 
Chair, Terrence Hart, I.T. Power,
 
England
 

8:30 	 Zimbabwe Joint Field Workshop
 
Aidan Senzanje, University of
 
Zimbabwe
 
Max Donkor, Colorado State
 
University
 
Terrence Podmore, Colorado
 
State University
 

10:00 	 Break
 
10:30
 

12:00 1:30 	 Lunch
 

1:30 	- 6:00 Afternoon Session
 
Chair, Stephen K. Chandiwana, Blair
 
Research Lab, Zimbabwe
 

1:30 	 Rwanda Joint Field Study
 
Aaron Makuba, Ministry of
 
Agriculture, Livestock and
 
Forests, Rwanda
 
Japhet Ngendahayo, National
 
University of Rwanda
 
Tammo Steenhuis, Cornell
 
University
 

3:00 	 Break
 

3:15 	 6:00 #3 Small Group Meeting
 
Discussion on Joint Field
 
Studies/Workshops
 

6:30 	 Return to New Stanley Hotel
 

January 20 - Wednesday 

7:4.5 	 Leave New Stanley Hotel
 

8:30 - 12:30 Morning Session 
Chair, Wayne Clyma, Colorado State 
University 
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8:30 - 10:00 


10:15 - 10:15 


10:15 - 11:00 


11:00 - 12:30 


12:30 - 1:30 


1:30 - 3:00 


3:00 - 3:15 


3:1: - 4:00 

4:00 - 4:45 


4:45 - 6:00 


6:15 


Health Issues in Irrigation Develop
ment 
Stephen Chandiwana, Blair 
Lab, Zimbabwe 
Peter Bolton, Hydraulics 
England 

Research 

Research, 

Break 

Institutional, Organizational,
 
Gender Issues in Irrigation Develop
ment
 
Joseph Ssennyonga, International
 
Centre of Insect Physiology and
 
Ecology, Kenya
 

#4 Small Group Meeting
 
Discussion on Health, Institutional,
 
Organizational, and Gender Issues
 

Lunch
 

Afternoon Session: Chair, Walter
 
Coward, Cornell University
 

Plenary - Small Group Reports and 
Discussion on Health, Institutional, 
Organizational, and Gender Issues 

Break
 

Technical, Energy Issues in Irriga
tion Development
 
Francis Gichuki, Utah State Univer
sity, University of Nairobi
 

Financial and Economic Issues in
 
Irrigation Development
 
Amadou Soumaila, Director, Office
 
National des Amenagement Hydro-

Agricole, Niger
 

#5 Small Group Meeting
 
Discussinn on Technical, Energy,
 
Financial, and Economic Issues
 

Return to New Stanley Hotel
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January 21 - Thursdzy 

7:45 


8:30 - 12:45 


8:30 - 10:00 


10:00 - 10:45 

10:45 - 11:45 


11:45 - 12:45 


12:45 - 2:00 


2:00 - 6:00 


2:00 - 3:15 

3:15 - 4:15 


4:15 - 4:30 


4:30 - 5:30 


Leave New Stanley Hotel
 

Morning Session
 
Chair, Jack Keller, Utah State
 
University
 

Niger Joint Field Study
 
Idi Maman, Office National des
 
Amenagement Hydro-agricole, Niger
 
Germaine Ibro, Institut National de
 
Recherche Agronomique du Niger,
 
Niger
 
Terry Hart, I.T. Power, England
 

Break
 

Continuation of #5 Small Group
 
Meeting
 
Technical, Financial, Economic
 
Issues and Niger
 

Plenary - Small Group Reports and 
Discussions on Technical, Energy 
Financial, Economic Issues and Niger 

Lunch
 

Afternoon Session
 
Chair, Jon R. Moris, Utah State
 
University and Overseas Development
 
Institute
 

Panel Discussion - Networking 
Mary Tiffen, Overseas Development 
Institute, England 
Peter Van Steekelenburg, Interna
tional Institute for Land Reclama
tion and Improvement, Netherlands 
Walt Coward, Cornell University 
#6 Small Group Meeting
 
Discussion on Networking
 

Break
 

Plenary - Small Group Reports and 
Discussion on Networking 
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5:30 - 5:45 Forum Summary 
Jack Keller, Utah State University 

6:00 	 Return to New Stanley Hotel
 

January 22 - Friday
 

Field Trip Leave New Stanley Hotel 7:30 a.m.
 

7:30 
 Depart Nairobi for Mwea Settlement
 
Irrigation Scheme
 

9:00 	 Meet Manager Mwea Scheme
 

9:15 - 11:00 	 Gu led tour of the Scheme 

11:00 	 Depart for Nyeri Town
 

12:00 	- 1:30 Lunch at Green Hills Hotel 
Meet Provincial Director of Agricul
ture and Officer in Charge, Provin
cial Irrigation Unit - Central 
Province 

1:30 	 One group visits Kibirigwi Sprinkler

Irrigation Scheme - Kirinyaga 
District
 
Second group visits Highlands farm
low pressure sprinkler irrigation
 
scheme, Nyeri District
 

4:00 	 Both groups return to Nairobi
 

January 23 - Saturday 

8:00 - 12:00 Forum Synthesis Committee
 
Small Group Leaders
 
WMS II Forum Committee
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INTERPRETIVE SUMMARIES:
 

FORUM ON THE PERFORMANCE OF IRRIGATED AGRICULTURE IN AFRICA
 

Prepared by
 

WMS II FORUM ORGANIZING COMMITTEE
 

BACKGROUND
 

The Forum on the Performance of Irrigated Agriculture in
 
Africa examined key factors involved in the development of African
 
irrigated agriculture. Recommendations were presented in six areas:
 
economic and financial; technology and energy; health; organizational,

institutional and gender, sustainability of the natural resource base;
 
and networking of irrigation professionals.
 

Public financed irrigation development has not been an
 
effective 
means of promoting widespread increases in food production

and rural income in Africa. This seems particularly true when the
 
recent history of Africa is compared with the recent history of Asia.
 
One of the major reasons for this difference in performance can be
 
found in the apparent socio-technical failure of African irrigation

schemes. Given that the general perception by many country officials
 
and donor agencies of the performance of irrigation in Africa is not
 
favorable, increased emphasis on empirically based analysis is essen
tial if irrigation is to make an effective contribution in the develop
ment of African agriculture.
 

Irrigation Development in Africa: A Discouraging History
 

The history of irrigation development in sub-Saharan Africa
 
is replete with examples of irrigation schemes which appear to be
 
failures. One of the major reasons 
for this kind of history is that
 
irrigation development in much of Africa is expensive; the costs range
 
as high as $25,000 per hectare, well above cost for other regions of
 
the world. The reasons for the high costs are many. In many cases
 
there has been a heavy reliance on imported materials, equipment, and
 
expertise needed in design and construction. This results ii,both high

costs and high foreign exchange requirements. The productive perform
ance of public financed/agency operated schemes has also been generally
 
poor. As a consequenLe, the willingness oi farmers to participate has
 
been limited. Consequently, irrigation is viewed by many as question
able for the development of African agricuture. However, a careful
 
examination of the evidence indicates that such a conclusion is usually

the result of the way in which most irrigation development has taken
 
place in Africa rather than 
in the inherent nature of the irrigation
 
resources which are found in most sub-Saharan Africa.
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Despite this recent history and incomplete understanding as
 
to why this has occurred, a large number of sub-Saharan African coun
tries continue to regard irrigation development as one of their
 
development objectives. There is little doubt that the recent wide
spread droughts, the recognized need to intensify agriculture to
 
provide both more food and more and the limited
jobs, capacity to
 
intensify rainfed agriculture in many areas of Africa have all contrib
uted to the continued interest in irrigation development.
 

Technology and Energy
 

Insufficient attention to the technological and energy issues
 
has led to disappointing irrigation scheme performance. Projects 
are
 
built with overly optimistic expectations of both the available
 
physical and human resources. The disappointments are c ounded by

premature irrigation systems breakdowns, shortages of needed .ts and
 
poor crop yields. Unless irrigation performance can be .,nproved

considerably, one 
might well conclude that further investments in new
 
irrigation project developments should be discouraged. However, this
 
may not be true in individual countries where donors are willing 
to
 
invest in new irrigation systems thro,:gh grants rather than loans in
 
sub-cdharan Africa.
 

Economic and Financial
 

The difference between economic and financial analysis is not
 
widely recognized. 
 Economic analysis is based on the use of economic
 
prices and has to do with the analysis of the impact of irrigation

development on the entire country or society. If there were no
 
subsidies, taxes, political intervention in economic affairs and other
 
distortions of economic prices in Africa, economic prices could be
 
alternatives to particular decision makers. However, 
in many cases,

the relev ,lt financial prices paid and received are significantly

different from the economic prices. Therefore, financial analysis
 
serves as a feasibility test fir a particular decision maker.
 

In the case of irrigated agriculture in Africa, the relevant
 
decision makers who must pass the financial feasibility test for a
 
particular scheme will usually need 
to include the farmer involved,

the government scheme management entity (where the scheme 
is govern-.

ment managed) and farmer organizations that are involved in operating
 
the system.
 

Health
 

While many diseases are already endemic to much of the
 
region, there is little doubt that irrigation development within sub-

Saharan Africa can bring with it an increased health risk from several
 
water-related vector-borie including malaria,
diseases, schistosomia
sis, onchocerciasis, yellow fever, dengue, and filariaiis. Although
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these diseases abound in non-irrigated areas as well, natural forces
 
within the latter help to keep them in check except during cccasional
 
epidemic outbreaks. Irrigation, on the other hand, with its creation
 
of large bodies of standing water, tend not only to create conditions
 
that encourage such diseases to flourish, but also to destroy these
 
neutralizing forces, Properly designed and operated irrigation systems
 
can mitigate most of these unfavorable factors. In addition, because
 
of the tendency of irrigation development to result in greater popula
tion concentrations, it likewise leads to an increased incidence of a

number of so-called "socio-economic" diseases which, while water
related, are fecal-transmitted (i.e., typhoid fever, trachoma, scabies,
 
dysentery).
 

If irrigation systems are improperly designed and operated,

the extremely debilitating, and often fatal, effects of both these
 
categories of disease not only 
cause immense human suffering and loss
 
of life, but can also result in devastating economic losses. The

effects can be particularly severe in small-holder schemes where the
 
work force is both more fragile and more heavily relied upon to make
 
the system function effectively. Unfortunately, small-holder schemes
 
are too often less able than large-scale projects to institute preven
tive and curative measures to both reduce the incidence and treat the
 
effects of such diseases. Productive irrigation systems will recognize

and plan to minimize these health risks.
 

Organizational, Institutional and Gender
 

There was widespread agreement among Forum participants that
 
more 
attention needs to be directed toward increasing farmer partici
pation and involvement in the programs of African governments to
 
develop irrigated agriculture. This concern derives from several
 
elements of the present context including: strains on current levels
 
of professional manpower and budgets, recognition of the limits to
 
government effectiveness in operating and maintaining irrigation

facilities, as well as increased awareness of the strength 
of local
 
capacities for irrigation management and the essential roles that
 
water users can perform in both local and government-operated systems.

Concern with this issue istaking shape in a number of countries in the
 
region in the form of emerging policies to turn over to cultivators the
 
everyday operation of perimeters now managed by the government.
 

Forum participants also emphasized the need for irrigated

agriculture 
in African to be developed on tie basis of indigenous

institutional arrangements 
and principles of social organization,

whenever possible. This would include giving specia'l attention to the
 
production strategies used by African cultivators and the important

role of women in agriculturi decision-making and cultivation.
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Sustainability of the Natural Resource Base
 

Sustainability of much of the irrigated agricultural develop
ment currently taking place in developing countries is being seriously
 
challenged. This concern is particularly focused on sub-Saharan Africa
 
where the natural resource base is under extreme pressure because of
 
the rapid popuiation growth, the extremely fragile environment and the
 
less adequate human and organizational resources to sustain irrigation.

These same forces also threaten the sustainability of rain-Fed agricul
ture.
 

The environmental sustainability of irrigated agriculture can
 
be threatened by effects such as erosion and depletion of vegetation
 
from watersheds and irrigated areas, depletion of ground water resourc
es, deterioration of ground water and surface water quality, waterlog
ging and salinity, saline water intrusion into ground water, fertility

depletion, and deterioration of soil and plant environments in fragile
 
lands. Irrigation also impacts the environment through the increase of
 
fertility components and pesticides in return flow, increases in weeds
 
and pests in irrigated areas, and the increased incidence of diseases.
 

Networking
 

If problems associated with the above issues are to be dealt
 
with properly, the capability of African irrigation professionals must
 
be improved. One wdy to accomplish this goal is to establish a
 
mechanism that will provide an effective network of African irrigation

professionals, There are relatively few irrigation professionals in
 
Africa at this time, and they tend to be isolated from one another-
there are few opportunities for them to attend professional workshops
 
on irrigation, few professional publications or other mechanisms by

which they can exchange experiences and information related to irriga
tion. As a result, they often are unaware of irrigation policies,

institutional arrangements and technologies that have been tried,
 
successfully or not, under African conditions. At the present time,
 
there appear to be no resources or organizational arrangements for
 
dealing with this need for profess'3nal interaction.
 

In addition, there are few mechanisms for involving irriga
tion professionals, especially researchers and program implementors,
 
in policy discussions and program planning activities. Both of these
 
activities are heavily influenced by the input of foreign experts and
 
top-level donor staff with limited contributions from local irrigation

professionals. There is a critical need for continuing forums both
 
national and international which bring together African irrigation with
 
such specialists from abroad, as well as with policy-making staff of
 
the donor agencies to insure that local knowledge and experience is
 
made an explicit part of the decision-making processes.
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The 	 resources available to African irrigation research

professionals allowing them to contribute to generating and dissemin
ating knowledge 
for 	improving irrigated agriculture is paltry--and

often constrained by the requirements of specific irrigation projects

that international 
 donors are funding. These professionals need
 
modest but flexible resources allowing them to set research agendas

and initiate field-based investigations.
 

TECHNOLOGY AND ENERGY ISSUES
 

Issues
 

A number o? technological and energy issues were addressed
 
and discussed during the Forum. The major 
ones which received atten
tion were:
 

1. 	The general lack of adequate physical (namely hydrologi
cal, climatological and soils) resource data for planning

and designing irrigation projects.
 

2. 	The need for improved irrigated agricultural cropping

packages to produce the high yields required to economi
cally justify irrigation development.
 

3. 	The importance of selecting appropriate and efficient
 
irrigation technologies (including management) and
 
hardware components which can be realistically main
tained and which can minimize recurring costs requiring

foreign exchange. This was mentioned for both new
 
projects and the rehabilitation nf old projects.
 

4. 	The generally poor maintenance of irrigation system

hardware, especially pumping plants resulting in prema
ture breakdowns, unreliability and high energy costs.
 

5. 	The differences related to maintaining the necessary

flow of inputs for operating the irrigation systems

(such as mechanical parts, structural commodities and
 
fuel), and inputs for irrigated agricultural productions

(such as seeds, fertilizers, plant protection chemicals,
 
and farming equipment).
 

6. 	The need for improved organizational coordination to
 
more effectively involve irrigation, agriculture, the
 
private sector, ministries of health and rural develop
ment, and farmer organizations to improve performance of
 
irrigated agriculture through improved management.
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7. 	The shortage of trained personnel with the necessary
 
organizational/managerial capacity to plan, design,
 
implement, maintain and manage irrigation schemes; to
 
monitor the resource base; to conduct needed research;
 
and to transfer production and marketing information to
 
farmers.
 

Policy Dialogue and Program Implementation
 

The technological and energy issues discussed at the. Forum
 
are multi-faceted in nature, although clear policy and implementation
 
guidelines were not articulated, certain implications can be derived
 
from the discussions. As a general policy, it was felt that more
 
attention should be given to improving the performance of existing
 
schemes rather than embarking on new irrigation developments. Thus,
 
it was suggested that the focus be on rehabilitating the existing
 
public irrigation systems along with improving the management struc
tures of the schemes they serve. The improved management should be
 
directed not only at the operation of the systems but also at improved
 
maintenance of the structural and mechanical works.
 

Recommendations which can be derived from the various Joint 
Field Study case studies and discussions group dialogues include the 
following:
 

RECOMMENDATION (TI):
 

Because of the general lack of resource data, project develop
ment should be carried out in incremental steps.
 

This should prove more efficient or effective than trying to
 
generate a full set of resource data before proceeding. However, in
 
order to use the incremental step procedure effectively, the resource
 
base should be monitored carefully throughout the incremental develop
ment process. This is particularly important when new technologies are
 
being implemented, when potential environmental impacts such as
 
waterlogging and salinity are considered, and when dealing with ground
 
water resources to determine when to manage potential overdrafts.
 

In addition to using an incremental development approach,
 
more effort should be placed on improving the resource i-f'rmation
 
base. In many cases the first important step in this direction is to
 
ferret out and organize the resource data which are already available
 
but not in a readily accessible and usable form.
 

RECOMMENDATION (T2):
 

More 	emphasis is needed on crop research.
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Since irrigated agriculture is expensive, especially under
 
sub-Saharan conditions, it is important to produce high yielding and
 
high value crops. Unfortunately, such cropping packages are not
 
available, therefore, more emphasis is needed on crop research. The
 
research should be concentrated in broad screening trials and transfer
ring successful cropping packages when appropriate. The goal should be
 
to find improved cropping packages especially for crops with promising

regional or international marketing niches. That better cropping

packages are needed was pointed out by the many cases presented where
 
farmers are obtaining near potential yields for the available cropping

packages, yet their yields fall far short of world standards.
 

Irrigated agriculture needs to attain its potential levels of
 
productivity to ensure the cost effectiveness of the maximum number of
 
projects and provide maximum benefits to farmers. Agricultural

research should be expanded to more specifically deal with appropriate

irrigation technologies and to focus on action research programs on
 
farmers' fields to improve farmer adoption of these technologies.
 

RECOMMENDATION (T3):
 

Irrigation technologies should be extended or introduced only

after they have been thoroughly tested on a pilot basis.
 

In too many cases, inappropriate irrigation technologies and
 
hardware have been tried in sub-Saharan Africa. Failures result from
 
a lack of sufficient infrastructure and trained personnel plus the
 
need for continuous flows of expensive purchased inputs. The general

implementation policy recommendations for overcoming these shortcom
ings is to only extend and use new irrigation technologies and hardware
 
for development after they have first been thoroughly tested on a pilot

basis. The emphasis should be on those which can be maintained using

local human and physical resources and which minimize the need for
 
purchased inputs especially those requiring foreign exchange.
 

In order to simplify maintenance, hardware items such as pump
 
sets should be standardized to the extent practical. However, stand
ardizations should not be so rigid that it eliminates healthy competi
tion. Furthermore, it was pointed out that there are trade-offs
 
between standardization and energy use efficiency which must be
 
considered.
 

RECOMMENDATION (T4):
 

Greater stress should be placed on maintenance of irrigation
systems.
 

No design or poor application of hardware (including irriga
tion structures and pumping units) should limit the performance of
 
these units and significantly increase costs. Because of poor mainte
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nance programs even irrigation hardware, which could be realistically
 
maintained, is allowed to break down prematurely. Thus, perhaps, the
 
most important implementation policy recommended is to place much
 
greater stress on maintenance. This is especially true for pumping
 
plants because poor maintenance not only reduces the hardware life but
 
also the operating efficiency which increases fuel consumption; and
 
much, if not most, of the irrigation water in sub-Saharan Africa must
 
be lifted.
 

RECOMMENDATION (T5):
 

Much greater emphasis should be placed on the operational
 
phase during the planning process.
 

In view of the difficulties in maintaining the flow of needed
 
inputs for irrigation success, greater emphasis needs to be given to
 
the operational phase at the time of planning. Rehabilitating an
 
existing scheme or planning of new ones should include a realistic
 
operational plan with complete details outlining the necessary flow of
 
goods and services. Where the opportunity exists, it is essentially
 
always preferable to utilize gravity flow rather than rely on water
 
lifting. This is even 
irrigation scheme is considerably 
under gravity irrigation. 

true where 
lo

the life cycle 
wer than for an 

cost of a lift 
equivalent area 

RECOMMENDATION (T6): 

Organizational coordination for effective management of 
irrigation projects was repeatedly identified as a critical need.
 

Effective coordination to involve irrigation, agriculture and
 
the private sector in supplying needed inputs from the factors of
 
production to the maintenance components of lift systems was repeat
edly emphasized. Ministries of Health and Rural Development were seen
 
as often needed partners in the effort because of health and resettle
ment issues.
 

Training and Professional Development
 

As indicated above, considerable professional and technical 
level training is needed to alleviate th shortage of trained techni
cal personnel needed for irrigation development in practically every 
country in sub-Saharan Africa. It was suggested that this must be 
accomplished through a combination of both short- and long-term 
training. Fortunately, some countries already have substantial 
universities and/or training institutes to build on. However, the
 
Forum did not specifically address the technical training issues in
 
any great detail. During thi discussions, the need for more technical
 
level training was often brought up.
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Most specifically, the Joint Field Studies themselves 
were
 
designed to provide both a training experience as well as information
 
about irrigation in sub-Saharan Africa. And the Forum participants

did call for more intc-disciplinary field studies of irrigation

schemes to provide professional development and a better understanding

of the critical factors constraining improved performance of irrigated

agriculture and provide a base for planning improvements. The need to
 
implement improved professional development programs in African
 
directed at the priority needs for improving irrigated agricultural

performance including programs planned specifically to meet the
 
identified needs was also mentioned. In addition, greater use of
 
networking and existing needs was also mentioned. In addition, greater
 
use 
of networking and existing irrigation training institutes/centers
 
was also recommended.
 

Research and Demonstration
 

The general research, demonstration or monitoring required

for addressing the first five issues and the related implementation

policies are obvious. However, it might be useful to delineate some
 
specific programs for the implementation policies as follows:
 

RECOMMENDATION (T7):
 

Regional studies should be conducted to organize the existing
 
resource information and augment it with data from remote sensing and
 
climatological records.
 

RECOMMENDATION (T8):
 

There is a need to improve the traditional agricultural

research approaches to specifically include technologies relevant for
 
irrigated agriculture and to implement action research programs in the
 
field to demonstrate effective irrigated cropping packages that
 
farmers can adopt to increase the productivity of irrigated agricul
ture.
 

ECONOMIC GUIDELINES AND RECOMMENDATIONS
 

Issue
 

Economic and financial feasibility of African irrigation has
 
been questioned by country officials and the donor community. What
 
should be done to ensure the economic and financial viability of
 
irrigation projects?
 

In the case of some African schemes, it may not be appropri
ate to base decisions primarily on the use of a conventional economic
 
criterion to evaluate a scheme because other objectives such as high
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levels of food security and adequate farm family incomes for the
 
largest possible number of rural families may be the dominate 
reason
 
for 	developing a scheme. However, even in these cases, financial
 
analysis for all relevant decision-makers is still required for good

planning. If a plan is not financially faasible for each of the major

decision-makers involved (usually this means at least the farmers and
 
the irrigation agency), itcannot be sustained.
 

Policy Dialogue and Program Implementation
 

The 	purpose of a policy dialogue on financial and economic
 
issues is to develop a strategy for improvement and development of
 
irrigated agriculture which will be effective in terms of the develop
ment 	goals of the country. The three most significant general and
 
inter-related sets of policy issues that emerged from the Forum
 
included:
 

1. 	the allocation of development resources between rainfed
 
and irrigated agriculture;
 

2. 	the clarification of the role of the multiple objectives

for many irrigated agriculture schemes as well as the
 
search for acceptable trade-offs between those objec
tives; and
 

3. 	the need for cost containment of irrigation improvement
 
and development projects.
 

The program planning and implementation implications of such
 
a policy dialogue should result in what was referred to during the
 
Forum as the need for "Truth in Planning." To the extent feasible,

the 	best information should be assembled about the expected economic
 
and financial consequences of the proposed irrigation development.
 

It was recognized that an important source of information
 
would need to come from the examination of existing irrigation schemes.
 
While the general economic and financial history of irrigation in
 
Africa is one of failure in almost every African country, there are
 
examples of irrigation schemes which have been financially sustainable
 
and probably economically viable. (Often these will be schemes which
 
are locally managed with little or no agency involvement.)
 

RECOMMENDATION (El):
 

A financial analysis must be done from the standpoint of each
 
major decision-maker involved with an irrigation scheme to determine if
 
it will be feasible for each decision-maker to fulfill his assigned

responsibilities.
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RECOMMENDATION (E2):
 

Existing irrigation schemes which have 
been sustained for
 some period of time with 
little or no direct subsidy need to be
studied by an interdisciplinary team of 
irrigation professionals in
order to determine the lessons that need to be learned to permit the
planning and implementation of effective African irrigated agriculture

development efforts.
 

RECOMMENDATION (E3):
 

Economic and financial evaluations of irrigation projects
need to clearly identify those components whose costs are directly
attributed to irrigation development. Costs which 
are not directly
attributed to irrigation development should not be charged irrigation. For example, the cost of developing 
to 

general infrastructure 
should usually not be charged to irrigation projects.
 

Rainfed and Irrigated Agriculture:
 

Several Forum speakers raised issue
the of the appropriate
allocation of development resources 
in both the private and public
sector between rainfed and irrigated agriculture. The general consensus of the Forum participants 
was that this was an important policy
issue. 
 However, they concluded that policy decisions should be made on
the basis of those development alternatives which are available rather
than in terms of "either" rainfed 
"or" irrigated agriculture. One of
the small group discussions stressed that while they agreed with the
keynote speaker that irrigation could not "solve Africa's food problem," such a conclusion should not be regarded as the basis

establishing policy. 

for
 
Many African countries do have opportunities for
 new and improved irrigation schemes that could make eFfective contributions towards achievement of country development objectives.


appropriate policy dialogue would ensure that such ideas 
An
 

would be
incorporated into an 
effective country program for irrigated agricul
ture.
 

RECOMMENDA':ION (E4):
 

The establishment of a program for the allocation of development resources between rainfed and irrigated 
agriculture should be
based on the analysis of development alternatives for both types of
 
agriculture.
 

Clarification of the Goals for Irrigation Development
 

Irrigation development 
cannot be expected to simultaneously
achieve 
goals which can be in conflict with one 
another. Effective
irrigation development can contribute to: 1) food security; 
2)
enhanced incomes 
for rural development. 
 It can seldom be expected to
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accomplish all of these goals at maximum levels at the same time. For
 
example, to be self financing, an irrigation scheme may need to
 
concentrate on the production of industrial crops grown on fairly
 
large plots. In such a case, the immediate contribution to food
 
security would be limited and the incomes of few rural families may be
 
affected. In most cases, the policy dialogue needs to center or,
 
helping develop a planning and implementation program which will
 
result in the establishment of an appropriate balance among objectives
 
which can be achieved by irrigated agriculture.
 

Alternatives for irrigated agriculture need to be examined in
 
terms of their impact on the stated objectives for the proposed
 
irrigation program. In the process of accomplishing this, it will
 
often become apparent that if the objectives are to be achieved, they
 
will need to be reformulated. In addition, a financial analysis needs
 
to be done for all significant sets of decision-makers in order to see
 
if the expected outcomes are feasible. This process could be enhanced
 
by thinking in terms of alternatives for such variables as scheme size,
 
plot size, as well as level of family income and number of farmer
 
families, levels of payment capacity and levels of food security.
 

The analysis -f alternatives is for the purpose of providing
 
decision-makers with reliable information about the objectives which
 
can be achieved and the economic and financial consequences of relevant
 
alternatives. There will seldom be a single criterion which decision
makers can use in selecting the most effective alternative. The
 
outcome from an effective policy dialogue will be extremely useful in
 
helping decision-makers determine the range of alternatives which need
 
to be examined and in choosing which alternative to implement. For
 
example, if the decision has already been made that the objective of a
 
particular irrigation development is to provide at least a minimum
 
income for the maximum number of rural families, only a narrow range of
 
alternatives may need be examined. However, in the case of such an
 
example, the initial and reoccurring financial costs to the implement
ing agency needs to be determined to test the financial feasibility of
 
such an alternative. If the agency cannot reasonably expect to have
 
the :.dget needed to meet costs, the alternative would not be feasible.
 

RECOMMENDATION (E5):
 

Decision-makers need to use a planning and implementation
 
program for irrigated agriculture which will require them to examine
 
alternative configurations of proposed irrigation developments in
 
terms of the compatibility of the designs with the stated objectives
 
for the development. The design and objectives both need to be
 
adjusted until a realistic design is formed which is consistent with
 
the agreed upon objectives.
 

The purpose of analysis of this kind is not to impose a
 
decision, but rather to provide decision-makers with information which
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increase the chances that they will select the most effective alterna
tive given the objectives they want to achieve. Often it will be
 
productive to think in terms of the final decision-making process as a
 
negotiation process which involves all interested parties such as the
 
irrigation agerbcy, the farmers and the Ministry of Finance. This
 
cannot be done unless the parties have information about the trade-offs
 
between different objectives for the set of alternatives they are
 
willing to choose from.
 

Cost Containment
 

It is widely recognized that irrigation development in Africa
 
has often been expensive. It is not appropriate to accept such costs
 
as inevitable and to rely on the assumption of the high values of
 
production needed to cover such costs. It is important to develop

active strategies for containment of both capital and reoccurring costs
 
and for policy makers to support actions by lower officials and farmer
 
organizations which will result in effective cost containment. If a
 
country is to develop an effective cost containment strategy, empiri
cally based standards needs to be established over time so that
 
performance on cost containment can be monitored. The basic strategy

for achieving cost containment involves a commitment to the examination
 
of alternatives and the economic and Financial analysis of the alterna
tives. Because the economic and financial analysis of alternatives can
 
be in itself costly, as soon as possible, the major responsibility for
 
performing the analytical work needs to be in the hands of country
 
professionals.
 

The break even level for capital and reoccurring financial
 
costs will depend on the productivity level for the scheme and the
 
budget allocations for the public agencies involved. For any given

productivity level, the objective should be to develop a plan for
 
covering those costs by some combination of scheme payment capacity

and subsidies provided by off-scheme payment capacity and subsidies
 
provided by off-scheme sources. If subsidies are required, there
 
should be no implementation unless there is a commitment for the
 
continued provision of the financial subsidies which are needed to
 
sustain the project. If the needed subsidies will not be available,
 
the scheme's organizational design will need to be modified to provide
 
greater scheme payment capacity. It is not likely that many irrigation

schemes in Africa can justify, on purely economic terms, capital costs
 
of US $25,000 per ha. It is not known if high capital and reoccurring

financial costs are inevitable or if, as is probably often the case,

such high costs are the result of the way such schemes were planned and
 
implemented. Based on the limited information available, it appears

that few, if any, public schemes in Africa had had cost containment as
 
an explicit strategy.
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RECOMMENDATION (E6):
 

Irrigation Development programs in Africa need to include an

explicit program for cost containment which is based on the analysis

of alternatives for the physical and organizational design of proposed

developments.
 

In order to implement such a strategy, it is imperative that
 
alternatives be examined before any 
project is implemented. The

alternatives 
 should be designed to find less expensive means of
 
achieving a specific development. Some of the specific methods of
 
doing this which were discussed included increased reliance on domestic
 
resources. This should entail increased emphasis on the 
use of local

irrigation professionals to plan and implement schemes, limits on the
 
foreign exchange content of both capital 
and O&M costs, designs which
 
could be implemented using locally available equipment and material and

increased ftrmer schemes. Development of irrigated agriculture should
 
be either restricted or concentrated on irrigation schemes which can be
 
developed using in--country resources. The development program should
 
include a strategy for increasing the complexity of schemes whIch 
can
 
be developed using in-country resources.
 

Research and Demonstration
 

The appropriate analytical methods to use the present
at 

stage of irrigation development in Africa are well-known and rela
tively straightforward. The major challenge is to find and develop

reliable empirical information 
needed for economic and financial

analysis. 
 The most likely error is to fail to do a financial analysis

for a particular decision entity. 
 The most likely candidate for this
 
neglect is the public sector irrigation agency, although empirical

information about the financial impact on 
the farmers also seems to be
 
inadequate in many cases.
 

The first step in overcoming these deficiencies is to estab
lish a framework for the financial and economic analysis. The second
 
step is to establish a procedure for ensuring that an adequate range

of alternatives 
will be examined. One mechanism for accomplishing

these two steps is to set 
up a check list of the type discussed above
 
to lessen the chance that something important will be left out. Once
 
this is done, relatively straightforward procedures and assumptions
 
can be established which will 
 allow the collection of the needed
 
empirical information. In cases where similar irrigation schemes
 
already exist, much of the information can be obtained by administra
tive studies conducted on the already existing schemes. and
Action 

demonstration of existing schemes will probably be the most 
effective
 
way of providing the first stage of economic and financial data needed
 
for a meaningful policy dialogue, the development of realistic planning

and implementation guidelines, and the development of an 
effective
 
strategy for cost containment.
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RECOM ENDATION (E7):
 

Financial and economic research on irrigation in Africa
 
should be part of all action research associated with other ongoing
 
efforts.
 

Training and Professional Development
 

There were two specific references made to training and
 
professional development which related solely to economic and financial 
analysis. The most effective principles of analysis to be used at this 
stage of irrigation development in Africa are relatively well-known and 
most are empirically based. The most important components of the first 
stage of a program for training and professional development would be 
to have the analyst: 1) gain experience in collecting and analyzing
field based data; and 2) work with other irrigation professionals in 
order to improve their ability to judge the soundness of their anal
yses. The second stage of such a program would involve a critical 
review of first stage work by other African economic and financial 
analysts.
 

Even if an African country had a host of capable financial 
and economic analysts, their work would be of limited value unless
 
higher level decision-makers had a general understanding of the nature
 
and usefulness of such work. Therefore, a general program for profes
sional development for such decision-makers needs to be part of such a
 
training program.
 

ORGANITATIONAL, INSTITUTIONAL AND GENDER ISSUES
 

Issue
 

What actions can be taken to improve public policies and
 
increase agency capacities to deal with the essential organizational,

institutional and gender issues related to developing irrigated
 
agriculture in Africa?
 

Field studies and agency experience both support the conclu
sion that there exists in Africa a wide variety of viable local
 
institutions and organizations capable of supporting the technical and
 
management tasks associated with irrigated agriculture. Policies and
 
programs that build on these indigenous capacities and agency staff
 
trained to recognize, utilize and enhance this important local 
resource
 
are essential.
 

Policy Dialogue and Program Implementation
 

The emerging concerns with farmer participation and the
 
associated local organization that will be needed to structure this
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participation and interaction with the government's technical agenzies

presently are based on only a preliminary understanding of the meaning

of farmer participation in irrigation activities. Likewise, these
 
concerns are not matched with programmatic strategies, clear operation
al procedures and scheme-level activities aimed at fostering farmer
 
participation and utilizing indigenous social arrangements or creating
 
new local organizations, if needed.
 

RECOMMENDATION (01):
 

There should be experimental and pilot projects in the
 
different national settings of Africa intended to test v.;rious ap
proaches to increasing farmer participation--including the use of 
indigenous local organization--in all phases of irrigation develo)
ment--design, construction and operation. 

The purpose of these pilot activities would be to put in
 
practice the state-of-the-art knowledge we now have regarding farmer
 
participation and local irrigation organization, including knowledge

of indigenous irrigation organization in Africa, and to derive from
 
these experiences sound agency strategies for replication on a wider
 
scale.
 

Since much of the work with farmer participation and local
 
organization will require the professional contributions of persons

with social science training, it also is recommended that:
 

* the technical agencies develop arrangements whereby the 
social scientist can be incorporated into the regular planning and 
implementation activities of the agency--as regular staff members,
 
long-term consultants or whatever.
 

Professiofal Development and Training
 

Achieving effective farmer participation in developing

irrigated agriculture and supporting the local organizations will
 
require both new skills on the part of existing irrigation profes
sionals (often scattered in several different departments of govern
ment) and cultivators, as well as involvement of professionals who are
 
not commonly involved in irrigation programs in Africa.
 

Social science skills especially the work of anthropologists

and sociologists, will be needed in support of programs and policies

for farmer participation. Yet, in many African countries there 
are
 
few, if any, social scientists who have had experience doing irriga
tion research or otherwise being involved in irrigation development
 
activities.
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RECOMNENDATION (02):
 

Professional development activities such as seminars, work
shops, field-based training programs and other activities to acquaint

these social scientists with the study of irrigation should be planned
 
and implemented.
 

There is considerable theoretical and methodological litera
ture that now exists on the sociology of irrigation. Social scien
tists beginning to work on irrigation problems need the opportunity to
 
be exposed to these materials as they develop concepts and methods
 
appropriate to their own settings.
 

Increasing farmer involvement in the everyday activities of
 
irrigation also will require that irrigation professionals learn new
 
skills to complement their technical expertise.
 

RECOMMENDATION (03):
 

Training should be provided for the professional staff of the
 
technical agencies to provide them with new skills such as improving

community relations, interacting effectively with farmer organizations,
 
and techniqbes for acquiring and using farmer knowledge and experi
ences.
 

Finally, increasing farmer involvement will mean new roles
 
for farmers and farmer groups and thus new skills and capacitief.
 

RECOMMENDATION (04):
 

Considerable farmer training is needed in support of these
 
new roles and responsibilities. It is essential to devise strategies

and procedures for planning and implementing this training.
 

Research and Demonstration
 

While there is considerable worldwide experience that can be
 
utilized in developing pro-farmer policies and procedures for advancing

irrigated agriculture, there also is need to support further research
 
and demonstration activities on this topic in the varied African
 
sociopolitical and environmental contexts. Thus, four types of
 
research and demonstration activities are recommended:
 

RECOMMENDATION (05):
 

Studies of local rural production systems giving special
 
attention to the diversity of enterprises that are concerned and the
 
gender-based divisions of labor and responsibility that may exist are
 
suggested.
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Such studies, especially when done in conjunction with scheme

design and planning, will help alleviate the frequent conflicts between
 
government and farmer irrigation objectives as well as the undesirable
 
consequences that irrigation develepment can have the
for roles of
 
women in irrigated agriculture producLion.
 

RECOMMENDATION (06):
 

Studies of indigenous, or local irrigation institutions and
 
organizations inAfrica are needed.
 

Some work has been completed on this topic and will be
 
extremely useful in suggesting significant principles of social

organization on which government-aided irrigation groups may be

formed. But significant gaps exist in our knowledge of these tradi
tional experiences and additional study should be encouraged and
 
supported.
 

RECOMMENDATION (07):
 

Studies of government programs now underway that are giving

attention 
to water user groups and local management of irrigation

facilities should be undertaken.
 

As examples, the Kenyan strategy for small-scale irrigation

development emphasizes self-management of the schemes by the 
users.

Niger has used the vehicle of cooperatives to organize the participa
tion of cultivators in the operation of their perimeters. Neither of
 
these cases has been sufficiently researched at the present to inform
 
us 
about the strengths and limitations of these strategies. Such
 
research needs sponsorship.
 

RECOMMENDATION (08):
 

There is need for experimental and pilot projects to test

approaches and strategies for enhancing farmer involvement in irriga
tion system development.
 

These pilot efforts need to include a strong action research
 
component to allow us to have 
a comprehensive understanding of what

happened and these efforts are
why pilot being implemented. The

results of this action research can then be used for altering and
 
modifying the pilot efforts as required.
 

HEALTH IMPACTS OF IRRIGATION DEVELOPMENT
 

Issue
 

What steps can and should governments, donors and lending 
agencies sponsoring irrigation development in sub-Saharan Africa take
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+o minimize the increased health risks associated with such develop-


With much of the presently-irrigated areas of sub-Saharan
 
Africa, as well as much of its future development, relying upon a
 
small-holder structure, it becomes increasingly important to join with
 
their ministries of health, as well as their extension 
services, in
 
taking steps to minimize the negative health impacts of irrigation

development within their respective countries.
 

Donor agencies and international lending organizations

funding and supporting irrigation in sub-Saharan Africa should also
 
encourage and support such efforts.
 

Policy Dialogue and Program Implementation
 

While the casual relationship between irrigation and the
 
increased incidence of water-related diseases have long been known,

only within the past decade have those responsible for planning and
 
designing, operating and managing, and funding and supporting irriga
tion development in sub-Saharan Africa given serious concern to this
 
issue. Even more limited have been efforts to formulate practical,

cost-effective and sustainable 
control measures and strategies for
 
reducing tihese increased health risks, especially within small-holder
 
schemes where resources are scarce and where approaches need to make
 
use of low-cost and preferably locally-developed health technologies
 
and methodologies.
 

Effective approaches need to start at the overall (irrigated

agriculture) sector level, requiring an increased awareness by policy
makers and planners, as well as at the various technical levels.
 
Health risks associated with irrigation should be of national concern,

not just a project or irrigation issue. Control of these diseases
 
presents both a technical and social challenge to both engineers and
 
agriculturalists as well as health workers. and
These disciplines

departments will have 
to work closely together to meet the challenge.

In fact, working cooperatively and collaboratively is the only way

efforts can be successful. Clear policies, well formulated strategies

and programs and coordinated efforts will be required, involving both
 
local and national health officials as well as those responsible for
 
planning, implementing and operating irrigation schemes.
 

Therefore, the following specific actions regarding policies,

planning and program implementation needed to help reduce the health
 
impacts of irrigation development in sub-Saharan Africa, were recom
mended by the Forum participants:
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RECOMIMENDATION (HI):
 

Governments should formulate and adopt sets of national
 
policies and programs that strengthen their ability to combat, control
 
and treat the increased incidence of water-related diseases associated
 
with irrigation development; special attention should be given to the
 
small-holder sector where government intervention has been less focused
 
but where this problem may be most severe.
 

RECOMMENDATION (H2):
 

With policy change, better coordination and other efforts,
 
achieve a more integrated approach to the problem as well as the
 
ability to mount a more comprehensive program, involving departments
 
of agriculture and irrigation as well as health and rural development.
 

RECOMMENDATION (H3):
 

At scheme level, project design criteria should be broadened
 
to include the provisions of control measures as well as operational
 
and maintenance procedures that will reduce the health risks to
 
irrigation; existing systems should be revamped, both physically and
 
operationally, to also achieve this aim.
 

Training and Professional Development
 

As noted earlier on, control measures are only part of the
 
solution: reducing exposure to infection is equally important, and
 
this can best be achieved when those subject to such exposure are
 
aware of the health hazards involved and understand how these can be
 
minimized by their own actions. Thus, health education for the
 
populations living in irrigated areas and/or working with irrigation
 
is a vital part of any attempt to reduce the chance of infection and
 
the consequential health impacts from contracting water-related
 
diseases. Education should focus on both occupational and environ
mental health hazards, and will be particularly important in settle
ment schemes where farmers and their families are less knowledgeable
 
about irrigation and the increased incidences and risk of water
related diseases.
 

As also noted earlier, those working in the irrigation
related disciplines can make a significant contribution to reducing
 
health risks in any scheme. However, to be most effective, they, too
 
(engineers, agriculturalists, etc.), need to understand how diseases
 
are transmitted and under what conditions the vectors by which they
 
are transmitted flourish and can be controlled. This, in turn, will
 
require training and education regarding both the diseases and the
 
vectors involved as well as about the preventive steps that can be
 
taken; and it will need to be directed not only to those who plan and
 
design irrigation systems but also those who operate and maintain
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them. It will also involve extension workers dealing with irrigation
 
as well as irrigation department personnel.
 

Consequently, the Forum participants recommend the following

specific actions with regard to training and professional development

needed to help reduce the health impacts of irrigation developments:
 

RECOMMENDATION (H4):
 

An aggressive (general) health education program should 
be 
updertaken in irrigated areas, focusing on water-related diseases and 
st-'essing steps people can take to reduce 
both the incidence of
 
disease and exposure to it by those at risk.
 

RECOMMENDATION (H5):
 

Through whatever means necessary, bi-ing about a greater
 
awareness by planners dealing with irrigation development about the
 
increased health hazards with irrigation.
 

RECOMMENDATION (H6):
 

Education about the health hazards of irrigation and the
 
steps that can be taken to control the incidence and risk of exposure
 
to water-related disease should be provided.
 

Research and Demonstration
 

It is clear from experiences to date that potentially signifi
cant contributions to controlling the transmission of several water
borne diseases where incidence tends to be increased as a result of
 
irrigation development, can be made through both the way irrigation

systems are designed and operated as well 
as by how the overall scheme
 
is planned and managed. This includes engineering (physical) measures
 
as well as chemical and biological means of control that focus on
 
eliminating, or at least reducing, the presence of those vectors
 
responsible for transmitting the disease (i.e., mosquitoes, in the case
 
of malaria and yellow fever; snails, in the case of schistosomiasis;
 
and blackflies, in the case of onchocerciasis). This also refers to
 
reducing human exposure to actual infection of these diseases through

environmental measures such as citing villages as far as possible from
 
irrigation canals, reservoirs and drainage channels; providing in-field
 
latrines, and alternative water sources for bathing, washing clothes,

drinking, etc., as well as 
any measure that reduces people's exposure
 
to the vectors that carry the disease.
 

Unfortunately, few of these control measures 
have been
 
adequately field-tested or researched to improve their effectiveness.
 
Neither has there been any comprehensive studies to determine the cost
 
of alternative measures or the benefit therefrom, either in economic or
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humanitarian terms. And only minimal efforts have been made to
 
determine the implementability of these various control measures,
 
including how to introduce them to those who will have to install 
and
 
use these measures or to monitor their effectiveness. Studies are also
 
needed to determine the extent to which specific control measures are
 
transferable between locations and the main factors affecting this
 
transferability, including the costs of their introduction and use.
 

In view of these findings, the Forum participants recommend
 
the following specific actions relative to research and demonstration,
 
giving particular attention to this problem in small-holder schemes.
 

RECOMMENDATION (H7):
 

Field-testing of integrated control measures in a range of
 
environments; employing a combination of engineering and environmental
 
means of control;
 

RECOMMENDATION (H8):
 

Studies to better determine the economic impact of these 
diseases, as well as the loss/cost in humanitarian terms; and to 
assess the cost-effectiveness of selected control measures; 

RECOMMENDATION (H9):
 

The establishment of demonstrations that introduce selected
control weasures and how to apply them; monitor their effectiveness 
and exhibit the benefits and results in terms of reduced incidence of 
disease, less suffering and human loss and the economic benefits from 
such efforts.
 

SUSTAINABILITY OF THE NATURAL RESOURCE BASE
 

Issue
 

The environmental sustainability of irrigated acriculture in 
sub-Saharan Africa has shown to be in doubt in many countries. What 
can and should governments, donors and lending agencies, and water 
management professionals do to ensure the environmental sustainability 
of irrigated agriculture?
 

Irrigation projects frequently increase both the level of
 
yields and the intensity of cropping. Fertility that has become
 
stable under a natural environment may be rapidly depleted. There
fore, adequate measures, through artificial fertilizers or cropping

practices, must be instituted to maintain an acceptable level of
 
fertility. Forum participants were concerned about the impact of
 
fertilizer import on the balance of payments and the high cost or non
availability of fertilizer on yields.
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Fragile lands, when developed for irrigation, may be seriously

affected by destruction of vegetation and oxidation 
of the humic
 
constituents of the soil. 
 This was a major concern in the Rwanda Joint
 
Field Study. Easily eroded soils may experience irreparable damage.

These fragile lands require careful development to ensure the mainte
nance of a stable environment.
 

While none 
of the above impacts of irrigation development is
 
automatic, each must seriously considered
be when developing irriga
tion projects to avoid them and ensure the sustainability of irriga
tion. Therefore, careful planning, effective management and appro
priate monitoring are 
necessary efforts in ensuring the sustainability

of irrigation in Africa.
 

Policy Dialogue and Program Implementation
 

Irrigation development in Africa needs to address 
issues

related to environmental concerns ini a policy dialogue during the
 
initial planning of projects. In addition, program implementation

needs 
to follow up the policy issues with appropriate implementation

efforts to improve the success of irrigation development. The policy

and program implementation recommendations are as follows:
 

Policy
 

Policy guidelines are necessary to ensure the environmental
 
sustainability of The
irrigation projects. irrigation organizations

(both farmers and government) must be sustainable for their defined
 
functions. Projects must be economically and financially sustainable
 
for their defined scopes. Technologies and project facilities must be
 
sustainable with the available knowledge, skills, resources and
 
management of a particular irrigation project. The potential for

environmental degradation irrigation
from is well established. The
 
prevention of non-sustainable environment impact must be the goal.

The recommendations are as follows:
 

RECOMMENDATION (Si):
 

Planning of irrigation projects must explicitly include plans
 
to prevent environmental impacts as they develop.
 

RECOMMENDATION (S2):
 

Planning of projects must explicitly consider the organiza
tional sustainability, the economic and financial feasibility, and the
 
technological sustainability of each project as policy guidelines for
 
planning and implementation.
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RECOMMENDATION (S3):
 

Policy dialogue needs to establish in advance for planning

the preventative actions needed for success. It also should plan the
 
continuing investment in gathering information to prevent and correct
 
the negative impacts of irrigation.
 

This applies especially to those aspects which require
 
extensive investigation, but are usually not evident until development

becomes extensive. Overdraft of ground water supplies, waterlogging
 
and salinity build-up are examples.
 

Action Programs for Implementation
 

The importance of involving other agencies was mentioned
 
several times during the Forum. These range from the Health Ministry,
 
the agency responsible for ground water policy and regulation to the
 
watershed development and regulation agency. Appropriate involvement
 
and obtaining their commitment to accepting needed responsibilities in
 
the project implementation and management process are all essential.
 

Forum participants expressed concern that during project
 
planning there was insufficient consideration given to environmental
 
sustainability in the appraisal and design of projects. Donor organ
izations need to be involved in the process of considering the aspects

of sustainability that will be planned for, those aspects that will be
 
managed during project development, and those aspects which will
 
require monitoring and evaluation, and replanning to specifically
 
account for needs that develop during the life of the project.
 

Watershed rehabilitation and management are to be an integral
 
part of the irrigation development project as needed. This is specifi
cally true when the water supply and the life of the reservoir are
 
critically related to the need for rehabilitation and management of the
 
watershed.
 

Ground water resources are often the source of water supplies
 
for irrigation development. Rising water tables and resulting salinity
 
are often the greatest constraint to a productive irrigated agricul
ture. The Forum participants recommended that irrigation development
 
consider carefully these issues during planning, but consider careful
 
these issues during planning, but consider careful management and
 
ongoing monitoring and evaluation to ensure the sustainability of
 
irrigation dependent upon the management of ground water resources.
 

Erosion, fertility depletion, increase of diseases and pests,
 
and environmental impacts downstream of agricultural practices urgently
 
need measures 
projects. These actions 

for control 
are 

during 
needed 

the 
to 

implementation 
sustain potential 

of irrigation 
and future 

production. 
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Fragile environments are increasingly coming under develop
ment in irrigation in Africa. The Joint Field Study in Rwanda specif
ically documented some of the serious concerns.
 

To address the action needs of irrigation development in
 
Africa, selected projects in each country need to be identified and
 
developed with current levels of knowledge about irrigation develop
ment into successful irrigation projects. The documentation of the
 
successes 
provides the means for more effective future development and
 
the rehabilitation of existing projects.
 

RECOMMENDATION (S4):
 

More effective processes for involving and obtaining the
 
commitment of organizations and individuals in the implementation of
 
irrigation projects 
are to be used. Multi-level and multi-organiza
tional processes for irrigation development programs are recommended.
 

RECOMENDATION (S5):
 

Planning for environmental sustainability and continuing
 
management of sustainability are essential in all irrigation projects.
 

RECOMMENDATION (S6):
 

Watershed rehabilitation and management should be an important
 
consideration in all irrigation projects.
 

RECOMMENDATION (S7):
 

Ground water resource management, including ongoing monitor
ing and evaluation, is essential for effective irrigation development
 
in Africa.
 

RECOMMENDATION (S8):
 

Careful planning to include current knowledge concernina
 
erosion, fertility depletion, control of diseases and pests, and
 
downstream environmental impacts in the design and management of 
new 
projects 
mended. 

and in the rehabilitation of existing projects is recom-

RECOMMENDATION (S9):
 

Irrigation development of fragile lands in Africa must be
 
based on sound knowledge of the appropriate measures to ensure sustain
ability of the environment through careful predevelopment studies and
 
careful monitoring and management of existing developments.
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RECOMMENDATION (S10):
 

The Forum participants repeatedly recommended the need for
 
irrigation projects that use the available technologies for successful
 
irrigation projects to demonstrate in an action research format the
 
success of the irrigation rehabilitation or development for technology
 
transfer to specific countries.
 

Training and Professional Development
 

RECOMMENDATION (11):
 

Managers of irrigation projects need sensitizing to the
 
importance of environmental sustainability not only to the success of
 
irrigation projects, but also for the necessity of sustainability if
 
irrigation is to endure.
 

Failure of irrigation is in the sense that: economically,
 
irrigation can no longer be practiced; the land can no longer be
 
practiced; the land can no longer produce; the responsible people no
 
longer follow the practice of irrigation; and irrigated agriculture
 
has failed.
 

CREATING NETWORKS IN SUPPORT OF IRRIGATION DEVELOPMENT
 

Issue
 

The exchange of information and experience among African 
irrigation professionals will enhance their contributions to future 
African irrigation development research, planning and implementation. 
The challenge is: "What are effective ways for African irrigation 
professionals to exchange information and experiences?" 

In the recent Forum, the idea of establishing networks among
 
irrigation professionals in Africa was discussed and strongly supported
 
by the Forum participants. Explicit interest in this matter was
 
expressed by several ad hoc groups of African participants who met
 
following the formal portion of the Forum to formulate tentative ideas
 
regarding such networks. An African representative of these groups
 
presented the draft of a written proposal to the Forum committee just
 
prior to the departure of the committee from Nairobi.
 

In short, African irrigation professionals are few in number
 
and isolated from one another. This isolation limits their under
standing of irrigation problems and constrains their professional
 
growth. This limits their effectiveness in terms of contributing to
 
the development process and thereby lessons the chance that adequate
 
number of irrigation professionals will exist in the future. Thus,
 
there is need for opportunities to interact with other professionals
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in their region and with national policy-makers and planners and
 
international donor staff to increase the 
 effectiveness of these
 
African irrigation professionals--a need which they articulated in the
 
recent Forum.
 

Goals and Objectives of Networks
 

One important solution to the problems of professional

isolation in Africa is the establishment of professional networks-
both in-country networks and cross-national groups of irrigation

professionals who exchange information, ideas and experiences through

periodic meetings, written information and other means. The major

goals of such professional irrigation networks would be the following:
 

1. 	To establish the regular exchange of irrigation-related

information, experiences and needs among African irriga
tion professionals working in research and training,

policy-making and program and project implementation;
 

2. 	To establish regular professional contacts between
 
network participants and irrigation specialists outside
 
the African region; and
 

3. 	 To establish an on-going contact between network partici
pants and staff of the international donor Community who
 
may be able to support innovative research and action
 
projects dealing with irrigation development in Africa.
 

While these general goals and objectives can be identified at 
this time, one would also expect that these would be refined and 
perhaps extended as networks actually are organized and begin to 
function. 

Recommendations for Establishing Networks
 

RECOMMENDATION (Ni):
 

Two irrigation development networks, one each for irrigation

professionals in West Africa and East and Southerr Africa 
should be
 
established and assisted.
 

There was a general opinion expressed at the Forum that for
 
reason of language and ecological differences, it would be valuable to
 
have two separate networks. However, these two networks would exchange

information and meet jointly on a four or five year schedule. They

would also plan less forinal professional exchanges between one another.
 

Professional networks are not easy to establish--they require

careful nurturing and consistent and continuing financial and staff
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support. Without such professional backstopping, despite the high

level of interest of the African irrigation professionals who attended
 
the Forum, they are unlikely to develop into viable and enduring

institutional arrangements.
 

The experience of other agencies with the development of
 
professional networks suggests that this cannot be achieved without
 
close and continuing support from a skilled professional able to make
 
initial contacts, provide staff support to the organization and
 
generally nurture its formation. Such has been the experience of the
 
Agricultural Development Council 
 kADC) with its earlier Research and
 
Training Network, and the more recent experience Training Network, and
 
the more recent experience of the Ford Foundation staff in supporting

such irrigation networks in the Philippines, Indonesia and India. Any

serious effort with creating irrigation networks in Africa must pr-esume

the need to staff the region in which the network is to be established
 
a:s soon as possible with a full-time, resident professional.
 

RECOMENDATION (N2):
 

Given the plans of IIMI to locate a staff person in West
 
Africa and to begin various irrigation activities in that region, IIMI
 
should be approached and asked to consider assisting in the establish
ment of such a network inWest Africa.
 

Since there is no IIMI staff member residing in the East and
 
Southern Africa region, the matter of providing staffing and institu
tional support to backstop a professional network is complicated.
 
Thus, the following is recommended.
 

RECOMMENDATION (N3):
 

With respect to East and South Africa, the first step toward
 
formation of a network of irrigation professionals should be the
 
establishment of a steering comittee of selected irrigation profes
sionals from this region to plan a small professional meeting as a
 
prelude to network formation and organization.
 

This is proposed as an interim action to maintain interest of
 
irrigation professionals in the East and Southern region of Africa in
 
building on the experiences of the Nairobi Forum. In the long run, it
 
is unlikely that such a network can be established and developed in the
 
absence of a professional assigned to this region for the specific
 
purpose of network development.
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Opening address by the Minister of Agriculture (Kenya) - The Hon. 
Elijah Mwangale H.P. Egh. to the participants at the forum on *The 
Performance of Irrigated Agriculture in Africa" on 18 January, 1988. 
(Read by Mr. C. Osoro). 

Mr. Chairman, distinguished delegates and observers, ladies
 
and gentlemen:
 

May I first of all express my gratitude and pleasure for
 
having been invited to open this important Forum on "The Performance
 
of Irrigated Agriculture in Africa". I consider it an honor to me 
as
 
Minister for Agriculture to address such a distinguished gathering of
 
mainly African professionals that are charged with the vital respon
sibility to steer the way to the improvement and production in the
 
irrigation sector now recognized as one of the strategies to deal with
 
one of Africa's major challenges - food security.
 

May I also, Mr. Chairman, take this opportunity to welcome to
 
Kenya all the participants from Africa and abroad to this Forum. I
 
sincerely hope that you will enjoy your stay in our country and its
 
hospitality.
 

As you all know Mr. Chairman, irrigated agriculture is now
 
recognized all over the world as an important technology for making

potential critical input to overall agricultural production and also
 
as a means creating employment and opportunities for settlement in new
 
areas. Current estimates indicate that the total irrigated area
 
worldwide is in the order of 271 million hectares of which only some
 
13 million hectares are located in Africa. The bulk of irrigated

agriculture, some 184 million hectares, is of course, be
to in the
 
Asian Continent.
 

In terms of food production, it is worth noting that irriga
tion alone accounts for less than 20% of the total cultivated area but
 
contributes one-third of the total world food production. From these
 
estimates it is more than evident that Africa needs to address herself
 
more aggressively to the issue of irrigated agriculture more so 
in view
 
of her recurrent droughts and often unpredictable climatic conditions.
 
It is, therefore, gratifying, Mr. Chairman, to note that the Water
 
Management Synthesis II Project, as well as the Consortium for Interna
tional Development under the auspices of USAID has taken the lead to
 
convene and sponsor this 
African Forum. Furthermore, the Water
 
Management Synthesis II has completed a study and 
a review of the
 
African Irrigation on the basis which, when combined with
of the
 
background and experiences of the African professionals assembled
 
here, should enable the forum to come up with clear conclusions and
 
recommendations regarding the performance on
of Irrigated Agriculture 

the Continent.
 



Mr. Chairman, regular meetings of this nature through a
 
network exchange of views and experience among the African countries
 
are expected to benefit the Continent a great deal. It is indeed
 
commendable to note that a follow-up action on the conclusions and
 
recommendations will be taken to translate these into a plan of action
 
within a short space of time. I do hope that this trend will be
 
maintained in future to ensure that the performance of Irrigated

Agriculture has a role to play in the overall economy and development
 
of our countries and peoples.
 

I am pleased to say that we in Kenya are already addressing
 
ourselves to some of the issues that will be the subject of discussior.
 
and deliberation of this forum and, therefore, expect to gain from the
 
experience of our sister African countries represented here. More
 
recently a Kenyan platform has been organized in November, 1987 to
 
review the findings of a World Bank Sponsored Study on the "options and
 
investment priorities in Irrigation Development in Kenya." This study

sampled and analyzed a total of 59 projects covering a total of some
 
195,000 ha., including projects which are being planned but are yet to
 
be implemented. One of the conclusions arising froi, the study indi
cates that our future priorities and emphasis will need to shift from
 
the traditional large scale, public operated and managed projects to
 
what are now being referred to as the relatively low-cost, smallholder
 
projects to be implemented with thc full participation of the farmers
 
who should Iso have final responsibility for their operation and
 
management. This also happens to be in line with our future develop
ment proposals and especially our 6th Development Plan (1989-1993) in
 
which cost sharing and participation in project implementation will be
 
emphasized. Judging from the objectives as well as the issues that
 
will be discussed at this forum I am confident that you will come up
 
with conclusions and recommendations that will enable us tu make
 
improvements in the performance of our irrigation systems here in Kenya
 
and Africa as a whole.
 

Mr. Chairman, in many developing countries today the urge is
 
for agricultura, and rural development. For many of these countries
 
to make any significant progress in agriculture and rural development
 
there is an urgent need to ensure that the performance of irrigated
 
agriculture is improved and pays dividends to the irrigation farmers.
 
In addition, seed production for most cereals must be ensured through

irrigation in order to minimize the use of scarce resources to procure
 
these for our farmers from abroad.
 

Mr. Chairman, all of us here know that history is full of
 
examples of disasters and crop failures resulting from various natural
 
causes. It is, therefore, urgent that irrigation finds some of the
 
solutions and safeguards to some of these calamities. This I believe
 
is an issue that ought to be addressed by such a forum in addition to
 
the establishment of a network for the African Irrigation Profession
als.
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Mr. Chairman, in arriving at the 
forum conclusions and

recommendations the 
participants should note that rehabilitation and

modernization of existing but poorly operating 
irrigation systems

should be given more priority over the development of new projects.

Similarly, small-scale farmers should be given more attention as 
they

form the majority in the rural areas.
 

You are, of course, well aware that irrigation is a rela
tively new technology in many countries of Africa and, therefore, 
one

of the constraints in irrigation development has been lack of qualified

and experienced local manpower. Any efforts aimed at 
the improvement

in the performance of our irrigation systems should, therefore, also

deal with the training of both the required manpower and the farmers on
 
a continuous basis.
 

Mr. Chairman, the question is to why operation and main
tenance has been 
so poor on many of the African irrigation systems.

This should also be a topic for consideration during the group ses
sions.
 

In conclusion, I wish to record my appreciation for the
 
manner 
in which the forum has been organized: that is to draw from

experiences and lessons learned from some 
 countries through case

studies by experts from Africa and aboard. I do hope that these
 
practical examples will enable the forum formulate
to proposals for
 
future improvements in the performance of our irrigated agriculture.
 

Finally, Mr. Chairman, on behalf of the Government of Kenya

and the Governments of the countries represented here, I wish to thank
 
the sponsors and organizers of this forum; namely: the Africa Bureau

and USAID through the Water Management Synthesis II Project, for
 
diligently following up the interests that were generated at 
the Rabat

Workshop last year regarding this crucial field of Irrigated Agricul
ture. 
 I sincerely hope that the interests which will be generated by

this Nairobi Forum will not wane course
in the of time. On the
 
contrary, we look forward to the establishment of a Network of African

Irrigation Professionals as a result of this forum. You, the African
Irrigation Professionals, must gather momentum now so that you can
respond positively to the initiative of this forum.
 

I am sure that USAID and Africa Bureau, as well as other 
donors will continue to offer their support in the encouragement of

each country to develop 
and improve her own irrigated agriculture.

However, the future will depend primarily upon you, the African
 
Irrigation Professionals.
 

Mr. Chairman, it is now my great pleasure and honor to

declare this 
forum on, "The Performance of Irrigated Agriculture in
 
Africa" officially open.
 

Thank you.
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PURPOSE AND OBJECTIVES OF FORUM
 

Richard NcConnen
 
Montana State University
 

and
 
Consortium for International Development
 

By the time this Forum on African Irrigated Agriculture is 
completed it is our goal that the Forum delegates will have been able
 
to achieve three objectives.
 

First -
The delegates will have reviewed and considered a con
siderable amount of information about irrigated agriculture in Africa.
 

Second - The delegates will have used group meetings to 
analyze this information in order to reach coaclusions about the 
lessons that can be learned about the past and present irrigated

agricultural development in Africa.
 

Third - The delegates will have developed clearly stated 
recommendations so that the drafting committee of the Forum will be
 
able to develop a set of statements which will be the basis for
 
increasing the effectiveness of irrigation development efforts carried
 
out by both African countries and donor agencies.
 

Jf this goal is to be achieved, delegates will need to answer
 
three questions:
 

1. 	What information do we have to work with?
 

2. 	How can we analyze the information so we can extract the
 
lessons that can be learned?
 

3. 	What kind of conclusions do we need to develop if those
 
lessons are to serve as guidelines for effective future
 
actions by both Afrir--,n countries and donor agencies?
 

Let me talk about the sources of information. The information

which is the raw material we have to work with comes 
from seven
 
sources and 
I guess I should add an eighth which is the welcoming read
 
by Mr. Chris Osoro.
 

1. 	The first source of information provided is from several
 
existing reports which have already been given to you.

Of particular significance is the African Irrigation

Overview whose principal authors are Jon Moris and
 
Derrick Thom. The Overview is divided into three main
 
parts. The Summary available in both English and French,

the Main Report and the Annotated Bibliography, the last
 
two available only in English.
 

5 



2. 	The second source of information will come from the
 
keynote address, "Irrigated Agriculture in Africa: Past
 
Accomplishments Future Directions" which will be pre
sented by Shem Migot-Adholla of the World Bank. I am
 
certain Dr. Migot-Adholla will remind us of the need to
 
consider irrigated agricultur, within the broader goals

and objectives of agricultural and rural development in
 
Africa. WMS II has had much of its field experience in
 
Asia where irrigation schemes often seem to be encap
suled, while irrigation schemes inAfrica seen to rub up

against both the local and natural environments much more
 
so than inAsia.
 

3. 	The third source of information will come from two
 
papers. One dealing with the sustainability of irriga
tion inAfrica and the second dealing with health issues
 
related to irrigation development. WMS IIwork in Africa
 
did not involve any direct field work on either sustain
ability or health, but our field work did make us aware
 
that these two issues cannot abe ignored if irrigation

development is to be effective inAfrica. The irrigation

and health paper to be presented by Peter Bolton of
 
Hydraulics Research of the UK and Stephen Chandiwana of
 
the Blair Research Laboratory of Zimbabwe will help us
 
understand how health issues can influence the design and
 
implementation of irrigation schemes. Their papers are
 
based on an actual irrigation scheme in Zimbabwe. The
 
paper on irrigation sustainability will be presented by
 
Pieter van Steekelenburg of ILRI inthe Netherlands. The
 
sustainability paper is based on a study of ten African
 
countries which has just been completed by ILRI.
 

4. 	The fourth source of information will come from presenta
tions based on the joint field studies conducteJ under
 
the auspices of WMS II in Niger, Zimbabwe and Rwanda.
 
The character of these studies were significantly influ
enced by WMS II experience with 153 different activities
 
carried out in34 countries. While most of this work has
 
been done in Asia, WMS II has worked in 11 sub-Saharan
 
African countries and carried out 26 activities in
 
Africa. I would like to say a few words about lessons
 
learned from WMS II experience and how that influenced
 
the approach we took in the joint field studies. On the
 
basis of this experience, WMS Ii reached the conclusion
 
that three general principls need to be considered in
 
designing irrigation stud4'o.
 

i. 	The study team needs to be interdisciplinary in order to
 
deal with the range of socio-technical issues associated
 
with irrigation. Too often irrigation studies have been
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designed to deal only with technical issues. In our
 
experience that is not good enough. We do not have a
 
recipe for the correct mix of disciplines which should be
 
involved but we know something about the characteristics
 
of the individuals who should be involved. They need to
 
be able to work with other people in a cross-disciplinary

fashion and at the field level. They also need to have
 
some general understanding of the issues associated with
 
agricultural and rural development.
 

ii. The study team needs to be a joint team, that is,the
 
disciplines need to be represented by both expatriate and
 
host country irrigation professionals. Both the expat
riate and the host country team members can bring

professional knowledge to the study, but the host country

professionals are crucial in order to provide necessary

insights into site specific problems and potential.

Participation in such studies provides excellent training

opportunities for both host country and expatriate

irrigation professionals.
 

iii. 	A significant proportion of the information generated by

the study must come from work at the field level. We
 
have found that the study cannot be effective if the
 
study is based solely on previous studies and secondary

data. The study team must have an understanding of the
 
general social, economic and political environment in
 
which irrigated agriculture must operate. In the past

few years we have just begun to gain a better under
standing of how we can with deal goals and objectives of
 
different entities within a country, and indeed different
 
goals and entities within a single donor agency. Often
 
there are conflicts among these objectives which must be
 
dealt with in terms of acceptable trade-offs if irrigated

agriculture is to realize its potential and contribute to
 
the process of development. The characteristics of the
 
joint field studies grew out of WMS II's previous exper
ience and we will spend time seeing what lessons can be
 
learned from Niger, Zimbabwe and Rwanda.
 

5. 	The fifth source of information will be provided by what
 
we have referred to as three key issue papers. One
 
dealing with technical/energy issues. A second dealing

with institutional/gender issues and a third dealing with
 
financial/economic issues.
 

If irrigated agriculture is to approximate the
 
contribution it can make to the development process,

African irrigation professionals must have an effective
 
mechanism for exchanging information and for working
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together. How can this be done effectively? One of the
 
specific outcomes of this conference could well be the
 
first stage at answering this question.
 

6. 	The sixth source of information will be initiated by a
 
panel on networking, which will provide us with some
 
information on the do's and don'ts of networking.
 

7. 	The seventh and perhaps most important source of informa
tion is held in the minds of the irrigation professionals

who are in this room. Of particular importance is that
 
information held in the minds of the now existing and
 
emerging African irrigation professionals who are present
 
at this Forum. This realization has had a great deal to
 
do with how this Forum has been structured.
 

I will now talk just a few minutes on analysis and extracting

the lessons learned. How can we use the information at our disposal
 
to shape guidelines for African countries, and donor agencies, so that
 
their future actions will be effective? Our answer to this question is
 
to place considerable emphasis on small group discussions. However,

unless those small group discussions are purposefully structured to
 
produce workable guidelines such discussions are apt to be interesting

but not necessarily effective. In a few moments Dr. Dan Lattimore will
 
discuss with you some of the procedures we will need to follow ifthese
 
small group meetings are to be effective.
 

Forum Outcomes - I would like to give a few examples of the 
kind of outcomes I would personally like to see from this Forum. I 
should stress that the examples I give do represent my personal ideas 
and the actual outcomes of the Forum will probably be quite different.
 
Let me start first with a statement. Irrigation just does not work in
 
Africa. This seems to be the conventional wisdom on the part of a
 
significant number of donor agency officials and some officials in
 
African countries. There is a good deal of evidence to support this
 
conclusion. But WMS II experience indicates it just is not so. Yes,

WMS IIpersonnel have seen many schemes inAfrica which are failures in
 
terms of usual criteria. However, we have seen schemes that seem to
 
work and work well. If irrigation isto be effective inAfrica we need
 
to learn lessons from what works as well as learning less ns from what
 
does not work. We need to be more discriminating inour analysis. Let
 
me give you one example.
 

Under the right sort of circumstances there are irrigation

schemes in Africa which can generate considerable "economic rent."
 
That is income in excess of short term cost. The effectiveness of the
 
scheme will depend on how that economic rent is allocated. If the
 
schemes are divided into small plots, the economic rent will be
 
allocated to family income, and little or none of the economic rent is 
available for payment capacity to pay for either capital or recurring 
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cost. If the plots are too small, the family farm income will not be
 
high enough to ensuie financial %,ability of the small plot holders and
 
production levels will be low.
 

Even in those cases where the capacity to generate economic
 
rent is high irrigation schemes may be objectively judged to be a
 
failure by some criteria. Such a failure is not the result of the
 
inherent characteristics of irrigated agriculture of the scheme being

examined but 
rather because of the way in which the economic rent is
 
allocated. The solution is not to condemn irrigation but rather to
 
deal with the policies which determine how economic rent will be
 
allocated. Let me give you an example. Empirical evidence that we
 
gathered in Zimbabwe indicated that a four hectare plot on a particu
lar scheme was capable of generating enough economic rent so that
 
ambitious farm family income objectives could be met and enough
 
payment capacity generated so that both capital and operating 
costs
 
could be covered. The conclusion drawn from such evidence is not that
 
plot size should be four hectares, but rather that it would be 
unrea
sonable to expect plots significantly smaller than four hectares to
 
simultaneously satisfy farm family income objectives and have farmers
 
pay full cost of the irrigation development. It would also be ina
ppropriate and I would say unfair for either internal or external
 
financial agencies to brand irrigation a failure if the decision had
 
been made to have more small plots in order to provide better income
 
for more rural families. However, I can see where it might be appro
priate for such financial agencies to criticize a policy of using small
 
irrigation plots as a means of generating increased rural incomes for
 
the largest possible number of rural families and as a consequence

requiring the public sector to pay all capital and recurrent cost. The
 
fault lies not with irrigation. The right thing to do depends on how
 
countries and donor agencies view trade-off between payment capacity

and rural family incomes. I think the wrong thing to do is condemn
 
irrigation development and to fail to examine the underlying policy

issues. 
 Ifyou were to agtre with this issue as I have stated it,what
 
kind of guideline should be developed by this Forum. I wish I had an
 
answer for you that I would be comfortable in giving you. I will
 
conclude, however, that the fault in such cases does not lie in the
 
inherent nature of irrigation, but rather in placing unrealistic
 
objectives that irrigation development must meet.
 

Irrigation development in Africa is too expensive. Another
 
statement. This seems to be the perceived doctrine by 
a significant

number of donor officials and some African officials. There is a lot
 
of evidence to support such a conclusion. However, I believe that the
 
basis for such a conclusion is in many cases to be found not in the
 
inherent nature of irrigation but rather in the way irrigation is
 
planned and implemented. As Moris ard Thom point out in the African
 
Irrigation Overview, many African irrigation developments depend

heavily on very expensive expatriate professionals, the use of large

equipment which is costly both to import and operate under African
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conditions. In such cases, I think possible guidelines for action are
 
somewhat clearer than was the case involving allocation of economic
 
rent. First, I think both African countries and donor agencies must
 
develop a cost control ethic and this can only be done if empirically

based cost standards are developed. For example, an agency may

conclude that full payment cost is expected. If that is the case,

capital costs per hectare could not exceed $5,000.00. If annual O&M
 
cost is $500.00 and gross margins at the farm level are $3,200.00 per

hectare. One way to accomplish cost control would be to place maximum
 
feasible emphasis on the use of local irrigation professionals and
 
other local resources. I think such a conclusion would place an
 
initial emphasis on relatively small-scale irrigation development and
 
on farmer organizations designed to serve farmers who could provide

input during design and implementation stages, perhaps by converting
 
seasonally surplus labor to capital, as well as using farmer involve
ment to lower O&M cost. Small-scale irrigation developments are not
 
always appropriate. However, it may be well to emphasize small-scale
 
irrigation development initially until in-country or perhaps within
 
Africa region irrigation professional capacity is developed to a stage
 
where they can handle large-scale systems.
 

WMS II people working in Africa have become deeply concerned
 
about the limited number of irrigation professionals in most African
 
countries where we have worked. However, we are also very favorably

impressed with the capacity of many of the African irrigation profes
sionals we have worked with. If properly used, we think that this
 
capacity, can make a much greater contribution to African development
 
process than ispresently the case.
 

Now let us turn to Dr. Dan Lattimore and he will have more to
 
say about using the capabilities of the delegates of this Forum to
 
develop guidelines which can contribute to a more effective irrigation

development inAfrica.
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SMALL GROUPS -- THE PROCESS
 

Dan .attimore
 

Memphis State State University
 

I would like to welcome you all to the Forum, but my welcome
 
is to the real work of the conference. We want you to enjoy the
 
meetings ut more importantly we want you to contribute to the meet
ings, contribute to the outcome of the Forum by providing your sugges
tions and your comments on the issues raised by these sources of
 
information that Dr. McConnen has 
talked about. We are going to ask
 
that you participate in a small group. We will divide into five small
 
groups and we will meet following every other presentation. The small
 
group meeting will discuss the issues raised in the two formal 
presen
tations. You will discuss the ideas and 
issues presented and come up

wivh additional ideas of your own. We want you to discuss and chal
len~le the thoughts presented in the Forum. We want you to also provide
 
yovr priorities for these issues as well as your suggestions for
 
providing guidelines to deal effectively with each issue.
 

For the Forum to be success we will need each of you to be an
 
active participant in the small group discussions. That means we want
 
all of you to be involved. We don't want one or two persons out of a
 
group taking charge. We want each of you to contribute. The leaders
 
of the small groups will try to involve each of you in making sure you

have a chance to contribute to the formulation of guidelines.
 

We have divided everyone into a group. Your group will remain
 
the same throughout the Forum. Each group has been assigned a color.
 
The group to which you belong is identified by a colored dot on your

badge and the color of your folder. The black and blue group or 
French speaking group will meet together in the Conference room. The
 
red group will meet in room seven. The green group will meet in room
 
eight, the white group in room five, yellow group in room six. You
 
have been assigned to a group and we 
ask you to stay in your assigned
 
group so that we will have an interdisciplinary mix in the groups.
 

Each group has been 
assigned a group leader and a recorder.
 
The group leader will coordinate the discussion. While the recorder
 
will be the note taker, usually on a flip chart so we will have it for
 
later use.
 

There are a couple of things we are particularly looking for 
in these discussions. One, key lessons we have learned on the issues
 
and subject of each particular session. What are the lessons learned?
 
Second, additional knowledge needed. What 
additional information,

research needs to be urlertaken? We iiill be looking at those questions

at three levels. Luo ng at a general level across the region, whether
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East Africa, West Africa or perhaps the continent as a whole. We will
 
look and see if there are lessons that can be applied across the
 
continent. We will then be looking nationally, there are perhaps
 
lessons that can be applied only to a particular country. We might
 
also look at particular schemes a more microscopic view.
 

In these small group sessions we are trying tc give you the
 
opportunity to analyze the discussion. We are also trying to give you
 
the opportunity to add to what has been presented. We want you to add
 
issues to the agenda discussed in the formal presentations. We then
 
want you to provide a means for refining these issues and ideas into
 
priority issues and priority guidelines. At the end of each of your
 
small group session we would like to see that you have come to discuss,
 
not only talk about so many issues, but that you have distilled those
 
into the nost important three to five issues. Not only will you

discuss but at the very end of your session we want you to be sure to
 
come to some priority listing. Ma&'ing some evaluations, some judgments
 
about which of these issues are most important.
 

At the end of the small group discussion sessions, the leader
 
of the small group will meet with the recorder and come up with the
 
priority items identified by the group. The small groups will return
 
to a plenary session and each small group leader will report back to
 
the large group. Each group leader will be given five minutes to
 
summarize the small group discussion. Consequently, the presentation
 
has to be succinct and concise. Time will then be allowed for discus
sion from the floor.
 

The first group meeting is scheduled immediately following
 
this session after the break. This first meeting is more social than
 
work, it is an opportunity to meet the people inyour group before we
 
get down to the more serious business. The second small grotup meeting
 
this afternoon will get down to looking at the opportunities and
 
constraints of irrigation in sub-Saharan Africa.
 

I thank each of you for what you will contribute to the
 
success of this Forum through small group participation. Thank you.
 

Discussion
 

Fitzgerald - Before we break let me take just a moment to re-emphasize 
some things that have already been said by both Dick McConnen and Dan 
Lattimore. As you can see, we have structured this Forum to be largely
organized around small group discussions. This will be the crux of the 
conference and the discussions. For the Forum to be successful it 
means these small groups have to function effectively. This is 
important for a lot of us here. First of all, the thought and felt 
need ve had behind this Forum, in organizing and sponsoring it,from 
AID's point of view, was that we do want to benefit from your knowledge
and experiences in this area. This is the reason for bringing you 
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together. We have some discussion papers that will be used as center
 
pieces to start the discussions but we want you to analyze those on the
 
basis of your own experiences and your own knowledge to help us get a
 
better feel for what some 
of the priority problems and opportunities

for irrigated agriculture are in Africa. This is important because
 
what has been said, WMS II project while we initially started focusing

almost exclusively on Asia, we have graduaily shifted to Africa. 
 That
 
project is terminating and we are in the process of putting 
a new
 
project together that will focus much more strongly on Africa. We very

much want your input to guide us in the structuring of this project and
 
setting the priorities that it will 
Focus on. I think you should look
 
at this Forum as an opportunity to back to your home countries exper
iences you have had directly that will come out of this. We have an
 
agenda of our own in AID inwhat we want to get out this that will give
 
us guidance so we can work with you in the future to be most effective.
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IRRIGATED AGRICULTURE IN AFRICA: PAST ACCOMPLISMHENTS 

AND FUTURE D!RECTIONS' 

S.E. Higot-Adholla
 

Agricultural and Rural Development
 

The World Bank
 

The 	title of my paper reads as if I am going to provide an
 
all 	exhaustive inventory of the successes and failures of irrigated

agriculture in Sub-Saharan Africa in recent history and 
then propose

prescriptions for future developments. If I were to do this I suspect

that there might not be need for much discussion during the Forum. I
 
believe the title of my paper is explained by the fact that the
 
organizers of this Forum wanted to extend to 
me the freedom to discuss
 
whatever I felt might provide not only background but also provoke some
 
serious debate during our deliberations. My paper is, therefore, not
 
exhaustive, although I do raise some general issues. In my presenta
tion I have drawn largely from the excellent report on African Irriga
tion Overview conducted as part of the Water Management Synthesis II
 
Project, several in-house World Bank discussion papers and my own
 
experience in evaluation of institutional aspects of irrigation in
 
Kenya over the last ten years.
 

IRRIGATION IN PERSPECTIVE
 

The combined impact of the succession of droughts in much of
 
Sub-Saharan Africa during the 1970s 
and 1980s and rapid rates of
 
population growth have dramatized the perlious state of the contin
ent's agriculture. Over the last twenty years per capita production

in most African countries has seriously stagnated resulting in signif
icant def:line in food self-sufficiency (Table 1). Irrigation could
 
play an important role in improving Africa's agricultural production by

intensifying land use, increasing productivity per unit of land 
and
 
stabilizing production in conditions characterized by unreliable
 
rainfall conditions.
 

1. 	African Irrigation Overview: Summary, Main Report, An Annotated
 
Bibliography (3 Volumes); Water Management Synthesis II Project;
 
WMS Report No. 37.
 

2. 	Jose Olivares (1987). The Role and Potential of Irrigation

Agricultural Development of Sub-Saharan Africa; Agriculture 
and
 
Rural Development. The World Bank, Washington; and
 

3. 	Harold D. Frederiksen, Christopher Perry and Shawk' Barghouti

(1988). Irrigation: Issues, Policies and Lending Strategies,
 
paper presented at the 8th Agricultural Symposium, January 6-8,

1988. The World Bank, Washington.
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TABLE 1 

FOOD SELF-SUFFICIENCY RATIOS
 

Lto Income Sub-Saharan Africa
 

Benin 

Burkina Faso 

Burundi 

Cape Verde 

Central African Republic 

Chad 

Comoros 

Ethiopia 

Gambia 

Ghana 

Guinea 

Guinea-Bissau 

Madagascar 

Malawi 

Mali 

Mozambique 

Niger 

Rwanda 

Sierra Leone 

Somalia 

Sudan 

Tanzania 

Togo 

Uganda 

Zaire 


Middle Income Sub-Saharan Africa
 

Angola 

Botswana 

Cameroon 

Congo, P.R. 

Gabon 

Ivory Coast 

Kenya 

Lesotho 

Liberia 

Mauritania 

Nz nibia 

Nigeria 

Senegal 

Swaziland 

Zambia 

Zimbabwe 


1964-66 

Average 


% 


95 

99 

98 

58 

92 


100 

56 

99 

89 

83 

91 

88 

98 


101 

99 

90 

104 

99 

91 

81 

96 

96 

96 

98 

68 


110 

25 

95 

26 

23 

73 

97 

93 

79 

69 


100 

98 

73 

86 

97 

96 


1978-8U 1980
 
Average Population
 

% (millions)
 

89 3.4
 
94 6.1
 
95 4.1
 
8 0.3
 
90 2.3
 
97 4.5
 
so 0.4
 
93 31.1
 
56 0.6
 
71 11.5
 
85 5.4
 
60 0.8
 
91 8.7
 
97 6.1
 
96 7.0
 
64 12.1
 
98 5.5
 
96 5.2
 
07 3.5
 
54 4.3
 
98 18.7
 
93 18.1
 
89 2.5
 
99 12.6
 
66 28.9
 

64 7.6
 
37 0.9
 
87 8.4
 
21 1.6
 
24 0.7
 
71 8.3
 
96 16.6
 
77 1.3
 
73 1.9
 
20 1.5
 
100 	 1.0
 
84 84.?
 
68 5.7
 
85 0.6
 
79 5.6
 
113 6.9
 

Production of cereals
 
aSelf-sufficiency ----------------------------------------- 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, Tables I and 6.
 

16
 



But desirable as irrigation may be, it cannot be seen as the
 
solution to increased agricultural output. The potential for irriga
tion in Sub-Saharan Africa is somewhat limited and its development is
 
likely to contribute only marginally to the region's agricultural

production. The necessary increase in Africa's agricultural production

must, therefore, be ultimately sought in improvements in rainfed
 
farming, through better moisture conservation methods and high yielding

crop varieties. So far the international agricultural research centers
 
in Africa have not made any dramatic break-throughs similar to those
 
characterizing the Green Revolution in Asia. even
But if such break
through, were made, it would take at least 
30 years before they are
 
widely adopted by African farmers. Even if the adoption time were to
 
be much shorter in Africa, it is evident that some resort will have to
 
be made to irrigation to meet increasing demands for food and 
indus
trial crops. As the urban populations increase 2nd incumes rise above
 
subsistence 
levels, not only will demand for food increase but food
 
preference will also shift from rainfed grains (millet, sorghum 
and
 
maize) to irrigated food grains (rice) and vegetables. At the same
 
time, demand for irrigated industrial crops, like cotton, is also
 
likely to increase.
 

AFRICA'S IRRIGATION POTENTIAL
 

While the desirability of irrigated farming in Africa may he
 
well justified, the actual availability of adequate and stable water
 
supply and suitable soils are critical limiting factors. Another
 
important constraint is the relatively very high cost of initial

development as well as maintenance of irrigation projects in Africa.
 
The combined effect of these factors has been the tendency to restrict
 
irrigated .griculture in Africa to high value industrial or export

crops contrary to what might be considered to be the rational objec
tive, which may be considered to be increasing food security.
 

Estimates of area under irrigation in Africa differ very

widely, partly 
because there is no generally accepted definition of
 
"irrigation". In some usages only full 
water control is included,

while in others 
partial control is also included. Some classifica
tions include only formal or "modern" government supported systems

with organized administration and field services, while others include
 
informal operations as well. rhe latest FAO estimates 
indicate that
 
some 2.7 million hectares are currently under "modern" irrigation in
 
Sub-Saharan Africa.6 If indigenous, traditional and other informal
 
systems are included the area adds to 5.3 million hectares. Olivares
 
suggests that irrigated area in Africa increased at the rate of 5
 
percent per annum during 1965 to 1974 and less than 4 percent per annum
 

5. Frederiksen, Perry and Barghouti (ibid).
 
6. Olivares, ibid.
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from 1974 to 1982. Though starting from a low base, this rate of
 
development would be fairly satisfactory except for the observation
 
that about 70 percent of the total irrigated area is concentrated in
 
only three countries: Sudan (35 ,ercent), Madagascar (20 percent) and
 
Nigeria (17 percent). Four other countries, Tanzania, Mali, Zimbabwe
 
and Senegal together account for another 10 percent of irrigated area
 
(Table 2). Olivares estimates that 42 percent of Africa's irrigated

land has been developed by governments predominantly as modern systems;

48 percent of the area is under indigenous, traditional or other
 
informal systems, while the remaining 10 percent is under private
 
sector (commercial) management.
 

The FAO estimates that the potential for irrigation in Sub-

Saharan Africa is 33.6 million hectares of which 15.7 million hectares
 
are already developed. An evaluation estimate suggests that they are
 
too optimistic for two reasons. First, they are based on general

assumptions on adequacy of water and suitability of soils which may not
 
always be accurate at operational levels. Sicond, the estimates are
 
correlated with rainfall so that the potential indicated for some
 
countries falls in areas with substantial and stable rainfall. In such
 
situations (Angola, Central Africa Republic, Mozambique, Nigeria,

Tanzania, Zaire and Zambia) irrigation may be a technical potential but
 
will probably not be immediately necessary for climatic reasons.
 
Taking these factors into coisideration, the evaluation referred to 
above argues that the potential for irrigation in Sub-Saharan Africa is
 
no larger than 20 million hectares. This figure may itself be somewhat
 
too pessimistic, but the wide disparity between these estimates clearly

dramatizes the weak empirical basis of continent-wide estimates of
 
irrigation potential as well as operational developments.
 

Viewed in relation to population, the potential for irriga
tion in Africa is very modest. Based on the minimal estimate by
Olivares, the ratio of inhabitants to irrigable land in Sub-Saharan 
Africa is 20 persons per hectare.9 FAO estimates would yield a ratio 
of 12. Comparable figures for some selected countries are between 2.8 
and 5.5 persons per hectare in Brazil, 8 in Thailand and 6.2 in 
Pakistan. The inevitable conclusion from this observation is that 
African irrigation potential is very small and that its development is 
likely to have a much smaller regional impact than irrigation had in 
the Asian Green Revolution. But this is not to suggest that irrigation 
cannot play an important role in some specific African countries. As 
the estimates of potential indicate, conditions in Africa vary very
widely. While the countries with the highest technical potential may
have no urgent need for irrigation development, another set of coun
tries are already seriously constrained in their ability to attain food 
self-sufficiency on the basis of low-cost rairfed agriculture. The 
countries in this latter category are Botswana, 3urkina Faso, Kenya, 

8. Olivares; ibid.
 

9. Olivares; ibid.
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TABLE 2
 

FAO ESTIMATES OF AFRICAN IRRIGATION, 1982
 
(SUB-SAHARAN AFRICA)7
 

Area Developed 1982
 

Country 
Irrigation 
Potential Modern 

Small-Scale 
or Traditional Total 

Developed as 
% of Potential 

('000 ha) ('000 ha) 

Angola 6,700 0 10 10 < 1 
Benin 86 7 12 19 22 
Botswana 100 0 12 12 12 
Burkina Faso 350 9 20 29 8 
Burundi 52 2 4 6 12 
Cameroon 240 11 9 20 8 
Central African 1,900 0 4 4 < I 

Republic 
Chad 1,200 11 35 46 4 
Congo 340 3 5 8 2 
Ethiopia 670 68 45 113 17 
Gabon 440 0 1 1 < 1 
Gambia 72 6 20 26 36 
Ghana 120 8 50 58 78 
Guinea 150 50 135 185 >100 
Guinea Bissau 70 n.a. n.a. n.a. n.a. 
Ivory Coast 130 33 29 62 48 
Kenya 350 21 28 49 14 
Lesotho 8 0 1 1 13 
Liberia n.a. 8 16 24 n.a. 
Madagascar 1,200 160 800 960 80 
Malawi 290 19 2 21 7 
Mali 340 93 57 150 44 
Mauritania 39 3 20 23 59 
Mauritius n.a. 9 5 14 n.a. 
Mozambique 2,400 66 4 70 3 
Niger 100 7 17 24 24 
Nigeria 2,000 35 805 840 42 
Rwanda 44 0 15 15 34 
Senegal 180 98 89 187 >100 
Sierra Leone 100 5 100 105 >100 
Somalia 87 3: 50 85 98 
Sudan 3,300 1,700 - 1,700 52 
Swaziland 7 55 5 60 >100 
Tanzania 2,300 34 106 140 6 
Togo 
Uganda 

86 
410 

2 
9 

8 
3 

10 
12 

12 
3 

Zaire 4,000 4 38 42 1 
Z mbia 3,500 14 2 16 < 1 
Zimbabwe 280 140 6 146 52 

TOTAL 33,641 2,725 2,568 5,293 15.7 

7. FPlures for Equatorial Guinea not available. 

Source: FAO internal statistics, presented in FAO, 1985, p. 13.
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Mali, Mauritania, 
Niger, Senegal and Somalia. All these countries

have very 
low rainfall; water available for irrigation is critically

limited, thus complicating technical and cost considerations in
 
developing existing irrigation potential.
 

PAST EXPERIENCE AND CURRENT ISSUES
 

The evolution of irrigated farming in Sub-Saharan Africa may

be conveniently divided into three distinct historical 
 phases:

indigenous/traditional phase, 
colonial period and post-indepindence

period. Accurate estimates of areas under irrigation during the

traditional phase are not readily available although itmay be possible

to hazard some crude estimates on national basis. The dominant
 
technologies during this 
phase appear to have been flood irrigation,

simple lift and furrow irrigation which have been practiced in Africa

for a very long time. Examples range from low-lift, small quantity

calabash irrigation along the Sahelian rivers and on the shores of some

lakes, shadouf irrigation along the Nile, furrow irrigation among the

Taita, and Marakwet in Kenya and flood irrigation in inland valleys in

Sierra Leone, The Gambia and Tanzania. To these may be added reces
sional irrigation in river deltas, flood plains and lake shore in East

and West Africa. In most of these systems the principal crops were

food grains. This has 
hardly changed, although in recent years some

farmers have introduced high value horticultural crops. Some of the
traditional irrigation systems, especially in West Africa (The Gambia,

Guinea, Mali, Mauritania, Niger, Sierra Leone and Senegal) have

recently been rehabilitated by donor agencies, including private

voluntary organizations. They remain, however, generally small and

low-cost and 
are particularly successful where farmer participation in

operation and management has not been alienated.
 

Modern irrigation started in Africa under colonial rule in

1910 with the development of commercial production of cotton at Gezira
 
in Sudan on some 2,500 hectares. By 1952, the area had expanded

sixteenfold and represented more 
than one half of the total area under

irrigation in Sub-Saharan Africa. Variants of the original Gezira
 
model of centralized bureaucratic management, concentration on high

value export crop and tenure arrangements inder which farmers are mere
 
tenants has continued to dominate the organization of large-scale

irrigation projects inAfrica, both public and private. 
The control of

land and water resources by a centralized agency in many large-scale

government supported irrigation projects 
in Africa is often justified

by the need to ensure adequate economic returns on costly investments
 
in infrastructures and other assets. 
But, the farmers lack of security

of use rights over land is sometimes the result of unclarity over the

objectives of irrigation. In many cases there is contraction between

the goals of irrigation as settlement schemes and the need to increase

foreign exchange earnings. The latter objective might encourage the
treatment of farmers as 
tenants while the foreign would suggest more
 
secure tenure arrangements.
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The high-technology adopted in many large-scale projects

often necessitates expatriate personnel at ail stages of design,

construction and implementation. Even after the expatriate stzff are
 
replaced, operation and maintenance costs remain very high because of
 
the need to retain large bureaucracies and meet the cost of large

inventories of spares. The latter cost 
is particularly high where
 
several donors may have been involved in a single project and where
 
equipment has been procured from different sources.
 

Development costs of "modern" large-scale irrigation projects

in Sub-Saharan Africa generally range between US $10,000 
and 	$20,000
 
per hectare, with a high limit of US $38,000 oer hectare for one
 
particularly expensive project in Kenya. 
The 	high costs are explained,

in 	part, by the 
inclusion of many components (public infrastructure,

housing, municipal services, etc.) which are not strictly "irrigation"

costs but necessary for functional systems due to the general1y sparse

populations and remote locations of new projects (Annex 1)." u 
 Largely
 
as a result of high development costs, large-scale irrigation projects

have concentrated on three high value crops: sugar, cotton and rice.
 
They cannot he said to have made any substantial contribution to the
 
regions food self-sufficiency. It is not surprising, therefore, that
 
enthusiasm for large irrigation projects has generally been dampened

although this has also been compounded by the poor performance of such
 
projects: time overruns, 
cost overruns, failure to meet production

targets, poor returns to farmers and horrendous environmental problems.
 

The cost of irrigation development should not be predicated

only on financial terms. Modern irrigation development in Africa has
 
rapidly led to the spread of several debilitating water borne and
 
water related diseases: 
 malaria, cholera, filariasis and schistosom
iasis. In some extreme cases, as with schistosomiasis in Gezira,

disease prevalence among the "beneficiaries" of irrigation is reported

to have reached 80 percent. 11 Clearly, this points to the need to
 
include 
increased disease prevalence in project appraisals as a major

cost. Cost considerations should also be made of the impact of
 
construction of dams and other irrigation structures on water supply

downstream, damage to fisheries and environmental consequences on the
 
ecology of riverine flood plains (e.g. the Sudd, Okavango delta, Lake
 
Chad, etc.) which may be important for the stabilization for water flow
 
or sediment trapping. Also not included in appraisals of irrigation

projects is the value of foregone use of swamp pastures and access to
 
water by pastoralists, some of whom may be expected to become irriga
tion farmers.
 

10. 	FAO (1986). Irrigation in Africa South of the Sahara; Investment
 
ment Centre Technical Paper No. 5.
 

11. 	Olivares; ibid.
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It is conceivable that the generally observed lack of commit
ment, in discipline and absenteeism observed among many African
 
farmers on large-scale irrigation projects may be explained largely by

the alienating institutional arrangements and marginal or ev"n negative

returns to the farmers as indeed by the lack of an established hydraul
ic culture in many African societies. An important debate arising out
 
of the short-comings of modern large-scale irrigation systems inAfrica
 
concerns the merits of rehabilitating existing projects rather than
 
building new ones. At another level it concerns the merits of support
ing small-scale projects instead of large ones.
 

Recently, there has been a shift in preference by some donor
 
agencies toward small-scale irrigation projects generally covering

less than 1,000 hectares. While this is partly explained by disillu
sionment with "modern" large-scale systems, although it also appears

to have been a response to initiatives in this direction by farmers in
 
conjunction with private voluntary agencies especiall', in the aftermath
 
of the Sahelian drought during the mid-1970s. As already indicated, in
 
many cases small-scale systems are often expanded "traditional" systems

with some redesigned structures and one or more small pumps. in some
 
cases, they are entirely new systems and may be managed by a parastatal
 
agency working through a farmers' association. But, given the relative
 
novelty of water users organizations in Sub-Saharan Africa, many such
 
schemes have not escaped the centralized bureaucracies and top-down

managerial -Lyle characteristic of the large-scale systems. Nor has
 
the cost of their development been particularly low although this seems
 
to relate to involvement of expatriate staff and choice of capital

intensive technology as comparative figures for selected projects in
 
Kenya indicate (Annex 2). Generally, small-scale irrigation projects
 
are perceived to have been more successful in West Africa than East
 
Africa although the criteria for the assessment of irrigation perform
ance have not been very well defined.
 

Faced with budgetary crisis and foreign exchange constraints
 
many African governments have recently been shifting their preference
 
to small-scale irrigation projects which can be operated and managed

by farmers themselves since they have lighter management structures
 
and tend to be amenable to low cost technology. Following from this,

consideration proposals have been made for the subdivision of ineffic
ient, large-scale schemes and their management by farmers associations.
 
Itis important to note though that while this is a welcome development

it should be a major objective of future irrigation, not only to
 
transfer responsibilities for development and management to farmers but
 
also to resolve the potential contradiction between farmers' need to
 
secure food security and the government's concern with increasing

foreign exchange earnings.
 

If the above picture of persistent poor performance of
 
irrigated farming is to improve then an inventory of desired improve
ments could be proposed embracing hydrological, pedologic, engineer
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ing, agronomic, economic, social, environmental and institutional
 
issues. Indeed, such issues have already been listed and elaborated
 
upon in the African Irrigation Overview report referred to above.
 
Three major objectives under which the issues may be organized during

this Forum, ,iot necessarily inorder of importance, are:
 

a) 	improving cost effectiveness of investment in irriga
tion.
 

b) 	specifying the responsibilities to be transferred to
 
farmers inorder to ensure project success.
 

c) 	defining a long range and medium range plan for irriga
tion development and exploitation of the known potential

in each country.
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ANNEX I
 

External causes of high investment costs of irrigation:
 

1. The overvaluation of most African currencies, which inflates all
 
costs indollar terms.
 

- Difficult access to the landlucked African countries and 
to most irrigation perir74ors. In Mali, for instance, 
cement costs 40 to 50 percent more at Gao than at Bamako.
 
Poor roads in the Zone Lacustre add 15 percent, but the
 
cost would be 25 percent higher than at Bamako due to the
 
transport distance alone.
 

- Taxes, which unnecessarily raise certain costs - for 
instance, at 15 percent wages tax in Mali, plus import
duties and fuel taxes - and which are rarely waived.
 

- The lack of local manufacture of equipment and spares
together with supply difficulties, make it necessary for 
projects to carry heavy stocks; when manufacturers make 
technical modifications, considerable stocks of spares 
become obsolete, increasing operating coosts. 

- The lack of local equipment sales and service agents. 
For instance, to obtain a pump adapted to the conditions 
of Mali, with an efficiency of 70 percent as against the 
40 percent of locally-sold pumps, it is necessary to 
purchase in Europe. 

- Shortage of skilled local personnel (mechanics, construc
tion workers) and of small contractors, especially for 
earthworks. 

- The use of tied external funds to build irrigation 
networks; this often involves some extra supervision and 
administration costs and, especially, the purchase of
 
non-standard equipment requiring special maintenance and
 
spare parts.
 

2. There are other physical causes in addition to distance.
 

- Major flood protection dykes are necessary for most rice 
perimeters. In many Asian countries, such dykes were
 
built long ago and no longer appear as investment costs,
 
whereas they often account for one-quarter of the cost of
 
civil works in West Africa.
 

Source: FAO (1986). Irrigation inAfrica South of the Sahara;
 
Investment Centre Technical Paper No. 5.
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The patchy distribution of irrigable soils and the
 
uneven shape and topography of many African perimeters,

which calls for complex water distribution and drainage

networks with considerable levelling.
 

The low population density, which sometimes requires
 
associated investments for colonization and other social
 
infrastructure.
 

The reservoirs and dams which are essential to stabilize
 
the erratic flows of West African rivers. Because of the
 
predominantly flat local topography, dams are usually
 
long, low and expensive, reservoirs are shallow, and
 
evaporation is high. Hence, a large investment is
 
required to store a usable volume of irrigation water.
 

There are no abundant, shallow sources of groundwater

suitable for localized irrigation or conjunctive use
 
comparable to those of India or Pakistan. Maximum
 
output of boreholes often is less than 5m 3/hr and water
 
often has to be pumped from 10m depth or more.
 

It is often necessary to include related investments for
 
land clearing and access tracks, which increase total
 
scheme costs compared with other countries.
 

The climate is severe. The possibility of very intense
 
rainfall and cyclic droughts require high safety coeffic
ients in project design.
 

3. The external cause 
of high costs, if they are to be reduced at
 
all, would mostly require government policy changes or will only
 
come about as a product of overall industrialization and further
 
national economic development. Most of the physical causes are
 
beyond human intervention altogether. However, several of the
 
internal causes of high costs could be reduced by the irrigation

agencies themselves. Principal internal causes are as follows:
 

- Most studies are made by foreign consulting firms which 
are not subjected to adequate local control. This 
results in three kinds of extra cost. First, such
 
studies usually cost about twice what they would if they

could be made by local firms; hence, they add an extra 2
 
to 4% to investmert costs. Second, the consulting firm's
 
reputation is a stake, so that often superfluous design

precautions are taken to make sure that the structures
 
concerned will last a long time. Exaggerated safety
 
measures in civil engineering involve considerable extra
 
costs and few of those in the irrigation ag'2ncies who
 
order a job are technically competent to propose simpler
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standards to specialized foreign consulting firms.
 
Third, foreign firms may have little local experience and
 
do not always design structures in line with local
 
resources. In Mali, for instance, 3m wide hand-operated
 
control gates with wooden frames can be manufactured
 
locally. If 5m wide gates are specified they have te be
 
made in Europe, as well as the frames which must then be
 
of metal, and they need a gantry to operate them. As
 
control structures typically account for 20 to 25% of
 
project cost, a 20% saving on items such as these saves 4
 
to 5% of the total investment.
 

Simplified initial designs could be adopted, even if
 
they need repair or upgrading after a year's operation.
 
For example, it was noted in Mali that some parts of
 
dykes had been weakened by wave action. However, rather
 
than designing all dykes with full protection, it was
 
found preferable to build simple dykes and to protect in
 
the following year only the parts that had been weakened.
 
This method obviously requires prior agreement with the
 
funding source that money will be kept available for
 
subsequent upgrading, and that no one should criticize
 
the builder of the dyke when a part is damaged in the
 
first year.
 

If local consulting firms are enlisted, the funding
 
sources must, however, have confidence in them, help

them with consultants' missions, and do away with
 
certain useless controls.
 

Common design standards could be agreed, and departure
 
from these standards should have to be specifically
 
justified by project plnners. In this way, costly

over-designing could be reduced. Among the sources for
 
this study, for instance, the following were noted, for
 
projects designed for comparable ecological conditions:
 

- Strickler coefficients varied from 25 to 40, 
sometimes for the same agency, resulting in very 
different channel sizes for a given duty; 

- Irrigation duties for flood-irrigated rice ranged 

from 1.54 to 10 I/sec/ha;
 

- Drainage duties ranged from 0.68 to 17 I/sec/ha.
 

Irrigation agencies could do more to standardize their
 
equipment. To do so, it would be necessary to overcome
 
obstacles due to tied aid, plus the not infrequent local
 
problefs posed by agents or suppliers with special
 
influence.
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Project designers should be required to draw up detailed
 
manuals for irrigation scheme operation and maintenance
 
at the design stage. This would focus the designers'

thinking on maintenance needs, and perhaps cause them to
 
adapt the project accordingly.
 

There is no communication among countries on technical
 
improvements for cutting costs. The following 
are
 
examples from Mali which might, with advantage, be
 
applied elsewhere in the region:
 

- laterite coating of dykes, even though normally 
left uncompacted, provides an all-weather track and 
reduces maintenance costs; 

- very cheap types of prefabricated concrete channels 
have been developed; 

- masonry has been used for some structures instead 
of reinforced concrete, resulting in considerable 
savings; 

- drainage ditches are sown with bourgou, a plant
which is regularly cut for fodder by the local 
population, thus ensuring free drain maintenance. 

Owing to currency overvaluation and low population

density, labor can be expensive in Africa. Neverthe
less, to reduce dependence on imported equipment and
 
fuel, it may still be advisable to adopt more labor
intensive construction methods, as is done in India. At
 
present, such an approach is usually limited by a
 
shortage of skilled supervisors and by disincentive
 
labor regulations.
 

Lastly, government costs could be lowered by greater

participation of beneficiaries in construction and O&M.
 
Improved security of tenure of irrigated land, under a
 
revised legal framework, could be a major incentive
 
towards improving farmers' participation.
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ANNEX 2 

Units Costs of Selected Irrigation Projects
 

Project Name & 


Location 


El Dume 

Irrigation 


Project 


Baringo 


district 


Lower Tana 


Village 


Irrigation 


Project, 	Tana 


River district 


Mitunguu 


Irrigation 


Scheme, Meru 


district 


Extension of 

Mwea Irrigation 

Scheme, 

Kirinyaga 


Kibwezi Pilot 

Irrigation 

Scheme, Machakos 

district 


Bura Irrigation 

Project, Tana 

River district 


Type & 


Acreage 


Small scale 


Furrow 


System 


(100 ha) 


Small scale 


basin system 


(64 ha) 


Small scale 


gravity 


sprinkler 


system 


(400 ha) 


Large scale 

basin system 


Pumped 

sprinkler 

system 

(55 ha) 


2500 ha 


Cost/ha. 


Shs 


Kshs 25,000 


(US $ 1,560) 


Kshs 350,000 


(US $21,800) 


Kshs 140,000 


(US $8,750) 


Kshs 80,000 

(US $500) 


Kshs 50,000 

(US $3,125) 


Kshs 480,000 

(US $30,000) 


Method of
 

Implemeutation
 

Farmers provide some of
 

labour requirements.
 

Government provides tech

nical help and finance.
 

Foreign personnel limited
 
to 1 expatriate. Dutch and
 
Kenya Government funds.
 

Farmers participation
 

minimal. Heavy use of ex

patriate and Kenyan tech

nical personnel. World
 

Bank and Dutch and Kenya
 

Government funds.
 

Farmers contribution
 

minimal and limited to
 
provision of land. Geraan
 

and Kenya Government funds.
 

Technical assistance German.
 

Irrigation system by Nairobi
 

based Contractor.
 

No farmer participation.
 
Land development mainly by
 
prior labour, machinery
 
provided by Ministry of
 
Agriculture. Kenya Govt.
 
funds. No bxpatriate per
sonnel.
 

No farmer participation.
 
Design and supervision
 
Kenya. Kenya Government
 
funds.
 

No farmer participation.
 
Heavy external consultaDt
 
and contractor involvement;
 
Kenya, Dutch, EEC and World
 
Bank funds. 

Source: 	 MOA, Kenya, Irrigation Development in Kenya, A Report of Inter
ministerial task force, 1986.
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DISCUSSION
 

Moris - One word of caution, the first volume of our study preceded

the second volume by almost two years. In the meantime, FAO has
 
revised their figures having received quite a bit of criticism from
 
people like us. If you look at the tables in the two volumes they

don't agree. The second set of tables are 
the ones FAO finally issued
 
in their published version. The first set of figures were taken from
 
an earlier report that was modified in the process of final publica
tion.
 

McConnen - Dr. Migot-Adholla, I agree with your remarks about the 
relative importance of irrigation and rainfed agriculture based on what
 
little I know about Africa. You commented about the role of interna
tional research centers in developing a more productive agriculture and
 
the fact that in Asia that this took some thirty years to where you got

major increases in productivity. There is a very interesting study by

Randy Barker and others at Cornell University on rice development in
 
Asia. Barker, et. al., points out that it is interesting that if you

go back and examine per hectare yields of rice, the increase in yields

in rice which has been one of the great examples of the Green Revolu
tion, have occurred in either high rainfall areas or in areas where
 
there is irrigation. In fact, yields of rice you find in areas with
 
relatively low, not stable rainfall, high variability, the yields of
 
rice are about the same as they were some twenty years ago. Primarily,

because farmers have not been willing to invest the money in terms of
 
fertilizer and so forth, but more importantly, they have not been
 
willing to invest the learning cost of a very intensive agriculture

because of the uncertainty associated with the dependence on rainfed
 
agriculture. I wonder if in fact, if we look back 
some twenty years

from now we may be quite disappointed with the impact of the kind of
 
research we saw make such a big difference in Asia, we might be
 
disappointed with those results in Africa because of the uncertainty of
 
rainfall faced in many areas where 
they depend heavily on rainfed
 
agriculture?
 

Migot-Adholla - I would agree with that observation and perhaps go

back to 
the point I tried to make earlier which is to underline the
 
observation that given:
 

1. The modest potential for irrigation in Africa;
 

2. The high costs which have necessitated the concentration
 
on high cost industrial or export. crops which are non
food.
 

The suggested strategy for African agriculture would be to 
concentrate research on developing high yielding rainfed crop variet
ies. Perhaps concentrating effort on technologies of moisture conser
vation and others. It is in that context that looking at the amount of
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research that has come out of the international research centers one
 
becomes a little less pessimistic in the short run in the sense that
 
these developments under even irrigated systems in Asia took a very

long time. In Africa one needs to put this in perspective, there are
 
going to be no immediate solutions in the short run. Irrigation,

however, offers a stop gap strategy if one wants to call it that
 
because there is proven technology and varieties some of which are
 
undergoing the process of adoption in Africa. But, this does not
 
resolve the question immediately of costs. Some of the agronomists

here may enlighten us on what has happened to some of the IIRI strains
 
when adopted in Africa. My impression though is they tend to be
 
disease jrone and the yields have not bee, as much as in Asia. This
 
partly has to do with environmental and soil conditions in Africa.
 
Twenty years from now for me would be a very short prospective. I
 
don't expect miracles, but I stand to be pleasantly surprised.
 

Kadiopnqr - Thank you, Mr. Chairman. The speaker said that the poten
tial was modest and was saying that we all agree. But, ifwe took into 
account all existing potential, that is all constraints were reiiiowed, 
water, manpower, agricultural inputs, etc. shouldn't we look at it from 
the point of view of what production would we have, what existing 
potential if constraints were removed and how would you compare that 
with our needs? If you analyze that more thoroughly, I'd say the
 
potential would feature differenty depending on the country and the
 
region you are dealing with. One has hirstate what we can obtain, what
 
production we can hzve with existing potential. What share would it be
 
in overall agricultural production so we can compare the potertial

which is not limited if it did not account for anything in comparison

with needs. Thank you, Mr. Chairman.
 

Micot-Adholla - I am not sure that I understand the question very
well. My argument was that there is some potential. This potential
is very valuable across the continent. There is a group of eight 
countri)s which have fairly high potential for irrigation. I listed 
the countries, Congo-Brazaville, Zaire, Zambia, Tanzania, Mozambique, 
Angola. In these countries there is a technical potential in the 
sense that there is substantial availability of water and some avail
ability of good land so that it can be delivered. But in those very
countries because rainfall is fairly adequate and well distributed, 
there may not be an urgent and immediate need for investment in 
exploiting that potential. Then there is another group of countries 
in Africa where there is inadequate rainfall, very high rates of 
population increase and already as J argued they appear to be reaching
the limit in being able to provide food self-sufficiency for their 
populations on the basis of the kind of agriculture which is essential
ly low cost, low technology, rainfed agriculture. In these countries 
then, there would appear to be an urgent need for irrigation. Bu, 
there are constraints, insufficient water, areas in which one might
develop irrigation are remote, sparsely populated which would then 
escalate costs. Even if nne were to decide, we are going to develop 
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it, it is limited. The argument you present looks very good theoreti
cally. It's like the old thing about GNP, take the amount of water
 
available, look at soils and decide theoretically what can be develop
ed. Is that practical? Is it realistic? Who is willing to put money

in that kind of thing? To look at potential that way may be a very

interesting academic exercise, but I am not sure from a point of view
 
of a practical planner it would make too much sense. That is my
 
argument. I don't know if other people in the Forum would want 
to
 
comment on this.
 

Fitzgerald - Many of our lower rainfall areas where we have not had 
the response of the Green Revolution in Asia and we have similar kinds
 
of conditions here. It seems to me it isn't just a matter of low
 
moisture, which, of course, is very much a factor, but we generally

have weak institutions and weak infrastructure in these areas. To
 
develop irrigation on those area. we are going to have to pay a lot
 
more attention into getting those institutions and infrastructure in
 
place and functioning well in order to support irrigation development.
 
You didn't say much about institutions, but I know you work in this
 
area. Would you care to comment?
 

Migot-Adholla - Institutional deficiencies where irrigation develop
ment has taken place appears to me to be the most singularly important

factor in poor performance. This relates to a couple of factors. Take
 
large-scale irrigation projects. You bring in expatriate engineers,

they design, often they go away. They bring another set of expatriates
 
to manage. It is very expensive. The system of management, top down
 
Gezira model which has been replicated all the way to some so-called
 
small-scale projects is inefficient in the sense that when you take a
 
fellow who has been doing rainfed farming, introduce him to an irrigat
ed farming area, you deny him security in tenure on the land. You make
 
him work a fairly rigid and regimented system of agriculture which may

be alien to him. Then you pay him often nothing. He has to pay water
 
charges and all other kinds of deductions. There is nothing strange,
 
my experience of this is limited to Kenya, but from reading it is quite
 
common. It becomes a question how this farmer is going to make ends
 
meet. If then he decides he is going to do something else on the side,
 
you can't blame him. But then this also goes a little farther in the
 
sense that we haven't, and this was mentioned this morning, we haven't
 
in Africa until perhaps five years ago, paid any attention to institu
tional arrangements pertaining to tenure, pertaining to management,

participation of the farmers on an aspect of life that affects them so
 
directly. This, I think, relates to the origin of irrigated farming

in Africa which was really a scheme for producing cotton for Britain.
 
Later schemes had this as an agenda. I know of very few large-scale

schemes that would have production of food for local consumption as
 
the main objective. When you decide to grow cotton for export,

obviously its large-scale, it is a commandist type of farming with
 
huge bureaucracies, etc. But even small-scale if the level of invest
ment is so high and has to be recovered, obviously you are not going to
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produce sorghum. It will have to be some high yielding crop that will
 
justify the returns. You have to be concerned with levels of invest
ment, with desired rates of costs of recovery, the choice of crop,
investment in parsorinel, training and that kind of thing, using local
 
people instead of expatriates. Again, going back to our expeviczCe

herein Kenya and maybe John Kimani 
and Leo Arao might want to comment
 
on this. After an experience with modern irrigation that goes,

perhaps, to the post war years with some of the post war schemes 
to
 
produce food for the armies. But, particularly after independence in
 
the early 1960's, the number of irrigation specialists in this country

is shockingly small. This then implies that you are going to depend on
 
expatriates, costs are going to be high and if you are going to recover
 
costs, you have to squeeze someone and ultimately it is the farmer.
 

Kimani - I would like to say more aboutsomething institutional
 
issues. I guess Prof. Migot-Adholla has addressed himself to the
 
vertical aspects of institutional arrangements, but there is also the
 
horizontal dimension. For example, here in Kenya we 
have about eight

government agencies which deal with irrigation and that does pose a
 
real problem when you design 
a plan for irrigated development. Thank
 
you.
 

Tiffen - I would also like to come back on the institutional side. One 
of the points was Prof. Migot-Adholla's third point about defining the 
investment plan and fitting schemes into overallthe governments

agricultural plan. In fact, one of the faster growing sectors of

African irrigation is the private sector which is led by commercial 
opportunity and seeing where the profits are. This is very often
 
supplement'ry irrigation to rainfed irrigation for example, for coffee
 
here in Kenya or maize in Zimbabwe or its quite small-scale investment
 
by individuals.
 

Migot-Adholla - Planning and decision-making tend to be thoroughly
inefficient, disjointed, often very slow and that in itself becomes a
 
cost. Estimates of a project that 
should have been implemented last
 
year, revised today for implementation next year will L ve increased 
by some 25-30 percent. That has all kinds of other ramifications. 
The private sector on the other hand makes decisions fairly effic
iently and this perhaps could be a justification for limiting the role 
of large public bureaucracies in irrigation and transferring some of
 
these decision-making processes to farmers themselves who are likely to
 
make just as efficient cost calculations as the private sector.
 

Finnell - When I was reading the African Irrigation Overview this 
morning, a particular quotation jumped out. According to this engineer
at a major international water resources consulting firm lie says,

"Africa has borne the brunt of a lot of bad advice, bad engineering and
 
bad intentions and they are paying the price for it now." 
 I would like
 
to ask the speaker, in your review has there been any donor whose
experience has been particular more successful than others, and if so, 
why? 
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MiQgt-Adholla - I really can't say so. With small-scale irrigation
projects it would appear that perhaps the Dutch in West Africa and
 
maybe the Scandinavian countries. On small-scale projects they have
 
had some modest, better kind of experience than the larger schemes.
 
There are other compounding factors and one factor maybe that these
 
are low technology, farmer managed, projects. As I said earlier, this
 
experience is very recent in Africa and farmer management of irrigated

works takes time to develop. Since agricultural cooperatives are
 
rather widespread in Africa, these are farmer managed, etc. that
 
experience could be transferred to irrigation. One is dealing here
 
with a fairly complex set of planning and decision-maKing in irrigation

which require perhaps a different set of disciplines than dealing with
 
a collection of farmers who produce milk and have to sell it through

their own cooperative or coffee producers who do their kind of factory,

they employ a manager. In irrigation, the farmers themselves have to
 
manage the day to day regimen of operations. I haven't run an irriga
tion scheme but some of my colleagues who have, tell me that it is not
 
straight forward and the kinds of experiences that comes from being a
 
participant in a cooperdtive are clearly different from what it would
 
require to participate in a farmers organization. But there is some
 
experience, it is limited. Furrow irrigation among the Taita and the
 
Marakwet, whether that can be transferred directly to small-scale
 
irrigation projects I couldn't 
really be sure. But I suppose Mr.
 
Ssenyonga will be ruminating on that.
 

Ssennyonga - I would like to hear the speaker express his thoughts on 
the criteria for using the term successful, moderately successful, 
etc. - think this Forum is going to address this issue since we are 
talking about performance. I wrote about a scheme in Morocco where 
they had said the main crop was to be tomatoes and one writer had
 
branded it a failure. It is an issue of criteria. Was it a disaster?
 
From whose oint of view? Again, other schemes like Gezira and Mwea
 
have been 'anded failures. You talk to the people running these
 
schemes; th are proud of the schemes and will mention they get their
 
money back. I think that could tie in with the question the previous

speaker raised about donors being happy. 
 Were they happy because they

didn't lose much money in those schemes or they were able to get out
 
very quickly? I think the issue of criteria of measuring success is
 
going to be with us.
 

Migot-Adholla - The notion of success from my point of view is what 
the farmers assess to be some positive experience out of their partici
pation. Usually what 
one takes is that the target incomes for farmers
 
must be realized. Even where target incomes are not set if the farmers
 
express satisfaction, particularly with the crop output and with their
 
participation in management, I would accept that as 
some valid criteria
 
for success. Whether or not the investment by the donor has been
 
recovered is rather a hairy kind of business because those things often
 
go through government bureaucracies and ministries and overhead begins

to disappear, immediately the grant is made. What actually ends down
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at the project level is only a fraction of the total cost of the
 
project. The systems for repayment often may not have that much to do
 
with the performance of the project itself. I suppose Kenyans are
 
going to be paying the loans in respect of Bura that were generated
 
from variou. sources. I suppose even donors have other criteria apart
 
from straight forward economic returns for judging success.
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THE DIFFICULTIES OF MAKING IRRIGATION PROJECTS INAFRICA VIABLE
 

Findings from a series of evaluations
 

Pieter N.G. van Steekelenburg,
 

ILRI, The Netherlands
 

INTRODUCTION
 

The euphoria over irrigation projects in Sub-Saharan Africa
 
seems to have disappeared. 
 In fact, it has even turned into a certain

reluctance aniong many professionals in donor agencies. These days, it

is with a certain degree of hesitation that commitments for new

projects are made, especially by the economists. It is,of course,

wise to be very careful when committing high investments per hectare
 
and per rural family because production is often disappointing, the

farmers seem uninterested, and recurrent charges to Government 
are

increasing with every new hectare under irrigation. Nevertheless, the
 
cause of the disappointment is to be found less in the level 
of

investment than in a series 
of other elements and conditions, which
 
will be discussed in the following pages. Among the items that will be

considered are 
the project selection process, project preparation (and

the lack of farmer involvement in it), and the characteristics of
 
project management. New and unexpected developments at a fairly simple

level of technology can be found in the Sahel, which shows that the

rural family does need technology and that we should explore other
 
pathways and try other methods.
 

The main source for this presentation is a study containing a

series of ex-post evaluations of EEC-sponsored irrigation-based

projects inAfrica, which we carried out on behalf of the EEC.
 

EVALUATIONS IN SIX AFRICAN COUNTRIES
 

In its continuous search for ways to improve the aid activi
ties that it sponsors, the European Community (EC) commissioned in
 
1983 the International Institute for Land Reclamation and Improvement

(ILRI) to do a sector-wise evaluation of irrigation-based agricultural

development projects inACP countries.
 

The result of that evaluation was a study that was divided
 
into three phases:
 

- A preparatory phase to select the projects to be studied,
analyze the project documentation, review the relevant 
international literature on irrigation development in
 
general (and in Africa in particular), and plan the 
fieldwork. This phase was described in a "Report of the
 
First Phase";
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A fieldwork phase, which consisted of visits in 1984-85
 
to eleven projects in six countries. Separate reports
 
were prepared for each project/country that was visited;
 

A final phase to prepare d synthesis report based on the
 
fieldwork, the results of the first phase, and other
 
relevant documentation and information. This report was
 
ready inearly 1986.
 

Preparatory (desk) study
 

The initial idea behind the preparatory study was that,
 
by selecting projects representing different characteristics
 
and conditions, common positive or negative factors could be
 
picked out. Although a number of selection criteria were
 
eventually formulated, in practice it was impractical to try
 
to base project selection exclusively on strict statistical
 
methods. The choice of countries was based, in part, on
 
their share in the grand total of all irrigation-based
 
projects financed by the EEC. The choice of projects within
 
a country was based, in part, on the operational wishes of
 
EEC officials.
 

As only eight p,-rcent of all EC-sponsored irrigation
based projects are licated in the Caribbean or the Pacific,
 
it was decided to limit the study to Africa. Six countries
 
were chosen. Itwas agreed that, in view of the time allotted
 
for the second phase (eighteen man months), the number of
 
projects should not exceed twelve. Once the projects had been
 
identified in discussions with desk officers and subject
matter specialists, the next step was to read through the
 
relevant files at EEC Headquarters and analyze relevant
 
literature. We were given the opportunity to consult (often
 
confidential) project and country reports that had been
 
prepared in-house or by other multilateral and bilateral donor
 
agencies. Table I provides some general data on the selected
 
projects.
 

The fieldwork
 

The principle applied in the study was to rely exclu
sively on existing information because time simply did not
 
permit any monitoring or detailed data collection in the
 
field. The information obtained from the files and from some
 
figures collected on the spot gave us a first, though incom
plete, impression of the situation. Field observations and
 
extended discussions with farmers, their representatives,
 
officials from the Irrigation Organizations (IO's), and
 
(other) government officials helped us to fill in the blanks
 
and get a fair picture of what was going on. Contacts with
 
local representatives of donor agencies were also useful.
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Table I. Characteristics of projects in relation to selection criteria 

Project Size 

u-a-I 

Location 

'E H 

Climate 

a-sa-h-t 

Water 

supply 

Water 

control 

Irrigation technology 

h-u-I N U R 

Settlement 

yea/no 

Main 

crops 

NIGER: 

Toula m W a P C h N no R 

SENEGAL: 

Nianga 

PIV-I (Podor) 

PISO (Tambacounda) 

Casamance 

m 

a 

a 

a 

W 

W 

W 

W 

a 

a 

sa 

aa 

P 

P 

P 

-

C 

C 

C 

p 

m 

1 

I 

1 

N 

N 

N 

U 

no 

no 

no 

no 

R V 

R V 

R 

R 

CAMEROON: 

Logone et Chari m P C a N no 

BURUNDI: 

Imbo 1 Ka G C a N yea R V (C) 

HADAGASCAR: 

Op. Hicrohydraulique 

Andapa 

Bas-Hangoky 

a 

I 

1 

H 

H 

H 

t 

h 

$a 

C 

PC 

G 

C 

C 

C h 

I U R 

N U 

N 

no 

no 

yes 

R 

R 

C R 

ETHIOPIA: 

Amibara 1 K aa C h N yea C 

Note: Size: small - medium  large 
Location: West Africa, East Africa, Madagascar 
Climate: arid, semi-arld, humid, temperate 
Water supply: Pumped supply, Gravity diversion,  no supply 
Water control: Complete, partial 
Irrigation technology: high  medium  low; 

New, Upgrading, Rehabilitation 
Settlement: yec, no 
Crops: Rice, Vegetables (beans, tomatoes, maize, etc.), Cotton; 

() originally, but discontinued 
* 2 state farms 



In each country, the ILRI evaluation team - which
 
typically consisted of an irrigation engineer, an agronomist
 
or agro-econgmist, and a rural sociologist/economist - was 
strengthened t.y an advisor from an EEC Delegation in a

neighboring country. In Burundi, for example, the advisor

statione( in Rwanda joined us. In Madagascar, it was an
advisor oased in Mauritius, and so on. The purpose of this
set-up was to improve feedback from the study to the donor 
organization. In some cases, a representative of the evalua
tion unit of the national Ministry of Agriculture joined us
 
(as in Madagascar). When this happened, there was virtually
 
one mixed team.
 

Prior to the fieldwork, a general checklist had been
 
prepared. In each situation, only the applicable items on
 
the list were considered.
 

More than half of the projects we visited had been in
 
operation for over more than ten years, which is quite normal
 
for an ex-post evaluation. This did, however, prove inconven
ient as, generally, those who had been in charge during

project identification, preparation, implementation, and early

operation could no longer be contacted due to transfer,

retirement, or decease. Another inconvenience was tracing

initial reports: in no instance could we find a complete set
 
of the important preparatory studies.
 

The findings
 

The quantifiable data from the evaluations are presented

in Tables 2, 3, and 4. Although many of the sets of figures
 
are self-explanatory, some additional remarks might be useful.
 

Implementation costs
 

The construction of irrigation systems with full water
 
control is expensive, ranging from 7,000 to 20,000 Ecu/ha,

with lower figures of 3,200 Ecu/ha for village schemes in

Senegal. The very lowest figure is 400 Ecu/ha, but this
 
cannot be! compared with the rest as it concerned only the
 
construction of permanent, small water-diversion structures
 
for existing smail schemes (Operation Microhydraulique,

Madagascar). The lower figures apply to smaller schemes.
 

Hence, our evaluations do not lend support to the view that
 
large schemes might offer some economy of scale in the 
sense
 
that the implementation of large schemes would be cheaper per

ha. Indeed, the tendency seems to be just the opposite.
 

Note: 1 Ecu = 1.2 US$
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Table 2 Irrigation projects evaluated, by country, with total EDF-contribution for each project 

Country Project EDF-contribution Year EDF Irrigable Main 

NIGER 	 Toula 


SENEGAL 	 Hanga 


PIV-1 (Podor) 


PISO 


Casamance 


CMEROON 	 Logone et Chari 


BURUNDI 	 Isbo 


MADAGASCAR 	Operation Hicrohydraulique 


Cuvette d'Andapa 


Bas-Mangoky 


ETHIOPIA 	 Amibara 


* R - rice (paddy) 

T - tomatoes
 

V - vegetables
 

C - cotton
 

1000 ECU started area ha crop * 

2475 1973 11-111 260 R 

6217 1972 III 630 R T 

3250 1982 IV-V 1000 R T 

2400 1976 IV-V 362 R 

5158 1968 I-I-III-V ---- no data ----

4466 1979 IV 760 R 

13200 1967 II-III-V 2800 R V 

11500 1978 IV-V 25700 R 

.12574 1965 II-IIE-Iy 2850 R 

29110 1963 I-1I-1II-IV 5710 C R 

17245 *a 1977 IV 10300 C 

• The Amibara project was co-financed by IDA, P.DF,ADF, and the Government.
 

Total investment is 52 624 000 ECU, of which EDF contributed 332.
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Table 3 • Economic data on projects evaluated (rounded figures)
 

Project Irrigable area 

ha number of 
schemes 

Implementation coat 
ECU/ha 2 Techn.Ass. 
(const. + Operation 
pr.'83) 

Cropping 
intensity 

% 

Av. yield 
ton/ha 

Production 
ton/yr 

Number of 
farmers 

EIRR 

% 

Recovery 
charges 

2 

1.0. annual 
recurrent 
cost deficit 

ECU/ha 

NIGER: 

Toula 260 1 18400 13 200 4 1940 528 4.5 95 140 

SENEGAL: 

Nianga 

PIV-I (Podor) 

PISO (Tambacounda) 

Casamar.ce 

630 1 

1000 20 

290 9 

-----------------

19800 

3200 

8300 

11 

15 

42 

no data 

109 

100 

60 

available 

4.5 2500 

4.8 4800 

6 1050 

- -------------

599 

4000 

591 

-5.1 

9.6 -

80 

90 

65 

580 

235 

S CAMEROON: 

Logone et Chart 760 4 8000 26 150 5.1 5300 2G00 8.3 - 95 690 

BURUNDI: 

Imbo 2790 1 15000 36 100 4 6400 3400 -3.1 - 90 165 

MADAGASCAR: 

Op. Hicrohydraulique 

Andapa 

Bas-Hangoky 

40000 

2850 

5710 

1400 

3 

1 

400 

7000 

15800 

16 

28 

100 

130 

50 

2.5 

3 

1.IC 

2 R 

100000 

12700 

3800C 

330OR 

60000 

3362 

4000 

> 20 

-0.7 

-7.5 

n.a. 

0 

100 C 

? R 

n.a. 

200 

470 

ETHIOPIA: 

Amibara 10300 1 12000 100 2.8C 21000 2 s.f. 8.3 n.a. n.a. 

Note: C - cotton 

R - rice (paddy) 

n.a. - not applicable 



Table Project results at farm level (rounded figures) 

Project Irrigated Av. yield Cropping Cost of ,a .... Farmers labour income .... 
area ton/ha intensity production per day per farm per farm 

per farm x as Z of ECU '83 per year per year 
ha prod. value ECU '83 kg paddy 

NIGER:
 

Toula 0.45 4 200 19 4.8 690 2900
 

SENEGAL: 

Nianga 1.05 4.5 109 23 4.5 770 4340 

PIV-I (Podor) 0.25 4.8 100 18 4.3 270 1530 

PISO (Tambacounda) 0.31 6 60 22 5.6 300 1700 

Casamance ---- ----------- no data available--------

CAKEROON: 

Logone et Chari 0.25 5.1 150 46 4.3 190 1060 

BURUNDI:
 

Imbo 0.75 4 100 2L 4.0 900 2400
 

KADAGASCAR:
 

Op. Microhydraulique 0.9 2.5 100 <10 2.3 380 2250
 

Andapa 0.67 3 130 34 2.3 310 1670
 

Bas-Mangoky cotton 0.5 1.1 50 0.9 80 430
 

paddy 0.25 2 50 50 1.0 35 190
 

ETHIOPIA:
 

Amibara 3400 2.8 100 96 -- not applicable
 

* Rice + tomatoes 

a An paid by farmers
 

41
 



Croping intensity
 

Only in Toula (Niger), Logone and Chari (Cameroon), and
 
Operation Microhydraulique (Madagascar) were the targeted

cropping intensities of two hundred, one hundred fifty, and
 
one hundred percent reached. In the other projects, the high

intensity aimed for in the planning stage was not realized.
 
This was due mainly to a combination of factors that made it
 
difficult to adhere to the required rigid cropping calendar,
 
e.g., too high labor peak requirements due to overlaps with
 
the next irrigated crop or with rainfed cropping, technical
 
difficulties in the off-season, inadequate management of the
 
irrigation system, no 
crop available. 

suitable short-season variety of the 

Yields per ha. 

Crop yields per ha were generally acceptable and, in 
some cases, even very good. Only in Madagascar were they

comparably lower, mainly because of a general lack of good
 
seeds and other production inputs.
 

Annual production
 

In most projects, the total annual producticn has
 
remained (far) below the over-optimistic expections of the
 
planning stage, and below what would have been possible,
 
primarily because of the low cropping intensity.
 

Economic internal rate of return (EIRR)
 

The EIRR's resulting from our evaluations were generally
 
much lower than those mentioned in the funding proposals. In
 
fact, some even turned out to be negative. The main reasons
 
for the lower rates were:
 

- Higher implementation costs spread over a longer invest
ment period; 

- A late start with production; 

- Lower production figures than were assumed originally;
 

- Over-optimistic initial estimates, including those for 
international product prices; 

- Underestimation of labor opportunity costs.
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Farmers' labor income
 

The farmers' labor income from the (sometimes small)

irrigated plots was substantial and thus, contributed in no
 
small measure to a:;suring the farm families' food supply. In
 
most cases, it was enough to provide some cash income as
 
well. Translated into paddy equivalents, the farmers' labor
 
income varied from 1,060 kg (0.25 ha plots) to 4,300 kg (1.05

ha plots), with only one exception (Bas-Mangoky). We consid
ered this to be the most important positive effect of the
 
projects.
 

Costs to farmers
 

The satisfactory result achieved at farm level were
 
obtained thanks to substantial subsidies. The charges levied
 
on the farmers do not cover the full cost of operation and
 
maintenance of irrigation schemes, nor of the other services
 
and inputs provided to them by the Irrigation Organization

(10). Our calculations indicate that farmers pay no more than
 
roughly twenty to fifty percent of the real cost of "their"
 
irrigation organizations, including overhead costs and
 
reinvestments. This percentage is somewhat higher for
 
production-support services only (water and inputs), but it is
 
unlikely to be any higher than sixty-five percent in the most
 
favorable case included in our survey.
 

Cost deficit
 

The 10 runs an a!-iual recurrent cost deficit. This
 
deficit represents the sum of direct production costs not
 
charged to farmers, plus the IO's overhead costs, plus the
 
reserves for the renewal of pumping and other equipment. It
 
varies from 140 to nearly 700 Ecu/ha, with the average being

around 350 Ecu/ha. This amount is supposed to be made up

from external sources, e.g., the Government. In practice,

the annual subsidies are considerably lower, which results in
 
maintenance being neglected, reserves for the renewal of
 
pumping and other equipment not being built up, and services
 
being reduced to a minimum. This process causes a gradual

deterioration of the facilities, which may ultimately require

complete rehabilitation.
 

A first conclusion seems to be that the. indicators
 
presented in the preceding section support, at least par
tially, the reluctance of donor agencies to embark on new
 
projects. It should be noted that these findings are cer
tainly not limited to projects financed by the EEC. Reports

by other agencies such as the French bilateral aid, USAID,
 
IBRD, GTZ, and Cassen (1986) give basically the same message.
 

43
 



Nevertheless, analysis of the histories and present

state of affairs of the cases discussed here have made clear
 
a number of points on which changes could and should be made
 
so as to improve the chances of success of irrigation pro
jects.
 

We wish to make it very clear that our purpose in
 
mentioning these points is not to blame anyone any party
or 

in particular. As we learn from our experiences, our opinions

and preferred ways of working change over time. They are also
 
subject to the general and gradual changes in attitudes that
 
take place in our societies. These days, in particular, the
 
role of Government in development, which so far has been
 
virtually unlimited and omnipresent, isbeing reconsidered.
 

KAJOR FACTORS INFLUENCING THE RESULTS AND VIABILITY OF IRRIGATION
 
PROJECTS
 

The scope of this paper does not permit extensive elaboration
 
on the factors that, in our opinion, have much to do with an irrigation

project's success - or lack of it. Therefore, these fact3rs will be 
presented briefly, and in a sequence that follows more or less the
 
process cycle of any set of (development) activities.
 

Government policies on agricultural development
 

The macro-problems of Sub-Saharan Africa are familiar to
 
all of us:
 

- In many areas, rainfall seems to diminish systematical
ly, particularly inthe Sahelian countries;
 

- The population grows fast, which increases the demo
graphic pressure on the available natural and economic 
resources; 

- Urbanization, while relieving some of the pressure on 
agricultural land, creates enormous social problems in 
the ever-expanding urban areas. 

Faced with this set of problems, it is far from easy for
 
Governments to create a much needed coherent policy of 
agricultural development - a policy that is necessary for 
planning and prioritizing proposals. Governments must decide 
how much weight to give to social, political, and economic 
objectives, and different types of irrigation projects. When
 
they do that, they will know which set of appraisal criteria
 
to apply and how to evaluate economic appraisals based on
 
EIRR, and so on. In this way, later disappointments over low
 
EIRR can be avoided, e.g., in projects that were implemented
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primarily to reduce the national dependence on food aid, or to
 
attract settlers tn a certain region of the country.
 

Such an agricultural development policy, and its articu
lation in planning, should deal explicitly with the question

of WHY we should be considering irrigation in our efforts to
 
intensify agricultural production rather than promoting
 
improvements in rainfed agriculture. In fact, both lines of
 
activity are very much related as measures to help rainfed
 
agriculture (credit, extension services, marketing services,
 
applied researcn, monitoring, commodity prices) are, to a
 
large extent, most useful in irrigated agriculture.
 

Our reason for emphasizing that rainfed agriculture is
 
another alternative for agricultural development - except, of 
course, in very dry areas - is our impression that it is 
often either overlooked or seriously neglected. In our
 
survey, we found that at least four of the projects had
 
alternative possibilities; under such conditions, no one
 
should be surprised to find serious operational difficulties.
 

Our reason for emphasizing a consistent policy is that,
 
too often, we found erratic and non-systematic decision
making. This was particularly true of proposals for new
 
projects, but also of support services and measures taken to
 
ensure good results. The start of an irrigation project is
 
generally the old story of a hill overlooking a verdant river
 
valley that, according to engineering standards, could and
 
should be converted into the nation's granary.
 

The farming system
 

Unfortunately, as we suggested in the two preceding

paragraphs, it does not seem to be common practice to make an
 
identification study at farm level to find out whether
 
(expansion of) irrigation would be attractive and feasible
 
for the farming family. Generally, planners seem to take for
 
granted that every farmer will readily go for irrigation once
 
it is made available to him. There is, however, F,,.ple

evidence to prove that this is only tr,', in situations where
 
hardly any alternatives are left.
 

Ir our opinion, making a study of the existing farming
 
system prior to taking any firm decisions on project approval

is indispensable. The study should answer the following
 
questions:
 

- Does the farming family need or wish for additional 
agricultural production? 
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Would irrigation f t into their present systema and
 
resource base 
 (in terms of lan", labor, finances,

relations), and are the proposed modifications to that
 
system acceptable/feasible?
 

What is the present orientation/goal of the farmers:
 
subsistence, safety, surplus, c. speculative? (Farmers

in the first category might not be very interested in
 
venturing into new, market-oriented irrigated produc
tion; those in the second might be, and so on).
 

What is the social reality at village level: can mutual
 
cooperation for adequate operation and maintenance of an
 
irrigation system be expected and, if so, under 
what
 
conditions (leadership, ethnic composition, land tenure)?
 

Inventory of Resources
 

A systematic approach to agricultural development,

including irrigation 
projects, would be greatly facilitated
 
by a nation-wide inventory of the natural land and water
 
resources 
and how they are presently being occupied/used

under different farming systems. When 
the inventory is
 
completed with data 
on planned and ongoing projects, further
 
semi-detailed prospective soil 
surveys can be contracted for
 
potentially interesting spots. 
 In this way, two hazards can
 
be reduced: 
 choosing the wrong sites for already committed 
projects (e.g., on peat soils 
losing too much time waiting 
during project preparation. 

like 
for 

the ones in Andapa) and 
prospective soil surveys 

Institutional infrastructure 

Another vital 
issue that was not given much attention in
 
the planning stage is the institutional infrastructure.
 

1. Water User Associations (WUA)
 

An organizational requirement of the surface irrigation
 
systems that we are dealing with 
is that users must work
 
together, in one way or 
another, to help distribute the
 
available water (and so get their share) and maintain the

physical infrastructure. Farmers should be obligatory
members of the WUA together with all the others who rely
on the same distributary. The WUA's are very important 
to the success or failure of the 
type of projects
 
discussed here.
 

In small(er) scale operations, the organized

farmers were the natural partners in preparing projects,
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e.g., in the Village Perimeters (Senegal) and Operation

Microhydraulique (Madagascar). In the medium and larger
 
systems, *the WUA's were 
not given much attention in the
 
early phases of projects where improvements are being

made now, e.g., in Nianga (Senegal) and Imbo (Burundi).

Bas Mangoky and Andapa (Madagascar) are exceptions:

there, WUA's are still not regarded as much needed
 
partners. Amibara (Ethiopia), with its large state farms
 
that are exclusively based on hired labor, is, of course,
 
a case apart. The most advanced WUA was found in Toula,

Niger, where farmers take care of almost everything
 
themselves.
 

In light of the important role of the WUA's, they

should be given special attention from the very earliest
 
stage of project preparation on. When one is selecting

tenants and allocating them fields, one should try to
 
establish groups that are as homogeneous and cohesive as
 
possible, because traditional bonds, leadership, social
 
controls, and hostilities will be important influences on
 
the functioning of the WUA. Special motivation and
 
training element for the (prospective) members of a WUA
 
should be included in any project.
 

2. Irrigation Organizations (10)
 

The natural counterpart of the WUA is the 10. 
 The
 
10 is either a parastatal with (partial) government

funding and a mixed public-private statute, or a depend
ency of the Ministry of Water or Agriculture.
 

The point of departure is that a set of functions
 
for the development and operation of irrigated agricul
ture must be fulfilled. The functions vary from project

preparation to project operation. 
 They are split between
 
four parties:
 

- The farmers and their WUA's (at various levels); 

- The 10; 

- Other ministries or specialized administrations;
 

- The private sector.
 

In ten out of the eleven cases of our survey, there was
 
an 10 of the bureaucratic-communal type, where at least
 
each party takes care of specific tasks in the operation

and maintenance of the physical infrastructure. The
 
eleventh case was that of the state farms in Ethiopia.
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As a rule, the IO's of our survey had the following
 
characteristics:
 

- The division of tasks between the various parties
 
was only partial and not well articulated. The 10
 
had most of the rights, while the farmers had most
 
of the obligations (tenure conditions, water
 
supply, services);
 

- The 10's were reluctant to hand over tasks to the 
farmers even though they were having serious 
difficulties in adequately performing their tasks 
because of insufficient operational funds and 
insufficiently qualified staff; 

- The IO's were overstaffed with rank and file 
personn!, were expensive, and poorly managed; 

- The IO's were biased in favor of new constructions, 
which caused the maintenance of existing operations 
to suffer; 

- The IO's had difficulties making ends meet, because: 

- the IO's have too many tasks;
 

- the farmers never pay the real cost of the 
serv',-.s provided by the 10's; 

- the payment of the Government's scheduled 
budgetary contributions is in arrears. 

The farmers in more or less communal irrigation

systems (like Operation Microhydraulique) already take
 
care of almost all the necessary tasks. And now the
 
tendency in mixed systems is to follow suit and hand
 
over more and more tasks to the farmers and their WUA's.
 
The most important reason for doing so is the high
 
recurrent cost deficit that is run by almost every 10.
 

The vagaries of budget allocations and the strains on
 
government budgets for operational expenses are threatening

the sustainability of all projects, including irrigation

projects. Therefore, dependency on the 10 should be reduced
 
by assigning them only the essential tasks, delegating more
 
tasks to other parties, and concentrating on improved perform
ance of existing schemes. It is through improved service to
 
farmers that we hope, in due time, to raise the charges for
 
services delivered to farmers to a cost-recovery level.
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Large or small irrigation systems?
 

The large systems with a bureaucratic-communal manage
ment 
system are far from easy to operate effectively, espe
cially when advanced technology is being used. Our survey has
 
confirmed this.
 

All of the larger systems are struggling tb provide

equitable and reliable water distr'iution, but the farmers at

the tail end are normally the losers. This problem has
 
various causes, but they are usually a combination of primary

and secondary canal capacities that do not allow much flexi
bility, and arrears in maintenance, not only of the distribu
taries but also the primary and secondary canals.
 

In large systems, we found a tendency to centralize more
 
responsibilities, including decisions on cropping patterns,

irrigation scheduling, and so on. Hence, there is less farmer
 
involvement. 
 The chances are also greater that decisions will

be taken and operations started that will make irrigated

production less attractive to the farmers.
 

Smaller systems can be at least partially operated and
 
maintained 
by the farmers themselves, which strengthens the

social controls that persuade everyone to do his share of the
 
work and respect the rules of the game.
 

Smaller systems do not require a heavy ant costly

management structure 
in the form of a large and centralized
 
I0.
 

Faced with the problems indicated here, and with many

others, some Governments (e.g., Senegal) have turned to
now 

smaller projects. Another interesting trend is that new
 
design methods are being considered, in which larger systems
 
are made up of a series of more or less independent blocks
 
that can be handled by the farmers of that block. This is 
a
 
more bottom-up approach that takes into account the partic
ular needs of the users, the mixed management structure, and
 
a certain flexibility of cropping patterns. Without a doubt,

this approach contributes to the viability of irrigation

schemes.
 

Technology: pumps?
 

We shall not discuss here in detail the pros and cons of
 
pumped water supply versus gravity supply by means of a

diversion weir in a river. The results of our survey suggest

that, except in situations where there is 
a very free market
 
and a guaranteed supply of spare parts, ruel, and repair
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services at low prices, it is preferable to install weirs
 
wherever possible. This isparticularly true for larger areas
 
under low-value crops, such as paddy. For small areas of
 
high(er) value crops (such as vegetables) and in insecure
 
situations, pumps could be the better alternative.
 

Level of technology
 

The decision to apply "high-tech" water distribution and 
field application equipment is not restricted to this type of 
equipment only. Since adopting such equipment generally means 
that the investment per hectare is high, one is bound to pay 
for it through high yields, high L-opping intensities, and a 
rigid cropping calendar. Conseqt'ently, the whole set
consisting of HYV (high yielding varieties), fertilizers, 
pesticides, substantial mechanization, good marketing outlets, 
and a very effective management by scheme managers and farmers 
together - is required for success. If one or more links in 
this chain isweak (perhaps due to project-external influences 
as in Bas Mangoky), the results will disappoint everyone 
concerned. 

The conclusion will inevitably be that, in vaost situa
tions where sustainability is important, a level of technol
ogy that is less dependent on outside support services will
 
involve less capital risk for farmers and be less demanding
 
on management. Only in specific cases, e.g., where the
 
society is at such a level of organization that inputs,
 
services, knowledge, and effective demand are available, and
 
farmers have the financial buffer to have a speculative
 
orientation, can the high technology package be adopted.
 

We must remark on one particular issue here. That is
 
the question of using a full water control system, which is
 
presently the preferred one, or a system with partial water
 
control. The latter used to be quite normal in the sixties
 
and early seventies. One of its special features is the low
 
investment cost per ha. Generally, under a partial control
 
system, one can be fairly sure of growing one crop, and
 
perhaps a second. Such a system is especially attractive
 
when the climate permits rainfed agriculture and farmers give
 
irrigated agriculture a moderate importance in their farming
 
system. Full water control would then be too demanding in
 
terms of family labor requirements. Examples of partial
 
control systems can be found in Burkina Faso, Niger, and Mali.
 

Financial and economic aspects of irrigation
 

At the farmers' level, the most important issue is
 
whether (expansion of) irrigation is an attractive option
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when compared to the alternatives, either within his farming
 
system or without. If this is the case, and the 
overall
 
situation is stable 
enough to permit a calculation of the
 
risks involved, the charige. from a subsistence to a surplus

orientation will be facilitated and possibly made. In
 
Madagascar, where the national 
economy has been deteriorating

since the early seventies, farmers who were market and
 
surplus oriented have fallen back 
on a more or less subsis
tence approach. We can see this by the estimated labor
 
income given in Table 4.
 

In all other cases (except Ethiopia), the estimated
 
labor income is fairly attractive. This is understandable if
 
we look at the production charges as a share of total produc
tion value: between nineteen and forty-six percent.
 

!t is clear that, so far, farmers have been requested to
 
pay only a part of the real cost of the operation and mainten
ance (O&M) of the infrastructure. This is consistent with the
 
feet charged for other services provided by the 10, e.g.,

plowing, extension, and so on. But, where sustainability is
 
concerned, one of the key questions is how the real cost 
of
 
O&M will be shared between the parties concerned, i.e., the
 
farmers, the IO, and the Government. If one takes as points

of departure 
that, in national economic terms, irrigation

projects are seldom attractive, and that the Government has
 
very limited funds to finance recurrent cost deficits, one
 
cannot but draw the conclusion that farmers will have to
 
assume a greater share of the financial burden. If this is
 
not possible without reducing the labor income to unattractive
 
levels, prompting farmers to abandon the scheme, then only two
 
alternatives are left: 
 phasing out the relatively unattrac
tive schemes (and would this be politically acceptable?) or
 
requesting the donors' help. Donor assistance could take many

forms. Two of the common ones are: directly, by financing

the ai:nual recurrent cost deficit of irrigation projects

(which is politically unattractive), or indirectly, by paying

for the rehabilitation in due time.
 

Another possible way out of this difficult situation
 
would be to ask the urban consumers to pay more for their
 
daily food products. But here again, some political unrest
 
is the least one could expect.
 

The smaller-scale irrigation activities with higher
value crops, which are often started around the urban centers
 
without much government involvement, are especially attractive
 
in the light of financial and economic considerations. It is,

therefore, no surprise to see this 
type of project develop

rapidly in many countries.
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Concerning the financial situation of the I's, some of
 
the lessons that can be drawn from our survey are:
 

- Tasks should be reduced to the basic ones of (support
to) O&M and irrigation extension, and more tasks should
 
be delegated to the WUA's and the private sector;
 

- All staff should be trained and motivated to perform
better and render better service to farmers; 

- Emphasis and rewards should be shifted from construction
 
to better performance of existing schemes;
 

- Financial and operational flexibility should be ensured 
by granting projects greater financial independence, 
with only ex-post control; 

- The WIJA's should be involved in establishing and collect
ing the fees for water and other services.
 

Concerning the Government and donors, our findings suggest:
 

- Accepting that larger projects for low-value (food) 
crops always have low and fairly unattractive EIRR's 
when international prices for these crops are low. The
 
higher internal price that will have to be paid could be
 
justified by the reduced dependence on imports, interna
tional markets, and relations;
 

- Refraining from using loans for irrigation projects;
 

- Accepting that schemes with low-value crops will run a 
certain recurrent cost deficit and strengthening efforts 
to diminish these as indicated in the preceding para
graph; 

- Not embarking on a new scheme or rehabilitation without 
evidence that proposals are attractive to and accepted 
by the farmers involved; 

- Concentrating on a better performaie of existing
schemes rather than - or least parallel to - new con
structions; 

- Using a more flexible, program-type of approach, prefer
ably for a series of (smaller) projects. 
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CONCLUSIONS
 

What could not be expressed in figures is that, in our

opinion, the viability of irrigation projects depends basically on 
a
 
limited number of conditions at different levels. These are:
 

- Intensified agricultural production through irrigation
should be (made) an attractive option to a farmer when 
compared to other alternatives. He must have a certain 
need for it; it should fit into his farming system; he
 
should have the capabilities and the natural, financial
 
and social resources for it; there should be an effective
 
demand for the marketable production output;
 

- The whole series of functions, "upstream" and "down
stream" of the production process, should be effectively
provided by any mixture of farmers' organizations, the 
administration, private initiative, and public-private

partnerships. This series stretches from planning and
 
project preparation through implementation, control,

credit, and training, to the management of irrigated

agricultural production and the marketing of the produce;
 

- The Government should be able to absorb the extra burden 
of the initial investment plus the annual recurrent cost 
.deficit for every (extra) hectare put under irrigation; 

- The political and economic environment should be fairly
predictable and stable so as to permit a farmer to 
oversee the risks of becoming involved in (further)
 
irrigated agriculture.
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DISCUSSION
 

Bolton - I have one short question. You don't mention anything here 
which I would broadly term environmental sustainability, that is
 
sedimentation, salinization or possibly the health impact of schemes.
 
Did you study these or were these excluded from your brief?
 

van Steekelenburq - Yes; Mr. Bolton. We certainly gave attention to 
these aspects, excluding the health aspect. I must admit I feel a bit
 
guilty that we did not pay attention to it, We were informed that
 
health hazards were quite heavy in certain cases. Salinization and
 
sedimentation are serious problems in some projects. Salinization 
as
 
you know is partly caused by not including drainage facilities at the
 
time of construction and, in particular, it is not attractive to
 
adequately maintain drainage systems because you do not see the direct
 
results of it. You do see it in the long-term. Sedimentation is a
 
problem. Of course, the real causes for it are generally to be found
 
upstream or in the kind of intake works that are adopted. It takes
 
quite a high share of the operation and maintenance costs. The
 
Ethiopian case is an increasing problem to such an extent that the
 
lower part of the scheme could not be irrigated anymore because of the
 
siltation inthe main canal at the intake works.
 

Finnell - On Table 4 in the Burundi project, you have it listed as one 
of the highest farm incomes per year at 900 ECUs, yet Table 3 indicates 
it has one of the lowest economic rate of return at 3.1 percent. I was 
wondering what accounts fov that discrepancy. 

van Steekelenburg - I thik it can be partly explained in this case by
the farmers' income level being high when compared to others when 
expressed in ECU's per farm per year, partly because the farm is 
fairly big. It is generally 4 ha reduced later to 2 ha with only 0.75 
ha irrigated. There were other elements of the farming system added to 
labor income. I would say in the case of having high returns for 
farmers in terms of money can only be explained by having a high

national price for the paddy rice where it is required to be delivered
 
to the organization. Subsequently, Lhere is a high loss to the
 
government because there are a lot of other charges included. In
 
particular, the construction costs were fairly high. It took a long

delay before going into operation, years later than scheduled. This
 
all added to making the economic rate of return much lower. Invest
ments were made back in the '60's.
 

McConnen - To go back to a question related to Peter Bolton, really an 
obs -"ation. One .of the other issues related to sustainability of 
smait-scale surface schemes I think depends on the condition of the
 
watershed, not just in terms of the amount of sedimentation that comes
 
from it, but also the ability of the watershed to produce water. In
 
one of the schemes we observed in Zimbabwe there was a small scheme
 
with relatively sandy soil, they told us during the drought they had no
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problems with a shortage of water, even though they did not have a big

impoundment because the watershed itself was a commercial
on farming

area and the watershed was in good condition. During a one year

drought iti.ey were able to maintain the flows from that watershed in
 
very good condition. I would think, for example, that some of the
 
areas I have seen inKenya with very poor conditions of the watershed I

would worry not only with sedimentat'on but I would worry also with the

ability to even the flow from the watershed over a period of time.
 

Moris - I wanted to remind people that there seems to be a law of 
documents preparation that the most important references always get

left out. Our presentation today was heavily used in our own final
 
volume of the WMS II report. As the author pointed out to us, it
 
didn't appear in the bibliography. Please be certain to insert in
 
your chapter under management there is a one page table based on this
 
same report. You will find the full citation is the secord reference
 
at the bottom of the report distributed by Pieter van Steekelenburg.

At least those of you inthe room will have the full citation.
 

Ssennyonga - On page ten of your paper you have number one and number
 
two. On number two you describe an irrigation organization and you
 
say this is a natural counterpart to the water users association. I
wonder why, in your view, is the water users association not part of
the irrigation organization? And also related to that on page four,
the characteristics, I wonder if you could have added another column 
For type of organization or management.
 

van Steekelenburg 
- Looking back I would liked to have included it as 
a discriminator to make a selection 
of various types of projects.

However, we were not sure what a full set of projects would look like
 
which were presented to us by the EEC. It turned out later on to be a
 
very important issue in understanding what was going on. The type of
 
management. However, it's not included in the 
selection criteria of

what kinds of projects. Now your question on why distinguish water
 
users association and irrigation organization is because inmy opinion,

the water users association isthe Idst part, the representation of the

farmers themselves, they are the ones dealing the government bureauc
racy, the natural interface with the government bureaucracy which is
 
the irrigation organization whether a parastatal or a ministry organi
zation. We have defined irrigation organization to up to this level a
 
part of the bureaucracy. We could have adopted other subdivisions but
 
since we defined it for the purpose of this study as the specialized
 
agency, be it parastatal, be it partly industrial - commercial or 
bureaucracy dealing with irrigated agriculture which has introduced it 
to the farmers. This iswhy we have made the distinction. 

Ssennycnga - Suppose you have the typology that we find wholly commun
ity managed and organized agency or shared partnership. I believe that
 
concept of organization would not see it so clear cut.
 

55
 



van Steekelenburg - It is a continuum, I do agree. You can find 
irrigation organizations of almost communal, whereas others are 
government controlled with no farmer participation in decision-making,
planning, no consultation even. So, it is a continuum. I do agree if
 
you talk about bureaucratic communal forms or a mixed one, there is a
 
tendency to move toward the mixed form, toward the more communal types

of the mixed forms.
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PLENARY SESSION
 

SMALL GROUP REPORTS #1
 

AFRICAN IRRIGATION OVERVIEW AND SUSTAINABILITY
 

Makuba - First, a general comment that I would like to make has to dio
 
with the time constraint. All the participants in our working group

expressed a *sh to have more time for group discussion. We thought

that the dis,.ussion groups will be more enriching than the plenary but
 
we need more time.
 

Regarding the cmr;-2,;ents we made on the sustainability of
 
irrigation in Africa, we tried to bring together the two topics

presented. So we have divided our comments into three parts. 
 Then
 
ended up with a general conclusion.
 

Let me begin with the technical aspects. We thought for
 
irrigation in Africa to succeed, to be more viable, projects must be
 
well designed. 
 That is to say from the vary outset the beneficiaries
 
should be involved and we should involve them also in national planning

including the national development plans. Also, we need to insure
 
there is good follow-up on evaluation. Secondly, we agree that we must
 
adapt technology to local conditions. We should think about, if you

want to recoup your investment you have to cultivate crops that will
 
yield income. We should also assist the farmers financially. Finally,
 
we also think we envisage medium term solutions in the area of irriga
tion. This is to say, we should pass through traditional irrigation to
 
arrive at modern irrigation. We should find intermediate solutions
 
before imposing modern irrigation schemes on people.
 

The next issue that we discussed had to do with institutions.
 
Institutions are very important 
for the success of any irrigation

scheme. Here our working group feels that farmers should be properly

organized. Governments should 
stimulate the interest of businessmen
 
in investing in irrigation schemes and projects. We also feel, given

the budgeting constraints of African governments there should 
be
 
gradual disengagement of the government from 
investing in irrigation

and more involvement of the private sector. 
 We think the government

should ensure proper training both of experts and farmers. Finally,

the interests of farmers should coincide with those of the government

when it comes to planning agricultural projects. If that were the
 
case, we can be sure the project will succeed if everyone's interest
 
is catered to.
 

The third issue has to do with finance. We believe that we
 
should try to reduce the overhead costs of the scheme. Costs do not
 
always directly relate to irrigation. We should also think about
 
reducing recurrent costs. Since we have very little time we have
 
tried to put everything into a nutshell without going into great

detail.
 

57
 



Finally, our conclusions, generally speaking, globally and
 
regionally we think that countries should cooperate in drawing up

joint regional policies for production and marketing of agricultural

produce. This is our opinion. Thank you, Mr. Chairman.
 

Adeeb - The group divided the afternoon into two in order to discuss 
the keynote address and the paper on sustainability. However, we were
 
unable to get to the second subject because of the time shortage. We
 
didn't have sufficient time to even cover the first subject as thor
oughly as we wanted.
 

We talked about t' ssues which were raised in the keynote

address. We had the ke speaker in our group and that proved

interesting. Generally, group felt that the issues that were
* 

raised could be categorized in at least four major issues.
 

First, is irrigation the only avenue toward greater agricul
tural production? That is an issue that stands by itself. There is 
a
 
need for irrigation development in some parts of Africa and no need in
 
other areas.
 

Second, the conflict of interest between government and the
 
farmer. The governments in Africa frequently use irrigation for
 
foreign currency earning through export crops while farmers may see it
 
for food security.
 

Third, the cost of repayment issue. The farmer is supposed to
 
pay the operation and maintenance cost or should there be some sharing
 
system between the government and the farmers?
 

Fourth, farmer security. The farmer to be able to invest in
 
the system should feel secure that his investment is going to be
 
rewarded. Unless he feels secure to invest in operation and mainten
ance or any improvement, he his not going to do it. Some kind of
 
security, title of ownership or agreement isneeded.
 

Fifth, constraints hindering African irrigation system
 
development. Not much time to discuss these.
 

1. Lack of appropriate technology.
 

2. Health hazard of irrigation,
 

3. Inadequate financing.
 

4. Inadequate water sources.
 

5. Inadequate physical and institutional infrastructure.
 

6. Inappropriate policies
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7. 	Urban biases of government programs.
 

These are just a few of the constraints that were discussed in
 
our small group.
 

As I mentioned, we were unable to get to the second topic.

Thank you, Mr. Chairman.
 

Movo - In the initial discussion we had a wide range of interests from 
the participants. The most important ones were the identification of 
important African issues to gain more insight and information about 
them. Especially the land tenure and managemenL issues, recurrent and
 
capital cost issue. The participants came to find ways of improving

and/or increasing irrigation development in Africa as a follow-up field
 
work 	that has been done. Participants came to gain views and exper
ience in planning from other countries, especially on small-holder
 
irrigation schefies, and to get acquainted with development in Franco
phone countries. Those were the major expectations of the participants
 
from 	our group.
 

In the second session we were looking at the issues, opportun
ities and constraints on the keynote address and sustainability. In
 
order of priority.
 

1. 	 Improvement of rainfed agriculture being put as a low 
priority in comparison to irrigation development.
 

2. 	 Export of crops - principai source of foreign exchange 
for many countries. 

3. 	 Drought - and population increasing combine to increase 
need for irrigation. 

4. 	 Food - self-sufficiency with irrigation playing an
 
important role.
 

The opportunities from the keynote address. The most prom
inent was further planning for cost-effectiveness. Closely followed
 
by better pricing of market structures and incentives. The delegates
 
were also keen on networking to transfer across African countries
 
information.
 

The major constraints from the keynote address. The most
 
prominent one was the history of failures limiting irrigation develop
ments efforts in Africa. The second most important one was the
 
locatiop of potentially irriqaole land in remote areas. This results
 
in irrigation schemes being isolated and improvements being hampered.
 
The inadequate numbers of locally trained professionals.
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The major issues identified in the address on ststainability,

the most prominent one was the impact of irrigation on the environ
ment. Closely associated with the watershed issues which, if not
 
looked into would raise the question of irrigation sustainability.

Then you had the physical and institutional problems which affect
 
sustainability. The problems of energy, in this case looking at wood
 
for 	firewood. ?roblem of funds for operation and maintenance. Then
 
appropriate eccnomic and financial evaluation of the schemes.
 

The opportunities associated with sustainability were largely

on the large centralized irrigation schemes vs the small and locally

managed schemes. Looking at opportunity of changing the large-scale

systems which don't seem to be operating well. Problems of inputs and
 
services for the schemes, problem of energy costs, spare parts, 
etc.
 
How do those affect sustainability? Experience and lessons learned
 
from other parts of Africa. Need increased networking and exchange of
 
ideas. Then there is the question of improved management for success
ful implementation.
 

The major constraints focussed on the issue of concentrating
 
on new developments or move toward rehabilitation. Then question of
 
high operation :ld maintenance costs. In this case, it was noted
 
there is a general lack of detailed data on quantifying the operation

and maintenance costs. We also looked at donor agencies not being

responsive to irrigation opportunities that have been identified.
 
Thank you, Mr. Chairman. 

Gichuki - Our group discussed mainly the issues, we did riot have time 
to discuss the opportunities and constraints. We arrived at the 
following major issues:
 

1. 	Cost issues - cost containment and issue of new projects 
vs rehabilitation of old projects. 

2. 	The performance - need to address the performance

criteria. What criteria do we use in arriving at the
 
performance of a particular project? These should be
 
looked at under the various activities, technical,

environmental, social and economic performance of the
 
project.
 

Tied to the issue of performance is the lack of
 
data. Members expressed concern for lack of data and
 
concluded that although we.end up with reports indicating

various performance levels, they' always indicate that
 
there was a shortage of data which leaves a lot of doubt
 
about the conclusions of the particular study.
 

3. 	The third issue we looked at was the balance between
 
irrigated and rainfed agriculture. The keynote speaker
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leaned very heavily on rainfed agriculture. We feel
 
there is room for improvement for both of them.
 

4. 	The fourth issue we looked at was sustainability. We
 
felt we need to spend a little bit more time defining

sustainability. 
 We also need to look at environmental
 
concerns as far as sustainability is concerned. Need to
 
attach a value to sustainability. What happens if 
we

don't sustain the projects? This is closely tied to the
 
cost and performance issues.
 

5. 	Manpower training and development and technology trans
fer. One of the questions that came up is: Is there a

shortage of trained manpower or are they being underutil
ized? Are triined professionals being given assignments

outside their training, in other Ministries, in admini
stration? Also tied to training is the farmer training
 
program. There are a lot of programs that trai, techni
cal personnel. What farrier 
training programs exist to
 
ensure that information passes from the technical officer
 
at the lowest level to the farmer?
 

6. 	The last issue is the role of consultants both local and
 
international. Some of the questions we addressed were:
 
How can we make them more accountable for what they

prescribe? How do we encourage local expertise to attain
 
recognizable professional status? How do we integrate

the operation considerations into planning, designing and
 
implementation of projects? We realize when dealing with
 
an irrigation project there are a lot of activities
 
involved and some designers come in and design the
 
conveya'ice system, others design the on-farm network and

there may be very little coordination between the two.
 
Looking at the role of consultants and accountability we
 
were wondering whether it may be an opportune time to

address the issue of 
a wholesome approach to irrigation

project design and planning.
 

Finally, we looked at the question of networking of profes
sionals which we feel should begin at 	 before
the country level it

takes the regional 
or African context. That is all Mr. Chairman.
 

Misiko - Maybe being the last persor2 I might have to repeat certair,

things that have been discussed. But we looked at issues at the
 
national level. Before I continue, I don't think that the group could
 
go into more detail than what is on page seven and part of page eight

of the "Difficulties of Making Irrigation Projects in Africa Viable."
 
So we recommend that you look at these ag2in to give us better ideas in
 
terms of national issues as far as irrigation is concerned.
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We asked ourselves nationally what would be the role of
 

irrigation. We cited three areas which have been repeated before:
 

1. Food security;
 

2. Economic growth;
 

3. Rural Employment and Settlement.
 

Nationally, there should be a formulation of an irrigation

policy. Together with that there is an issue of planning and imrlemen
tation of irrigation projects. There is also an issue of evaluation of
 
multi-objective projects. We also looked at the program of irrigation

vis-a-vis rainfed agriculture. It has been stated here that with 
increased population one should look not only at rainfed agriculture, 
but also irrigation cultivation.
 

On the side of constraints we looked at the choice of crops,

i.e., cash crops and food crops in relation to pricing. Then another
 
constraint was on environmental in relation to health, sedimentation
 
and others. We also looked at the constraint of operation and mainte
nance capability and choice of technology. We also looked at con
straints in,terms of institutional deficiency as lack of qualified and
 
experience manpower to maintain and manage the projects. We also
 
discussed the need fur baseline data both physical and socio-economic.
 
We also looked at the weakness of institutions and their lack of
 
control over donors. The donors may come in with money and force you
 
to put up a project which you are not ready for.
 

Under sustainability we looked at cost-effectiveness, i.e., is
 
the project going to be self-sufficient or is the project going to be
 
subsidized especially the projects dealing with food production?

Also, the project can be sustained if farmer participation can be
 
encouraged and if the environmental aspects are looked into especially

when the watershed has a problem of diminishing water for irrigation.

Lastly, we looked at the coordination among ministries or irrigation

organizations as being some of the factors influening sustainability

of projects. With that, Mr. Chairman, we concluaed our observation on
 
today's presentations.
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OBJECTIVES OF THE JOINT FIELD STUDIES
 

Wayne Clyma
 

Colorado State University
 

Thank you for the opportunity and privilege to talk to you
briefly and I do plan to 
be brief about the objectives of the Joint

Field Studies. Perhaps you would like to turn to your program sheet to

the page where thd objectives and aim of the effort are listed. 
 I do
not wish to elaborate on these but I do wish to talk briefly about the 
purpose and objectives of this particular effort. 
 One of the emphasis

from the interest of USAID was a need to develop a better understanding

of the policy and program needs for irrigation in Africa. That relates
 
to the idea of idertifying the issues and constraints 
to improve

performance of irrigated agriculture in Africa. 
There is also interest
 
in increasing our knowledge and understanding. We also felt very
 

was
strongly that it necessary that African professionals also should
 
have an opportunity to 
increase their knowledge and understanding.
 

In terms of accomplishing this, we looked at the idea of
developing a particular approach in which we would look at the useful
ness 
of a methodology - an interdisciplinary, field-based methodology
of understanding irrigation. 
 We would also like to identify those

important opportunities 
and constraints that were facing irrigation,

then look at the guidelines. The guidelines, as you see, are the focus

of our small group processes we are using in order to bring in your

knowledge and understanding, both those in the joint field studies and
 
those of you from other experiences in Africa.
 

As a part of this effort there was an interest in looking at
how irrigation systems could be appraised. We tried to draw upon the
 
experiences of WMS II in the diagnostic analysis area and in the

approaches to rapid appraisal. I think most of the studies

variations of those two approaches 

used
 
to develop a better understanding


of irrigated agriculture in Africa. 
 I assume each one of the presenta
tions related to the joint field studies will provide you with 
some
 
understanding of that experience and 
its relevance and the particular

understandings that grew out of it.
 

What I would like to do in the remaining time is to give you a
 
little bit of the background and understanding of some of the emphasis

in the joint field studies to develop this understanding.
 

The first of these is the emphasis on the joint process. Some

experiences and understandings about irrigated agriculture suggest

that for agriculture to be significantly improved, the host country

professicnal in water management is the one who is going to accomplish

that. Therefore, the focus is on developing that 
understanding and
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having that capability in the local professional to understand the
 
constraints. From many of the experiences I have had in other coun
tries, professionals will find ways in which those constraints can be
 
addressed. There was first that emphasis that the effort was a joint

undertaking.
 

The second of these was the focus on developing an understand
ing from field studies. Again, experiences suggested that the specific

knowledge gained about the actual field conditions in irrigated

agriculture is also a powerful tool for creating change conditions.
 
That can be accomplished in improving irrigated agriculture. That was
 
also the knowledge emphasis and the understanding emphasis that we were
 
interested in. In each case, there was a focus on looking at specific

irrigation projects and developing an understanding about how irrigated

agriculture was performing and what the constraints of that was.
 

1 think probably the trade mark of Water Management Synthesis

in its efforts has related to the interdisciplinary focus that is
 
given to looking at irrigation projects. Some of the comments I have
 
heard and the many other experiences I have had among professionals

from all countries is that a process of doing a field study in irriga
tion where the various disciplines are involved and where the under
standing is developed froa that broad based approach provides an
 
opportunity of understanding that is not provided in many of the
 
professional experiences. That applies to U.S. University personnel
 
as well as people that I have been involved with in other countries.
 
That understanding then is the real basis for looking at strategies

and constraints to improving irrigated agriculture. In each of these
 
studies there were interdisciplinary teams involved in both host
 
countries and an expatriate team and they worked together in a joint

field type of study.
 

The last emphasis I would like to talk briefly about is a

focus on management to improve the performance of irrigated agricul
ture. This has the concept that you establish objectives for what
 
irrigated agriculture is trying to achieve, that you make plans to try

to achieve those objectives, that you look how the performance is in
 
that area and you deal with the areas of low performance. The joint

field studies focused on identifying the areas of low performance in
 
irrigated agriculture and the factors that were causing or contributing
 
to that low performance. This type of focus allows you to look at
 
plans that would deal with those specific factors that constrain the
 
improved performance and that kind of realistic planning allows you to
 
develop efforts in irrigation that can improve the performance of
 
irrigated agriculture. I noticed in some of the comments earlier that
 
many times irrigated projects have either fuzzy objectives or unstated
 
objectives and a lot of resources are invested. Irrigation is then
 
evaluated on the basis of achieving those other objectives. I think
 
this isone of the constraints we have in irrigated agriculture. Ifwe
 
can be clear about what we are trying to accomplish, understand what is
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constraining it and then focus on improving the performance so that we

do achieve what we had planned to achieve, then that is the focus on
 
improving the management of irrigated agriculture. I see that this
 
kind of an effort can build on and can build a capability here to
 
improve irrigated agriculture.
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IRRIGATED AGRICULTURE IN ZIMBABWE: 
 THE CASE nF LARGE SCALE
 

PARASTATAL IRRIGATION SCHEMES
 

I. Moyo
 
Senior Irrigation Specialist, Agricultural and Rural
 

Development Authority, Zimbabwe
 

INTRODUCTION
 

Zimbabwe is located South of the equator on °
latitude 15 36'
 
to 220 25' S and longitude 250 16' E to 330 04' E. It occupies an 
area
 
of about 39,359,682 hectares and is drained 
by three major river
 
systems, the Zambezi River to the north and northwest, the Limpopo

River to the south and the Save River to the southeast. The drainage

system originates from an outstanding broad ridge of watershed, locally

referred to as the Great Dyke, running across the entire country from

which emerges a belt of high plateau of about 640 kilometers long by 80
 
kilometers wide. 
 Th.. country has a population of approximately 8.3
 
million people with an estimated growth rate of 2.84 percent and a per

capita income of about US$480 (Standard Chartered Bank, 1986).
 

Zimbabwe's land is divided into six natural regions, (see

Table 1) and each of the six regions represents a particular combina
tion of the natural characteristics of climate, soil and relief which
 
tends to find expression agriculturally in a particular system suited
 
to it. In summary, the agro-ecological analysis of Zimbabwe shows
 
approximately 20 percent of the land 
area is suitable for crop produc
tion (Regions I and II), about 
18 percent (Region III) marginally

suitable, about 59 perceot is best suited livestock
to production

(Regions IV and V) and 3 percent unsuitable for any form of farming

(Region X). Thus, the bulk of the land 
mass is subject to such
 
conditions that make dryland crop production a risky venture. Because
 
of its geographical position south of the equator, Zimbabwe has a
 
unimodal rainfall season beginning about late October and ending early

in April. Only very small 
parts of the Eastern Highlands receive some
 
winter rain. About 80 percent of the country receives between 300mm
 
and 800mm of rainfall, mostly in thunderstorms with a small area in the
 
eastern highlands receiving over 1500mm. Zimbabwe does riot only lie in
 
a low rainfall belt, she is also subject to unreliable and often very

poorly distributed rainfall. Midseason droughts and unreliable
 
rainfall represent the single most critical uncertainty in farming and
 
hence, its vulnerability. The national average rainfall 
 is 657mm
 
compared with 
the world averae: figure 860mm. However, the total
 
rainfall and its distribution vary greatly from year to year and from
 
one part of the country to another making very little meaning in
 
average rainfall in the different parts of the country.
 

The annual average rainfall figures from the 1980-81 rainy
 
season to 1985-86 are shown below.
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TABLE 1
 

ZIMBABWE: DIVISION OF LAND BY NATURAL REGIONS
 

NATURAL AREA PERCENT OF
 
REGION (MILLION) LAND DESCRIPTION
 

0.61 	 1.55 Specialized and Diversified
 
Farming Region. Rainfall
 
more than 1,000mm per year.
 
High and moutitainous.
 

II 7.35 18.67 	 Intensive Farming Region.
 
Rainfall 750-1,000mm per
 
year. Intensive crop
 
production with subsidiary
 
livestock holding.
 

Ill 6.86 17.43 	 Semi-Intensive Farming
 
Region. Rainfall 650-800mm
 
per year. Severe mid-season
 
dry spells. Less suited to
 
crop-dominant farming.
 

IV 13.02 33.08 Semi-Extensive Farming Region
 
Rainfall 450-650mm per year.
 
Periodic seasonal droughts
 
and severe mid-season dry

spells. Some drought resist
ant crops can afford a side
line.
 

V 10.30 26.17 Extensive Farming Region
 
Rainfall below 650mm,
 
Altitude below 900m. Only
 
extensive form of cattle or
 
game ranching is sound farm
ing system.
 

X 1.22 3.10 Unsuitable for any form of
 
farming. Consists of exces
sively broken country, flood
 
plains, swamps or very poor
 
soil.
 

TOTAL 39.36 100
 

Source: Vincent and Thomas 	(1960: 104).
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YEAR RAINFALL mm
 

1980-81 878
 
1981-82 440
 
1982-83 403
 
1983-84 464
 
1984-85 746
 
1985-86 703
 

Inspite of these unfavorable conditions, agriculture plays a
 
dominant role in the country's economy. About 25 percent of the
 
formally employed are in the agricultural sector (GKW Consult, 1985).

A further 1,400,000 adults are estimated to be employed in agriculture

in the Communal lands and 70 percent of the population are estimated to
 
depend directly or indirectly on agriculture for their livelihood. The
 
agriculture sector accounts directly for 15 percent of GDP and in 1981
 
and 1982 the sector contributed 48 percent of exports; the main earners
 
of foreign currency being tobacco, cotton, sugar, coffee, meat and
 
maize. The vulnerability of Zimbabwe's agriculture to seasonal
 
droughts can further be illustrated by maize yield fluctuations between
 
the 1980-81 and 1983-84 rainy seasons. In 1980-81, when the national
 
average of rainfall was 878mm a record crop of 2 million tonnes of
 
maize was produced but the maize production fell to 1.4 million tonnes
 
in 1981-82 with rainfall at 440mm. Production further fell to 600,000

tonnes in 1982-83 when the annual rainfall was 403mm and 790,000 tonnes
 
in 1983-84 with 464mm of rainfall. Most of Zimbabwe's agricultural

production with the notable exception of wheat and sugar is under
 
dryland farming.
 

It is clear from the foregoing that the combined effect of
 
recurring droughts and the high rate of population growth require the
 
development of more irrigation projects as a means of increasing the
 
supply of agricultural land, achieving greater productivity per unit
 
land and stabilizing agricultural production in situations of adverse
 
climatic conditions.
 

IRRIGATION IN ZIMBABWE
 

The area of potentially irrigable soils in Zimbabwe is

estimated at 600,000 hectares but the water resources available are
 
enough for the irrigation of a total of 430,000 hectares. The current
 
irrigated area in Zimbabwe is approximately 151,000 hectares, about 35
 
percent of 
that which can be irrigated with the available water
 
resources. Four main subsectors characterize irrigation development in
 
Zimbabwe. The large commercial farms which combine commercial settler
 
farms and private commercial units contribute the largest area of about
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103,500 hectares (69 percent). Large corporate estates account fur
 
30,400 hectares (20 percent). State farms under the Agricultural and

Rural Development Authority (ARDA) account for 12,000 hectares 
(8

percent) and small-scale, small-holder Government run schemes under the

Department of Agricultural Technical Extension Services
and 	 (AGRITEX)

contribute 5,000 hectares (3percent).
 

The 	need for further irrigation development has long been

recognized as one of the most viable tools through which 
national
 
microeconomic objectives can 
be achieved. The thrust to strengthen

the performance of the existing irrigation schemes and to engage 
in
 
more 	new development is illustrated by 
the role irrigation plays in
 
the national economy. Some of the important aspects of the role of
 
irrigation in Zimbabwe are discussed below.
 

1. 	Certain crops, like wheat, can only be grown in the
 
cooler months of the year from May to August when there
 
is no rainfall and, therefore, depend entirely on
 
irrigation for their production.
 

2. 	The escalating requirement for food arising from popula
tion growth and rapidly increasing consumption. These
 
food supplies must be secured from local production
 
sources thereby avoiding food importation and the
 
consequent outflow of foreign currency.
 

3. 	The acceleration of agricultural development and related
 
factors of employment creation, increased rural incomes
 
and prosperity, stable rural population groups, reduction
 
of the hazards of drought, etc.
 

4. 	The establishment of an irrigation based industry

producing pumps, pipes and other equipment.
 

Various types of crops are grown under irrigation some
 
requiring supplementary irrigation and other types full irrigation.

The dominant crops grown under either full or supplementary irrigation

by the various irrigation categories are sugar cane, citrus and tea for
 
the large corporate estates; grain maize, tobacco, soybeans, wheat,

barley and coffee for the large commercial farms; cotton, wheat, tea,

and coffee for the State farms under ARDA, and edible beans, vegetables

and maize for the small-scale smallholder Agritex schemes. The
 
estimated cropping intensities are about 180 percent for the large

corporate and commercial farms, 160 percent for-the ARDA Estate and 140
 
percent for the Agritex schemes. There are three main types of irriga
tion methods that are used. These are: surface irrigation involving

mostly border basin ridge and furrow
strip, and systems; overhead
 
sprinkler irrigation using mostly the semi-portable and permanent

sprinkler systems; and drip irrigation which is restricted mainly to

coffee irrigation. Because of the generally unfavorable topographical
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conditions the delivery of water from 
source to night storage reser
voirs or the fields is mostly by pumping, whether from dams/ weirs or

from rivers. A good number of completely gravity-fed systems are to be

found but are not as common as the pumping schemes.
 

Government has long realized 
the importance of irrigation in

national development and has made pronouncements according to priority

to 
increased irrigation development under government and quasi-govern
ment agencies. At the governing Party (ZANU-PF) Congress in 1984, one

of the resolutions part of thesis 6:7 
was ....... "Government should

undertake a comprehensive study of surface and groundwater 
 usage that
 
we are better prepared to face hazards of future droughts." This
 was followed with the formation by Government of the National Farm

Irrigation Fund administer-ed by the Agricultural Finance Corporation, a

parastatal organization which charges a lower rate of interest than the

commercial lending institutions for irrigation development. This

thrust is continuing to be pledged by Government. Opening the Third

Session of the Second Parliament of Zimbabwe on the 23rd June, 1987,
the President made mention of 
further irrigation development and I
 
quote: "Planning by village and ward development committees to
facilitate development in communal areas continues to be a high

priority of my Government. Work on this and the planning and implemen
tation of small-scale irrigation schemes will be intElsified."
 

The rest of this paper will focus on the operations of large
scale government promoted irrigation schemes.
 

THE ROLE OF GOVERNMENT PROMOTED LARGE-SCALE IRRIGATION SCHEMES
 

All large-scale Government promoted irrigation schemes are
 run by the Agricultural and Rural Development Authority (ARDA) which

is a parastatal organization under the 
purview of the Ministry of

Lands, Agriculture and Rural Resettlement and is charged with the
responsibility of planning, coordinating, implementing, promoting and

assisting agricultural and rural development in Zimbabwe. 
 The opera
tions of ARDA are governed by an Act of Parliament of 1982 which
 
empowers it among other things to develop, 
engage in, establish,

operate or manage irrigation schemes (ARDA Act, 1982).
 

ARDA is currently operating 21 irrigation, ranching and dairy
estates spread out in all the nine provinces of the country. 17 of
 
these projects are irrigation estates ranging in size from 80 to 3,190

hectares. Six of these 17 irrigation estates have part of their

irrigation area set aside for individual 
 settler farmers. This

settlement component is run by the main ARDA core Estate but the

farmers who each have their own 
plot holding carry out certain minor
 
farming chores on their own.
 

Because ARDA's operations are large, it has a uniform organi
zation structure for 
all its estates for ease of administrative,
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accounting and managerial operations. All the Estates have an Estate
 
Manager whose hierarchy includes divisional heads in charge of various
 
Estate activities such as the farming operations, workshops for all
 
farm machinery and equipment, administration, accounting, community

services and the settler's component. All the farming decisions
 
relating to land preparation, procurement and application of inputs,

irrigation scheduling and application, harvesting and transporting of
 
crops are taken on the Estate. The settlement component receives all
 
the technical, managerial and extension services from the core Estate
 
which also provides tillage and harvesting machinery, arranges on
 
behalf of the farmers for the procurement of the necessary input

requirements and transporting of produce to markets. All these
 
services to the farmer are at a cost.
 

The settler farmers on the ARDA Estates are fulltime and
 
reside on the schemes. They are selected using strict criteria which
 
require the farmers to have an impressive agricultural background and
 
be willing to carry out fulltime farming on the plot holding they are
 
allocated. The plots are allocated on a leasehold basis. This is a
 
two year rolling lease which automatically renews itself unless ARDA
 
terminates it. The farmer's continued 
use of the plot depends on his
 
ability to maintain acceptable production and productivity levels set
 
by the Authority and his ability to meet all his 
loan repayments for
 
his crop inputs which he gets through ARDA from the Agricultural

Finance Corporation. The only exception to 
the two year lease agree
ment is the Middle Save Estate where the farmers have the option to
 
purchase the plot and, therefore, acquire title deeds to the land.
 
This is possible because this Estate falls under commercial farming

area which has different land tenure policies from the Communal
 
farming areas under which the rest of the Estates fall.
 

ARDA's role is becoming of increasing and strategic signifi
cance to Government in achieving specific agricultural and rural
 
development objectives. From time to time, Government has directed in
 
its policy guidelines that ARDA take over or 
develop irrigation

farming operations in order to increase total agricultural production,

switch into producing strategic commodities, supply an agro-industry or
 
provide employment services to a nearby peasant farming community. By

and large, ARDA has managed to fulfill these very important objectives

through well 
planned and managed irrigation schemes and is col.tinually

making a very important and increasing impact in the national economy.

Some of ARDA's contributions are discussed below.
 

1. ARDA's irrigation cropping regime is aimed at double
 
cropping which ensures the growing of cash crops like
 
cotton which earn the country invaluable foreign currency

and food crops like wheat which meet the national food
 
requirement thereby substituting imports.
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2. ARDA's operations offer employment opportunities that
 
are particularly significant to the nation as most of
 
the projects are located in the country's rural areas
 
where job creation is most critical and central to
 
Government's decentralization policy in development
 
programs. ARDA's employment figures show that there was
 
a workforce of 2,886 permanently employed in 1980-81 and
 
this number rose to 4,573 permanently employed in 1984
85, an increase of 65 percent. Seasonal workers were as
 
many as 14, 146 in 1984-85.
 

3. ARDA's systematic and cautious settlement program on 
its
 
Estates contributes to government policy to resettle as
 
many peasant farmers as possible on good arable land
 
where they can achieve decent income levels on a more
 
secure basis. There are currently over 500 settler
 
farmers occupying some 1,325 hectares 
on 6 of ARDA's
 
Estates. Over 40 percent of these farmers have 2 hectare
 
plot holdings and above earning on average Z$2,000 per

hectare per annum. The settlers' incomes compared to the
 
national industrial and farm labor minimum wages which
 
are Z$1,884 per annum and Z$1,020 per annum, respective
ly, are q'ite high and become substantial depending on
 
the size of the plotholdings. This is significant in the
 
context of national objective to check the drift of
 
people from rural areas 
to towns where job opportunities
 
are usually thought to be better paying.
 

During the Water Management Synthesis Workshop held
 
in Zimbabwe in February, 1987 which studied the perfor
mance of 4 small-scale, small-holder irrigation schemes,
 
including one ARDA Estate with a settlement component, it
 
was unanimously agreed by the participants that although

ARDA's style of settler management seems regimented and
 
the well-being of the tenants and all the scheme opera
tions are dependent upon the performance of a technically

determined cycle of activities, these farmers achieve
 
high yields comparable to commercial farmers and they
 
earn far 
higher incomes compared with other small-scale
 
farmers in the communal area irrigation schemes.
 

THE CONTINUED FUTURE ROLE OF ARDA
 

Looking to the future, it is quite clear that ARDA will
 
continue to grow and will be expected by Government to serve as a
 
vehicle for the introduction and adoption of new and improved tech
niques in the various agricultural activities, especially in irriga
tion.
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ARDA's irrigation settlement schemes allocate plot holdings

which are larger than those allocated to the small-scale irrigation

farmers on Agritex schemes but these plot holdings are smaller than
 
the private commercial farmer units. 
 It would seem reasonable,

therefore, that ARDA's irrigation schemes can be used to absorb those
 
farmers on Agritex schemes who would have excelled on the smaller
 
plots and would want to use the experience gained on these plots to
 
tackle larger units. The same would be said for those farmers already
 
on the ARDA Estates who would have gained enough irrigation farming

experienc-o and would then handle larger irrigation areas. Thus,

through ,rdDA the nation can produce its own irrigation farmers who
 
would have gone through the necessary stages and gained valuable
 
experience. It is appreciated that Zimbabwe's irrigation history is
 
not very long compared to the experience in Asia and other parts of
 
the world. The first irrigation in the Communal areas was in 1912 at
 
Mutambara in the Eastern Province of Zimbabwe.
 

However, through a systematic and well planned approach like
 
the one just described above, it would be quite possible to produce

farmprs with rich experiences in irrigated agriculture which they

would use on their own and help 
to spread out this experience to the
 
rest of the communities.
 

ARDA should continue to be looked upon by Government as a
 
very strategic and dynamic institution through which laid down objec
tives can be achieved, be it for the introduction of new innovations or
 
for increased production. In this context, increased production

enhances rural prosperity and is not an end in itself.
 

One of the most important areas which ARDA will need to
 
embark on in the future if its activities are to be more productive

and useful is that of training and research in the field of irriga
tion. Currently, there are no specific training courses in irrigation
 
at any of the colleges or the University. A lot of on-the-job irriga
tion experience and skills have been acquired cvr the years but it is
 
well recognized and acknowledged that many skills needed for irrigation

management belong to the psychomotor domain of learning. Knowledge,

however, has to be in the cognitive domain of lea 'ing, connecting

facts into trends and sequences. While the general issue of setting up
 
an irrigation course at the established institutions is beyond ARDA,

that of encouraging and perhaps carrying out research on 
the Estates is
 
the one responsibility ARDA must be actively involved in. It is
 
possible, for instance, that ARDA could enter 
into an agreement with
 
well established and capable institutions and agencies like the Water
 
Mahagement Synthesis Project where specific areas of academic and
 
practical 
research could be embarked on. This kind of research could
 
be of great benefit not only to ARDA as an organization, but to other
 
irrigation schemes in similar situations.
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These aspects of research could be on issues such as the hest
 
irrigation technology fnr a particular 
situation or environment,

understanding more about the behavior of specific soils, pumping

methods and alternatives, estimates of the value of irrigation water
 
under allocation alternatives, etc. These and many other aspects of
 
irrigation could help to increase 
the levels of productivity and
 
production once analyzed and quantified.
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THE ZIMBABWE JOINT FIELD WORKSHOP
 

A SYNOPSIS
 

INTRODUCTION
 

Successful small-scale irrigation can provide employment and
 
generate income in rural areas. Consequently, small-scale irrigation
 
can provide a foundation for rural development and growth. In Zim
babwe, small-scale irrigation (or smallholdpr irrigation, it is
as 

frequently referred to) is distinguished from commercial or estate
 
irrigation enterprises. The Zimbabwe Joint Field Workshop (JFW)

investigated a range of small-scale irrigation schemes. 
 The results of
 
the workshop, with findings and recommendations for action, are
 
reported here.
 

The Joint Field Workshop (JFW) was held in Zimbabwe from
 
January 19 to February 28, 1987, as part of the USAID Africa Bureau
 
initiative in irrigation. The Joint Field Workshop was funded by USAID
 
and was held in cooperation with the University of Zimbabwe and
 
AGRITEX, the e.ktension division of the Ministry of Agriculture.
 

OBJECTIVES
 

The overall objective of the Joint Field Workshop was to
 
develop an understanding of small-scale irrigation in Zimbabwe with
 
respect to the interdisciplinary aspects of agronomy, engineering,

economics, and sociology, and with specific emphasis 
on the potential

for and constraints to further development. The investigation used an
 
interdisciplinary team of U.S. and Zimbabwean counterparts to develop

systematic, field-based information related to the irrigation process,

and to develop recommendations for further development.
 

The specific objectives were:
 

1. 	Develop an integrated interdisciplinary team of U.S. and
 
Zimbabwean counterparts.
 

2. 	Acquaint the U.S. component with Zimbabwean conditions
 
and the Zimbabwean component with socio-technical
 
analysis of irrigation systems.
 

3. 	 Perform team field studies on selected sites to develop

information on the current operating conditiois of the
 
irrigation systems studied.
 

4. 	Analyze, integrate, and synthesize the information
 
obtained, together with othir available data, to provide

insights into the processes and constraints of small
scale irrigation in Zimbabwe, and to provide recommenda
tions for further development.
 

77
 



5. 	Prepare a report and present the findings to USAID and
 
Zimbabwean officials.
 

In addition, the following statement was added to the original

statement of objectives and scope to ensure understanding of the joint

nature of the Joint Field Workshop:
 

"It is understood that all phases of activity of
 
the [Joint Field Workshop] will be undertaken as fully

joint and equal from initial orientation to field work
 
to development of recommendations to preparation of the
 
final report. The cooperation and input of the Zimbab
wean counterparts are vital to the success of the [Joint

Field Workshop]."
 

FORMAT OF THE JOINT FIELD WORKSHOP
 

The Joint Field Workshop was divided into three segments as
 
follows:
 

Orientation (Iweek - held in Harare). The orientation phase

consisted of team building, development of discipline skills,

and orientation to Zimbabwean conditions.
 

Field Work (4 weeks - at field sites). The field work 
i-volved investigation and data collection on four small
scale irrigation schemes. The sites were selected to provide
 
a cross section of conditions. As such, and considering the
 
limited sample, no site was considered typical. A brief
 
description of each site isgiven below.
 

Conclusion (1 week - held in Harare). Activities included 
analyzing the data and finalizing reports on each scheme. 
The information was synthesized to develop recommendations 
and findings, which were presented to USAID and Zimbabwean 
senior officials.
 

SITE 	DESCRIPTIO4S
 

The sites were chosen to illustrate the range of conditions
 
in small-scale irrigation in Zimbabwe. The sites are presented inthe
 
order inwhich they were investigated.
 

1. 	Tsovane
 

This scheme is one of the few that have been built since
 
independence. Tsovane scheme started operating in 1985. It

is operated by the Agricultural and Rural Development Author
ity (ARDA) as an estate with a small settler area. The total 
area is 338 ha, with 68 ha under settler control. Each 
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settler family has a 2 ha holding, and there is an ambitious
 
plan to gradually hand the scheme over to the settlers 
over a
 
period of eight years.
 

The water supply is pumped from the Save River into
 
night storage dams for distribution via canals. Two predomin
ant soil types are present which affect irrigation scheduling

and water conveyance. Canals through coarse-textured soils
 
were lined, whereas no lining was installed on the clayey

soils. The main crops are cotton and wheat. Yields were high

and returns to farmers were above average.
 

The scheme has very good management, and the farmers
 
have an irrigation committee which interacts well with the
 
settlement officer and scheme manager.
 

2. Nutema
 

Mutema scheme is operated by AGRITEX and has a scheme
 
manager and an irrigation committee. The extension service
 
isgood, with a relatively high ratio of extension workers to
 
farmers.
 

Mutema scheme has an area of 237 ha, of which 1983 ha
 
are sprinkler irrigated and the remainder are surface irri
gated. Water for surface irrigation is diverted from the
 
Tanganda River, which carries a high sediment load. Seepage

losses from the supply canal are high. The surface irrigation

is little more than controlled wild flooding, and the effic
iency of water use is low.
 

The sprinkler irrigated area is on sandy soils and is
 
supplied with groundwater by four pumps. One of the pumps

has been inoperative for over a year for lack of a bearing.

The sprinkler system was installed in 1973 and began to
 
experience problems three years later. There has been little
 
replacement of components, and the system is almost inopera
tive.
 

ihe landholdings are generally less than 1 ha. The main
 
crops are maize, cotton, tomatoes, and beans, and yields are
 
low. Farmer morale is poor.
 

3. Mutambara
 

Mutambara is one of the oldest schemes in the country,

having been started in 1912. it is community-operated with
 
no government input and little extension service. Water is
 
diverted from the Umvumvumvu and Ruwako rivers and dis
tributed through an extensive series of channels, within
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which seepage losses are high. Water is rotated from block
 
to block, but there are considerable discrepancies in block
 
area and water distribution isvery nonuniform.
 

The Mutambara scheme has an area of 152 ha, and most of
 
the landholdings are 1 ha or less. There is an irrigation

committee with two elected representatives from each of the
 
six blocks. However, the chief is the major figure on the
 
scheme, and nothing happens without his approval.
 

The cropping pattern is maize followed by wheat or
 
tomatoes. However, marketing problems have limited the
 
returns from the tomatoes in the past. Fertilizer use is
 
low, and this is reflected in lower than average yields.
 

4. Ngondoma
 

Ngondoma has an area of 22 ha and an excessive water
 
supply from a dam which was built for a now inoperative gold

mine. The scheme is operated by AGRITEX and managed by an
 
extension worker. The cropping pattern has been modified to
 
take advantage of early market conditions. With the security

of adequate water, maize is planted early and harvested as
 
green maize for the Christmas market. Okra is also grown.

Tomatoes are planted early and command a high price, although
 
transport is a problem. The scheme is well run, and there is
 
a functioning irrigation management committee (IMC).
 

FINDINGS
 

The findings of the Joint Field Workshop are summarized
 
below. Note that the findings are not mutually exclusive; where
 
problems arise, they are frequently in combination.
 

1. Technical and Financial Analysis of Alternatives
 

Scheme Objectives. It was not possible for the team to
 
establish the objectives for each scheme studied, except for
 
the newly completed Tsovane, because there were frequent

conflicts between the apparent objectives of each scheme.
 
Schemes were said to have agricultural productivity as the
 
objective, but food security and provision of rural employ
ment were also given as objectives in the same scheme.
 
Conflict arises because meeting the objective of agricultural

productivity (for example, acceptable farm family incomes and
 
adequate payment capacity per plot) usually requires rela
tively large plots, while providing rural employment requires

smaller plots so that more farmers can settle in a given area.
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In addition, changes in the schemes themselves have
 
occurred over time. The area irrigated may have been enlarg
ed, the landholdings may have been subdivided due to inherit
ance, or, as in Mutema, the method of irrigation and the
 
source of water have changed. These aspects made evaluating

the effectiveness of the irrigation schemes extremely diffi
cult.
 

Recommended Action: Scheme objectives need to be clearly

established for new and existing schemes. Where conflicts
 
occur, methods of resolution need to be determined so that
 
schemes can be evaluated fairly and equally. Evaluation
 
methods can then be applied to compare scheme performance.

The data can then be evaluated so that lessons can be learned
 
from successful schemes and applied to those not m eting

their objectives. Scheme modifications may be required that
 
make attaining The desired objectives more likely.
 

Site Evaluation. Soil variability was found to be an
 
important aspect of site evaluation because systems were less
 
effective if they did not account for it in design and
 
management. In the systems that were examined, soil variabil
ity had been incorporated into the design of Tsovane only,

where canal lining and irrigation scheduling were modified to
 
accommodate differences in the soil. For other schemes,

particularly Mutema and Mutambara, considerable problems

resulted from not being able to incorporate soil variability

into the design of the systems.
 

Recommended Action. When planning to rehabilitate an
 
existing scheme or to construct a new scheme, a detailed soil
 
survey to determine the area's suitability for irrigation is
 
required. The survey should be used to plan the irrigation

scheme and to lay out the areas to be irrigated. Although the
 
JFW team was informed that this was the normal practice, it
 
was indicated that the soil survey was sometimes done after
 
the scheme was designed. Note that in the case of rehabilita
tion, reallocating land to farmers whose land has been
 
eliminated from the irrigated area due to unsuitable soils is
 
a real and serious problem. This problem would undoubtedly
 
occur at Mutambara should a rehabilitation of the scheme be
 
undertaken.
 

Cosc of Doina Nothing. It was found that there was a
 
general lack of appreciation for the costs, or opportunities
 
not realized, when problems are left unsolved. For example,

the expansion at Ngondoma, for which materials and supplies
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were on site, had been delayed for two years. The prodyction

foregone during that time was estimated at $80,000/year.
 

Recommended Action. When invertigating proposed rehabil
itation or expansion of existing schemes, the cost of delay

should be considered. It is necessary to establish the value

of water in order to estimate the cost of delay; the reports
 
on the sites investigated illustrate the procedure. Once the
 
cost of delay is determined, alternative or partial solutions
 
can be evaluated to estimate their contribution to offsetting

the loss of revenue.
 

Least Cost Options. The expansion of Ngondoma was es
timated, 
from GKW designs, to cost $300,000, or $18,750/ha;

while implementing the much more complex scheme 
at Tsovane
 
cost just over $10,000/ha. The lack of available funds from
 
the government to implement the $300,000 design caused 
the

delay referred to above. It seems likely that a less costly

design alternative could have been developed for Ngondoma.

In addition, alternatives which involved 
the use of local
 
resources and/or a willingness to implement a partial expan
sion would have required far fewer government funds. An
 
active search for least cost and financially feasible alterna
tives would probably have yielded options which were both
 
feasible and more attractive in economic terms.
 

Recommended Action. The consideration of least cost
 
options can be coupled with 
cost of delay considerations to
 
establish appropriate courses of action. The economic 
and
 
financial analysis performed by the team indicate that few
 
schemes can support high investment costs per unit area.
 
Consequently, careful analysis of options needs 
to be under
taken in order 
to develop least cost options for irrigation

development.
 

Recurrent Costs. The sprinkler system at Mutema and the
 
surface irrigation system at Mutambira need rehabilitation.
 
Least cost options, as indicated above, should be investi
gated. However, it is also necessary to estimate the
 
recurrent costs for the rehabilitated systems. Recurrent
 
costs for a rehabilitated scheme represent th ongoing cost of
 
doing business. The deterioration of the spriiikler system at
 
Mutema is an example of the consequences of not providing

sufficient funds to meet recurrent costs.
 

Recommended Action. Estimating recurrent 
costs will

indicate the financial liability of the agency responsible
 

I All dollars in this summary are Zimbabwe dollars.
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for system maintenance. For example, recurrent costs for the
 
sprinkler section of Mutema could be estimated from data from

the nearby Middle Save estate. If production levels are to be
 
maintained, recurrent costs must be 
met through payment

capacity generated from the scheme or from funds from other
 
sources. If the payment capacity is 
to be generated from the
 
scheme, productivity and plot size must be such that the
 
objectives of acceptable 
farm family income and payment

capacity per plot can be met. 
 A scheme must generate enough

revenue to provide the farmers with sufficient income and to
 
meet recurrent costs. Mechanisms need to be set up to recoup

this revenue and use it to maintain the system. Not only is
 
it advisable for this to be done to 
keep the system operating,

but farmers should 
see it done. This way, farmers will
 
realize that their money is being used to 
their benefit and
 
they will help to maintain the system and offset repair costs.
 

Productivity and Water Supply. 
Where water was available 
in adequate quantities and the supply was reliably and 
equitably distributed, productivity -- as measured by gross
margins -- was high. These conditions were met at the 
Tsovane and Ngondoma schemes, whereas the Mutema and Mutambara 
schemes showed problems in these areas. 

Recommended Action. 
 According to the team's findings, a
 
necessary condition for a productive scheme is the availabil
ity of a reliable and adequate water supply which can be
 
equitably distributed. When considering new or expanded

schemes, this aspect must have high priority. On existing

schemes, modifications may be necessary so that the reliabil
ity and adequacy of the water supply can be increased. If
 
these changes are required, but not possible, then reduced
 
productivity for the scheme must be accepted. As 
a result,
 
modifying scheme objectives may be necessary.
 

2. Education and Training
 

Farmers. Generally, good extension programs were found
 
for farmers, and AGRITEX is to be commended for their efforts.
 
However, programs in irrigation were found variable in quality

and quantity, and 
not existing in some cases. The situation
 
at Tsovane was an exception, since in-service training was
 
given to the future farmers before they took over their
 
holdings. Farmer interest in irrigation was high, and they
 
were receptive to training programs.
 

Training for the irrigation management committee was
 
viewed as creating an arm of government, since the irrigation

management committee often collected irrigation fees. An
 
additional problem 
was turnover in IMC membership, which
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tended to dissipate the results of training. IMC training

should also deal with problems related to handing schemes
 
from government to local management, since this is current
 
government policy.
 

Recommended Action. Develop and expand the irrigation

extension program, including providing service to community
managed schemes. Ongoing training programs for irrigation

committee members is necessary to maintain standards for
 
committee performance. If government policy of handing

schemes over to the farmers is to be effective, training must
 
include encouraging committee members to accept responsibility

for their schemes.
 

Extension Workers. Considerable variation in extension
 
service to the schemes investigated was noted, and service to
 
the communal scheme of Mutambara was particularly poor. In
 
spite of this, extension workers were almost without exception

highly motivated personnel who would gain significant benefit
 
from further irrigation training. In general, the team
 
perceived a need for training collecting farm management data
 
in order to establish a firm data base for future recommenda
tions.
 

Recommended Action. Existing irrigation curricula in
 
agricultural colleges should be strengthened, and in-service
 
training programs in irrigation for extension workers should
 
be instituted. Data collection and recording procedures

should also be included. In addition, an investigation of
 
overall extension to small-scale irrigation schemes is
 
recommended, with the goal of improving service.
 

Agency Personnel. With reference to the government

policy of handing over irrigation schemes to local farmer
 
control, there appears to be a lack of appreciation on the
 
part of government agency personnel of the conditions and
 
issues involved.
 

Recommended Action. Institute in-service training
 
programs, including material on organizational concerns and
 
scheme management issues.
 

Management. At the schemes where a "scheme manager" was
 
present and effective, as at Tsovane and Ngondoma, management

levels were high, the supply inputs were more assured, and
 
markets were utilized for disposal of crops. At Tsovane,

scheme management was more structured, since ARDA was instru
mental in supplying inputs, and the marketing boards were the
 
receiving agencies for the crops. At Ngondoma, the input and
 
suppliers and markets were more informal, but none the less,
 
successful.
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At Mutema, a scheme manager was present, but the level

of management was lower since he 
was not able to expedite

input supplies nor influence marketing. A recent experience

with a tomato crop caused him to withdraw from involvement in
 
marketing. At Mutambara no one functioned as a scheme
 
manager. Consequently, the supply of inputs and the provi
sions for marketing were haphazard. Informal groups were
 
occasionally formed to market crops cooperatively.
 

Recommended Action. Effective management, including

expediting input supplies and marketing processes, 
is neces
sary to ensure the 
success of a scheme. On schemes that will
 
continue to be government-operated, managers who adeare 

quately trained are required. On communal schemes, training

of irrigation committee members is necessary 
so that they can

fulfill managerial functions. Alternatively, the scheme could
 
hire a 
manager to run the scheme, but revenue generation would
 
be required to implement this option.
 

Senior Officials. Within the context of the Joint Field
 
Workshop there was limited contact with senior irrigation

officials. However, 
that contact was very positive and
 
supportive of JFW efforts. From experience elsewhere, it is
 
extremely important to involve senior officials in the process

of irrigation improvement and development.
 

Recommended Action. There is a need to develop a
 
program, not just for personnel in the Ministry of Agricul
ture, but also for personnel in the ministries of Energy and
 
Water Resources Development and Finance and in other related
 
organizations. The content should sensitize 
participants to
 
the issues involved arid 
 should include the senior officials
 
in developing a plan for implementing small-scale irrigation
 
development.
 

Irriqation Professionals. Currently, there are too few
 
capable people in irrigation in Zimbabwe. The limited pool

of expertise is vulnerable to a "drain" to the private sector
 
where conditions of employment are more favorable. To counter
 
this, the supply of fully qualified irrigation specialists
 
should be increased.
 

Recommended Action. Support is needed for the irriga
tion program at the University of Zimbabwe to provide basic
 
education in irrigation topics and to expand opportunities

for short-term training courses overseas. 
 Specific numerical
 
objectives for irrigation professionals should be instituted
 
to enable funding to be allocated.
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3. Resear;h and Administrative Studies
 

Aqronomic. There is a need to gather water management

data of all 
types including water requirements for current

and alter'native crops and crop coefficients. Information on
soils management for irrigation is also needed. Where

information does exist, it is not well disseminated.
 

Recommended Action. On-going research programs are
 
needed to gather the above information, especially on an
interdisciplinary basis. 
 Programs to collect and disseminate
 
information must be strengthened.
 

Engineering. There is a lack of basic equipment 
for

obtaining field measurements. Zimbabwe needs water manage
ment data, especially for controlling, measuring, and distrib

water.
uting irrigation In addition, the implications of

applying "high tech" systems in a developing country, partic
ularly in regard to reliability, need to be more fully
investigated. An example of the misapplication of technology

was the use of a sprinkler system at Mutema. lhe system

encountered problems only three years 
after instal'ation in

1973 and was badly inneed of renovation. Maintenance of this
 
type of irrigation system isessential.
 

Recommended Action. Programs to address the issues
 
cited above are required, especially on an interdisciplinary

basis. Evaluation of alternative irrigation methods and
irrigation project management techniques should be incor
porated into on-going research programs of 
an interdiscipli
nary nature. Information on system maintenance and the
impact of technology should be included. A support program

to provide necessary equipment is essential.
 

Tnstitutional/Orqanizational Issues. 
 There isa shortage

of qualified people in the area of institutional and organiza
tional 
issues and an apparent lack of research. If research

exists and ison-going, then there appears to be a dissemina
tion problem, since the team experienced difficulty in

locating appropriate studies. Note that there 
is a strong

existing tradition 
of "working together" in information,

cooperative organizations.
 

Recommended Action. 
 Education programs in institutional

and organizational studies 'need to 
 be enhanced. Action

research programs with cooperating agencies are needed 
to

investigate the forrp: of organization, and the potential of
 
indigenous informal organizations without destroying them.
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Interdisciplinary Scheme Studies. Interdisciplinary

studies like the diagnostic analysis or rapid appraisal used
 
here have been shown to be viable approaches for investigating

irrigation systems. The reports on the studied
schemes 

indicated the type of information that can be generated in a
 
short time. An ongoing effort in training and in executing

these studies would create a data 
base which would be ex
tremely valuable in evaluating system performance.
 

Recommended Action. It is recommended that a Zimbabwean
 
interdisciplinary team be formed to investigate one or more
 
irrigation schemes with other representatives from AGRITEX,

ARDA, and the University of Zimbabwe for training and to
 
collect data. This action should be 
viewed as an initial
 
effort in establishing a long-term program in evaluating and
 
enhancing irrigation system performance.
 

4. Farmer Involvement and Organizational Structure
 

Irrigation Management Committees and Water Users Associa
tions.
 

Note that a water users association (WUA) is a subgroup

of the irrigation management committee. At Ngondoma, WUAs
 
were successful; whereas on Mutambara, a communal scheme with
 
a block structure, WUAs were absent. The team found that
 
IMC's, where they existed and were effective, had considerable
 
effect on scheme performance.
 

Recommended Action. 
 Efforts need to be made to establish
 
IMC's and WUA's, and to strengthen them where they already

exist. Clarifying objectives for IMC's 
and WUA's is impor
tant, particularly when planning, implementing, operating, and
 
maintaining schemes.
 

Extension Workers and Agency Personnel. The extension
 
workers and agency personnel whom the team met were aware of
 
and sympathetic to the situation of the farmers. However,

there was a lack of sensitivity to the potential of farmer
 
organizations and their impact on the productivity of irriga
tion schemes.
 

Recommended Action. Educational programs discussing

farmer organizations are needed for extension workers and
 
agency personnel to develop an understanding of the interac
tions of farmer organizations and agency personnel.
 

Implementation and Linkages. There appears to be a good

underlying philosophy for the need for 
 linkages between
 
organizations. However, there is a lack of follow-through in
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developing and implementing linkages. There is a need to
 
talk with and listen to farmers before planning an irrigation
 
scheme, to identify and select settlers for the scheme, and to
 
incorporate these settlers into the planning and implementa
tion processes.
 

Recommended Action. The use of an interdisciplinary
 
team is recommended to be implemented as an effective way to
 
find ways to build the linkages mentioned above.
 

Effectiveness. There is, on the part of the farmers, a
 
fear of failure of "new" methods of organization for irriga
tion systems. This fear promotes conservative approaches on
 
organizational issues. There is a need to encourage organiza
tional innovations in an environment that is free of a
 
"failure" stigma in order to encourage the investigation of
 
lessons learned.
 

Recommended Action. A program of organizational experi
mentation needs to be instituted so that new organizational
 
structures adapted to Zimbabwean conditions can be tried,
 

5. Water Resources and Control
 

Reliability. The importance of a reliable water supply
 
to scheme viability was illustrated by all the schemes
 
investigated. For Mutambara, one of the oldest schemes in
 
the country, a reliable, if variable, water supply from river
 
diversion produced a durable system, even though water was
 
unevenly distributed with high losses. For Ngondoma, the
 
water supply was far in excess of requirements due to the
 
closure of the gold mine for which the original dam had been
 
built. The reliability and continuous availability of the
 
water made it possible to modify cropping patterns to take
 
advantage of high value crops such as okra and early tomatoes.
 

On the other hand, Tsovane is a new scheme which
 
completely depends on pumped water from the Save River.
 
While the reliability of water supply is currently high, the
 
scheme is vulnerable to equipment failure in the future.
 
Although the system is only two years old, the farmers who
 
are to take control of the scheme are asking how they will be
 
able to replace the pumps when they break down. At Mutema, it
 
was observed that one of four pumps had been out of service
 
for over a year because of bearing failure and lack of a
 
replacement. Fortunately, this pump is the smallest of the
 
pumps, but the others are vulnerable to the same condition
 
with greater consequences.
 

88
 



Recommended Action. It is necessary to ensure 
reliabil
ity of water supply for new and existing schemes to make
 
systems "robust." Given the current shortage of foreign
 
currency in Zimbabwe, reliance on imported components and
 
technology is not recommended. Maintenance of existing

schemes will improve the reliability of water supply, but
 
alterations may be necessary to ensure reliability in the
 
long term. New schemes need to have water supply reliability

built into them in order to ensure long-term viability.
 

Measurement and Recordkeeping. Adequate measurement
 
structures and records were frequently absent, which makes
 
allocating water at local, regional, and national levels dif
ficult or impossible.
 

Recommended Action. Where measurement 
devices and data
 
collection procedure 
are in place, they need to be strength
ened and maintained. Where they are absent, appropriate flow
 
measurement 
devices need to be provided and recordkeeping

procedures need to be instituted. Prescribed uses for data,

rather than data becoming an end in itself, are required.

Also, a manual on the methodology of interdiscipliiary data
 
collection, analysis, and exchange is required. Also, a
 
manual on the methodology of interdisciplinary data collec
tion, analysis, and exchange is needed.
 

Resource Conservation. Water supply and water quality
 
aspects, conveyance losses, the misuse of water, and off
scheme water 
use concerns are national issues. Irrigation

development must be integrated with resource conservation,
 
and water conservation needs to include consideration of the
 
value of water.
 

Recommended Action. . Programs in resource conservation, 
especially for soil and water, 
need to be expanded and
 
integrated in order to preserve productivity in the long
term.
 

Allocation and Water Value. There is an 
apparent lack
 
of concern about water allocation at the national or river
 
basin level, which may be due to a lack of adequate records.
 
There was no available information 
on the value of water for
 
irrigation.
 

Recommended Action. There is a need to implement a
 
study of water value in irrigation, especially with respect

to the time of use and cost of storage. The use of water
 
pricing as an incentive for conservation and wise use of
 
water is an alternative that has succeeded in other situa
tions. 
 This report indicates the kind of information that
 
can be generated and its value.
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JFW TEAM COMPOSITION
 

The joint interdisciplinary team was selected on the basis of
 
representation from various disciplines and organizations 
in the U.S.
 
and Zimbabwe, as indicated in discussions with WMS project pursonnel

and the Africa Bureau of USAID. The disciplines represented for the
 
interdisciplinary approach were agronomy, engineering, economics, and
 
sociology.
 

!t was not possible to include Zimbabwean sociologista on 
the tearmi. This 
but cooperation 

proved to 
from the 

be a disadvantage for the U.S. 
other Zimbabwean team members 

sociologist, 
overcame the 

difficulty to some extent. 

The team consisted of the following: 

Terry Podmore, Team Leader and irrigation engineer
 
Colorado State University
 

Dick McConnen, Economist
 
Montana State University
 
Executive Project Director, WMS
 

Tom Flack, 	 Agronomist; private consultant
 
Fort Collins, Colorado
 

Robby Laitos, 	 Sociologist
 
Colorado State University
 

Max Donkor, 	 Irrigation engineer and graduate student
 
Colorado State University
 

The Zimbabwe team was selected to provide counterparts for
 
the above disciplines, with representation from the appropriate

cooperating agencies. The Zimbabwe team was 
as follows:
 

Solomon Tembo, Agricultural engineer and local coordinator
 
University of Zimbabwe
 

Aidan Senzanje, Agronomist
 
University of Zimbabwe
 

Pangirai Tongoona, Agronomist
 
University of Zimbabwe
 

Seymour Gimani, Irrigation Engineer
 
AGRITEX
 

Ransam Mariga, Economist
 
AGRITEX
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Isaac Moyo, Irrigation Planner 
ARDA 

A last minute arrangement with USAID S&T (Energy) included 
two energy specialists on the team. Their mandate was to investigate
 
energy availability and use in irrigated agriculture in Zimbabwe, with
 
particular reference to energy for irrigation pumping. Due to the late
 
addition of these members to the activity and to conflicts in their
 
schedules, they were only able to interact with the team for 
P short 
time. The energy specialists were: 

Peter Fraenkel, Alternative energy specialist
 
I.T. Power, U.K.
 

Ron White, 	 Energy economist; private consultant
 
Austin, Texas
 

The reports on energy availability and use of irrigated

agriculture in Zimbabwe are available through USAID S&T (Energy).
 

The JFW team 	findings for the schemes studied are contained
 
in Small-Scale Irrigation -- a Foundation for Rural Growth in Zimbabwe,

Report of the Zimbabwe Joint Field Workshop, WMS Report 66.
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I 

DISCUSSION
 

Tiffen - The earlier study referred to, carried out by G.K. Huntings
which was looking at all the small-scale schemes. I have also been 
involved more recently with AGRITEX and Hydraulics Research in water 
measurement studies and farm income studies on a nearby scheme. 

think the team has come back with valuable information but obviously in
 
a short period of time you can't cover everything and you find more
 
with more in-depth studies later on. Also, you have a very wide remit
 
because not only were you looking at the very small-scale schemes but
 
you also had an ARDA scheme which is rather differently organized.
 
You had an even wider range of schemes than we were looking at in the
 
G.K. Huntings schemes where we were only looking at the small 
think there were one or two things to which I would like 

ones. I 
to draw 

attention by way of gaps. 

One is the ongoing costs of these small schemes and the 
importance of relating costs and benefits. For example, the Ngondoma

scheme has very high yields, it gives the appearance of being a very

well managed flourishing place. But, going for it is an excellent
 
water supply which some of the other schemes do not have. In terms of
 
value per cubic meter of water, it may not be doing as well as some of
 
the other schemes that are having to make do with an erratic and small
 
supply of water.
 

The other element is the management cost. I can't remember
 
the figures but certainly in one scheme they had a full time extension
 
assistant working more or less as the manager. I think he has five or
 
six workers as well and all this for a 22 ha scheme. So you have very
 
high management costs. You get a flourishinq scheme but at a consider
able annual cost to the government in terms of salary. Whereas, by

contrast Mutambara, as the report said, just has this one AGRITEX
 
extension worker for 160 ha, also having the responsibility for
 
rainfed farming surrounding the scheme. That was the sole government
 
cost on that scheme, because the scheme had been closed down by the
 
previous government, by the Smith regime, they had blocked up the water
 
intake to that scheme because of a dispute with the farmers.
 

The farmers had been given permission to open it in 1980 but
 
had been given no government help whatsoever. They got some from the
 
District Council but none from the Central Government. So, that had
 
been no government cost in the output from that scheme and no govern
ment cost in running it. When you talk about the management you have
 
to look at that as well. These farmers, I think had been very success
ful; they had managed to reopen the scheme, they had struggled through
 
very bad drought years in the early 80's and again now, and they 
are
 
still surviving. They are still managing the scheme and still getting

quite a bit of output from it. Some of their troubles came from the
 
surrounding economy of the country, the tomato crop, for example, last
 
year was affected by the shortage of tin-plate, which meant that the
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fruit processin- buyers in Mutambara couldn't buy the crop regularly.

That affected M:drma as well and other schemes. This is an example of

how the external economy of the country, shortage of foreign exchange

for purchasing tin-plate affects what farmers do and what farmers can
 
sell. One has got to look at the costs and benefits in various ways.

The costs of management as opposed to the cost to government for
 
running the schemes, the cost per unit of water, as well 
as the output
 
per ha of land.
 

McConnen - Mary, I would agree looking at Ngondoma. The cost of 
management is one of the things the team did not 
look at. I would
 
also say that if you removed the five workers I am not sure it would
 
make a great deal of difference in how the scheme worked. I think the
 
farmers c-i the scheme had the capability of doing the work, it 
was
 
essentially cleaning ditches. I think, in fact, 
it may have been a
 
relief program as much as an irrigatien program. As such it may have
 
been very valuable. I think the management issue should be looked at.
 

I would go back to the case of Mutambara. I agree that it is
 
impressive that it has existed for a long period 
of time and their
 
independence is admirable and they have really done very well. I

would ask the question, could they do better? 
 I think they probably

could. In some cases, they have not had government help, but in some
 
cases it would be better if they had some government help without
 
compromising the independence of the farmers involved. They could
 
have helped them with some of the technical issues and problems. It
 
seemed to me, and again we were orly in Mutambara for a short period

of time, we talked with 
some of the farmers and walked through all of
 
the scheme. 
 The farmers were working with very little in terms of new
 
technical information. I think increased technical 
help would have
 
been useful to those farmers. They did not want it, as you mentioned
 
before, if technical help compromised their freedom.
 

I think your comments are correct, it would be very useful to
 
look at management cost and that is one thing we did not do. If you

looked at management cost and if you had very good studies in manage
ment cost, it would be one reason for the government to hurry and
 
attempt to have farmer management of schemes. It would decrease the
 
cost of irrigation to the Central government. But, if you are gning to
 
have effective farmer management of schemes, then I think you may have
 
to 
invest a good deal of money in training farmers so they can be
 
effective managers. 
 One of the things Mutambara demonstrates is that
 
farmers left 
by themselves to manage a scheme will not n,,cessarily

generate the greatest amount of production off that irrigated land, I
 
think the farmers are capable of that, but they need some help if they
 
are goin to have a scheme that is as productive as Tsovane or Ngon
doma.
 

Bolton - I think one oF the possible difficulties of trying to assess 
schemes using the rapid appraisal technique relates to the water 
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source and water management. Obviously, in a short period of time you

can't assess the effects of climatic variability on the reliability of
 
the source, nor can you assess how the season water management will
 
affect crop yield. I wonder if anyone on the team would comment on how
 
that might have counted in any way?
 

Podmore - Obviously, there are shortcomings of a rapid appraisal
technique and the one you raise is a very good one. One of the things
 
we are able to do is to get some impressions and secondary data on the
 
reliability of the water supply, simply by collecting local information
 
and also in terms of contact with the government agencies as far as the
 
available records are concerned. We did not attempt to be exhaustive
 
in that, we did not have the time nor the resources to do it. Obvious
ly, if you want to try and get a handle on those things, then you have
 
to go to long-term studies of the sort that you, Peter (Bolton) have
 
been involved in. There is no substitute for that, we can only, in the
 
rapid appraisal technique, get indications of things like reliability,
 
indications of water supply, then indicate areas of possible concern
 
and areas where additional information would be extremely valuable.
 

Ceward - There were some people working on energy with the team. 
Nothing was said about that. Are there any particular points that 
came out of that which would be useful to 'isthis morning? 

McConnen - Neither Peter Fraenkel nor Ron White travelled with the 
team. Peter came in late. He did spend part of the last week with
 
the team and Ron came in about the time we were leaving. This was a
 
bit of a disadvantage and it was different from the situation that
 
existed in Niger. There were some interesting results and it had to
 
do with different kinds of energy. It turned out that with the
 
availability of energy, and you could make different assumptions about
 
cost, but if electricity were available, which it was in most of the
 
areas, it's just such a great comparative advantage over alternative
 
sources that it dominated in terms analysis and actual fact. Another
 
thing that both Peter and Ron commented on which we observed, had to do
 
with the reliability of the pumping system itself, not the reliability

of energy. Ron White might be a good person to address this question.
 

White - Perhaps the main conclusion about energy in Zimbabwe was that 
only the very remote sites used diesel. Where electricity was avail
able it was embraced very quickly. The cost difference between 
electricity for pumping and diesel for pumping is somewhere in the 
neighborhood of 6-10: 1 in favor of electricity. There has been some 
substantial analysis done by Elliot, the Director of AGRITEX research 
facility. There is really nothing much to add to that. The conclu
sions are pretty straight forward which ranks the options available for
 
pumping. The numbers may have changed but the ranking probably has not
 
changed. There probably could be some more detailed analysis to find
 
out exactly the cost but it is very unlikely they would have changed.
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There are some real opportunities for animal drawn pumps.
They have one copy of the original version of the Botswana animal
drawn pump and they have tested it. Since then, Botswana has come up
with another version 
which is much more efficient and more easily

manufactured.
 

To shift scale ZESA  the Electric Supply Authority is in the
process of doing two things. 
 One is revising the rate structure for
electricity that is used for pumping and that would include the ARDA
schemes as well as the commercial farms. They are going to be moving
away from the declining block rate, i.e., the more power used, the
cheaper per unit 
cost. They are going to be moving away from that,

exactly to what extent is not known.
 

The other thing that is going on at ZESA is that they have
just finished a major study by U.S. Consultants of the power supply
scheme for the country. It has 
not yet been released but the report
is completed. It is very uncertain what their supply plans are.Zimbabwe gets most of its power from Kariba and they also have somecoalfire power plants, small to medium size. Predominantly, they gethydropower from Kariba so electricity is fairly cheap. That is what
makes it very attractive for pumping and it is reasonably reliable.
 

Finnell - Peter Fraenkel who is actually Terry Hart's counterpart at
TT Power, participated more closely with the team as 
he was looking at
 energy requirements associated with pumping. 
 He found some interesting
items, although ancillary to the pumping issue itself. 
 Evidently, the
Ministry of Energy and Natural 
Resources had just completed an interesting study looking at many hydro sites in 
terms of providing power to
isolated areas 
in the highland regions. That was one thing he had
discovered. 
 Also, he discussed several 
gravity sites for irrigation
that had the possibility of providing up to two megawatts of power. 
He
thought it might be good to combine not only the irrigation in terms of
using energy for pumping, but also for providing power for the gravity
system itself. Finally, he thought there 
might be some research
possibilities in Zimbabwe using agricultural residues to help power
small engines. That's basically what I remember from 
his report.
Anyone interested in looking at his specific recommendations, I can get

you a copy of his report. Thank you.
 

95
 



RWANDA JOINT FIELD STUDY 

SMALL NARAIS DEVELOPMENT IN RWANDA
 

A SYNOPSIS
 

INTRODUCTION
 

In the middle of 1986, the USAID mission in Rwanda approached

WMS II for technical advice on drainage of the small marais. In
 
January, 1987 this study began.
 

Marais (marsh) are swampy lands between hills or collines that
 
are subject to periodic flooding during the rainy season. 
 Small marais
 
are distinguished from large-scale marais by the size of the 
river
 
flowing through and the type of intervention needed to prevent flood
ing. Flood prevention in the large-scale marais is beyond the capacity

of locally available resources, while in the small marais the water
 
management practices can be carried out without outside 
intervention.
 
Typically, large-scale marais have watersheds of over 2,500 km 
.
 

The marais are differentiated from other lands for 
the
 
following reasons. These valley areas are 
statutorily defined as
 
government-owned lands nominally under the control 
of the Ministere de
 
l'Agriculture de l'Elevage et des Forets (MINAGRI). 
 In ictual prac
tice, the mayor (Bourgoumestre) and the Common Council make land
 
allocations. Where projects are
large-scale established, MINAGRI
 
assumes allocation and regulatory authority. The marais lands are too
 
wet for agricultural purposes during the monsoon 
and often require a
 
set of canals that serve the dual purpose of irrigation (during the dry

periods) and drainage (during the monsoon). Finally., there are unique

social arrangements in the marais lands because they complement hill
 
plots in sustaining food supplies and incomes.
 

The demographers of Rwanda project a large cohort of young

people who will need to establish farms and households on a limited
 
land resource base. 
 In light of this and the failure of donor-spon
sored projects to improve agricultural production in the marais, the

Rwandan government requested that this study address 
more than simply

technical aspects as originally proposed. Their specific interest was
 
in the formulation of 
a national strategy to increase agricultural

production from the marais. In response, study was
our designed to
 
generate such information, including sociological, economic, and
 
technical components. The legal aspects were to be addressed by 
a
 
separate FAO study.
 

EVOLUTION OF MARAIS USE
 

There are a great number of marais everywhere throughout

Rwanda. The marais are wet throughout the year and are the only
 
source of water during the dry season for domestic and cattle use.
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The agricultural development of the marais is closely related
 
to increases in population density. Prior to the eighteenth century

when the country was sparsely populated, hunting and gathering provided

family food needs. Later nomadic herdsmen began to use the marais for
 
periodic cattle grazing. During the past thirty years, most of the
 
marais lands were rapidly converted to arable land. The following

broad stages can be distinguished in their development:
 

Stage I: natural state. The natural vegetation of the
 
marais is papyrus. Prior to the eighteenth century, mining

for clay used in the production of pottery and bricks was the
 
only prolonged human use of the marais. Presently, the only
 
areas with underdeveloped lands are the large-scale marais
 
alonq the Nyabarongo and the small marais in the eastern part
 
where population pressure is still low.
 

Stage II: natural habitat intermixed with extensive use of.
 
marais for periodic grazing. During the eighteenth and
 
nineteenth centuries nomadic herdsmen periodically used the
 
marais for grazing during the dry season. Although nomadic
 
herdsmen have largely disappeared, this use of marais land
 
can still be found in eastern Rwanda, where the population
 
pressure is low and hill land is not completely cultivated.
 

Stage III: mixed use of marais for periodic grazing and 
permanent crop production. Currently, most marais on the 
Central Plateau are in Stage III. Because the fertile hill 
land resources are already all in use - in our survey 75 
percent of the farmers experienced land shortages in the 
hills - increasing food production can only be achieved by
boosting output per hectare or by extending cropped area 
through cultivation of- the marais. Marais lands are culti
vated during the dry season when there is excess labor and 
flooding is least frequent. The land is drained and/or
irrigated by the creation of 50-75 Cm high beds that are 4 to
 
7 or more meters wide. Drainage ditches range from 0.75 to 2
 
m in width.
 

Stage IV: intensive use of marais for crop production. As
 
all available land is cultivated, it becomes economically

feasible to improve water management by installing extensive
 
well-balanced irrigation and drainage works or by increasing
 
the use of fertilizer. The marais used for rice or tea
 
production fall into this category. Because of governmental

subsidies, crops are "economically" produced there.
 

MARAIS, COLLINES, HYDROLOGY, AND CLIMATE
 

The marai-s, the collines, and the climate form a delicate
 
ecological balance that has a direct impact on the hydrology and the
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crops grown. It is,therefore, important to consider these before we
 

discuss water management in the marais.
 

Climate and Hydrology
 

Because of elevation (on average, 1,800m above sea
 
level), Rwanda's average temperature, 19 *C, is much lower

than its location would indicate. Precipitation decreases as
 
one moves east. In the most western portion of the country,

the average annual rainfall is 1,500mm and in the east,

1,100mm, (Agrar-und Hydrotechnik GMBH, 1986) with an overall
 
average of 1,250mm. The precipitation pattern is typically

monsoonal, with two distinct wet and dry seasons. 
 Because of

elevation, precipitation is also more moderate than other e
quatorial locations. The following seasons are distinguished

(Scheffer, 1986):
 

1. 	The short rain period (umuhindu), which lasts from
 
the middle of September until the end of December,

is characterized by high intensity showers. In
 
this 	period, 27 percent of the annual precipitation

falls.
 

2. 	The short dry period (urugayi). During January
rainfall decreases. The dry period is most pro
nounced inthe eastern portion of the country.
 

3. 	The long rain period (itumbu) starts in the middle
 
of February and stops around the end of May. In
 
this 3.5 month period, 40 percent of the annual
 
precipitation falls 
mainly in the form of thunder
storms.
 

4. 	The long dry period (icyi) in June, July, and
 
August lasts from 75 days in the west, to 
115 days

inthe east of Rwanda.
 

Rainfall patterns are erratic. 
 As an example, the
 
average, maximum, and minimum amount of 
precipitation, the

number of wet days, and the potential evaporation for each
 
month are given inTable I for the Mwogo watershed irSouthern
 
Rwanda, which isone of the most intensively used agricultural

areas. Thus, despite the high average amount of precipita
tions, droughts may occur during certain years such as most
 
recently in 1984.
 

The amount of runoff can best be characterized by the
annual amounts of water in the larger streams. As can be 
seen from Tables 2 and 3, runoff is between 16 and 30cm per
year, which amounts to 10 to 20 percent of annual precipita
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TABLE 1: 	Precipitation and Evaporation for Mwogo Watershed at Nyabisindu
 
Located East of Butare.
 

Precipitation Average Potential
 
Average Maximum Minimum Number of Evapotation
 
mm/month mm/month mm/month Wet days mm/month
 

January 113 287 20 24 114
 
February 124 214 54 23 131
 
March 149 288 63 27 144
 
April 204 349 87 28 123
 
May 165 328 27 24 127
 
Junie 26 149 0 9 130
 
July 10 54 0 4 133
 
August 33 117 0 9 138
 
September 82 210 8 20 142
 
October 110 245 37 25 148
 
November 134 297 56 27 133
 
December 115 252 9 26 142
 

Source: Meulenberghs (1986).
 
Based om 	twenty-one stations with precipitation records for the
 
period 1931 to 1981. Elevations in the watershed range between
 
1500 and 	2300 m. Coefficient of variation varies between 7 and 8
 
except for the precipitation in June and July when it is 10 and 12,
 
respectively.
 

TABLE 2: 	Stream Flow Data for Mwogo Watershed at Nyabisindu
 
for the Period from 1974 - 1981
 

Average annual outflow 252 mm/year
 
Maximum annual outflow 400 mm/year
 
Minimum annual outflow 145 mm/year
 

Source: Meulenberghs (1986).
 

TABLE 3: 	Average Yearly Fluxes in m3/sec and in cm/year (1983 - 1985)
 
for Four Stream Flow Stations in Rwanda.
 

Area Average Annual Flux
 
km2 - 1983 1984 1985
 

m3/sec cm/yr m3/sec cm/yr m3/sec cm/yr
 

Akagera - Kagitumba 40.450 208 16 n.a. 203 16 
Akagera - Rusumo 30.200 209 22 181 19 222 23 
Kagitumba - Kagitumba 2.800 n.a. 9.6 1I 10.3 12 
Nyabarongo Kigali 8.900 84 30 76 27 82 29 
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tion. Runoff increases 
during the middle or at the end of
 
March and decreases near the end of May. The river height

rises again during October and/or November, but does not
 
reach the same flux as during the long rainy period.
 

The runoff peaks are not extreme and indicate the

capacity of the marais to buffer runoff. They also show that
 
direct overland flow from the hill is of minor importance

compared to the interflow and base flow comi' ients of the
 
hydrograph.
 

Collines
 

Generally, the hill soils are Oxisols or Ultisols, with
 
high saturated conductivities (7-23 cm/hr, Sanchez, 1976) and
 
low water holding capacities (10-15 percent, Sanchez, 1976).

Because of the high conductivities and associated high

infiltration rates (a crust does not form), only the most
 
severe thunderstorms will cause direct surface runoff. In
 
all, there is very little erosion.
 

During the long rainy season, precipitation exceeds
 
potential evaporation. Because there is very little runoff,

water in excess of the evaporative demand percolates below
 
the root zone. During this time, there is sufficient moisture
 
to grow field crops such as beans, potatoes, and sorghum on
 
the hillsides.
 

During the long dry season, the soil near the surface
 
dries out to the wilting point. Annual crops cannot be
 
grown, but perennial tree crops will survive the dry .period

because they have a larger soil 
volume from which to extract
 
water. During the short dry and wet periods, the same
 
processes occur as during their long counterparts, but the
 
magnitude is less.
 

The excess water that percolates downward during the
 
rain periods flows as interflow slowly downhill, and as a
 
consequence, there is more available water for crop growth

during the dry spells further down the slope. At the low
 
elevations near the bottom of the hill, sorghum and beans are
 
grown during the rainy seasons. Uphill during the wet season
 
we find homes and banana trees interplanted with beans, sweet
 
potatoes, and other vegetables. Further uphill, meadows and
 
coffee plantations are located, while the top of the hill is
 
reforested. In Figures I and 2, typical monsoonal crop

sequences by elevations are given for the central plateau,

which is a 100 km wide area running north to south in the
 
middle of the country with annual precipitation of 1,300-1,500
 
mm and for eastern Rwanda, where precipitation is between
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FIGURE 1: 	Crop Sequence in Valley on Central Plateau, Rwanda. The hill sides
 

are not grown during the long dry season except sometimes near
 
the marais where sorghum is grown.
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FIGURE 2: Crop Sequence in East of Rwanda. 
 The hill sides are not grown
 
during the long dry season.
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1,000-1,100 mm per year. The main difference between the two
 
is that in the eastern part of the country, the hilltops are
 
generally so droughty that they are covered with permanent

grassland. In the northwestern part of the country, where the
 
soils are more fertile and rainfall is greater, beans are
 
grown higher up the hill-slope than in other parts of Rwanda.
 

MARAIS
 

The mzrais soils can potentially be found in seven
 
orders, thirteen suborders, and thirty-five great Stoups

using the USDA system of soil classification. Most soils at
 
the intermediate elevations are Oxisols, Entisols, and
 
Inceptisols. When the soils have gley, then the suborders
 
are Aquox, Aquent and Aquept, respectively. When the gley is
 
absent in an Inceptisol, the suborder is Tropept.
 

At higher elevations, the soils fall into the Ultisol
 
order (suborder aquult or humult). In the east, where annual
 
precipitation is approximately 1,100 mm/year, Alfisols
 
(suborders Aqualf and Ustalf) and Vertisols (suborder Ustert)
 
are found. Finally, Histosols are found throughout Rwanda in
 
the marais, but are more widespread at the higher elevations.
 
The suborders are Fibrist, Hermist and Saprist.
 

Marais soils are initially very fertile after conversion
 
from grass or papyrus to arable land. Natural fertility

rapidly decreases with cultivation, and after only a few
 
years, they are deficient in phosphorus and nitrogen. Other
 
problems are low pH and possible aluminum toxicity.
 

Water that percolates down the hillslope ultimately will
 
reach the marais, where it will be added to the groundwater.

To determine the magnitude of the interflow from the hillsides
 
and to understand the water movement within the marais, we
 
placed instruments at two sites. The initial results indicate
 
that the water table closely follows the elevations of the
 
ditch bottom during the dry season. This is partly achieved
 
by subirrigation, but also by seepage from the hillsides. 
 As
 
can be seen from Figure 3, the water table is not flat, but
 
goes uphill near the hill slope. If an argillic horizon is
 
present, the water is under pressure. One piezometer in a
 
seepage area indicated that the hydraulic pressure in the soil
 
below the argillic horizon was 80 cm more than that above the
 
argillic horizon.
 

Our results show that the total amount 
of water stored
 
in the marais during the dry season does not change signifi
cantly. For one of the instrumented marais, the outflow at
 
the end of the dry season was 6 i/sec from a 20 ha area. As
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the storage did not change within the marais, the outflowing

water originated directly from the hillsides. Still, the

marais plays an active part in the hydrology of the country
for the following reasons. 
 First, the farmers' drainage and
irrigation 
actions keep the water table parallel to the

surface. If they did not subirrigate in certain parts of the

marais, the water table would drop. 
 Second, if the main

drainage canal 
eroded and intersected a water-bearing layer,
the water table would drop significantly, and most of the
 
seepage spots would disappear.
 

Clearly, our results are much different than those from

other areas with less rainfall, such as Niger where one of
the other joint field team studies was carried out. In each
 
area, we expect to find water management practices that 
are
in harmony with the natural environment. The water manage
ment practices found 
in Rwanda are discussed in a later
section after patterns of social organization and land
 
allocation and use are reviewed.
 

PATTERNS OF SOCIAL ORGANIZATION INLAND ALLOCATION AND USE
 

This section 
 describes the complex social arrangements
associated with the marais land use. 
 The marais lands are statutorily

under the control of MINAGRI, a governmental organization. Only for
large-scale projects MINAGRI assumes regulatory authority and allocates
the land. Agronomes (extension agents) in these projects direct
farmers about what to grow and when to grow it. Water management is
under control of MINAGRI. 
 Rice, tea, and sugar cane crops particularly

restrict farmer autonomy because of major investments made in the water
management infrastructure. In short, farmers on 
such lands tend to be

treated as employees of a government estate.
 

For marais lands for which MINAGRI does not assume regulatory

control, local officials make decisions of land allocation and use.
Central 
 participants in utilization and decision-making are the
farmers, cooperative organizers, 
elected advisors and mayors of the
 
communities.
 

Farmers in non-governmental controlled marais 
land are also
the water managers. As all over Rwanda, farmers 
are usually referred
 
to by the non-farming community as peasants (paysans), a term that isused in a derogatory manner implying , less intelligent and lower 
status individual. Collectively, in each locality the farmers choose
 a Common Council (Counseil de Comune) who advises the 
mayor (Bourgoumestre). The Common 
Council and the Mayor make land allocation

decisions. Farmer's cooperatives have a preference above individual
farmers in allocation of agricultural plots. The cooperatives are
viewed by officials at the local and national 
level as a convenient
and fair mechanism to aid in sharing the scarce marais 
resource.
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Cooperative Organizers (encadeurs des Cooperatives), which are employ
ees 
of the Ministry of Youth and Cooperatives, organize cooperatives

and farmer's groups and assists them in securing land.
 

The Bourgoumestre ultimate arbiter use
is the of land con
flicts in the marais. The Bourgoumestre aids in land allocation
 
decisions, and settles boundary disputes. The government viewed 
the
 
Bourgoumestre as the community representative serving as a link
 
between government and the people within the community. The orienta
tion and the preferences of the Bourgoumestre greatly influence the
 
nature of marais enterprises and land use organizations.
 

WATER MANAGEMENT PRACTICES IN THE SMALL MARAIS
 

Water management in the Rwandan marais is extremely complex.

Focusing on the small marais, we 
see that there is an excess of water
 
during the long rainy season from March through May, requiring drainage

and a severe water 
shortage during the summer dry period, requiring

irrigation. Traditionally, in small marais farmers' fields consist of
 
raised beds 50-80 cm high and generally 3-8 m wide and 10-25 m long.

Drainage discharge and irrigation supply is by means of open ditches
 
throughout the marais among the beds. The dual 
use of ditches for
 
subirrigation and drainage requires considerable management expertise
 
on the part of farmers.
 

The water management practices used by the farmers are not
 
well documented. Statements such as "An estimated 1/3 
to 1/5 of the
 
cropped area 
is devoted to drainage (bed-ditch system)" (Cambrezy,

1981), shows a lack of understanding of the complex irrigation and
 
drainage practices in the marais. Jones and Egli (1984, p. 23) write
 
about the development of the marais:
 

"the empirical techniques (by the farmers) of developing the
 
marais are effective and require no public intervention, in
 
sharp contrast to the disastrous attempts to develop several
 
marshes in southern Rwanda and northern Burundi with technical
 
and financial assistance from France. 
 These modern techni
ques, using heavy machinery led to the desiccation of the 
marais ....... 

In other words, the failure of some of the donor agencies to consider
 
the dual role of the beds for irrigation and drainage led to disaster.
 

The following description of water management practices is
 
based mainly on frequent field visits made to marais throughout the
 
country and on detailed observations made in Ilibunga and the Rwan
dorere marais near Butare in southern Rwanda. We will discuss separ
ately the water management systems with and without governmental or
 
donor agency intervention.
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Farmer-Manaqed Systems
 

Drainage and Irrigation Practices. In farmer-managed

irrigation and drainage systems in the marais, the central
 
canal is used both for irrigation and drainage. In areas
 
where there is excess (i.e., seepge areas), w'ter is deliv
ered to the canal. In areas with a water shortage, the
 
central drain is used to replenish the aquifer by subirriga
tion. This dual use of the same canal for irrigation and
 
drainage is greatly facilitated by the 1-3 percent longitud
inal slope of the marais soils. The irrigation canals are
 
only used as such during the middle and end of the dry
 
season. During the rainy season, the same canals are used
 
for drainage. The conversion from drainage to irrigation

channels is accomplished by redigging some of the canals to
 
slightly change the grade and by installing small earthen
 
obstructions of 20-30 cm in height in the 50-100 cm wide
 
canals. A more detailed look at the dual irrigation and
 
drainage systems is shown in Figure 4. Here, drainage and
 
irrigation take placa in adjacent plots at the same time. In
 
the irrigated bed, farmers plant beans. The water table is
 
kept high for establishment of the bean's root system. In the
 
adjacent plot, sweet potatoes are grown, and the excess
 
seepage water is discharged into the ditch between the beds.
 
The irrigation water originates from the main drainage ditch
 
30 m upstream and is conducted to the bed through various
 
small (drainage) ditches. To obtain enough head for the water
 
to flow in the irrigation canal, the main drainage canal is
 
dammed up with a 30 cm high earthen obstruction. Also, in the
 
drainage ditches through which the irrigation water is
 
conducted, small earthen obstructions can be found among the
 
beds to help guide the water to the desired location.
 

Raised Beds. Changes in bed shape and size are an
 
integral part of the irrigation and drainage practices

employee by the farmers. The farmer-made beds are typically
 
5 to 7 m in width in mineral soils containing some clay and
 
have a width of 10 -16 m in organic and sandy soils. Grass
land beds have a minimum width of 10 m. The height of the
 
beds is 50 to 80 cm above the ditch bottom. Water height in
 
the canals varies from none to 10 cm. Beds up to one meter
 
high may be found in areas where there is upward seepage of
 
water. The cross-sectional shape is almost rectangular. Side
 
slope varies from 45 to 60 degrees. The length of the bed is

between 10 and 25 m and is probably determir d by the amount 
of land allotted to the farmer and by "rigl f way" of other
 
farmers to drain or irrigate their land. ,he width of the
 
ditch is 0.25 to 0.50 cm, occasionally up to 1.25 m.
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FIGURE 4. Detail of Ilibunga Simultaneous Irrigation and Drainage Practice.
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Changes in bed size in the marais are made in accordance
 
with drainage theory. For example, in the marais of Ilibunga
 
and Rwandorere near Butare, in high conductivity soils such as
 
sandy and organic soils, the bed size is larger than in soils
 
containing more clay. In the sandy area, the bed size is 15
20 m, and in the clay area, the bed size decreases to a
 
characteristic 5-7 m. In the organic soil area, bed widths of
 
up to 13 m are measured, while just outside the organic soils
 
area the bed sizes are 7 m.
 

In general, the ability of Rwandan farmers to consider
 
variability in drainage properties of soils and the water
 
needs of the crops in the layout of irrigation and drainagF
 
canals is impressive and beyond the capabilities of most
 
outside designers.
 

Marais with Donor or Governmental Intervention
 

The farmer practice of diverting drainage water to
 
irrigate crops was used in the Rihiri rice perimeter. This
 
150 ha-large system is part of the Rwamanaga Rice Development
 
Project and was constructed with Chinese technical assistance.
 
Diversion structures were built across the valley at regular
 
intervals to conduct water from the main drain to the irriga
tion canals along the fringes of the perimeter. The farmers
 
reported good yields of up to 5 mt paddy per ha. It is
 
unlikely that such yields can be maintained in the long run
 
without additional fertilization.
 

Not surprisingly, some of the oldest marais development
 
projects are found close to Kigali. In the Nyabarongo Valley
 
north of the capital, two large-scale projects were developed:
 

- the Kabuye system, a 300 ha rice perimeter built by the 
Chinese 

- a sugar cane plantation
 

In the rice perimeter, typical of other rice development
 
projects, expensive intervention was carried out with no
 
farmer input. The government, after completion of the
 
construction, remains heavily involved in the management of
 
the system. The Kabuye rice perimeter has not been operating
 
for twenty years, and rice yields have significantly decreased
 
through time. The probable reason is the natural depletion of
 
soil nutrient reserves without the attendant use of fertil
izers.
 

Sugar cane is well adapted to the wet marais environ
ment, but must be cultivated on a large-scale estate basis
 

110
 



because of the necessity of processing facilities. Sugar

cane areas cannot be further enlarg'J unless more factories
 
are constructed.
 

In te early 1960's, several small marais in Giterama

prefecture were drained with French bilateral 
 aid. The
 
improvements were made twenty years ago when there was very

little practical experience with marais improvements, and
 
drainage 
was the main goal. Some reports suggest that
 
mistakes in the design and implementation of improvements

were made by the French, but these marais are not indistin
guishable from others because of farmer modifications.
 

There are many other donor-sponsored projects, such 
as
 
the Rwasave Marais west of Butare. Designers straightened

and dug out the main drain below the field levels and install
ed an irrigation perimeter channel 
at the marais boundary.

However, the concept of a perimeter irrigation channel was ill
 
conceived because water once lost to the main drain cannot be

recovered to irrigate crops. At most points, the farmers were
 
already modifying the drainage infrastructure by transforming

it to an irrigation network during the dry season.
 

To summarize, donor and governmental projects have had
 
mixed successes at improving production in the marais. The
 
rice marais are hydrologically well designed, but economi
cally unsuccessful. Projects initiated in the marais with
 
traditional cropping patterns usually 
are no more productive

than those not assisted. However, it should be kept in mind
 
that we studied only small marais. Development of the larger

marais is beyond the capabilities of individual farmers
 
because of large investments in labor and materials required

for drainage and flood protection.
 

DISCUSSION OF WATER MANAGEMENT ALTERNATIVES
 

Intensification of marais cultivation has been recommended 
as
 
a development strategy for Rwanda. Typically, an 
estimated one-third
 
to one-fifth of the cropped area 
is devoted to drainage (bed-ditch

system), and the marais are generally left fallow during the long rainy

season. However, the assumption that farmer beds waste more space than

flat wide beds is not necessarily true. For example, when ditches are

30 cm wide, beds are 80 
cm high, and the side slope is 60 degrees, a'

simple calculation shows that 
the total area not under water is 10
 
percent larger than ifthe land was flat with no ditches (Figure 5).'
 

Another example of the intensive use of marais land is the

cultivation of sweet potatoes and beans on the same bed. During the

small rainy season in the fall in the Ilibunga marais, sweet potatoes

are grown on the steeper part of the bed near the ditch and beans 
on
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FIGURE 5. 	Comparison of Amount of Land Available to grow Crops for Beds (80 cm
 

high, and 6 m wide, ditch width 30 cm) with that of Level Land,
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the flatter middle part of the bed. According to farmers, sweet
 
potatoes need more water than beans. 
 Acc'rding to scientific wisdom,

sweet potatoes need a well-drained soil (Jones and Egli, 1984). When
 
sweet potatoes are grown on or near the drain, not only is the soil

well drained, but because of capillary action, significant quantities

of water are also supplied to the plant. This isclearly an intensive
 
ahd optimum use of the marais land.
 

Thus, we find that in the farmer-managed marais, practices

that a'e adapted to lical variations in drainage and soil properties

are used. Any design effort made without farmer participation will be
 
hard pressed to reach the same level of detail of parcel size and bed
 
height such as is found inthe better farmer managed marais.
 

Moreover, we are greatly limited by inadequate knowledge of
 
the water managemant parameter of the marais. Appropriate long-term

research to mrasure basic hydrologic parameters, such as drainage

coefficients, Led widths, saturated hydraulic conductivities, etc.,

should be continied.
 

In 1i'ght of the less than successful interventions of donor

agencies in existing small marais, we should not automatically assume

that farmer practices are inefficient and less than optimal. Farmers
 
should only be encouraged to change their practices when there is
 
clear evidence that a better method exists for cultivating crops in
 
the marais.
 

JOINT FIELD TEAM MEMBERS
 

Study the results presented before were formulated by the

Joint Field Team during the summer of 1987. The team was comprised of
 
Rwandan officials and faculty members from American and 
Rwandan
 
Universities. There were often differences of opinion how to improve

the marais and the discussions between the team members were intensive
 
and lively. The members of the Joint Field Team were in alphabetical

order.
 

Mr. Makuba Aaron. Head of the Agrohydrologic Division of the Ministere
 
de l'Agriculture de l'Elevage et des Forets; Representative of the
 
Rwandan Government.
 

Dr. Runyinya Barabwiliza. Professor, Department of Agronomy Univer
site Natiinale du Rwanda at Butare; Land Use and Management Expert.
 

Mr. Iyamuremye Deogratias. Student, Agricultural Engineering, Univer
site National du Rwanda at Butare.
 

Dr. John M. Duxbury. Associate Professor - Agronomy, Cornell Univer
sity; Soils Expert.
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Ms. 	Marie Pierre LaFrancois. Agronomist, Small Marais Development

Study, Butare; Soil Fertility Expert.
 

Mr. Kayihura Michel. Director of Rural Development at the Ministry of
 
the Presidency, Kigali; Institutional Expert.
 

Dr. Joseph Molnar. Professor, Department of Agricultural Economics
 
and Rural Sociology, University of Alabama at Auburn; Sociology
 
Expert.
 

Mr. 	Japhet Ngendahayo. Professor, Department of Economy, Sociology

and Management, Universite National du Rwanda at Butare; Socio-economic
 
Expert.
 

Mr. 	Roelof Sikkens. Coordinator, Small Marais Development Study,

Butare; irrigation and Drainage Expert.
 

Dr. Tammo Steenhuis. Associate Professor of Agricultural Engineering,

Cornell University; Water Management Expert and Hydrologist.
 

Mr. Ngonga Telesphore. Student, Soil Science, Universite Nationale du
 
Rwanda at Butare.
 

Mr. Rutunga Venant. Head, Department of Land Improvement, Institute
 
des Sciences Agronomiques du Rwanda (ISAR); Soil Classification
 
Expert.
 

RECOMMENDATIONS
 

In March, 1988, a national seminar will take place in Rwanda
 
to finalize the recommendations of this study. The recommendations,
 
which are tentative at this point, are divided into four categories:

J. prioritization of marais development and improvement; 2. install
ation of governmental structure for transfer of marais land rights; 3.
 
identification of limiting factors for marais developvent; and 4.
 
formulation of strategies for marais development.
 

1. 	 Prioritization of marais development. There is a
 
scarcity of funds for development, and not all marais
 
are suited for outside development. Therefore, these
 
marais with the greatest potential for successful
 
development should be given first priority. It is
 
likely that these marais will be located where (a) there
 
is a shortage of land for subsistence food production;

(b) there are restrictions to drainage that are beyond

the farmers' means; and (c)commercial crop production is
 
profitable (i.e., close proximity to a market).
 

2. 	 Installation of Government structure for transfer of
 
marais land rights. There is uncertainty among farmers
 

114
 



as to the ownership of marais land. Farmers obtain the
 
right to cultivate the lane from the Bourgoumestre.

However, these rights can be terminated at any time by

the government without any compensation. To stimulate
 
improvements in the marais, farmers need to be able to
 
legally lease or buy the land from the government.
 

3. 	Identification of limiting factors for marais develop
ment.
 

(a) The fertility of the land is generally low. If
 
land is to be cultivated more intensely, fertility
 
must be improved. Crop rotations with a legume

during the wet season and increased use of fertil
izers need to be considered.
 

(b) Water management. Currently, there is no scien
tific basis for choosing bed size for different
 
crops in the marais. For more intense land use,
 
relationships among water height, fertilizer use,
 
and crop yield need to be established.
 

(c) Inventory of small marais. In order to set prior
ities for development, an inventory of all marais
 
lanL needs to be made. Factors that the survey

should include will be specified in the final
 
report.
 

4. 	Formulation of strategies for small marais development.

A conscious examination of Rwanda's marais resource
 
management strategy must replace the current incremental
 
commitment to sometimes contradictory development

policies. The technical solutions and organizational

mechanisms that are established should be examined in
 
terms of the incentive structure they present to farmers,
 
as well as the degree to which they protect decentralized
 
decision-making. Such policies are essential for
 
ecologically sound and productive decision-making by

individual operators who know the co,--tions and rhythms

of their valley lands better than any scientists,
 
bureaucrats, or outside consultants.
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DISCUSSION
 

Farah - Since there is a 'ontinuous flow of water from highland to

lowland you did not mention anything about the circulation of the
 
water. One would expect 
a rery high level leaching of nutrients from
 
the soils. What can be done about this?
 

Steenhuis 
- The fertility of the soils is extremely low. You are 
right, it is due to leaching. There are not enough farm animals around 
to increase soil fertility of all soils. The other problem is there
 
are no natural fertilizers in Rwanda. Fertilizer has to be 
imported.

So, there is a major fertility problem.
 

Bolton - What is the total area under this type of irrigation? How
 
does it compare with the total agricultural area of the country?
 

Steenhuis - Marais are all through Rwanda. You see them everycan 

where. I 
am not quite sure of the total area.
 

Sikkens - The total area of the marais land is about seven and one half 
percent of the land area. About half or three percent is currently
 
under use.
 

Clyma - I share your observation that at many times the farmers are
 
very good at sorting out their systems and having them work. You made
 
a rather strong statement that farmers had developed exactly the
 
system for their requirements.
 

Steenhuis - The problem with development projects is that very little
is known about the systems so it is very difficult when outside
agencies come in with only a little basic information like hydrology;
water tables thoughout the year are not known. The more that is known
 
the better we are able to advise. At the current state it is very

difficult.
 

Clyma - Is there some opportunity to use the understanding of the
farmer systems that are successful in setting up guidelines that would 
make those systems more effective?
 

Steenhuis - The Rice Irrigation System did that essentially. They
took the farmers approach nf getting water out of the main drain back

into irrigation canals. That system did produce high yields but it is
 
only the second year and it is 
not certain they will continue with the

high yields due to but the
fertility problems, water management did
 
seem sound, they did get water into the canals. There may be manage
ment problems later.
 

Senzanie - Quickly, for those of us who do not comprehend French, can 
you just tell us what the limiting figures on your diagram, the beer 
barrel model are?
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Sikkens - It is quite arbitarily mentioned here on the "beer barrel" 
model. I wil just name those which are indicated over here. One of 
the constraints is the size of the land holding in the marais, they

remain very small so everybody is doing some kind of gardening rather
 
than intensive cropping and you have to unite the farmers in order to
 
get a marais being used in a constructive way. Another constraint
 
that we found is that there is no credit system available to the
 
farmers to finance inputs in the first place. Another constraint is
 
that the national extension services, at the momLnt. do not reach the
 
farmers. The extension agents are limited to interventions on the
 
hillslope but do not cover the marais. Another one, which I already

mentioned is the governmental organization in facing the needs of the
 
farmers in the marais. Then the next one is the internal organization

within the marais which I already mentioned, water management, soil
 
fertility, the marketing of products. The choice of the different
 
crops which can be cultivated and adapted to the rather wet conditions
 
in the marais has not taken place. So there isstill need for agrono
mic research in order to develop the proper conditions and the proper
 
crops for the marais area. There is still work to be done on how to
 
arrange the different plots in the marais. The structure of the
 
different plots in the marais is still traditional so the farmer who
 
clears a certain part still has that particular part but, inthe whole,

it is rather a difficult way to manage the marais. Some kind of
 
redistribution should be made.
 

You will not be able to convince the farmers to produce a crop

for the market as long as the marais system remains part of their need
 
for producing the required food in the first place for the family, so
 
you have to do is make it possible that, with the monetary revenue,

people can buy other food crops so you can start an internal market for
 
even the basic food crops for the family. As I aiready mentioned, the
 
distance to the homestead remains also a problem to be addressed.
 
Another problem is that if you cultivate a certain crop you cannot
 
intermix itwith another crop so within the traditional situation there
 
are conflicts of'interest within the marais which you have to address.
 

Chandiwana - I was interested when you mentioned the environment or 
the circumstances prevailing in the marais. I want to know whether
 
any work has been done on the health aspects in developing those
 
marais disease like malaria and schistosomiasis?
 

Sikkens - Schistosomiasis, I don't know whether it is a big problem.
It is talked about. Although the snails are there, as intermedia,
there are very few reports on it being a problem. The same thing with 
malaria. Malaria does exist but it is, put it this way, when the
 
farmers are developing it, if they don't change that much of the
 
situation compared to a papyrus marais wh-ch is aiso very humid
 
throughout the year. So, yes, health problems do exist, but they are
 
not addressed at the moment.
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Moris - I am a little bit puzzled by the speaker's conclusion which, 
as I hear at the end you are saying that the government should set up
 
a body that would then charge farmers for the use of a resource
 
farmers are already using. As we saw from the slides, as I inter
preted, nothing the government has done particularly helps the farmers.
 
They don't have help on agronomy of the crops. Some of the schemes
 
have been designed on false principles hydrologically so, my question

is why would farmers welcome paying a charge to the government to
 
manage a resource which the farmers have already developed by their own
 
effort?
 

Makuba - I will answer this question briefly. I iave pointed out,
institutionially speaking that the lowlands, the marais in Rwanda
 
belong to the State exclusively. Thus, the State makes them available
 
to the farmer's for use temporarily so it is usufriict. Now, as to
 
whether any charges should be levied on the farmer where the State has
 
not come in to help the farmer we cannot go into all the details
 
because of the lack of time. I would like to inform you that the
 
government has done a lot to develop the marais, especially the small
 
ones since 1965. Up to date the government has been allocating 
a lot
 
of funds to develop new marais for farming. So, even in 1970 with
 
technical assistance, we developed more than twenty small marais and
 
every year the government makes ef' orts to develop these marais for
 
farming. By way of example, this year the government allocated over
 
150 million Rwandan francs for the development of these marais. With
 
the view of reducing these expenditures, we carried out a survey on
 
some of the perimeters and suggested twenty francs per are. Locally,

authorities would ask ten times that amount and no one pays. If we
 
could coordinate all these activities, people would not be hurt. What
 
we would be asking for is negligible compared to the government

investment. As part of our national strategy we do want to levy

charges so as to get the population to know that they should pay for
 
what they are getting. They are also helping the government, so the
 
government is putting a lot of money into these lands.
 

Tiffen - You came with your conclusions, and I think one of the ones 
was addressing socioeconomic problems. I think one also has to 
realize that socioeconomic situations in the surrounding environment 
of the project create themselves the pressures that lead to people
making adaptations. This is already very clear from your report that 
the population pressure in Rwanda has lead to people being forced to 
develop the marais, forced to undertake a great deal of very hard work 
in order to add to their incomes in this fashion. Likewise, the 
socioeconomic conditions in the surrounding country limit the way that 
they can exploit these because, as you said, there is not very much 
market for certain crops. I would merely make a comment that there can 
be a danger of government or other interventions to develop the marais 
in advance of the socioeconomic pressures having developed. Because,. 
if you can develop a marais vhere there is not a great deal of popula
tion pressure then people will not have this incentive to undertake 
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this very hard work. Likewise, it is difficult to create a market, if
 
a market doesn't exist.
 

That is really a comment or a warning that itcan be inadvise
able to work too far ahead of the real situation. On the organiza
tional side, as I understood it, you want to encourage the farmers
 
cultivating the marais to form associations. I think on the whole,

farmers the world over and people in general, know that there is a
 
cost to cooperation. It involves one in a good deal 
of work in

supervising the committees accounts, turning up for meetings and all

the rest of it. One is not willing to undertake this work unless

there is a real and essential function that has to be done communally

and cannot be done individually. I was not quite clear from any of

the presentations what was viewed as the essential 
functions that have
 
to be done by cooperation of all users as opposed to functions that can
 
be done, like the water management is at present, individually.
 

Makuba - Thank you for your relevant comments. You mentioned the
point of markets, whereas we wanted to insist farmer participation
where there is no market, at least what I understood you to say.
Secondly, you mentioned the organizational side. 

Regarding the market, if I understood you, in our study we

also made practical recommendations to the government regarding

markets. We essentially said that the government should promote and

actively encourage the establishment of local agro-industries, if this
 
is possible, especially in the framework of gardening. We have an

example in Rwanda. At the 
present, there is an agro-industry that
 
manufactures tomato puree, so a lot of 
farmers are interested in

producing tomatoes. There are no agronomists showing the farmers how
 
to produce tomatoes but they are doing it themselves because the

market isthere. So, when a market iscreated, the farmers respond.
 

On the institutional side, before I go into this, we suggested

crops that were economic, crops that would permit the farmer to get

money. 
 Rice, for example, is quite rewarding and profitable. We also
 
suggested sugarcane, vegetables -- all high value crops. Talking about

the organizational aspect, there are certain cooperatives that were set
 
up that failed. We designed an organization that was not based on

cooperatives but rather based on associations of farmers setting them
 
up in a company. One marais can have its own company, its own associa
tion an1 farmers can work individually but can pool their produce.

When it comes to marketing, we believed there was a need for a 
company

that would protect the farmers.
 

Tiffen - You have answered all my questions except the function of the 
association, what is the essential thing that must be done incommon by

the association?
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Makuba - In the framework of our suggestions, for overall organiza
tion, this company will have two functions. First, to protect farmers 
and secondly will be to represent the central authority. If, for 
example, certain charges were levied it is the company that should pay

the charges, not the individual farmers. The second thing regarding

protection of the farmers in the marais, it is the company that will be
 
the intermediary between the farmer and the central government.
 

Movo - Thank you. I was verb impressed by the fact that you are able
 
to identify several constraints to what you call the institutional and
 
maybe some other people call socioeconomic issues. What I would like
 
to hear from you is,do you have, or do you intend to have an institu
tional mechanism for dealing with these issues? If the water convey
ance structure breaks down you obviously look for an engineer to fix
 
it. In the case of these other various issues you have raised and
 
identified, do you have an institutional mechanism for dealing with
 
them?
 

Makuba - We have not yet put into place the mechanism that would 
answer your question. Indeed, it is the study that we have just
completed which aims at illustrating clearly to the government what 
stand should be taken with regard to the use of these lands. We 
suggested setting up a national board that will respond to the problems

of these marais. The government was pleased with the findings of our
 
study and we hope the government will very soon begin setting up this
 
national board gradually because the Ministry of Agriculture, Forestry

and Livestock is quite satisfied with our study. The Minister even
 
asked us how this structure should be set up.
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PLENARY SESSION
 

SMALL GROUP REPORTS 02
 

JOINT FIELD STUDIES/WORKSHOPS
 

Adeeb - In discussing the issues which were raised by the work which 
was presented this morning and this afternoon, we were supposed to sum
 
up with general recommendations other than specific recommendations
 
that applied to the specific studies. Our assigned was general

recommendations.
 

In light of the transfer of ownership which is going on in
 
many States from State ownership to the transfer of responsibility for

control to private farmers or to farmers directly, this policy now is

under way in many countries due to many factors. 
 That could be because

these projects are becominn too much burden for the national govern
ment, or there is a policy change, or the performance of these projects

is not as satisfactory, or one may state that it has been tried
 
somewhere and has been found to work. 
 Profitability and efficiency of

these projects has improved when the control 
was moved to the farmers.

In light of these things, whether it has been done or will be done, it

is under consideration, our major recommendation is that future

irrigation development, new or rehabilitated will require more consid
eration in reconciling government and farmer objectives.
 

We noticed that from the experiences in many countries there

is a contradiction between the objectives set by the State for any

irrigation project, and the objectives set by the farmer. There
 
should be some consideration of the farmers objectives by the govern
ment. The mechanism to do that is:
 

1. The government 
should consider greater farmer participa
tion, either in the process of building the project, 
or the operation

of the project. The government should set clear objectives, that is

State objectives, whether these objectives 
 are settlement, food

security or income generation and the government should 
also priorit
ize these objectives.
 

At the same time governments should identify the objectives of

the farmer when they come to these irrigated projects and try to

develop policies that can reconcile both objectives, whether by

incentives or by further dividing the land 
for objectives set by the
 
farmer. For example, in some countries, particularly the experience

of Sudan, the objective of the farmer is food secu~rity.. But, the

government's main objective 
is income generation. The farmer has a
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small plot on which he can grow his food crops and at the same time
 
satisfy the objective of the government by growing cotton as an income
 
generating crop.
 

2. The second recommendation for irrigated agriculturo in
 
Africa is that, expanded research in irrigated agriculture will be
 
needed to successfully increase and/or improve irrigation in Africa.
 
The mechanism for this can be through strengthening the capability of

the institutions which are responsible for carrying out research or
 
through greater cooperation, whether that cooperation is regional or
 
continental or international.
 

3. Increased funding for research both internal and foreign

assistance. The required research in irrigated agriculture should not
 
be restricted to agronomy and irrigation alone. 
 It should encompass

all areas that add up to the production at the end. Whether these
 
areas are economic, social or any other relevant area. At the same
 
time, interdisciplinary approaches for the development of the research
 
program is recommended. All specializations should be together.

Interdisciplinary, of course, can be local with expatriates helping to

develop these programs. The group feels that a greater effort to 
minimize health hazards, risks of irrigation will be required in future
 
irrigation planning and design. Thank you, Mr. Chairman.
 

Movo - I will briefly just go through the process that we went through

this afternoon in our group. Initially, we started off by having

general discussions based on the presentations of this morning. We
 
were looking at the lessons that the members of the group learned from
 
the presentations and we proceeded to discuss, indetail, 
for each one

of the presentations what we considered were areas of 
potentially

greatest improvement for performance. We also looked at why the
 
opportunity to improve this performance has not taken place. We ended
 
up with two separate recommendations. One for Zimbabwe, one for
 
Rwanda.
 

In brief, the recommendation for Zimbabwe is that there is 
a
 
great need to generate and evaluate alternatives in order to come up

with the most cost effective options. This must be done through group

negotiations involving objectives and trade-offs between the objec
tives, both horizontally and vertically. We are looking at generating

and evaluating alternatives in various areas. For instance, the scale

of the projects, what else can 
be done, should we really be limited to
 
what is going on at the present moment? We are also looking at
 
technology. The question of objectives did come out quite clearly. 
In
 
the case of Zimbabwe there were conflicts, for instance, between food

security and issues like, resettlement or plot size. Are there any

alternatives that generated trade-offs? The
are for question of
 
negotiations isnot clear both within the government institutions, that
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is central governont and local 
government and government and the
 
farmers. That doesn't seem to be a clearly spelled out aspect in the
 
case of Zimbabwe. In brief, we, are looking at really more effort to
 
generate and evaluate those alternatives and 
come up with the most

effective option which doesn't seem to be the case at the present
 
moment.
 

The case for Rwanda. There were three major aspects that came
 
out 
in the paper today. There is one on the land tenure policies;

there is one on markets; and there is one on internal organization.

The group felt that there was not an adequate data base that would

enable the people concerned to understand the present systems they
as 

operate and more importantly, for better planning for the future. 
 We

have heard from the presentations there are plans for government to

intervene, but group that, at the
the felt present moment, there
 
doesn't seem 
to be enough data that has been collected, or has been

generated for such planning to proceed. 
 We are looking at data which
 
is missing on alternative crops. For instance, there was 
a case cited

about one crop which doesn't seem to do well 
if you apply fertilizer.
 
There is a question of soils; there doesn't 
seem to be enough data that

tells us about the environment. 
 What effect does the marais have on

the environment? There also doesn't seem to be enough data that 
is

collected on the farmers 
needs. The government is intending to

intervene but, 1ow much has been done to get 
 feedback from the

farmers. There is also the question in that respect about the con
flicting objectives with the intentions of government. That in brief,

Mr. Chairman, were our two recommendations for Zimbabwe and Rwanda.
 

Gichuki 
- Our group looked at the two joint field studies and then 
came up with the following observations. On the Rwanda joint field
 
study there is an observation on 
page 42 which says that the rights of

the farmer can be terminated at any time by the government without any

compensation. From this we recommend that 
in order to stimulate
 
improvement in the marais farmers need secure land tenure.
 

The second observation that we made is on the 
fertility of
 
land which the report says is generally low. For this we recommend
 
that there is need to search for solutions for that situation and
 
search for solutions that are appropriate.
 

The third observation was that conventional technology for

drainage of swamps may not be successful in African bottom land
 
situations. For this we recommend that detailed site studies 
are

required in order to define options and alternative strategies that
 
take into consideration the technical, socioeconomic and environmental
 
aspects.
 

The fourth observation that we made from this joint field

study was that farmer initiated development and technology worked
 
satisfactory. 
 From this we drew the recommendation that farmers
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should be involved in site designs and we should build on what they

already knc:u.
 

On the Zimbabwean joint field study, just to outline a few

things about this rapid appraisal technique and that some of the
 
questions we thought could be addressed are what data are required for
 
rapid appraisal techn:,,ues. We should also try anC look at what are
 
the weaknesses of the joint field studies 
as they were conducted. We
 
came up with two recommendations for this Zimt ":..an joint field
 
study. They are based on those two questions that I raised:
 

1. That there is a need to take a critical look at the type

of questions that 
can and cannot be answered by rapid appraisal

techniques; and
 

2. That there is a need to approach rapid appraisal from the

end users point of view, so that we can present the relevant findings

in an acceptable format. The reason why we drew that conclusion is

when you look at some of the recommendations that were made they were
 
not site specific although these joint field studies were 
intended to
 
concentrate on the scheme. So, the scheme level approach did no come
 
out in the recommendations. The very general recommendations about

training programs, about information of farmer organizations, those
 
particular recommendations where not pinned down to a particular

project. Thank you, Mr. Chairman.
 

Makuba - First of all I wish to inform you that we had quite a lot of 
difficulty in our group in defining correctly the observations because 
not everyone had received the final report of each case study.

Therefore, we wish to note that we run 
the risk of reaching conclusions

that would not be completely correct because we have not read all the
 

tives. We tried to understand the objectives of each case study.
 

details. 
that we 

Nevertheless, I would like to inform you of the procedure
adopted in order to come up with recommendations that we 

reached. 

case was 
1. First of 
divided into 

all, we studied each 
three parts. First, 

case individually. Each 
we identified the objec

2. Secondly, we made observations.
 

3. Thirdly, we came up with one recommendation for each case.
 
And finally, we also made a general recommendation for both cases.
 

For the case of Zimbabwe, here are the observations that we
 
made. 
 First, we were able to note that the way inwhich collaboration
 
is being undertaken isextremely positive. The joint studies should be
 
encouraged in the future, therefore, this approach is optimistic.
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Secondly, there was a lack of input on energy issues despite

the participation of two consultants.
 

Thirdly, we were able to observe that there was a lack of
appreciation of the results of the study because we did not have the 
terms of reference.
 

Fourthly, there was a 
lack of an analysis of the institutional
 
aspects and a lack of basic data for the achievement of such a study.

Therefore, the sole recommendation that we formulated in this respect

was to request the government of Zimbabwe to make a more in-depth

study.
 

In the case of Rwanda, here are the observations our group was
 
able to make:
 

1. We noted that the study did give rise to quite a number of
 
questions that have not yet been answered and for which solutions have
 
not been found.
 

2. The type of structure that has been proposed for the
 
management of the small marais seems to be too top heavy.
 

3. We asked ourselves whether the case study of Rwanda is
 
applicable at a forum on irrigation.
 

The recommendation that we made was that studies should be
 
made right up to implementation in order to have positive results.
 

Finally, the general recommendation that we made, taking into
 
consideration the need for permanent professional 
 training it is

important to set up a network of specialists within the field of
 
irrigated agriculture both at the national and regional level. Thank
 
you, Mr. Chairman.
 

Misiko - Our group discussed and looked at the local performance as 
far as agriculture is concerned in Zimbabwe and which was going to
 
apply to all of us and Ftated as follows:
 

Irrigated agricultural performance, particularly production,

isgenerally low thoughout Africa. 
 One major cause of the loW produc
tivity is due to unreliable and poorly scheduled. water delivery in

spite of the fact that systems, capital, operation, main'tenance and
 
management costs are high by world standards. We suggest that an

underutilized asset in Africa is the indigenous history and 
capacity

for group organization. In fact, without analytical assistance it is
 
not unusual to find water users associations formed to schedule and
 
allocate water and maintain irrigation fdcilities.
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In view of the above we recommend that this indigenous

operational capacity be better utilized by allowing the farmers to
 
take an operation responsibility for the operation, maintenance and
 
management of their systems. However, we do not recommend merely

turning the system over to them without providing them with the
 
necessary credit, training and managerial assistance.
 

The above recommendation leads to the need to have a strategy
 
or plan to reducing government involvement and turning more and more
 
responsibility over to the farmers in exisiting systems. 
 This requires

that there be clear guidelines, defining who is responsible for what at
 
each stage of the project's evaluation.
 

Finally, to manage the progress and performance of irrigated

agricultural development we recommend that operation performance tests
 
of the social, economic, institutional as well as the physical,

agronomic performance of the government irrigation projects be carried
 
out by an external agency on a spot check basis. This should be done
 
for both the farmer as well as the public and private portions of the
 
project. On the Rwandan case, we looked at it,studied it,debated it
 
and we came to the conclusion that the Rwandan case is unique.
 

DISCUSSION - Rwanda
 

Moris - Contrary to your group's finding, I would argue valley bottom 
lands are found here in Kenya, they are found in Tanzania, they are
 
very prominent in Zambia, they are found in Zimbabwe, they are found
 
in Sierre Leone, they are found all across Africa. What I heard from
 
the presentation is that they work best if they are developed slowly,

incremently, with a high involvement of farmers. I would argue just

the opposite that that Rwandan case study is much more generalizable

than the Zimbabwe one which we had a lot of trouble with. It is
 
interesting your group was very clear about Zimbabwe but 
on the Rwanda
 
case I would argue that one can be equally clear that there are lessons
 
to be learned but they may be unpalatable to governments. That the
 
lessons to be learned maybe easier to draw for those of us who are not
 

to Africa. They may be known 


civil servants. For a civil servant, that lesson is a very difficult 
one to accept. 

Chandiwana - To follow that idea that actually the dambos are common 
by different names but they are very
 

common and may serve as a means of improving irrigated agriculture in
 
other countries.
 

Coward - If I could follow-up on Jon's point. It seems to me that I 
was also a bit surprised to hear that you found Rwanda so unique you
couldn't say anything about it. That's very unique. It seems to me 
that there is another way in which one could look at the Rwanda case
 
and perhaps draw something more general. In a number of African
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countries we find a situation 
where there is a kind of informal
 
irrigation sector. is, there
That is a set of irrigation activities

in which farmers, quite on 
there own have gotten out and developeu

irrigation facilities of one 
kind or another. Now when the government

finds itself in the interesting situation of trying to decide what, if

anything, it might do to be of assistance to that set of activities
 
that have already been carried out, if you look at it in that way then

again, Rwanda is not unique. There are many other places in Africa

where local groups have gotten out, they have dug wells, or they have
 
used swamp lands or they have shadouf or something. Then one important

public policy has to do with what sort of policies can be developed if
 
any, to be helpful 
to that sectors. I would think Rwanda's an exemplary
 
case, rather than an unique case.
 

Fitzgerald - It seemed to me there is something that goes along with

what has just 
been said about the Rwanda case that is worth mention
ing. That is the approach that the government is taking to address

the problem is that they seem to be taking more of what I would call 
a
 
program approach rather than a projectizing approach. It looks like
 
they are 
also trying to adopt a solution or set of solutions which they

can carry out and formulate pretty much by themselves without a lot of
outside intervention. Not that they would turn down support 
or

technical help from external souces but they are not relying totally on
that for it. I am that is not it's
sure unique, but a different
 
approach than we see in a lot of places.
 

Chandiwana - That is a very positive thing, that the government in

Rwanda, maybe because of the pressure on the land, is more than in

other countries, going 
it alone to try to solve the problems. Some

would raise the point of a top 
heavy bureaucracy. I don't know if
 someone would want to address 
that. The question of the government
 
may be coming to heavily on the peasants. Do you want to respond to
 
that Mr. Makuba?
 

Makuba 
- In our working group we also made a comment. It is very
difficult for me because 
I didn't want to participate in the discus
sion since I am involved in the development of the small marais. I
 
want to assuage the fears of Dr. Misiko concerning the disruption of

the environment, because in actual fact while 
making use of the
 
resources 
 of the marais for increasing agricultural production,

especially during the long dry period, the development of these marais

should be done very cautiously. That is why the government would like
 
to emphasize assistance to the population, so that it is better managed

without damaging the environment. These resoures 
are ecologically

fragile, so one 
has to approach their development delicately and
 
realistically whether technically or institutionally.
 

Chandiwana - There are some fears that maybe not enough data have been
 
collected to really understand the problem in Rwanda. Are there plans

to continue to monitor the situation in Rwanda? One group raised the
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question that you must collect more data. Do you agree with them?
 
Should you collect more data or do you think you have enough of a data
 
base to proceed with implementation?
 

Makuba - Within the framework of the use of the small marais there are
 
three programs that the government wants to launch as soon as possible.

First of all, on the basis of the study which has illustrated the
 
problems as they exist and partly outlines some of the solutions, this
 
is a very important document. Unfortunately, we have not been able to
 
distribute it to you because the final report has not been completed.

In the final report there are details that will clarify some of the
 
questions asked today.
 

The second approach has to do with legislation for the marais.
 
This study we are carrying out jointly with the FAO on the legal
 
aspects. You have mentioned the problem of population pressure and
 
farmers who do not feel responsible to the land they are farming.

That is why the government wants to have a clear-cut law on this
 
matter.
 

Finally, we have a project to have a resource inventory which
 
will identify and monitor the development of the marais and identify

priorities for development. This project has been approved by the
 
Ministry of Agriculture, Forestry and Livestock and we hope it will be
 
implemented as soon as possible.
 

DISCUSSION - Zimbabwe
 

Coward - I was not clear when Mr. Moyo was summarizing but I didn't 
want to interrupt him earlier. When you are talking abouL generating

and evaluating alternatives, I wasn't certain in my own mind what you
 
meant by alternatives. Were you thinking largely of engineering

alternatives or were you thinking about institutional alternatives or
 
could you elaborate a bit more on these alternatives that were not
 
clear to me.
 

Movo - I remember giving a few examples of the alternatives but I 
think just to go back a little bit. One of the problems that seems to 
be apparent in Zimbabwe is the question that things seem to be done 
more or less in the same fashion. That is, if you start off with this 
it must continue and you repeat it. We are really looking at alterna
tives where which must be this basket of alternatives of the scale of 
the projects for instance, the technology that is used. Do you really
have to, in all cases, just do region farm irrigatioi. But again here 
we are tying up these alternatives that are the technology, even 
institutions, and organizations. , are tying up all of this inorder 
to come up with the most cost efT live option because at the present 
moment one of the most difficult problems that seems to be occuring in 
Zimbabwe is the cost effectiveness of the projects that are operating.
There seems to be a lack of appreciation for that. To carry on 
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further, all of this must be carried out through a process of negotia
tions both horizontal and vertically. We are talking about apparent

lack of coherence within the government sector. That is, central
 
government and local government. You also are looking at the relation
ship between government and farmers groups. All of this is tied up

with this issue of the cost effectiveness but, the alternatives don't
 
seem to be there, they don't seem to have been generated for people to
 
choose from and this is the most appropriate one. Thank you.

Chandiwan - One thing that was raised about Zimbabwe in your present
ation was that there was absence of a clear presentation as far as data
 
were concerned. This was raised by one group. I don't 
know whether
 
there are people who want to address themselves to the actual function
ing of this joint field study, with particular reference to Zimbabwe,

maybe should also be applied to Rwanda. Someone raised the issue that
 
we did not see a clear sort of outcome, measuring the outcomes of the
 
study. What is required, critical look at the questions which are
 
needed to resolve some of the issues.
 

Moris - Mr. Chairman, our group debated this at great length as our 
chairman reported and I think one of the points made to the group was 
that perhaps the whole format that donors expect and even governments
expect of these reports cause them to be formulated in a fashion that
 
is not helpful to professionals who have to implement them. The
 
illustration was a list of 63 recommendations or 45 or whatever of
 
sort of one paragraph describing the situation, followed by 
a recom
mendation, another paragraph followed by another recommendation. When
 
the working professional in the field gets this, he tends to reject the
 
whole lot and he says, "well, this is just another academic exercise."
 
We didn't come to a solution but we did feel that, as a general issue
 
for this workshop we might look at the whole format of how reports are
 
presented which will make them accessible to working professionals.

That was one of the things we came up with in addition to some ques
tions about the cost effectiveness of rapid appraisal, when it should
 
be used and not used.
 

If I may say something on Zimbabwe, our question was, "what

did we learn from this which wasn't already known?" Zimbabwe had a
 
great deal of research in the past and particularly, we wanted to
 
answer institutional questions and from these case studies we really

did not have enough information to say what was the difference between
 
the irrigation management committee and the water user association. A
 
lot of unresolved 


term, "study" because it statid 


questions to us that we couldn't answer from the 
presentation. 

McConnLn 
a joint 

- We did not conduct a joint field study in Zimbabwe. 
field workshop. There was an objection to the use 

It was 
of the 

was that indeed there is a shelf of
 
studies. It was dramatically pointed out that the last thing they

wanted was another study to put on the shelf. You are right, the
 
report was not written for other irrigation professionals. It is not
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a research report. The way in which the format was conducted and 
carried out was to try to make some recommendations which the team 
felt had some action implications in terms of what could be done. It 
was within that framework that the study was done and the report was
 
generated and it was not influenced by the nature of the relationship

of USAID and host country governments and we found that true in all
 
three studies. We initially set out to do a study, as a good univer
sity professor would do, and that isdo what they would want to do, and
 
we found out that there were more parties involved and indeed we could
 
not do what we wanted to do. We had to reach some kind of accommoda
tion.
 

On your comment on institutions. One of the things that
 
strikes me about the work that WMS II has done in Africa with the
 
exception, I think of the Kenya study in which Joseph Ssenyonga was
 
involved; I may stand corrected on this, we did not have host country

sociologist/anthropologist or people who were understanding and
 
knowledgeable about institutional-organizational arrangements, and this
 
was the case in Zimbabwe. There are such people in Zimbabwe but they
 
are relatively scarce and it was not possible to get someone to
 
participate. If we go back and look at constraints for irrigation

development in Africa my personal feelings in listening to the keynote

address the other day and from comments throu,'hout including Rwanda and
 
so forth, the importance of institutional organizattional issues, I feel
 
that in terms of irrigation professionals this is one of the places
 
where there is a real deficiency.
 

Chandiwana - There was a suggestion made that you are not site specific
inyour study in Zimbabwe. Do you want to comment on that?
 

McConnen - Yes. You are right because we tried to reach some general
izations that went beyond the four specific sites that we had visited. 
In a way it was %comparative study of four sites and we were very
interested in the differences and the similarities that existed among
the four sites and so this influenced the character of recommendation. 
Let me just give one case. What we found on three of the four sites we 
visited was very good extension services. We did not find evidence 
that the extension workers there had good training, what we would term 
good training, in irrigation. We made some recommendations with 
regards to that particular item. Not about the quality of extension 
but just with regards to irrigation. We felt that this was an observa
tion that applied not just to the four sites that we looked at but in 
fact, was more general, we could have been mistaken in that. We did 
look for evidence picked up in four case studies that v thought had 
more general implications. In the detailed complete study, of course,
there are very specific things with regards to sites but in terms of 
the executive summary we tried to not just summarize what we had done 
on each of the four sites but put it together in terms of generalities
and gereral principles. 
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SsennyonaW - Mine is a question that ties up the two case studies and I

raise it at this point because there is a danger that one group may

not be able to report if they don't turn up. One of the main things

of this forum was to show this aspect of interdisciplinary researh as
 
a method. I hope I'm right in interpreting it that way. From the

published things we received I still have not 
come across a specific

instance of how the team got around to discuss this issue in the case

of Zimbabwe. I think it is mentioned 
in the executive summary that

during the first week activities what the team did was to build

interdisciplinary skills. I 
was very much interested to find out from
 
those who participated in substance what they actually did. 
 What the

engineers said to the sociologist, what the agronomist said, what did
 
they do when they got together? How did they build these skills?
 

Misiko - Mr. Chairman, in addition I would also like to know if the

sociologists 
in those groups really studied something else. I would

like to know what is the role of women in irrigation or irrigated

aj culture?
 

Donkor - I might not give a complete answer but in reaction to the
first question about what we did do during the 
first week. It was
 
quite an elaborate process which is recorded in detail 
in some manuals

which were developed by WMS II. You might try to get hold of these, if

possible. There are details on the procedures involved in building a
 
team. The second question about the role of women. I remember very

well in the planning stage that 
it was one of the aspects considered

but I believe that due to a preference from the Zimbabwean side the
 
role of women was dropped.
 

Fitzgerald - The recommendation about generating and evaluating

alternatives 
in order to come up with a more cost effective option.

This also relates to a recommendation that is in the Zimbabwe study

about a least cost approach. I guess, as a general guide I have no

problem with that but 
I think I would caution that most of us that

have used optimizing techniques of any kind know that there are other

solutions. Secondary and tertiary solutions many times are more

implementable than the most optimum one. 
 It is implementation problems

that sometimes cause oul, results to be considerably different than our
 
intentions. I would be cautious about using 
the most cost effective
 
approach without taking into consideration how implementable that
 
approach is.
 

Chandiwana - There was a general issue which was raised in both
 
studies. That on land tenure. People refer that the farmers did not
 
have enough security of tenure. I don't know whether people would
 
like to address this issue?
 

Senzanie - Thank you,-Mr. Chairman. That's a poilit which I wanted to
raise briefly on the Rwanda presentation. I just want to make a 
comment, whether they agree with me or not. 
I think we need to be very
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careful about this issue of land tenure or security where the farmers
 
are concerned. The yellow group actually started off by reading a

section from one of the reports. Having security of land tenure does
 
not automatically mean increased performance or increase their produc
tion on a scheme. In this, and particularly referring to the schemes
 
that we studied in Zimbabwe, one of the schemes that we looked at was
 
Tsovane which falls under Issac Moyo's organization and for the four
 
schemes that compared those were the highest gross margins. The truth
 
is they don't have any tenure land, they don't own the land. They are
 
like businessmen. They are only there to make a profit. I think there
 
is a need to psychologically convince the farmers that they should be
 
into this depending on what the objectives are for money or something

like that, then they won't have to pay only when they have got security

of tenure. I know you may not agree with me but I think we must not be
 
getting carried away too much by this lnd tenure issue.
 

Farah - I would like to refer to page four on the Zimbabwe group study
regarding the sprinkler irrigation which was adopted in that scheme.
 
We were told that the soils were sar.y soils and usually there,

sprinkler irrigation is a very expensive operation. It is usually used
 
under certain soil conditions but the crops which are raised under
 
these conditions should justify their extra costs which is used for the
 
sprinkler irrigation. We were also told that the crops which have been
 
adopted in these lands are maize, cotton, tomatoes and beans. I know
 
cotton is not a suitable crop for sandy soils. I wonder whether the
 
team has suggested alternative crops which could be used on these soils
 
without the use of supplemtary irrigation? This, in fact, following up

the cost consideratinn.
 

Senzan.ie - I don't know if I clearly understood the last part of the
 
question. When we were evaluating the sprinkler irrigation system
 

on
that is the scheme, and by the way, that has now been revamped and
 
iL is now in proper condition. We found that performance of the
 
sprinkler irrigation was way below expectation and actually during the
 
discussions we even thought of recommending the growing of tobacco on
 
that particular scheme. With the input from our sociologist and
 
considering all other factors, we 
found that maybe for the people on
 
the scheme, tobacco may not necessarily be a crop which they would
 
accept and also because of the rotation for growing tobacco. In the
 
end we didn't say anything about that in the report but that is
 
something which we considered.
 

On the point of that particular scheme having a sprinkler

irrigation system. I think it would be important for you to note that
 
some of these schemes were established not under the Minister of
 
Agriculture but under the Minister of Internal 
Affairs and so they may

not have taken into consideration factors that you, as an irrigation

engineer, or somebody in agriculture would take into consideration when
 
establishing a scheme. So, these 
are some of the factors that we need
 
to bear inmind.
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Donkor - Not the whole project was sprinkler irrigated. There was a 
gravity section and that's part about cotton. The soil was variable 
and wasn't all equally sandy. There was some sandy foams near the
 
river.
 

Chandiwana - I would just like to pose this question myself. What is
 
the future of irrigated agriculture? We have been addressing what is
 
already on the ground but what is the future for irrigated agriculture?

You remember the first group said the future irrigation development

would require more consideration for reconciling government and farmer
 
objectives. Is it a major problem? are
There always confiicting

objectives between the farmers and the government, so I thought maybe
 
you people would want to respond to that suggestion from one group.
 

Farah - I think for future of irrigation inAfrica. For any particular

system or scheme which we would like to implement should be followed by

feasibility studies which should take into consideration all the
 
aspects, social, economical, environmental, all these aspects before we

implement that scheme. Inmany cases, governments or ministries set up
 
a system which after ten or fifteen years we find is not working or it
 
collapses. So, it is a prerequisite to take into consideration all

these things which you have been discussing here as reasons of failture
 
before we go into any other implementations.
 

Clyma - I guess I would like a clarification of that question that you
asked, what is the future of irrigated agriculture? Is that in one of
 
these specific contexts or from the general lessons learned from these
 
contexts, applied L ader acrossed Africa or what's the basis of your

question?
 

Chandiwana - Well, it was really not my question. Itwas actually the 
first group, they raise' the issue of what should be done in future 
from what you've learned Particularly, as inregards to the conflicts 
between the farmers and government. 

Clyma - I'm not sure I can concisely enough try and summarize the 
concern I have in the discussions here. One of them is related to 
this objective and I think it's a concern of most of you because you
have raised that and that is that from the very beginning of the
 
papers and our discussion this afternoon also, it's been repeatedly

mentioned that irrigation projects have multiple objectives. I would
 
probably say multiple purposes, such as irrigation and rural develop
ment or irrigation and employment or irrigation and food security or
 
maybe some combination of all of them and I've noted that most people

recognize this that projects are that That they have
way. these
 
multiple purposes and yet we look at irrigation projects and we do

economic or financial feasibility appraisals of those projects based
 
on the irrigation objectives and yet many of the costs are associated
with the other purposes, no irrigation. Zimbabwe is a classical case
where, to increase the number of farmers you reduce the plot size. 
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That has certain cost and return implications. Irrigation isevaluated
 
on the basis of that and it is declared less than satisfactory. It
 
seems like that if you are going to reach any kind of conclusion about
 
irrigation that you look at it in terms of the 
cost and returns

associated with these purposes of irrigation. In Zimbabwe where the
 
Ministry of Internal Affairs was developing irrigation projects. I am
 
sure their objective was not irrigation, or at least I would feel it
 
probably wasn't. Their objective was probably rural development, or
 
food security or some other purpose like that and yet now we are

looking at the project as an irrigation project and evaluating. It
 
seems to me that if we reach conclusions about the financial feasibil
ity of irrigation inthis context then itought to either be sorted out

and evaluated on that basis or we should not reach We
a conclusion. 

might make some qualifying statements, but we should not reach conclu
sions about itwhen its got other factors tied into it.
 

McConnen - On the question of the future of irrigaLion in Africa, I 
guess I would answer that by saying it depends. One of the paople in our group said that they had come to the conclusion that it just, in
the past a least, it has been too easy to start an irrigation scheme
in Africa. He thought of this while listening to the Zimbabwe case 
and Rwanda case. I think this has influenced the kind of development

then of this recommendation and if I were to edit that, going back to
 
your comment, Worth, I would say to come up with cost effective, maybe

not necessarily the most cost effective. Essentially, what this means

is that unless development proposals are more discriminating, discrim
inating interms of the environmental impact, the financial viability,

the economic viability, the impact on social well being of people in
 
the rural community, and a host of other things, and unless the

development of proposals for irrigation expansion are more disciminat
ing than in the past, I think the future of irrigation is not very

great. If, however, the implications of this recommendation were
 
carried out in good Faith, there could be, hopefully, a significant

amount of expansion of irrigation inAfrica. In any case, the expansion

that did take place, whether it was a little or a lot it would be
 
socially effective and would 
improve the well being of the citizens
 
involved. I think it is a relevant question about what is the future
 
and it is not so much, I think, a question as it is a challenge.
 

Adeeb - Exactly that is the reason why we put up that recommendation. 
I mean, the two people who just talked about objectives of irrigation
projects they were both talking about the State objectives but they
ignored the farmer objectives. So that is why we put up that recom
mendation Lhat farmer objectives should also be identified. What are 
the objectives of the 
farmers? There are so many State irrigated

fields that they are not grown with the crops recomthe government

mends. 
 We had some examples from Africa and Asia that the government

tells the farmers, because of its own objectives the government wants a
 
specific crop to be grown on 3 specific project. The farmers frequently

do not grow it or they just, plant it and ignore it inorder to satisfy
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the government objective. Often the government objective is not met at

the end because there is no reconcilation of both objectives. I may

recite an example from Suuan. Gezira Board, where there! has been many

attempts to eliminate the sorghum crop from the irrigation project so

that the government can grow cotton. 
 This is to satisfy the objective

of the government for income generation and currency generation. But

the fi4rmers have resisted even though the sorghum 
is grown a few

kilometers away from the borders of the Gezira project. They could
 
grow cotton and receive income to buy sorghum from the nearby rainfed

agriculture. But, they were not secure, they felt that it was not

going to work, so they refused to forego growing sorghum for the
 
government objective. 
 Sorghum is still grown under irrigation, albeit
 
supplementary, it is still under irrigation.
 

Tiffen - It was the same point our group was getting at when we spoke
about the need for negotiation including negotiation about objectives.
You may have to come to trade-offs in order to find a solution that
will satisfy as much as possible both sets of objectives. Neither side 
ma- be totally satisfied, but if they can arrive at some kind of
compromise which they think is workable. It is a process of negotia
tion and 
in the Gezira you have the tenants union which can represent

pretty forcefully the tenants view. When you do have a 
representative

body like that the process works better. It is when in situations you

do not have channels for the farmers to communicate their objectives

and perhaps also the price that they are willing to pay ifthe govern
ment will meet them, they will 
be willing to pay more if the government

will do extra. You may be able to bring extra resources in as well
 
through this process of negotiation.
 

Keller - I am just wondering after we have heard all of this what are
 
the conclusions before we adjourn 
as to the global issues? I suppose

global issues meaning African global. Issues that we have learned and

the recommendations that we have, the guidelines that this group 
is
 
coining up with.
 

Let me suggest that we addressed several issues that we might

list. Given the subsidized nature of the basic commodities on the

world market, we are in a trap, unless the donors and the host coun
tries of Africa take 
a different view of the economic situation. Let
 
me just mention what I
mean by that, and that is the European community

and America to name 
two large producers are putting commodities on the

world market at somewhere between 60 and 75 percent of the real cost of

production. Farmers in the U.S. are highly subsidized, 
I think our

agricultural budget for subsidies in the. American economy are 25

billion dollars a year.' Even at 
25 billion dollars a year there are
 
2,000 farmers a week going out of business or going broke. That means

that put on the strictly financial situation, farming is in a fairly

tough situation worldwide. If farmers are going broke it means that
the subsidies are even greater than they appear to 
be because itmeans
 
he is selling his produce at less than cost and that is not even 
accounted into the system. 
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That leaves the African countries in a pretty tough game to

have import substitution in these things. If a country cannot afford
 
to produce it as cheap as we can afford to 
dump it, then what do you

do, where do you get the hard currency to inport. That is a pretty

insecure position. I would suggest 
that during the benefit cost

analysis that one ought 
to at least base the analysis on the real cost

of production for the rest of the world, not just the market price.

The market price is temporary. A shortage and the market price could
 
go sky high. Ifyou haven't done any development while you are waiting

because the market price is low you would be finished.
 

When you get down to the development issue itself, the
 
governments 
are in quite a dilemma because the objective of the

farmers is to make a living and to 
make a profit. I think that one
 
can stay with sort of fundawental view of economics for at 
least the
time being and say that farmers would like to make money, they would

like to have food to eat, they would like to have a better life. I
 mean that is their objective. 
 So, what they are doing is probably

totally rational given their view point of life.
 

I maintain, when I look at projects that 
the farmers are

behaving rationally. If they cannot make a sufficient living they

will abandon the project, they just will 
nr)t farm, there will not be

aity production. I think this is fairly true and I think there is

fairly good experience around to 
suggest that it happens. If the
 government puts in a project and the farmers do not make enough money

to farm it, then they abandoned it then it is 
a pretty big disaster.
 

There are two 
ways to get at it. You can subsidize the
farmers to reduce their costs 
or you can put supports under commodity

prices to increase their gross returns. Governments do both of these
things at various times. What happens though, 
is that the farmers
 
return has nothing to do with the benefit cost analysis really, it is

just a matter of how much the government is willing to subsidize the
 
farmer to make it attractive to be a farmer.
 

When you go to the proposition though and you talk about

appropriate technologies, particularly if you have pumping technol
ogies, they require, unless it is done with calabash and hand lifting,

they require considerable inputs and imported commodities. There is no
 
way to have a project sustainable that does not have cash crops to pay

the energy costs, the maintenance costs and so on because they are 
so

systematicdlly reoccurring. 
 They do not allow for a massive investment
 
to be made in a gravity system and then let it deteriorate over a

period of time, 
in other words, to be consumed. So the inadequacies of

paying reoccurring costs in a pump irrigation 
system result in the
discontinuation 
of the project. So, pump irrigation will look like

failures where surface irrigation, where they have massive inputs to

the economy to build the system and that is allowed to deteriorate in a
 
matter of 10 or 20 years are subsidized for 10 or 20 years continuously
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where the pumped irrigation is very obviously has to be subsidized. We
 
have the selection of technology that gives us trouble, I think there
 
were some suggestions 
of that from the Zimbabwe study of technology

problems and you noticed where they had pump irrigation, the system was
 
dilapidated, the pump 
had broken down and the field was not coming,
 
etc., etc.
 

Finally, the third thing or fourth issue we dealt with was
 
the very fragile nature of irrigation development in the case of
Rwanda. The fragile nature of the physical ecological system. Ifyou

go some other places and it has been alluded to in our comments that
 
you had the fragile nature of the social-economic system where you are

implanting an irrigation project. Rwanda has had both issues going for

it or against it. It has apparently a very wonderful resource with 80
 
or 
100,000 hectares of swamp land to be developed that lends itself to

relatively inexpensive development. But it has the other issue in that
 
the economic situation apparently is very fragile. There are no

markets, they are not very accessible, there is no cash in the system.

But, when we look at the Nigerien study we are going to see not as much
 
an ecological fragile nature as a social-economic fragile nature to i*.

But, both of these are fragile situations. Given those kinds of issues

that have come up, I think our challenge is to see what kind of

guidelines we might suggest as 
a result of our deliberations.
 

Bolton - I have just a short observation acknowledging that very Fine 
summary of the situation. Just to add that, I feel that 
it is the

irrigation professional who bears the brunt of the contradictions that

exist in the situation and that it is very difficult to know how best,

in fact, to help him in his situation with this set of objectives which

he cannot to with of
possibly hope meet a set resources which are

limited and everybody coming in trying to tell him how he should do it.
 

Hart - I would like to add to Jack's comments if I may. The situation
 
in West Africa is not exactly the same within the private sector as
 
Jack is seeing in the U.S. The private sector in West Africa is

growing fairly rapidly, there are not 2,000 farmers per week who are
 
going out of business. There are probably 20 extra per week who 
are
 
getting into business and staying in business. They are staying in

business because they are making a profit. 
 Now, that means they are
 
not in this competitive import cereals market. They are producing

fruits and vegetables, products which satisfy the local African market

and it is not the same sort of international competitive market. But,

there is a definite growth in private sector irrigated agriculture in
 
West Africa. I if we can make a
am not sure direct comparison between

the global worldwide situation and 
some of the more localized situa
tions that we are seeing here.
 

One of the things that concerned me about the recommendations
 
which came out of the studies this afternoon or the discussion groups

was that one of our major goals with all 
of the case studies and every
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thing else that we are 
doing is to determine what improvements are
 
possible in irrigated agriculture and one the things that was very

evident in the results of the discu;sion this afternoon was that the
 
data base was cited by at least three groups as being inadequate and I
 
think that one of the essential parts of this learning process that is 
necessary if there is going to be a contribution to improve irrigated
agriculture means that the data base must be adequate to provide that
 
1earning experience.
 

El Obeid - I have one comment on Dr. Misikos' groups that they recom
mend that maintenance and operation would be transferred to farmers. 
This may be ok with the small-scale irrigated projects in Africa, but
it would be very difficult and beyond the ability of the farmers in the 
case of large project like for example Gezira scheme which covers 2.2 
million acres.
 

Ssennyonga 
- I would like to the before going speaker to elaborate. 
Tell us the basis for how he came to that conclusion. 

El Obeid - Actually because maintenance and operation costs for the 
Gezira scheme which is 2.20 million acres, it needs a lot of money and
this has to be operated through the government rather than to be 
operated through the farmers. So, I do not think farmers will be able 
to operate this kind of thing. 
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HEALTH IMPLICATIONS OF IRRIGATION DEVELOPMENT
 

Stephen K. Chandiwana
 

Blair Research Laboratory, Harare, Zimbabwe
 

ABSTRACT
 

A potential by-product of irrigation development is increased
 
disease transmission particularly vector-borne diseases such as malaria
 
and schistosomiasis. To an 
extent, the diseases can be controlled if
 
engineers involved in the design of a new scheme take cognizance of the
 
potential health problems at the planning stage. 
 This 	is particularly

important for 
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INTRODUCTION 

Africa is notorious for its erratic and unpredictable weather
 
conditions particularly unreliability of rainfall in the sub-Sahelian
 
region which resul~t in periodic droughts leading to severe food
 
problems. Thus, 
it is recognized by governments and international
 
agencies that sustained food production requires a dramatic increase in
 
the area of irrigated agriculture particularly by small holder farmers
 
in order to boost agricultural production and improve rural incomes and
 
living conditions. However, because of the traditional separation

between agricultural/civil engineering disciplines 
from which irriga
tion planners and managers normally come, and the socio-medical
 
disciplines, efforts to increase agricultural production 
have often
 
proceeded with 
little attention being paid to the health implications
 
of irrigation.
 

Two main health issues must be considered in irrigation
 
development:
 

1. 	the increase in human population may bring about socio
economic diseases arising from 
poor living conditions
 
and inadequate health resources as well 
as occupational

health hazards associated with farming; and
 

2. 	 the ecological change accompanied by a large area with
 
surface water may introduce or increase transmission of
 
vector-borne diseases.
 

Community health services can readily be incorporated in the
 
planning of large scale projects where the infrastructure and resources
 
permit. 
 This is not the case in small holder schemes where central
 
organization is often weak and economic resources may be 
limited.
 
Therefore, while this presentation will examine health issues associ
ated with irrigated agriculture in general when it comes to control of
 
the diseases, special reference will be given to small holder schemes.
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SOCIO-ECONOMIC DISEASES
 

Faecal-transmitted, water-related and air-borne diseases
 
(e.g., diarrhoea, typhoid fever, dysentery, trachoma and scabies) and
 
malnutrition are often referred to as socio-economic diseases as they
 
are associated with poor living conditions, contaminated water supplies

and inadequate excreta disposal facilities. It is considered by public

health authorities that these diseases are the major causes of morbid
ity and mortality amongst Africans, particularly the disadvantaged
 
groups, i.e., young children, women and the elderly.
 

Agricultural specialists and irrigation engineers tend to
 
measure the success of irrigation development in terms of crop yields

and often do not anticipate the health problems associated with a
 
densely populated rural settlement. In many cases, no prior planning

is made concerning the number of housing units, clinics and safe water
 
supplies and latrines for the settlers. Inmost areas of Africa, water
 
and not land is the major constraint on increased agricultural produc
tion and in small holder schemes there are pressures on the authorities
 
to increase the population of settlers on the irrigated land beyond its
 
carrying capacity. Not only will productivity be adversely affected,

but slum areas may result from overcrowding and epidemics of water
related diseases such as gastroenteritis may arise if health resources
 
are inadequate.
 

Insecticides routinely used in pest control can be hazardous
 
leading to pesticide poisoning unless handled carefully. It is
 
estimated by the World Health Organization that about 0.5 million
 
people suffer from accidental insecticide poisoning every year (WHO,

1973).
 

VECTOR-BORNE DISEASES
 

Increased transmission of a number of viral, protozoan and
 
helminthic diseases is associated with irrigated development. This is
 
because these infections are transmitted by insects and snails whose
 
populations tend to flourish under the stable and wet conditions found
 
in irrigation schemes. In addition, increased harvests of food crops,

particularly cereals, e.g., maize and rice on irrigation schemes
 
encourage high populations of rodents thereby increasing the risk of
 
transmission of zoonotic infections such as plague and leptospirosis.
 

Viral Infections
 

These viruses are also known as arboviruses indicating the
 
arthropod mode of transmission. Yellow fever and Dengue occur in
 
east, west and central Africa and both viruses are transmitted by

Aedes aeqypti mosquitoes. O'nyongyong fever is similar to dengue and
 
during 1959-1962 a major epidemic occurred in east Africa where
 
Anopheles mosquitoes have been incriminated in its transmission. Rift
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valley fever transmitted by Culex mosquitoes is a major animal disease
 
in sub-Saharan Africa but it is also a zoonosis that causes serious
 
disease in man.
 

Protozoan Infections
 

Malaria is by far the most important vector-borne disease in

tropical Africa. It is transmitted by blood-sucking female mosquitoes

belonging to the Anopheles cambiae complex. In non-irrigated areas,

malaria transmission is seasonally fluctuating and appears to be
 
related to the bionomics of the vector mosquito (Mpofu, 1985).

Mosquito breeding sites are adversely affected by drought and flood
 
and peak numbers of the vector mosquitoes occur towards the end of the
 
rainy season or in the post rainy season. During these seasons the
 
risi: of malaria transmission is considerably high. On the other hand,

irrigation schemes contain permanent and stable water points, e.g.,

water storage reservoirs, long weirs and paddles of water which
 
provide ideal breeding sites for the mosquitoes. Malaria introduced
 
in such irrigation schemes by say, semi-immune carriers, may result in
 
high and perennial transmission. This can have catastrophic conse
quences for non-immune immigrants entering such malarious areas
 
without prophylactic protection. In a study in western Kenya there
 
were more man-biting mosquitoes in 
a village located in an irrigation

scheme when compared to a nearby dryland village (Surtees, 1970).
 

Sleeping sickness (trypanosomiasis) and Leishmaniasis are
 
other protozoan diseases transmitted by insect vectors but it is
 
unlikely that development of small-scale irrigation schemes plays a
 
major role in the spread of the infections. A large expanse of water
 
such as Lake Kariba is necessary to create adequate humid environ
mental conditions to favor survival of tsetse flies that transmit
 
trypanosomiasis. Availability of water appears to play no role in the
 
transmission of leishmaniasis which appears to be limited in dis
tribution 
to east Africa. Epidemics of visceral leishmaniasis in
 
Kenya have occurred in semi-arid regions of the country where the
 
vector, Phlebotomus sandflies thrive.
 

Helminth Infections
 

After malaria, schistosomiasis is considered to be the second
 
most important parasitic disease in Africa. Although precise data is
 
hard to come by, one can conservatively estimate that at least 50
 
million Africans have the disease and about two-thirds of the contin
ent's population is at risk of infection. Irrigation schemes intended
 
to boost agricultural production by increasing the amount of surface
 
water have created new breeding sites for the snails that transmit the
 
disease, i.e., Rulinus and Biomphalaria snails. As in the case of
 
malaria, 
irrigation schemes create stable and permanent waterbodies
 
that may support high populations of schistosomiasis-transmitting

snails. In non-irrigated areas, snail populations are to an extent,
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controlled by natural forces such as periodic desiccation for flooding.

Infected and non-infected people brought to work together in irrigation

schemes usually drink from, bathe and labor in the same canals and
 
bodies of water where the infective carcariae flourish leading to a
 
rapid spread of the disease especially among children who are most
 
vulnerable. Studies currently underway in Zimbabwe suggest that the
 
establishment of small holder irrigation schemes can result in schis
tosomiasis prevalence in the scheme increasing above that in the
 
surrounding non-irrigated areas (Chandiwana et. al; 1988).
 

Other important African vector-borne helminthiases are
 
filariasis and river blindness (onchocerciasis) with the latter
 
predominantly found in west Africa. The Anopheles and Culex vectors
 
of filariasis can breed in irrigation drains and other bodies of water
 
including pit latrines and refuse pits. Although Simulium (blackfly),

the 	vector of river blindness normally breeds in fast flowing stream
 
habitats, the fly iscapable of colonizing slow and stagnant water such
 
as spillways, dams and sump areas in an irrigation scheme. Humidity

without heavy rainfall favors dispersion and longevity in the fly but
 
this condition seldom exists in small-scale irrigation schemes.
 

CONTROL STRATEGY
 

It is clear from the above that surface water is the most
 
important factor that influences the transmission of a variety of
 
diseases associated with irrigation development. There is a need to
 
formulate practical, cost-effective and sustainable means of control
ling disease in small-holder schemes. In such schemes, resources are
 
limited and control strategies should, wherever possible, use low cost
 
and preferably locally developed health technologies and methodologies.
 

Socio-economic Diseases
 

These diseases can, to an extent, be overcome through proper

planning of small holder settlements as follows:
 

1. 	Housing - Overcrowding should be avoided by the construc
tion of adequate numbers of low cost but durable housing.

It is preferable to use traditional building materials as
 
these are locally available and houses should be well
 
sited, spaced and aerated. This would minimize the
 
incidence of air-borne diseases common under cramped
 
conditions.
 

2. 	Sanitation and water supplies - There are a variety of 
health technologies that make use of local materials and 
are at prices that are affordable by low income groups.
These include ventilated improved pit latrines, simple
hand pumps and bucket pumps for fitting on protected 
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wells and sand filters for improving the biological

quality of drinking water. To encourage the construction
 
of latrines and the protection of wells, there is need to
 
introduce subsidy 
 in the form of cement and other
 
materials as well as making technical information readily
 
available.
 

3. Health education - This should focus on both occupa
tional and environmenal health hazards. Information
 
should, for example, be provided on the proper handling

of insecticides whose hazardous effects may not be
 
immediately apparent after initial contact.
 

Vector-Borne Diseases
 

The control of vector-borne diseases in irrigation schemes
 
poses a major social challenge to agriculturalists, engineers and

health workers. This is particularly so in small-scale irrigation

schemes where the individual 
small holder farmers have neither the
 
expertise nor resources to venture into vector-borne disease control

which is usually complex and costly. Fortunately, there is now a
 
clear understanding of the life cycle and epidemiology of the major

vector-borne diseases such as malaria and 
schistosomiasis. Thus,

control 
programs for such diseases can be based on sound and rationale
 
principles.
 

1. Environmental measures - These are part of public health
 
control measures aimed at reducing human exposure to
 
infection. In the case of schi;tosomiasis, access to
 
potentially cercariae infested wz. er 
should be discour
aged by providing alternative sources of water away from
 
the dams and canals. Building of washing slabs and
 
possibly bathrooms should be considered as an attraction
 
away from the canals. Villages should be sited as far as
 
possiblr from the irrigation canals, storage dams and
 
drainage canals much possible reduce
as as to human
 
contact. Communal in-field latrines should be built 
in
 
the irrigated areas to reduce contamination of these
 
waterbodies with schistosome eggs.
 

Malaria transmission can be considerably reduced by

locating houses at a distance of at least 2 kms from the
 
mosquito breeding sites (Surtees, 1970). People should
 
be encouraged to put gauze-screened windows and in high

transmission areas, mosquito nets should be made avail
able to babies and young children who are most at risk of
 
developing serious infection. Overflow, seepage and
 
regenerated water create swampy areas and these should be
 
drained or filled as they may become mosquito breeding
 
sites.
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2. 	 Engineering measures - In general, these measures are
 
aimed at preventing the creation of favorable conditions
 
for disease vectors to colonize or breed in the scheme.
 
Thus, canals should be concrete lined to increase flow
 
and the design of hydraulic structures in the canal
 
system, e.g., sluice gates, weirs and off-takes should be
 
in such a way that flow is not impeded. Operational
 
aspects of the irrigation works; regular drying out of
 
canals, water level fluctuations in the storage reser
voirs, routine maintenance such as removing soil or stone
 
obstructions, weed clearance and preventing water seepage

should considerably assist in controlling mosquito and
 
snail populations.
 

3. 	 Chemical control - In some cases it may be necessary to 
control the disease vectors using chemical means. 
Mosquitoes can be controlled by application of lar
vicides to potential breeding sites but for small holder
 
schemes this is expensive and organizationally difficult.
 
It may be preferred and logistically easier to regularly

apply a residual insecticide which kills the adult
 
mosquitoes coming to rest indoors. By monitoring the
 
malaria transmission patterns, spraying can be timed to
 
have an impact on high transmission periods to reduce
 
severe outbreaks of the disease. To reduce operational
 
costs; spraying should be integrated within the Primary

Health Care (PHC) system and members of the scheme should
 
be trained to spray their houses on a self-help basis.
 

Similarly, snails can be controlled by the application

of molluscicides although this requires more organization

than in mosquito control. Snail control using molluscicides
 
in an irrigation scheme involve an inflow system carrying the
 
irrigation water and the associate storage reservoirs and the
 
drainage system which carries overflow and regenerated water.
 
The 	 inflow supply canals and dams can be treated with a 
molluscicide by means of a drip-fed method and the treated 
water then enters the entire network of the irrigation water 
system. Treatment of the drainage system is more complicated 
as the water system is not interconnecting. To be effective 
in such a situation surveillance of snail populations is 
necessary and molluscicide is applied to foci with snails 
using a spray pump on a regular basis. The high cost of 
chemical molluscicides, e.g., Bayluscide at about US$ 40,000 
per tonne, is the main constraint of using chemical mollusci
cides in small holder schemes. Therefore, great hope is being
paid to the application of Phytolacca dodecandra, a plant
molluscicide indigenous to Africa in focal control of snails 
at human water contact sites.
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4. 	Biological control - Certain species of birds and fish 
are known to feed on mosquito larvae and snails but 
their potential in controlling these vectors has not 
been widely demonstrated under field conditions.
 
Nevertheless, some of the biological agents such as
 
Marisa, a predator of planorbid snails and Heliosoma, a
 
competitor of planorbids may play a complementary role
 
in reducing populations of vector snails in small
 
reservoirs on a scheme where engineering measures have
 
also been introduced.
 

5. 	Chemotherapy - With proper planning, chemotherapy of 
infected persons can readily be carried out in small 
holder schemes. A mobile specialized team working in 
close liaison with local health workers in the schemes 
can diagnose infected people and administer treatment on 
a cyclical basis, e.g., once per annum. Clinical cases 
of malaria and haematuria in schistosomiasis can easily
be diagnosed and treatment can be provided by village

health workers. Chemoprophylaxis in malaria should be
 
considered to be an additional control measure 
although
 
care must be taken to avoid irregular dose-taking which
 
could lead to drug resistance.
 

CONCLUSIONS
 

From 	the above account, it is clear that irrigation develop
ment 	has 
potential adverse effects on the health of residents of an

irrigation scheme which may seriously jeopardize the success of the
 
project. While the association between the expansion of irrigated

agriculture 
and 	 the increased transmission of socio-economic and

parasitic diseases has been known for 
a long time, the involvement of

engineers in such health issues is relatively recent. Initially,

interest was mainly focussed on large-scale projects such as the Blue
 
Nile Health Project where economically itwas considered worthwhile to
 
incorporate disease control measures. However, 
 little is known
 
concerning disease control in small holder schemes in spite of the
 
fact that these are relatively numerous and although they have many of

the hedlth problems found on larger projects, they are least able to
 
tackle the problems because of economic and organizational problems.

The 	strategy of incorporating engineering designs to control schis
tosomiasis on the Mushandike small holder irrigation scheme in Zimbabwe
 
is clear demonstration that engineers and health workers can 
cooperate

in parasitic disease control at the earliest possible stage in the
 
planning of a scheme. By getting involved in preventive planning,

engineers should be able to integrate methods of increasing food
 
production and those of controlling parasitic diseases with least
 
recurrent costs.
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DISCUSSION
 

Kayihura - I have two questions. The first one is can you give an 
example of a scheme preferably in Zimbabwe where serious problems have
 
actually resulted in a scheme being abondoned, for example, as a result
 
of these diseases you are talking about? The second question is to

what extend are people aware of the effects of the disease like
 
schistosomiasis so that they avoid contact with infected water?
 

The way I understand it, schistosomiasis does not hive very

obvious symptoms. I will give you an example. I remember a couple of
 
years ago when I was 
a very young boy living in the country with my

grandparents. I realized I was passing blood. When I went my
to 

grandfather I said, "I have a problem, there 
is blood coming in my
 
urine." He said, "Well, do not worry, these things happen. Everybody's got to do that. This is how 
men should be." In other words,

the way he perceived this problem is different from the way we look at
 
it. What is being done to makA people aware of dangers of the long
term effects of schistosomiasis, to change the attitudes and perception

people have of the disease?
 

Chandiwana - Thank you very much for those two questions. I think I 
can actually answer them as one. First, you want to know whether
 
people perceive schistosomiasis as a chronic and debilitative disease
 
and that many people do not really view schistosomiasis as a problem.

I would like to disagree because many of us may have infection and may

never be able to find out 
whether we have schistosomiasis. What we
 
have done in 
cur research work, not only in Zimbabwe, but worldwide is
 
to do studies on 
whether parasitic infections affect an indiviudal's
 
working capacity. We took two groups of children and 
we asked these
 
children to 
run a certain distance and to do certain exercises. We
 
demonstrated statistically that children passing schistosomiasis eggs

in their urine had a low performance capacity compared with those who
 
were free o,' infection.
 

It is not just enough to ask how do people perceive the

disease? Many people, including ourselves actually get 
infected and
 
we may never notice, excert for feeling tired. How much would one
have done if one were not infected? These are things which are very
difficult to quantify and we are trying to come with the data to give
people. You may not get schemes being abonded, but if you were to
 
convert the days lost in productive work, it would come in terms of
 
millions. If somebody said 
to you every year, because of parasitic

infections we are losing something like 
200 million U.S. dollars in
 
irrigation schemes alone, that would give some indication of the
 
importance of the health factor in irrigation.
 

Farah - You cited a number of methods in the strategy of control of
disease. I was wondering whether there have been any attempts to 
use
 
biological methods?
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Chandiwana - Yes, in fact, this method is perferred in many cases. 
You could use things like fish to control the level stages or you can
 
use birds which eat the snails. The advantage of biological control
 
is that obviously it-does not interfere with the environment, yet at

the same time you can achieve a certain measure of success indiminish
ing the populations of the vectors.
 

The problem with the biological control, in may experience,

is a social problem. For instance, we introduced a very effective

biological control, some ducks in one irrigation scheme in Zimbabwe.
 
Instead of the ducks actually having an effect on the snail population

which was expected, we found that peoplc were eating the ducks.
 

Farah - I thini that my question was whether there have been trials,

approaches to adopt other biological methods such as releasing sterile
 
males into the sy stem and by doing this you eliminate the breeding of
 
mosquitoes.
 

Chandiwana The sterile male release technique has been tried in
 
Tanzania witriout any major success. What happened was that the

sterile males were less competitive compared with the other males 
so

there was not a significant level of reduction. In any case, there is

need for breeding facilities for such type of experiments. In the
 
case of mosquitoes it is more difficult because mosquitoes lay lots of
 
eggs compared with, say the tsetse 
fly which only lays a single egg.

So, it may not be practical, but people are working on these things

everyday. Most of these things are still in the experimental stage

rather than in the actual or practical stage.
 

Kadjongar - Thank you, Mr. Chairman. The speaker talked to us about 
the precarious living conditions of the farmers. I do 
not know

whether this is related to the irrigation scheme because in the rural

environment in Africa, housing is rather precarious. Do you think
 
this is really due and related directly to the irrigation system?

This ismy first question.
 

Secondly, in the solutions that you advocate, the speaker

said that some of the canals would have to be dried out. This would

be extremely difficult since the canals are always underwater during

the irrigation campaign.
 

Thirdly, always referring to the solutions that you propose,

I do not know if I heard you correctly, but I do not think you talked
 
about the information given to farmers. 
 I think this is extremely

important. In the slides you showed us children bathing 
in the

canals, sometimes it is not only children but also adults. 
 Should we
 
not sensitize them and teach them that bathing in the canals would be
 
risky and they would be 
prone to catching a disease? Thank you, Mr.
 
Chairman.
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Chandiwana - As regards to the drying up of canals, I think it is

really possible to do that with good water management. I do not think
 
you need to continuously irrigate crops. 
 This is my own understanding

because you can irrigate your crops in sections so that a certain
 
section would be dry for some days, maybe two or three days while you

irrigate the next section. I think this 
can achieve the purpose of
 
reducing the population of vectors there.
 

On information for children and adults, I comp, tely agree

with you that if you were to set up local committees to manage the
 
schemes, I think that one aspect 
which can be included in these
 
committees is health education. The committee can deal with adult

education so that they can influence the rest of the people to avoid
 
coming into contact with water unnecessarily.
 

With regard to your 
first question. I think irrigation

schemes are actually in a better position to improve housing because
 
it is an economic activity and it should 
set the pace for improving
 
the standard of housing.
 

El Obeid - Have you done an economic study which quantified the losses

in man-days or man-hours due to the infection of water borne diseases
 
on agricultural labor on the irrigated schemes in Zimbabwe?
 

Chandiwana - Some of these things we do not need to do economic
 
assessment on. If there is malaria and dysentry in an area people

stay away from work. You know that yourself. That is evidence, that
 
certain parasitic infections can result in loss of man-hours. If you

have onchocerciasis like in West Africa, this again can effect the
 
success of the scheme in the long term. We have data that 
supports,

for instance that schistosomiasis affects the performance of people in
 
an irrigation scheme. 
 I looked at the heights and weights of children
 
who were inf'ected with schistosomiasis and compared them to children

who were not infected and I found that the children who were infected
 
were actually more malnourished or had a lower 
body weight compared

with children not infected. Other studies have been carried in
out 

Kenya, a longitudinal study. They went on to treat 
those children who
 
were infected and found that they actually increased in body weight.

There is a direct association between infection with parasites and
 
nutritional status, which can 
then be translated into economic terms.
 

Soumaila - Thank you, Mr. Chairman. I think it is absolutely important

to 
talk about health problems that relate to irrigation development.

The speaker talked about onchocerciasis in West Africa, parallel to

this we can talk about the Guinea Worm which also transmits disease and
 
causes a lot of damage. The one questions I would like to address is

the problem in which the canals are designed. I do not know if this is
 
going to be discussed later, if so I withdraw the question.
 
Chandiwana- This is precisely the topic which will be presented by my
 
colleague in the next presentation.
 

151
 



HEALTH ISSUES IN IRRIGATION DEVELOPNENT IN AFRICA:
 

AN ENGINEER'S PERSPECTIVE
 

Peter Bolton
 
Overseas Development Unit, Hydraulics Research
 

Wallingford, OXIO 88A, UK
 

INTRODUCTION
 

The past decade or so has seen a wakening of concern amongst

those responsible for 
planning, designing and funding new irrigation

developments about the possible adverse health impact of these projects

on the population they are supposed to benefit. concern is
This seen
 
in the following:
 

- the growing body of literature relating to the health 
aspects of irrigation, for example McJunkin (1975), WHO 
(1982), Decon (1983), Cairncross and Feachem (1983); 

- the number of conferences and symposia which have been 
devoted to this theme, for example Jenkins (1979), IIMI
 
(1986), IRRI (1988);
 

-. the establishment of the joint WHO/FAO/UNEP "Panel of
 
Experts on Environmental Management for Vector Control"
 
(PEEM); and
 

- the requirements of most major development agencies and 
banks for the health impact of proposed projects to be
 
assessed before projects are approved for funding, see
 
WHO (1983).
 

In Africa, major programs funded by international agencies to
 
counter the threat 
of disease related to water resources development

have been mounted, for example, in the Sudan where the Blue Nile
 
Health Project was 
established to control malaria and schistosomiasis

in the Gezira and Rabat irrigation schemes (El Gaddal, 1985) and in
 
west Africa where an international program was set up in 1971 to
 
combat onchocerciasis (river blindness) by applying larvicides to

infected rivers (Pouyard and LeBarbe, 1987). In addition, many

countries have groups or organizations whose specific brief is the
control of bcrne,
vector water related disease, for example schisto
somiasis control programs exist in Morocco, Burundi, Malawi 
and many

other African countries.
 

Previously, the preferred 
methods of control for vector
 
borne, water related diseases have been through mass immunization or
 
treatment of the human population oi through the application of toxic
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chemicals on the breeding sites and habitats of the disease vectors.
 
Unfortunately, such methods have tended to be expensive, have demanded
 
a level of organizational infrastructure which is rarely present and,

in the case of malaria in particular, have had decreasing effect as
 
both the disease parasites and the mosquito vectors have developed

resistance to the chemicals employed against them. In this situation
 
there has been increasing interest in engineering and environmental
 
control measures. Even in the case of schistosomiasis, for which
 
highly effective therapeutic drugs are now available., it is generally

accepted that engineering and environmental control measures can play
 
an important supportive role within an eradication program based
 
primariy on drug therapy, see McCullogh (1986).
 

This paper is an attempt to assess what contribution a
 
practicing irrigation planner or engineer can make to the control of
 
water related parasitic disease in Africa. It is a collection of
 
personal observations based on participation by the author in a single

research project in Zimbabwe related to one debilitating and sometimes
 
fatal disease, schistusomiasis (bilharzia). It makes no claim to
 
provide a comprehensive overview of the subject.
 

The research described in the paper iscentered on the 600 ha
 
Mushandike Irrigation Scheme near Masvingo, 300 km south of Harare,

where approximately ten farms previously irrigated by wild flooding

with the minimum of engineering structures are being redeveloped for
 
the benefit of 400 small holder farmers and their families, see Fig. 1.
 
The Department of Agricultural Technical and Extension Services
 
(AGRITEX) is responsible for the design, implementation and operation

of this irrigation scheme and has been collaborating with the Overseas
 
Development Unit of Hydraulics Research Ltd. Wallingford in preparing

designs and operating schedules for the scheme which are chosen to
 
minimize the risk of transmitting schistosomiasis. The Ministry of
 
Health's Blair Research Laboratory in Harare has been advising on the
 
choice of control measures and is undertaking a detailed monitoring

exercise to determine the effect which the chosen measures have. Funds
 
for the research are being provided by the UK Overseas Development
 
Administration.
 

IMPORTANT GENERAL CONSIDERATIONS FOR ENGINEERING
 

Before describing the technical aspects of the Mushandike
 
project, attention is drawn to some important considerations for
 
engineers and planners who are seeking to introduce disease control
 
measures into projects for which they are responsible. These observa
tions are based on the Mushandike project but, unlike the technical
 
conclusions later inthe paper, are likely to be of general applicabil
ity to different locations and diseases.
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Learning the Correct Technical Terms
 

One factor which inhibits some engineers from involve
ment in the health implications of their projects is the
 
apparently incomprehensible terminology which is used by the
 
medical profession. From personal experience I suggest that
 
learning the correct terms is not as onerous as it might
 
appear and is well worth the effort. A number of good

glossaries exist written for engineers, see, for example, in
 
Cairncross and Feachem (1983), and familiarity with the
 
implications of various expressions can be gained by reading

relevant publications with the help of such a glossary. It
 
is important that medics and engineers fully understand each
 
other, and in order for that to be 
achieved, engineers must
 
be able to comprehend such things as the difference between
 
endemic and epidemic disease and the difference between the
 
incidence and the prevalence of a disease.
 

Comprehending Biological and Human Systems
 

More difficult than learning the correct vocabulary and
 
knowing when to apply it is the need for engineers to under
stand the differences between the physical systems with which
 
they generally work and the biological anc human systems which
 
control the transmission of disease. Biological systems

exhibit growth and decay and are affected by seasonal varia
tions far more than physical systems. They are more complex

and their behavior is affected by more parameters than most
 
physical systems. An engineer lookipa for results on the
 
basis of simple causality (change this factor and we will
 
control that disease) will make little progress. Unfortun
ately, I have met a few people in the course of the Mushandike
 
study who have lighted on oie facet of the work, say a
 
modified structure, and have believed that the disease can 
be
 
controlled by this one intervention alone. When we also
 
consider, as we must, human beavioral factors, further
 
complexity is introduced. Unless the planners and engineers

understand why people are behaving in a particular manner at
 
present they cannot hope to have a positive influence on
 
future behavior. An interesting example of this is cited
 
below with regard to water supply at Mushandike.
 

The Dangers of Generalization
 

Because of the complexity of the systems it is extremely

dangerous to generalize from one location to another with
 
regard to appropriate disease control measures. Examples to
 
support this conclusion abound but only two will be given

here. In the transmission of malaria there are many species

of Anopheles mosquitoes which can act as disease vectors.
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One of the most widely quoted cases of successful environ
mental control of malaria transmission was the eradication of
 
A. guadismaculatus from the reservoirs of the Tennessee
 
Valley in the USA by regular fluctuation of the water level.
 
Unfortunately, the most common 
vector in Africa, A. cambiae,

does not need large water bodies to breed and could ade
quately reproduce in the small puddles left the edge of a
at 

fluctuating reservoir. Another characteristic of A. gambiae

also makes environmental control of it difficult: 
 it is
 
relatively long lived and bites relatively frequently. For
 
this reason malaria transmission can be sustained by quite 
a
 
small population of vectors, and partial reduction of the
 
population size might have little effect on the number of
 
people infected with the disease.
 

In the case of schistosomiasis, the aquatic snails which
 
are the intermediate hosts of the disease inAsia (Oncomelania

species) are amenable to control by environmental modification
 
but those present inAfrica (Bulinus and Biomphalaria species)
 
are less so. Thus, the successes in environmental control
 
reported from Japan, the Philippines and the People's Republic

of China are unlikely to be relevant to Africa.
 

The Need for Inter-Departmental Cooperation
 

In view of the difficulty of generalizing experience

from one location to another, ;fen within a single country,

engineers would be unwise to attempt the introduction of
 
engineering and environmental disease control measures
 
without the cooperation nf specialists in vector biology and
 
disease transmission. In many Africin countries relevant
 
local expertise can be found within the Ministry of Health or
 
a local university or research establishment. In addition to
 
involving specialist departments on the health side, it will
 
also be important to involve all the departments which play a
 
part in planning, implementing and operating the irrigation

scheme. At Mushandike there 
are at least five distinct
 
governmental departments which can have an influence on the
 
health impact of the project. Determining how best to ensure
 
that they share a common objective, giving priority to
 
reducing potential health risks, is a major problem in such
 
situations. In the case of the Mushandike project Hydraulics

Research, as an organization outside the Zimbabwe Government
 
structure. has been less constrained than a Government depart
ment migI,. have been In establishing lines of communication
 
with the various departments concerned. A seminar held after
 
the project had been running for eighteen months, Hydraulics

Research (1986), ensured that all the groups understood the
 
objectives of the project. Nevertheless, the constraints
 
under which each one operates limit the extent to which
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resources can be devoted to a specific health objective. Such
 
constraints must be recognized by all concerned if inter
departmental cooperation is to succeed. Careful thought must
 
be given to etablishing modes of inter-departmental coopera
tion appropriate to the country in questions.
 

The Need for Demonstration Projects
 

Although ideas abound of possible engineering and
 
environmental measures to control water related 
disease,

there are few examples of existing irrigation schemes where
 
their effectiveness has been demonstrated and 
where viable
 
solutions have been provided within the administrative
 
structures and limited resources of a particular country.

Engineers are understandably hesitant to venture beyond the
 
bounds of their professional discipline and to assume addi
tional responsibilities previously considered the domain Gr
 
another department when they are already hard pressed to
 
achieve their own restricted goals. In this situation,

projects which demonstrate, on a small scale, what can be
 
achieved within a particular ecological, financial and
 
administrative context are needed to catalyze action and
 
prevent further wastage of effort and resources should the
 
control measures prove to be ineffective. Such demonstration
 
projects should be carefully monitored by an organization

familiar with the field techniques required for the study of
 
parasitology.
 

THE MUSHANDIKE PROJECT
 

The Mushandike dam and main canal were built in the 1930s
 
and, prior to Independence, supplied approximately ten farms, each
 
irrigating 50 - 100 ha. All but one of these farmers have now sold
 
their land to the government and resettlement is in progress. This
 
entails the design and implementation of new in-field works and
 
villages throughout the scheme although some fundamental aspects of
 
the previous irrigation works will not be changed. In particular, the
 
land previously cleared and levelled for irrigation is being re-used;

the main canal will be substantially unchanged, although it is being

lined in parts to reduce seepage losses; existing boreholes for
 
domestic water supply are being utilized; and, most significant of all
 
for disease transmission, the dispersed "night storage reservoirs"
 
constructed to provide farmers with control 
over their own supplies,

given the 32 km length of the main canal, are being retained.
 

The project is at an altitude of 875 m and receives an annual
 
rainfall of 61. mm. This occurs in a single rainy season during the
 
summer months (November to April). Irrigation is required during the
 
summer to supplement the rainfall; droughts of two to three weeks'
 
duration can occur. Cultivation of crops in the winter is entirely
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dependent on irrigation. The project proposals envisaged maize and
 
cotton as the principal summer crops and wheat (on 50 percent of the
 
area) as the principal winter crop. These may be supplemented or
 
replaced as the scheme develops.
 

The land over the area of the scheme has a slope of 1-2
 
percent. 
 Although this aids surface drainage the soils are relatively

shallow and waterlogging may become a problem in some parts. Such

soils are not ideal for irrigation. Nevertheless, water (not land) is
 
the major constraint on increased irrigation in this part of Zimbabwe
 
and for this reason the accepted policy in similar schemes elsewhere in
 
the country will be applied: that all secondary and tertiary canals
 
will be concrete lined to save water.
 

Irrigation began on the first 50 ha block with the 1986

winter crop. The remaining areas of the scheme are being brought into
 
production gradually over a two-year period. The population is being

regularly monitored for schistosomiasis, from their arrival on site, 
as
 
are selected groups in the area surrounding the scheme. In addition,

regular surveys of the snail population and the free-swimming larvae
 
(cercariae) are being undertaken. This monitoring will be accompanied

by a health education program and will continue for several years.
 

Design of the first half of the irrigation scheme was under
taken under the supervision of -n engineer from Hydraulics Research in
 
accordance with disease contr' criteria agreed in advance with the
 
collaborating organizations. Ft details of these measures have been
 
published, Draper and Bolton (1986). They are summarized below.
 

SCHISTOSOMIASIS CONTROL MEASURES
 

General Description
 

Water is necessary in the transmission of schistosomia
sis because the intermediate hosts of the parasite are
 
various species of small aquatic snail. The snails become
 
infected !ihen eggs of the parasite, which are passed from
 
infected p,ople via stools or urine, hatch into water. Re
infection of humans occurs when they enter the water 
and

their skin is penetrated by free-swimming larvae released
 
from the infected snails, see Fig. 2. Thus, for the transmis
sion of schistosomiasis three elements must be present:

contamination of water by human urine or faeces containing
 
eggs of the parasite; a colony of aquatic snails of a species

which acts as intermediate host; and contact with the infected
 
water by exposed human skin. It should be stressed that
 
schistosomiasis transmission in nature:
is focal a large

number of people can become infected at a single site. For

this reason, attention to detail in design, construction and

operation is essential. The schistosomiasis control measures
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being evaluated at Mushandike may be considered in two
 
categories. The first comprises measures aimed at modifying

the aqilatic environment in order to inhibit snail coloniza
tion. Such measures are sometimes referred to as "engineer
ing" measures since they are closely related to the design and
 
operation of the irrigation works. The second comprises
 
measures aimed at reducing human contact 
with potentially

infected water and preventing human contamination of water.
 
Such measures are generally regarded as part of public health.
 

to influence many aspects of tne design. 


Both categories are seen as important in control of the 
disease. 

an 
Involvement in the desic 

early stage provided rese 
the irrigation scheme from 
staff with the opportunity 

Nevertheless, the
 
constraints arising from use of existing irrigation works and

decisions made at the inception of the project excluded a
 
number of control options. The steps followed in the design

of Mushandike Irrigation Scheme are shown sequentially in Fig.

3. This diagram indicates the stages at which possible
 
measures for the control of schistosomiasis could be cnnsid
ered.
 

Although the project is specifically directed towards
 
schistosomiasis control, the effect of particular design

features on 
the spread of other diseases has been considered.
 
Fortunately, malaria is not a major problem in this region and
 
onchocerciasis isnot found there.
 

Measures Related to Enqineering Works
 

Canal Lning. Well constructed and maintained concrete
 
canals discourage snails by eliminating vegetation, support
ing high water velocities and allowing rapid and complete

drying when not in use. Concrete field canals also facilit
ate the use of syphons for irrigation. This is widely

practiced in small holder schemes in Zimbabwe. Syphon

irrigation results in better water management, less surface

drainage water (by controlling over-irrigation) and reduced
 
water contact by farmers.
 

Hydraulic Structures. Many common designs of hydraulic

structure retain p301s of water or"prevent drainage of the
 
upstream canal. The trapped water allows the snail 
hosts of
 
schistosomiasis to survive desiccation as well as providing

breeding places for mosquitoEs. The irrigation system at
 
Mushandike is being designed to be free draining by avoiding,

where possible, the use of such structures as weirs, stilling

basins and inverted syphons.
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Particular attention is being paid to drop structures
 
and canal off-take structures both of which occur frequently

throughout the system. Standard designs for small drop

structures generally require a sunken stilling basin, see
 
Fig. 4. Model tests have been undertaken to select a suitable
 
free draining alternative using baffle blocks. Similarly,

small canal off-take structures frequently use a long weir to
 
regulate the stream water level, see 
Fig. 5. This prevents

drainage of the upstream canal unless special drainage holes
 
(which may become blocked) are provided. Furthermore,

continued seepage occurs past the sluice gates which control
 
the flow into the off-take canals thereby preventing them from
 
drying. Various alternative designs of off-take structure are
 
being tested. The structure shown in Fig. 5 incorporates a
 
small drop and has a sluice gate in the primary canal. With
 
the gate open all the water passes through the structure. As

the gate isclosed, the water level upstream rises until water
 
passes over a small 
side weir and drops into the off-take
 
canal. The structure is free draining and prevents seepage

into the off-take canal but ismore difficult to operate than
 
a long weir structure. Firstly, the water level is very

sensitive to the gate opening. Secondly, it is necessary to
 
adjust the gate setting whenever changes occur to the dis
charge inthe primary canal.
 

Storage Reservoirs. For health reasons it is preferable

to avoid storage reservoirs close to fields and villages. At
 
Mushandike, although the night storage reservoirs the
of 

existing system cannot readily be eliminated, several measures
 
involving desiccation and water level fluctuations have been
 
adopted to discourage snail colonization. Where possible,

excess storage capacity is being removed, and where several
 
reservoirs supply one irrigation block, part of the storage is
 
closed and drained during periods of reduced demand, allowing

maximum water level fluctuations to be achieved in the
 
remainder. For this, it is necessary that by-pass canals are
 
constructed to allow dams to be used drained at will.
or 

There isa danger that seepage cracks will develop when simple

bunded storage reservoirs are dried out. However, this does
 
not appear to be a problem at Mushandike because the clay

content of the bunds isrelatively low.
 

Water Scheduling. Downstream of the main canal, the
 
irrigation layout, canal sizes and structures 
and storage

reservoirs are being designed for rotation of supply rather
 
than for continuous flow. This will maximize the time
 
particular canals in the system remain dry. Drains can also
 
be allowed to dry through careful control over the water
 
schedule and water applicatio, quantities. Short-term drying

of canals and drains may not kill all aquatic snails but is
 
likely to disrupt their breeding and colonization.
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Calculation of suitable irrigation schedules to meet
 
schistosomiasis control objectives involves a fairly complex
 
process of trial and error. The number of field canals 
in
 
operation at one time must be minimized as must the number of
 
night storage reservoirs. In addition, there are various
 
hydraulic constraints which must be met. Since crop water
 
demand is changing through the season, the schedules must be
 
modified accordingly. To enable the irrigation manager to
 
calculate these schedules rapidly and adapt them as required,
 
a microcomputer based scheduling system has 
been introduced
 
using a customized spreadsheet model, see Goldsmith, et. al.
 
(1988). An important aspect of the research at Mushandike
 
will be to assess whether small holder farmers can operate

schedules of this complexity. Much will depend on the
 
management structure introduced 
and the adaptability of the
 
farmers. These and a number of other important questions

relating to water scheduling can only be answered by studying

the scheme as irrigation is established.
 

Routine Maintenance. Weeds in the irrigation system

provide a suitable habitat for snails, decrease the capacity

of and velocity in irrigation canals, cause deterioration of
canal linings and provide protection for snails against being
dislodged by high water velocities. At Mushandike, there is 
less need for weed clearance from canals because the concrete 
linings will prevent weed growth except at construction joints 
or in deposited silt. The night storage reservoirs, on the 
other hand, are likely to become heavily vegetated. It has 
already been seen that a two-week drying-out period for the 
reservoirs is extremely effective in controlling both weed 
growth and snail populations, but other weed control strate
gies will also be investigated.
 

Another important maintenance task is to ensure that
 
water does not 
escape from the system through seepage cracks
 
or broken structures thereby creating pools and swamps in
 
which snails and mosquitoes can breed.
 

Drains. With relatively steep land slopes and gocd

natural drainage at Mushandike, provision of supplementary

surface drainage channels was considered unnecessary except

in a few locations close to villages and at the overspills

from the night storage reservoirs. Where possible, drainage

channels are being avoided because 
 they rarely receive
 
adequate maintenance on nature
a scheme of this and rapidly

become a major site for snail colonization. It is anticipated

that careful water scheduling will reduce irrigation runoff
 
but should additional drainage become necessary this will be
 
provided at a later date.
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Measures Related to Public Health
 

Village Location. Locating villages a long distance
 
from potentially infected water has been used 
as one possible

method of controlling schistosomiasis but without provision of
 
safe alternative water sources nearby for domestic purposes

the distances involved become excessive. Early studies in the
 
Sudan Gezira Project, Greany (1952), suggested that distances
 
in excess of 1 km were required to reduce transmission even in
 
young children. Such distances are impracticable at Mushan
dike.
 

In choosing village locations, it should be recognized

that not all parts of an irrigation system present the same
 
risk of disease transmission. In many instances, a remote
 
long-term storage reservoir, an unlined main canal or a swamp
 
area below the scheme caused by poor drainage may each
 
present a greater disease risk than the 
fields and in-field
 
channels. Choosing the best village location is, therefore,
 
very difficult. To further complicate the choice, this is
 
also likely to be the part of the planning process in which
 
the greatest number of agencies have an interest. One
 
fundamental criterion should 
be adopted in the planning of
 
all villages: that. an adequate "safe" domestic water supply

should be available closer to the houses than any potentially
 
unsafe water source.
 

Domestic Water. Attempts to prevent ichistosomiasis
 
transmission through the provision of alternative safe water
 
supplies have 
not provided clear evidence of the effective
ness of this as the sole control measure, Jordan (1985).

Nevertheless, in combination with other measures, the provi
sion of safe water is widely acknowledged as important.

Unfortunately, the information which 
would be required to
 
decide in advance the optimum number and supply rates of
 
communal sources is not available and would be closely

related to a given context.
 

At Mushandike, the decision has been taken to supply

villages with groundwater from boreholes using locally

produced hand pumps. The existence of a number of boreholes
 
on the site contributed to this decision. In view of the
 
cost of drilling boreholes in this area the authorities are
 
taking a cautious approach in deciding the number required.

Official recommendations for Zimbabwe are for one pump per 25
 
families.
 

Initial experience in the villages already established
 
at Mushandike is that the boreholes are not 
used as much as
 
had been anticipated for laundry purposes although they are
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used almost exclusively for drinking water. Some women have

been observed to carry their laundry as much 
as 2 km to sites
 
on the main canal 
rather than use the local borehole water.

The reason for this behavior is that the borehole water is

hard (contains calcium salts) and, therefore, laundry is more
 
arduous and expensive (in soap) using borehole water than if

surface water is used. The population also finds hard water

less palatable for drinking but 
they readily understand the

health risks of drinking from unprotected sources and are,

therefore, prepared to drink the borehole water.
 

Sanitation. Considerable experience is available in

Zimbabwe, through the work of the Blair. Research Laboratory,

on the provision of low cost sanitation in rural areas,

Morgan and Mara (1982). Householders are building their own
pit latrines and, in addition, several communal latrines are

being built in the irrigated zone.
 

CONCLUSIONS
 

I should like to encourage all engineers and planners involved

in irrigation in Africa to 
take a greater interest in the health

implications of their work. a first
As step, this requires them to
become better acquainted 
with the vocabulary of disease transmission

and to understand the factors which are important in the functioning of
 
human and biological communities.
 

A potentially significant contribution to the control of
water-related disease can 
be made through the way in which irrigation

projects are planned, constructed and operated. However, few control
 
measures 
have been adequately tested in realistic field situations and
the danger of generalizing experiences between two dissimilar situa
tions are considerable. Engineers are, therefore, urged to seek out
local medical and biological expertise before venturing into new
practices designed to 
 reduce disease transmission. In addition,
effective control require agreement
will an 
 about priorities and

objectives with 
all the agencies and departments involved in the

planning, implementation and operation of the irrigation scheme.
 

A major contribution 
which can be made to the control of
disease by engineering and environmental means is through the estab
lishment of demonstration 
projects in which suitable measures are
introduced and their effects monitored. The research work at the

Mushandike Scheme in Zimbabwe, described in this paper, provides 
an
 
example of what is required to establish such projects.
 

Initial 
results appear to suggest that the measures described

in the paper are having a beneficial effect in reducing the transmis
sion of schistosomiasis at little additional expense but it is too
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early to draw firm conclusions. Moreover, an im'ortant factor in the
 
control of the disease is the fact that the canals are lined with
 
concrete to field level which is the established practice in this type

of scheme in Zimbabwe. In a situation where unlined canals 
are the
 
norm, there would be a considerable increase in cost if research showed
 
lining to be the only effective means of disease control. At present,

we do not have sufficient information to evaluate such issues. Further
 
work isparticularly needed on 
the extent to which control measures are
 
transferable between locations and the costs 
and benefits of their
 
introduction.
 

If they are to make a significant contribution towards
 
mitigating the adverse health effects of irrigation, project engineers
 
can no longer shelter behind a narrow definition of their professional

discipline. The most important conclusion which I have reached from my

involvement in the Mushandike study isthat, although physical 
measures
 
can contribute towards reducing the transmission of schistosomiasis,

the control of disease can never 
be reduced to a set of physical

criteria alone. Close cooperation with other disciplines is required

together with a willingness to see engineering control measures as only
 
one element within a combined strategy of disease control incorporating

all the available methods of control at our disposal.
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DISCUSSION
 

Kayihura - What is the acceptable water velocity that would destroy 
these snails in the water?
 

Bolton - There have been some studies done on this subject. We are 
working on the basis of about one meter a second in the canals in
 
Mushandike, but that is a difficult area. There has been some recent
 
research in a laboratory on dislodging snails. Snails can retain
 
their situation even in velocities of up to three meters a second.
 
When you get high water velocities, you do prevent the snails from
 
moving around, they become immobile once the water velocity gets

reasonably high and their breeding is probably interrupted. They are
 
not able to lay their eggs, the young are not able to establish
 
themselves and so forth. I think that high water velocities by

themselves are not a particularly viable method of control. To
 
achieve high water velocities you need concrete lined canals. If you
 
are going for concrete lined canals you have already got a situation
 
where the snails are probably iiuch less likely to colonize than if you

have an unlined canal. It is an area that needs a lot more work.
 

Soumaila - My first question is to endeavor to seek some information. 
I did not understand how much area was covered in the control program.

You have talked to us about control by increasing the velocity of the
 
water in the canals. We are aware of the fact that the economists
 
complain a lot about the cost of lining the canals. Where can we
 
strike a balance? Ifwe were to use concrete it increases significant
ly the construction costs.
 

Bolton - Your observation is very pertinent on this question of canal 
lining. As I said, we are in the fortunate situation where canal 
lining is undertaken for other objectives. If one were simply lining
canals for health reasons and For no other reason then there is an 
economic cost which people may not be prepared to accept in their 
project appraisals. I would simply like to appeal for further work on 
this study, in particularly in areas where there are unlined canals. 
At Mushandike we have a situation where we have relatively steep
gradients so we can achieve fairly rapid flows. Even if the canals 
were unlined I think we would be able to achieve a reasonably effective 
control situation. Where you are talking about situations like the 
Sudan Gezira project where you have virtually no gradient at all and no 
possibility of canal lining because of the enormous cost of it,then 
these measures are totally inapplicable. Other aspects may be impor
tant such as the water supply and sanitation and that may be the only
contribution that engineers can make in those situations. I am not 
sure I understood the first part of your question about the area. You
 
mean the area of the irrigation scheme?
 

Souinaila - I had not understood how much importance should be given to 
water take-off. The lining is important and the slope has to be taken 
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into consideration. I understood everything related to the slope and
 
increasing the flow of water. I have not fully understood the role of
 
the type of lining and water take-off play in controlling these
 
diseases.
 

Bolton - I think the type of off-take structure can make an important
contribution in association with particular types of water management.

In this scheme we are attempting to rotate the distribution between
 
field canals so that one day we will irrigate a quarter of the scheme
 
and the next day, irrigate the next point. For four days out of five
 
there is no water being supplied to a paricular area of the scheme and
 
it is only on the fifth day it gets water. In that situation, if you

have an off-take structure which allows you to completely stop the flow
 
into that canal, including stopping seepage into the canal it allows
 
that canal to be dried out, then you have a possibility of controlling
 
any colonization of snails in that area of the scheme. 
 Itneeds to be
 
allied to water scheduling of that rotational type.
 

Kana - I would like to raise several questions that have not been 
addressed. First, with regard to the location of the village with
 
respect to the canals and water distribution canals. We are told that
 
settlement should be located away from the water points yet this is
 
very difficult in large perimeters. Children and adults will have to
 
be close to the water.
 

Secondly, in rice farming the water has stagnate for a
to 

period of time and we have not been told how we can control and combat
 
diseases in this type of situation.
 

Thirdly, the question of size. What is the model size?
 
Should we opt for small-scale where there can be a more efficient
 
control or large-scale where control is more difficult?
 

Finally, the speakers and others have emphasized an interdis
ciplinary approach. Yet, none of the presentations have mentioned the
 
intervention of health agents, doctors, etc. We have talked about
 
engineers, economists, sociologists. Perhaps we should mention the
 
importance of including members of the health professions.
 

Bolton - Thank you very much for your observation. Taking the last 
one first. I agree with you entirely on this and I hoped that that 
was one of the points I was trying to make during the course of my
presentation. One needs 
to involve health experts in the planning
 
process. There a lot of expertise available
is quite now about the
 
ways inwhich these diseases are transmitted.
 

Going on to your other two questions, I would say that what I
 
have been presenting this morning was one case study of how to apply

ideas which are already published and are available in books such 
as
 
those which I have referenced in my paper. Particularly, about
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malaria; the book published by the FAO which lists hundreds of differ
ent measures that you might like to consider in controlling diseases
 
transmitted by mosquitoes. My problem is that although all these
 
measures have been suggested, I have not been able to find very many

schemes where they have actually been introduced and tested in prac
tice. This is what we have tried to do in a small way in Mushandike.
 
We have chosen an example which is fairly amenable to engineering

control measures. I recognize there are a lot of irrigation situations
 
where control by engineering means would be far more difficult.
 

Just specifically on the question of village location it is
 
important to have an idea of the most important features of the
 
irrigation system for disease control. 
 I cannot answer that questicns

myself but talking with people like Steve Chandiwana, one is able to
 
build up a picture of where the disease is likely to be transmitted.
 
With malaria, the question of village location is associated with where
 
mosquitoes breed and how far they travel because biting takes place at
 
night. The risk is not so much to people irrigating their fields but
 
as they sleep in their beds in the evening. Ifyou can put a band of
 
trees, it depends on the species of mosquito, but if you put a band of
 
trees betwen the fields and the houses you can reduce the amount of
 
mosquito transmission. Some of these measures are significant.
 

With schistosomiasis, I meant to say this earlier, is that it
 
is extremely focal intransmission. You can just get one place inthe
 
scheme where this disease is being transmitted. The whole of the rest
 
of the scheme may be fine but there maybe just one place where you are
 
getting those three factors which I talked about, snail colonization,

contamination by human faeces and urine and contact by humans. It is
 
very often a small patch of a canal near a village where the women go

down to do their washing and the children come down too and they are
 
urinating inthe water and so forth and you get from that small area, a
 
whole population infected with the disease. If you understand
can 

those sort of relationships and try and plan your village to prevent

that sort of focus of transmission developing then you might be able to
 
achieve something.
 

173
 



RETHINKING IRRIGATION-ORGANIZATION: STARTING FRON THE BOU'ON LINE
 

J.W. Ssennyonga
 
International Center of Insect Physiology and Ecology, Kenya
 

INTRODUCTION
 

The organizers of this forum asked me to address Institution
al/Organizational/Gender Issues and how they affect the performance of
 
irrigation inAfrica. I suspected that they wanted me to discuss these
 
issues from the perspective of the farmers or water users (WU's). What
 
I have done is to look at organization in the context of the overall
 
irrigation system. However, I start the analysis from what I call the
 
bottom line and without wasting your time, this is the level of the
 
farmers, above them are the agency personnel at the irrigation site, at
 
the top are the national agency personnel, be they officials of
 
government, donor or voluntary organizations.
 

There is a dual rationale for starting from the bottom line.
 
First, we most probably know least about the farmers. Secondly, it is
 
increasingly recognized that a thorough understanding of the farmers
 
will ultimately reverse the trend of irrigation design, planning,

reorganization and management. I also submit that organization is not
 
the work or responsibility of the sociologist/anthropologist or
 
community development specialist, rather it is the product of the joint

effort of the engineers, agronomists, sociologists, economists and
 
administrators who work inconcert with the farmers.
 

I have stated that we know very little about farmers, what
 
information should we have about them? I suggest items. One of the
 
most basic pieces of information we need to have is the production

systems. One of the most characteristic features of subsistence
 
systems inAfrica is the strategy whereby producers, call them families
 
or households, derive their subsistence from several sources. Indeed,
 
we are told that the essential attribute of the low resource farmer is
 
his/her strategy of diversification in the sources of subsistence. But
 
we do not know how he chooses, combines, manages and ranks the various
 
activities he engages in. This phenomenon, which I have previously

referred to as "chain complementarity among productive activities" is
 
of critical importance in irrigation and management. This point opens
 
our discussion this morning.
 

Flowing from diversified sources of subsistence is the issue
 
of how producers allocate resources to the various activities; the
 
resources are: time, space, labor, land and other outlays. On
 
reasoning, one may argue that the strategy inherently entails *a
 
dissipation of resources, makes one spread himself too thinly. Do we
 
empirically observe a built-in labor constraint? If so, what is the
 
message for irrigation which is an extremely labor and land intensive
 
activity?
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At the sectoral level, irrigation is examined as a subset
 
multiple agricultural objectives. Diversification is also notable at
 
the sectoral level. There are several potentially conflicting objec
tives both at the macro and micro levels: food production and self
sufficiency/security, cash incomes, employment and foreign earnings.

Crop mix also reveals a wide range and priority order among crops/
field. Do we know the farmer's objectives, and how he combines crops

to achieve them? What is the relationship between rainfed and irri
gated fields and crops.
 

These four parameters - production systems, resource alloca
tion, agricultural objectives and basic production/organization unit 
constitute the basic knowledge base about farmers which can be used to
 
design irrigation organization and management. A brief discussion of
 
these issues is followed by an attempt to relate them to specific O&M
 
concepts, functions, structures and principles. This is an effort to
 
build from the foundation, which is what most irrigation development

agents in Africa try not to do. From here onwards a few critical
 
issues are raised for consideration.
 

LABOR ORGANIZATION
 

Labor organization and management is considered in a five
fold framework.
 

1. The Great Paradox of Africa Labor
 

Whereas the continent is experiencing a very fast rate of
 
population growth -- on average over 3.5 percent per annum,
due mainly to a combination of high births and falling
mortality, labor is cited frequen,:ly as an important con
straint to agricultural production. Contributing factors to 
the paradox are: 

a. Age Structure - large proportion of children 
the range of 46-51 percent. 

(0-15) in 

b. School attendance deprives homes of vital labor, this is 
crucial in production systems which depend largely on 
human power. 

c. Labor migration especially males. 

2. Traditional patterns of divisi6n of labor give prominence for age,
 
sex and heredity as principles of division of labor. This creates
 
artificial labor shortages, for example women may be excluded from
 
fishing and herding. Data from Rusinga show that 10 percent of
 
respondents say they cannot grow crops on lake shore plots because
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the male head iseither away or aged (he is responsible for fencing

the garden and to protect the crops against animals and pests).
 

3. The prevalence of multiple production systems exacerbates the
 
problem of labor scarcity. How do households allocate their time
 
to so many activities?
 

4. Despite these facts, irrigation planners are reported to assume
 
that labor has zero opportunity cost.
 

5. Specific labor issues in irrigation include:
 

a. 	Traditional systems show patterns of specialization by

lineages.

Wako-Makundi among the Chagga specialize in making iron
 
tools.
 
The Kileo-clan specializes in surveying furrows.
 
The Temba, Ngowi and Njau also specialize in surveying

furrows.
 

b. 	Farmers contribute free-communal labor on furrows.
 
Although planners recognize the cost-reducing value of

communal labor, there is inconsistence in practice. In
 
some cases, farmer's labor is costed but is unpaid, in
 
other cases, farmers are paid.
 

c. 	Most importantly, irrigation is an extremely labor
 
intensive activity. Studies show that labor 
budgets

even 	for minor crops or where families derive a relative
ly small proportion of their income from irrigation the
 
budget is very big.
 

It is probably the case that one of the most important causes
 
(f underutilization of traditional systems 
is the labor bottleneck.
 
Failure to have reliable data on labor dynamics no doubt compounds the
 
problem.
 

BASIC CONCEPTS
 

Role constitute institutions which in turn make up systems.

A role has two components, expectations associated with a function,

and performance: we expect the role incumbent to perform the given

task. A cluster of regularly interacting roles make up an institu
tion, and regularly interacting ipstitutions form a system. In the
 
context of irrigation we have various roles and institutions; someone
 
turns on the tap, farmers perform various tasks regularly, agency

officials also carry out other tasks, together they make 
up the
 
irrigation system.
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The various activities, roles and institutions are always

man-made, 	they are also coordinated and have a purpose (goal). This
is the organization, it is a process and has structures which are

evolved on the basis of principles. The immediate objectives of an
irrigation system include the capture, diversion, and distribution of
 water in a way that water users find acceptable. Some of the ultimate

objectives are the increase in food production and cash incomes of the
 
water users.
 

However, 	the realization of these goals require coordination,

leadership, authority and implementation. This aspect is management,

it entails making decisions on technical and social matters 
of the

organization. For example, bureaucratic 
models of organization or
 
management have vertical and horizontal structures reflecting differences 
in skills, authority and specialization. Horizontal management

categories reflect patterns of division of labor and specialization,

thus we find various managers for information, production, marketing,

etc. Conceptually, therefore, organizations precedes management,

likewise, objectives precede organization.
 

In the context of irrigation we need to clearly identify

first, the objectives, then we can checklist the various tasks 
(roles)

or functions and decide on the structures and principles for the

organization and management. These concepts are 
absolutely essential
for an understanding of the process of designing organization. 
 In the
 next section the various irrigation activities are outlined.
 

IRRIGATION TASKS/FUNCTIONS/ACTIVITIES
 

These are 	5 major irrigation activities relating to:
 

1. 	Water use
 

- acquisition
 

- allocation
 

- distribution
 

- drainage
 

2. .Physical structures
 

design
 

construction
 

operation
 

- maintenance 
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3. 	Economics
 

- internal rate of return
 

- marketing
 

- cost/benefit
 

- finance
 

4. 	Crop production 

- choice of crops 

- inputs 

- yields 

5. 	Farmer to farmer relations 

- labor mobilization 

- decisions that affect farmers as a group 

- conflict resolution 

- legislation 

- communication 

- gender issue 

- legislation and enforcement of rules and 
discipline 

- property relations 
structures) 

(land, water and physical 

- financial matters 

- marketing 

FARMER PARTICIPATION
 

The critical issue of defining what a farmer/water users/com
munity participation ishinges upon three determinants:
 

179
 



I. 	Identification 
 of which of the above functions the
 
farmers are best equipped to carry out.
 

2. 	Which organizational and managerial structures are most
 
appropriate.
 

3. 	Which organizational and management principles 
are 	to
 
apply.
 

(a) 	Indigenous organizing principles based on lineage,

clan, territoriality or kinship forms of social
 
organization.
 

(b) Organizational principles imbedded 
 in capitalist
 
social forms.
 

(c) Organizational principles characteristic of social
ist system.
 

4. Which organizational/managerial alternatives.
 

(a) 	Wholly community managed systems.
 

(b) 	Wholly agency managed systems.
 

(c) 	Shared/joint management by community
the 	 and
 
agency.
 

Determinants of Choice of Management Model
 

I. 	Irrigation is new or known technology.
 

2. 	Existence and efficieticy of water user association
 
(WUA).
 

3. 	Level of irrigation technolcgy.
 

It is noteworthy that the size of command 
areas does not
arise here, some of the community managed systems in the Far East are
far larger than many public schemes in Africa. More to the point,

some 	countries such 
as Nepal and Senegal are currently breaking up
large scale systems into smaller units and tur-ning over to communities.
The point to note is that overall command area remains the same but it
remains to be seen whether production productivity and efficiency will
 
rise or at least remain unchanged.
 

A further issue is whether 
or not there are functions which
 may necessitate continued agency assistance regardless of type of the
 
level of farmer participation.
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The answer is in the affirmative, assistance will be required
 

for:
 

1. 	Extension services
 

2. 	Sociological services, e.g., to assist water users
 
associations through training.
 

3. 	 In most cases, engineering services will also be requir
ed, especially where high-tech. systems such as sprinkler
 
irrigation have been adopted.
 

Need 	to Assist Water Users Associations
 

The foregoing observations show the need for assisting WUA:
 

The improvement in the systems brings with it new tasks, e.g., to
 
maintain more sophisticated technology, legal recognition entails paper

work, affiliation to other organizations, such as self-help groups,

banks, etc. New skills are needed. This is more so in the case of
 
indigenous systems which 
are often managed by illiterate elders whose
 
authority and experience are vital to the O&M of the systems.
 

Need 	to Train Agency Personnel
 

The dynamics of household production systems, crop mix, WUAs
 
and the community require an analytical approach which just does not
 
come automatically. It is reported that one 
of the key features of
 
successfully implemented schemes is the ability of agency staff to be
 
on a good rapport with the WUAs but this can as 
a result of training

in community dynamics.
 

The skills of those charged with assisting WUAs deserve
 
further comments. Training in sociology, anthropology or community

studies is necessary but not sufficient. One should also be trained
 
in the broad irrigation issues, this would expose him/her to the
 
engineering concerns efficient water health
(for use), the worker's
 
emphasis on sanitation and the environment, and the economist's
 
preoccupatio: with not overlook agronocost-effectiveness, to 
 the 

mist's 
worry about yields, drainage and inputs. For all concerned,

there is need to develop skills in lateral thinking so as to detect
 
linkages among roles, institutions in schemes.
 

GENDER ISSUES
 

The 	relevance of gender issues in irrigation O&M is best
 
understood if it is examined against the background of social organiza
tion in Africa in general and agricultural production, including

irrigation in particular. The dominant organization ideology is male
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centered, this is shown by the prevalence of patrilineal systems which

regulate the passing on of the land through males and the filiation of

offsprinc through the male parent. Polygamy also places women in an

inferior status 
and severely restricts their sexual life (tradition
ally, birth control was principally regulated through prolonged

abstention from 
sex by females which was largely dependent on polyg
amy). Women had no say, in fact, 
they did not attend the elders'
 
meetings.
 

However, they had well defined land rights and had control of

agriculture and the harvest. The introduction of cash crops attracted
 
men to agriculture leading to the relegation of women to the status of
 
providers of agricultural labor. The introduction of individual land

title deeds further eroded their land rights 
as the male spouse were
 
registered as the title holders without clear safeguards for the rights

of wives and children. It is also reported that extension agents tend
 
to neglect women even though they provide most of the labor. The

introduction of wage labor in the colonial era in such countries 
as

Kenya, Zambia, the whole of Southern Africa, as well as acceleration of

international migration in the post colonial 
era in North Africa (oil

rich states attract labor) equally compound the women's problems in
 
rural areas where they attend to many children, manage the farm and the
 
homestead.
 

Certain technological changes 
also push women to a marginal

status in agriculture. In Europe, the plough effectively pushed women
 
out of this sector; in Africa the plough is reported to generate

substantial income to the disadvantage of women headed households
 
(lower yields).
 

More to the point studies elsewhere, e.g., India, show that

irrigation aggravates the position of women. 
 In Africa the disadvan
tage position of women is reported by several writers who cite specific

irrigation schemes such as Mwea (Kenya) New Halfa (the Sudan) 
where

only men are recognized as tenants. Cash crops schemes force women to
 
grow the staples on land outside the scheme. 
 In other cases, marriage

instability became an attendant fact.
 

However, there are accounts of indigenous systems under which
 
women's rights are well entrenched especially in West Africa where
 
women have control including the sale of some rice varieties.
 

There are also isolated instances of agency sponsored irriga
tion schemes which are exclusively for women. Since these schemes
 
produce crops 
for the market, this provides a rare opportunity for
 
women to have full control of their 
crops and money from sales.
 
However, 
even this apparently success story contains a potentially

explosive element: the women do not own 
the land, it is on a short
 
term lease from a male title holder who can refuse to renew the lease

and jeopardize the women's investment (in labor, time, irrigation
 
pumps, etc.).
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A final gender issue is the need to document systematically

the way women allocate their labor and time to the various tasks 
in
 
multi-production systems which include irrigation.
 

AGENCY RELATED ISSUES
 

One of the most notable features of irrigation in Africa is
 
the multiplicity of agencies involved in irrigation development, for
 
example, in Kenya there are seven public institutions involved in
 
irrigation, to these one must add the individual 
 donor agencies
countries, international agencies as well as voluntary organizations

such as Christian Churches (these are also very many).
 

Coordination of the activities of these agencies is a very

challenging if not futile task, as a result policies differ markedly;

so do organizational and management models, goals and p.rformance

levels.
 

Another agency related issue islack of an integrated approach

to water use. Within the government one ministry deals with the
 
provision of water for domestic use (at household level), another
 
provides potable water and water for industrial needs, another takes
 
charge of industrial hydropower development, and then yet another
 
ministry develops water resources for irrigation. At scheme level,
 
one finds a complex sprinkler system installed but not a drop is
 
provided for domestic use. As a result farmers use irrigation water
 
(including polluted water) for domestic use.
 

A third agency issue is the absence of structural mechanisms
 
to employ an interdisciplinary team of personnel (engineers, agrono
mists, sociologists, economists, etc.) in one ministry. In Kenya for
 
instance, economists and sociologists are not accorded professional

status in the Ministry of Agriculture. They cannot, therefore, enjoy

all the privileges of professional staff, and this also affects the
 
level of their salaries.
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DISCUSSION
 

Fitzgerald - One dimension of this sort rf problem which you have not 
addressed but might have ifwe'd had more time was: 
what is the demand

for labor? There is a demand 
for labor that irrigation has. You

talked about hovi they spread the labor over many activities in agricul
ture and nonagriculture, but what about the 
near amount of labor that
 
isavailable interms of manhours and man days? 
Most of the activities
 
you were talking about were social, or economic activities. In many

villages, as I understand it,there are social obligations that require

time. We are used to 
talking in the U.S. and developed countries
 
about an eight hour day and you know, when you have to 
tualk a long
ways, transportation everything, do you people have eight hour days to
 
put in? What kind of implications does that have on trying to

estimate what the labor availability isfor servicing irrigation?
 

Ssennyonga - Thank you very much for reminding me. I was in so much of
 
a hurry I left out a whole section. In fact, the data I got was from

Zimbabwe on the dambo irrigation schemes. There is a clear pattern.

There are three types of households. Those which depend predominantly

on crop production. Those which depend primarily on wage labor and

those which are in between. The labor budgets differ markedly. For

example, one has about 16 percent of the time on 
the irrigation with
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crop production. The others 
variations, very wide ones. 

about four percent. So, there are 

There are also differences on sex basis - men and women. 
to make now that you have asked this question is, a
 case like polygamy. A man has three wives and he has one plot.

Because they are alloted land for each of these women, one of these 
women will get the favored plot which is irrigable. Of course, you
cannot expect the other 
wives to be enthusiastic about irrigation

because their plots depend more on 
rainfed system. There are differ
ences 
within the household, depending on the arrangement, the marital
 
arrangements other differences on 
the part of whether the husband is
 
away or whether the husband ispresent.
 

We have some data from Botswana that women headed families in

general, have lower production periods, because they cannot trade
 
their labor for the plows which are critical for production. A man
 
can go and trade in his labor and get a plow. Extension agencies

overlook women. So there are many instances but again, this whole
 
aspect of labor ailocations needs to be looked at both at the macro

but more importantly, at the micro level. 
 How labor is allocated, in
 
my own simple way I work about ten percent. They say they cannot
 
irrigate the plots along the lakeshore because the husband is either
 
away or is too old. 
 Why do they say he istoo old? Because they have
 
to face the plots to protect them against animal pests. I think, to me

it seems the field if very much wide open 
and you have very little
 
information yet we 
make many important decisions as if we know every
thing.
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Rushehemeza - Mr. Chairman. I would like to address the issue of
 cassava and sweet 
potatoes that were mentioned in the presentation.

In the presentations we have listened to we have often talked about
the ratio of cost investment and cost benefit. Whereas cassava and
sweet potatoes are plants which can be well distributed as to there
 use which can give a certain amount of security to the farmers, they
are 
not however, the most profitable at the commerical level. What I
would like to 
know is,what aspects in Kenya encourage the farmers to
plant 
cassava and sweet potatoes in an irrigation context? Is it
because they 
want to achieve food security? Or are there other
factors? The irrigated plants on large-scale perimeters allow for 
a
high rate of profitability. Is it because the market price is high
enough in order 
to guarantee this type of agricultural activity? If
this is not the case or if we take the case of Rwanda where we saw the
irrigated or drained plots are 
owned or managed by the family members
and the irrigation channels 
are built by the farmers. I don't see in
this case 
instead of planting cash crops you would opt for irrigated

cassava and sweet potatoes.
 

Sseniiyonga - I think you are pointing out a very important issue. Let
 me answer your question very briefly and say where you have those
 crops like traditional yams, cassava and 
sweet potatoes that are
irrigated, these 
are areas which are the backwaters of the national
 economy. In fact, an interesting observation, ifyou look at the most
important. crops grown there are 
those which have been left out in the
national context. For example, in my sample where sorghum is the most
important crop within Kenya ithas been neglected. Only now people are
beginning to realize its importanca. Why are they irrigating these
crops? Is it because of the food situation? Yes. They irrigate them
 so that they mature. This is the point I was trying to make that we
are to 
 understand the relationships between irrigated crops and
irrigated fields 
on one hand, and irrigated fields and rainfed fields
 
on the other.
 

Your last point about the cash element. Again, we should also
admit that changes, even with these areas that the table I had, we see
that in recent years vegetables and even sweet potatoes have assumed an
importance because apart from providing security you can also sell them
and they fare a very high income. Some of the areas we visited in '85
with the USAID mission we saw along Lake Victoria areas that people
were irrigating schemes, tiny ones, where people were using buckets to
irrigate vegetables. 
 In the past irrigation was neglected. Those
vegetables now fetch cash. I think, that is why I want to say from my
point of view we need to understand the relationship between the crops,
rainfed, irrigated as well as the relationships between the goals,

cash, food and other.
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PLENARY SESSION
 

SNALL GROUP REPORTS #3
 

HEALTH, INSTITUTIONS, ORGANIZATIONAL AND GENDER ISSUES
 

Gichuki - Thank you, Mr. Chairman. Ladies and Gentlemen: Our group
discussed the health issue at length. 
 We spent about an hour looking

at the various issues involved in health and environmental issues, we

added a small component on environmental aspects. We looked at the

various health issues that have arisen following the introduction of

irrigation technology in various areas and how the health profession
als could get involved in a project. We realized there are con
straints because, I think, they are as ignorant about our problems as
 we are 
about the health issues. So, incorporating the health profes
sionals into the discipline has its own limitation and it is going to

take quite a lot of effort in educating them as to what our concerns
 
and limitations are. We also have the responsibility of trying to

understand what the health considerations are. Stemming out this
 
discussion are the following recommendations:
 

1. 	There is a need to increase the awareness of the health
 
and environmental impact of irrigation development on the
 
farmer at the professional and the policy makers level.

Looking at how we can increase the awareness, we looked
 
at issues like the mass media, using the radio and

television, posters, educational programs at the schools
 
so that the children are aware of the health implications

and why they should not play inthe canals.
 

2. 	There is need to monitor and evaluate the health and
 
environmental impacts at the project level. We noted
 
that particular attention should be given to irrigation
 
return flow and its 
use for domestic use and livestock.
 
In a lot of projects you find that there is a lot of
 
irrigation on 
the return flow that is used for domestic
 
water supply and also for livestock. We agreed that the
 
farmer would prefer to take the water from the canal
 
regardless of the quality instead of walking an extra
 
mile to go for cleaner water. So evaluation of the
 
quality of the return flow which is required for environ
mental aspects also convene because it will help in
 
giving us information as to the quality of water and its
 
use and applicability for drinking.
 

3. 	The development and testing of interdisciplinary method
ology for addressing health and environmental issues. It
 
was felt that there is a vacuum here. Most irrigation

engineers don't 
understand what all these environmental
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and health implications are of the project that they

develop. The traditional approach to developing irriga
tion projects is asking: Is the water adequate? Is the

soil suitable? Do we have resources to construct the

project? Then we go 
ahead and start initiating the
 
development. 
 We propose that the health and environmen
tal issues should be included in the list of the items

that should be considered when one addresses irrigation

development issues. 
 It was also agreed that the strate
gies that need to be developed are site specific and,

therefore, they should be tested to cover the whole range

of environmental situations.
 

4. 	Implementation constraints that we 
are going to be faced
 
with as we try to address the health issues. What is the

role of education, is it an effective way of communicat
ing the health issues and increasing their awareness?
 
Where should that be done; by whom? What are the
 
targetted groups? Then we looked 
at the issues of

c36peration among the various agencies that are 
involved
 
in health issues, irrigation development, water resource
 
development etc. is a need to
There 	 develop some
 
improved understanding and cooperation at various levels.
 
Maybe even start at the administration level where
 
representatives from the Minister of Agriculture visits 
with the Minister of Health to discuss thed tIdi I
problems in irrigation projects. There is also the need 
to bring the increased awarenes all the way down to the 
farmers level. 

The other thing we looked at is the location and layout of the

scheme. The traditional engineering approach 
is to keep the farmers
 
out of the scheme so that it ismuch more efficient to distribute the
 
water among the irrigated parcels, rather than having to worry about
 
the locations of the farmers homestead. We see a conflicting objective

here where the farmer should not walk long distances to get to the farm
 
or to his irrigated parcel. On the other hand, we realize that ifthe

parcels are too 
close and the houses are in,relatively close, the
 
wastes from pit latrines enters into the groundwater. The same

groundwater maybe used for irrigation and there is a very high prob
ability of disease multiplication in an environment like that. There

is this issue of conflicting objectives that should be addressed in

analyzing these health 
issues and relating it to irrigation develop
ment.
 

The 	last and maybe most important is that there is an urgent

need for a quantitative estimate of costs and benefits associated with

health and environmental impacts. The health officials keep telling us

that we are spending too much on the health aspects just because the

irrigation development agencies 
did 	not take proper consideration of
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the health impacts. On the other hand, ifyou start lining canals that
 
also becomes a very expensive proposition. We need to do a quantita
tive estimate of this and this should support the need for monitoring

an evaluation program so that we can have 
an improved understanding of
 
what is actually happening out there.
 

On the institutional issues we found that the scope was too
 
broad and the time too limited. We, therefore, were not able to

address all the issues that were raised and our guidelines do not
 
reflect the expectations of the outcomes for this group discussion.
 
Nevertheless, we arrived at four issues. 
 1. Should we have salaried
 
staff at the scheme level or not? The group felt that this is an
 
issue that should be clarified before institutions are set up. 2. Is

there a 
need inthe African context to show as has been shown elsewhere
 
that farmer participation increases: a. 
management efficiency? b.
 
crop yields? c. farmer comnittment to the scheme? and d. that it

increases our 
understanding that is the professional understanding, of

the operation of the scheme? The consequence to his is reduced costs
 
and increased benefits.
 

3. The third recommendation was that the professional

personnel need to be trained on how to interact with the farmer. 
 This
 
was felt to be the weakest link in the south shore organization

issues.
 

4. The last recommendation stems from the fact that there is

the problem of involving, evolving viable organizational models due to
 
the multitude of aid agencies, each acting indepedently. You find
 
that a 
scheme here isset up that isgoing to be funded by the Italians
 
and they decide that this is the way the organization set up should be
 
made. Just across the valley you have a German group and they impose

their own organization or institutional arrangement. For this we

recommend that efforts should be made to coordinate these agencies.
 

Movo - Thank you, Mr. Chairman. In our group we first looked at the 
health issues and our approach was to identify the most prevalent
 
causes for low performance in the irrigation schemes and in this

particular case we noted that the most prevalent causes in terms of
 
the health factors were malaria, schistosomiasis and malnutrition as a

result of mono cropping and/or cash cropping. For the existing

projects, new projects and projects for rehabilitation, in this case
 
we are looking at rehabilitation as a Further step to existing schemes.
 
The following issues were highlighted as recommendations for the low
 
performance.
 

I. The first one was improved project planning and design.

In this regard, we particularly looked at the committment of Ministry

of Health officials to the cause of health on the irrigation schemes.
 
The lack of concern has resulted in a lot of irritation to these
 
problems. Then there is the question of evaluating the economic loss
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to justify the cause. We also noted that the interdisciplinary team

involvement, that is the various ministeries, the various departments

that are involved in the development and running of the irrigation

schemes, are working together to improve the reduction of the incidence
 
of these diseases.
 

We then discussed the question of improved sanitation and

controlled use of domestic water. Controlled 
use of domestic water,

just the provision of the domestic water does not necessarily solve

the problem, it could actually increase health problems if it is not
 
properly used.
 

2. The second point was on the improved management of the
project. In this case, we 
were looking at the physical infrastruc
ture, the storage reservoirs, how they are operating, the fluctuations
 
of the water, the canal operation and maintenance and the scheduling.
 

3. Thirdly, we thought the health education aspect was very

important. There is the need for the committment from the Minister of

Health to continue its involvement in project management after having

been involved in the planning. There is a need to involve the exten
sion workers, agricultural extension workers in training and involving

them in health education. Then you have also got the education of

engineers for management decisions and planning. Finally, there isthe

training of the farmers themselves. These were the recommendations in
 
the health aspects.
 

We moved on to the aspects on the organization, institutional
 
and the gender issues. Here, again, we are looking at those factors

that result in low performance and having identified the problem,

which ranged in importance from the problem of the use of the top to

bottom approach, the cooperation and maintenance of the physical

structures in adequate consideration of farmer preferences and prior
ities, etc. The group went 
on to make two recommetidations which we

thought touched, on the organization and institution aspects and the
 
gender aspects.
 

The first recommendation was the encouragement and/or setting

up of the formation of farmer associations or organizations to

strengthen their role in planning, implementation, operation and
 
maintenance of irrigation systems.
 

The second recommendation is more involvement of the rural

sociologists, you might put it as local sociologists, and/or antho
pologists in the planning, implementation and management of irrigation

projects to involve or utilize women, the 
clans more effectively and

consider farmer preferences, their priorities, including consultation
 
with the existing local organizations. Here, we are actually looking

at, not just the sociologists in the sense of the sociologists at the
 
university or at the high levels or the consultants, but there are
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these institutions 
at 'the local level, at the scheme level, at the
 
district level, at the ward level that could be made use 
of. 	 Thank
 
you, 	Mr. Chairman.
 

Kana 	-
Let me begin with the first topic, i.e., health and the develop
ment of irrigation. From our discussion and analysis of this topic we
 
came up with the following recommendation that there is a need to

incorporate in the various phases 
of irrigation development. After
 
discussing we made a number of observations:
 

1. 	There is a reticence on the part of donor agents to
 
finance a health component in an irrigation development

project. Very often the health component is included by

experts or planners but aid donors reduce it to perhaps a
 
survey, thereby reducing the importance of the health
 
component.
 

2. 	So far USAID is one of the few donors that has paid

special attention to this health component in our
 
countries. Only USAID gave paramount attention to health
 
issues. We appreciate this recognition and contribution.
 

3. 	The absence of research and development structures for
 
health workers to meet and discuss health issues in
 
irrigation. Health workers only become involved when
 
health problems emerge. They need to be involved at the
 
planning stage for preventative measures.
 

4. 	Many projects have been implemented without taking into
 
account health standards. Under these circumstances
 
curative measures are often absent. 
Health measures need
 
to be introduced into those projects where they have been
 
neglected.
 

5. 	The technology that has had a financial impact, indeed in
 
the first few days of the Forum we have heard comments on
 
the costs of irrigated agriculture. We came up with a
 
bleak picture that has emerged. Technology can increase
 
production costs of the scheme, likewise introduction of
 
health measures can raise costs.
 

6. 	The relationship between the technical adaptation and the
 
health improvement, is not very clear. In fact, if
we
 
have taken necessary measures with regard to the sizes
 
and types of channels when it comes to water distribu
tion, we still have to gauge the effectiveness of that
 
system at the end use or level.
 

From 	all this we have one recommendation. Which is that the

designers should include a health component in the plan. In those
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projects already underway remedial measures should be taken so as to
 
limit the damage. Donors should take into account this concern.
 

On the second topic, organizational, institutional and gender

issues in irrigation development, from our discussion there was a
 
multifaceted objective that emerged. First, there is a need to
 
involve at a grass roots level the people in the design and implemen
tation. This means that there is a need to understand the traditional
 
organization and institutional structure. There is a need to adapt

institutions to this new approach. Irrigation schemes have sidelined
 
sociological and institutional problems. We have a recommendation. We
 
should define a methodology for organizational and institutional
 
procedures.
 

Mr. Chairman, you will notice that we have not dealt specifi
cally with the role of women. This issue was discussed, but we have
 
made no comments or recommendations. We feel that it is not oppor
tune, because there are a number of political opinions that were
 
expressed and; you have to take into account so many concerns. In a
 
number of countries it emerged that this concern with the lot of women
 
is treated elsewhere and there is no need to deal with it here. Thank
 
you, Mr. Chairman.
 

Misiko - On health we discussed and resolved the following: During the
 
planning and design of irrigation projects there is a tendency to omit
 
critical core professionals such as medical and nutrition, etc.
 
Hence, the group recommends that more multidisciplinary teams be
 
involved in design, planning, etc. and an integrated approach be
 
adopted.
 

Health should be regarded as a national problem rather than
 
being limited or restricted to an irrigated area. Those areas which
 
are affected should be treated separately. There should be an educa
tion program in relation to health hazards for the farmers and an
 
evaluation of the understanding of the health problem as far as the
 
farmers are concerned.
 

On the gender issue itwas stated by this group that there is
 
in the history of Africa, the capacity for group organization. This
 
indigeous operation or capacity can be utilized by allowing the
 
farmers to take operating responsibilities. Hence, the donor or
 
donors should not interfere with family roles and traditions.
 

On the institutional and organization issues itwas noted that
 
irrigation is fragmented between several agencies as a result of lack
 
of proper policy. Hence, the group recommends the national government

should have proper institutions to plan, implement, monitor, etc. the
 
water resource use. Thank you.
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Adeeb - Thank you, Mr. Chairman. Our group discussed both issues and
 
we came up with the following recommendations. Briefly and without
 
going into details:
 

1. Assessment of the impact of irrigation on health aspects

should be included in the appraisal and evaluation of irrigation

projects. 
 This appraisal should include the humanitarian as well as
 
economic aspects. We have noticed that most appraisals are based on
 
economics, so we propose that humanitarian considerations also be
 
included in these appraisals.
 

2. Disease coihtrol should take an integrated approach to
 
reducing the incidence and elimination of diseases in irrigated 
areas.
 
Integrated in the sense of prevention, treatment, education, regula
tions, and an 
integrated approach in the sense of professions which are
 
forming the teams to tackle these issues. Alho, this process should be
 
continuous throughout all phases of the project, i.e., design, con
struction, operation. There should be a continuous feedback to see the

effect of irrigation on health and treat the issues 
as they come up.
 

3. Recently, there has been an'emphasis by donor agencies on
 
small-scale irrigation projects. These small-scale irrigation projects

do not have the capital for constructing intensive works such as lining

canals as in the larger scale. Therefore, we recommend the merits of

informing the users of the irrigation projects of the health hazards
 
that are accompanying irrigation in these projects. 
 Health education
 
is an essential part of small-scale projects because we are already

eliminating the engineering aspects of solving the problem of these
 
diseases.
 

On the topic of organizational, institutional and gender

aspects the group concentrated on one recommendation that encompasses

most issues. Understanding the local farm production systems and the
 
farmers point of view is essential for the planning of irrigation

projects. This includes the role 
of women in African agriculture.

Thank you, Mr. Chairmap.
 

DISCUSSION
 

Coward - Just a couple of general observations, it is quite inter
esting that it seems that all of the groups have taken considerable
 
interest in this matter of health as a critical problem in many

irrigation systems and perhaps more importantly as a critical factor
 
for increased attention as we look at future irrigation development

projects. In that sense, Peter and Stephen 
you must be feeling

pleasantly successful at this point and obviously the ideas that you

brought to us I think were ideas 
that many people may have already

considered but perhaps had not formulated as clearly your presenas 

tations this morning helped us to do so and I think that is extremely

helpful.
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Similarly, it seems that with regard to the matter of the
institutional and organizational and gender issues, obviously that is 
a wider topic in some ways than the health topic and yet, again I
found it quite interesting that many of the groups, if not all,
hiihlighted the need for attention to some aspect of greater farmer 
involvement, farmer participation, whatever terminology one uses with
 
regard to a vide range of phases of the irrigation development pro
cesses. It seems that we have come to a fair amount rf general
agreement on each of these topics, however, I suspect that if we take 
the time and ask one another questions and probe that a bit further,
 
we will find that we are not entirely in agreement on that. I think 
we are able to do an efficient enough job with having each of the
 
teams report back their findings.
 

Bolton - I don't want to take too much time because I had a lot to say
this morning. I would like to respond to one of the recommendations 
which seem to imply that in the small 
holder farmer managed schemes
 
there was no possibility of any involvement or potential for engin
eering measures of control. I hope you did not take that from what I
 
was saying this morning. What I hoped I was saying was the measures we
 
were testing were developed in the context of AGRITEX projects in 
Zimbabwe and were applicable to them and in that context the lining of
canals was an essential feature. I am not saying that if there is no
 
lining in canals we have ao control. I am saying that more research
 
has to be done. I am sure there are measures which can be used in
 
small holder schemes which do not have canal lining. But I think we
 
have got to be careful and do the proper assessment of these measures
 
and see which ones are appropriate and viable.
 

Moris - I just wanted to point out that as you say our second session 
covered really three or four large topics and as a group we never

really did get into discussion of the type of organization one should 
have. I think we should recognize our whole format of trying to cover
 
a huge area in a short one week means that we just touch upon topics.
Some of these topics need to be explored in considerable detail. I 
think we are trying to do isto table various papers and documents and
 
materials so those can be explored further by participants. I am
 
personnally a little bit worried, I feel that this question of user
 
groups is the major thing that donors are considering and FAO and 
European donors are coming on 
the band wagon and saying we should have
 
them in Africa. We really have not worked out a response to that and
 
many countries are really in the dark, so I would suggest at this 
meeting we are not going to have time to work that out but inthe near
 
future there is a real case for following this aspect further.
 

Coward - To follow up on the point that Jon has just raised. Other 
points of views with regard to this matter of local organization or 
irrigation groups, water users association, Worth?
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Fitzgerald - Yes, AID has just recently been involved with a workshop
in Central America and I think I mentioned this earlier. One of the
 
strong things that came out of this wa: this handing over responsi
bility to local organizations for managing and cperating the systems.

Some of these systems were fairly large. This doesn't mean they were
 
going to operate the whole system but they were going to allow these
 
users to operate the main laterals. There would be what sometimes is
 
called wholesaling water to the associations on each lateral. When we
 
asked the group what they would like to have a follow-up meeting on,

the number one item was farmers associations and users associations.
 
It is a popular thing in some of the other areas of the world as 
well
 
as Africa.
 

Coward - One of the groups made a suggestion which I interpreted in 
the following way: that given the increased interest in irrigation 
groups or 
the formation of irrigation groups, the suggestion seems to
 
be that it would be useful to give more attention to pilot efforts or
 
experimental projects of one kind or another. I wondered if that team
 
or anyone else might like to pick up on that point? Would anycne like
 
to comment further on that, Joseph, go ahead please.
 

Ssennyonqa - I think it was from our group. I think we have seen in 
literature from Asia field studies illustrating that: 

1. Farmer participation increases a project management
 

efficiency;
 

2. Farmer participation increases even productivity.
 

3. Farmer participation increases, reduces costs and
 

4. It also increases committment by the farmers to the
 
project.
 

Actually, if you look at the reasoning behind the shift from
 
the large-scale to small-scale were precisely those things that go to
 
the weaknesses that costs were too high, management bottlenecks
 
occurred and that productivity was affected. The test case in my view
 
is, do we have any evidence from anywhere to show that 
the shift to
 
community management is better? My own 
view is that I do not think we
 
should use the large-scale vs. small-scale, because it is not an issue
 
of scale, of linerary reduction that would do the magic. I think 
a
 
quantitative change and that quantitative change seen in those things I
 
tried to go through, like what the farmers are doing that they were not
 
doing before. 
 I think we need to look a little closer at the African
 
situation.
 

Fitzgerald - Just one short comment. One of the things we saw in 

Central America in this workshop and on the field trip to this fairly
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large syster in the Dominican Republic; while the farmers were taking
 
over the ma; ;gement of it, in a sense they were not really managing
 
it. They were hiring a manager to run it for them. They had control
 
of it and he was answerable to them but it was not farmer managed in
 
the sense that they were relying simply on their own expertise to
 
operate their own system.
 

Arao - I would like to comment briefly but we seem to be thinking that 
the Asian success is the only example. I think we have examples here 
in Africa of successful systems which are due to effective organization 
of the farmers. We have the Elgeyo-Marakwet market systems which Dr. 
Ssenyonga has written about; we have some in the Taita Hills of the 
Coast Province and we have the traditional systems based on inundation 
which are not really formal systems but are rudamentary irrigation 
which are nevertheless successful and also here in Ukambani in the 
Eastern Province. Let me say that we have considerable experience with 
farmer organizations in Africa and what we need is to avail the funds 
for those who can and are willing to carry out these investigations. I 
did, as you pointed out, visit a number of countries in Asia. I went 
to Pakistan, India, Bangladesh, Indonesia and the Philippines and what 
I have found out was that indeed effective farmer organizations is a 
factor in the success of small-sale irrigation development. I did 
bring these observations back to our people. What I found rather
 
difficult was to convince the decision makers in government of the
 
need for social scientists. I was at one time given, when I talked
 
with someone, they thought I was daydreaming to suggest that we needed
 
a social scientist on board i our irrigation and drainage branch.
 
What is important is to get the decision makers to understand the
 
realities involved in these things.
 

Tiffen - I was just going to say that I can give one example of the 
kind of cost benefit of farmer management and that is the scheme 
mentioned in Zimbabwe, Mutembara which is a farmer managed scheme of 
160 hectares. In effect, the rehabilitation carried out since 1980 
has cost the government nothing because the farmers did it themselves. 
It could have been a better rehabilitation with a slight government 
input of technical advice. I am not saying it was a perfect effort, it
 
could have been better, nevertheless, they got the scheme working
 
without cost to government so there was a huge benefit to the economy
 
as a whole there and since 1980 you have had production on 160 hectares
 
which you did not have before without a cost to government.
 

Likewise, on operation and maintenance costs, iL is a gravity
 
scheme so there are no pumping costs which is a benefit, not all
 
schemes have obviously. Farmers were contributing to their own
 
orgai.izations $6.50 and that was paying the water bailif plus a bit of
 
repair materials. That was the operation and maintenane cost on this
 
scheme. Perhaps they should have been paying a little bit more and
 
doing a little bit extra. That was the level it was, maybe it should
 
have been $16.50 rather than $6.50. On government schemes it is
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$140.00 the farmers have to pay and that only covers a quarter of the
 
operating costs.
 

You can get some idea of the scale of savings that are
 
possible but also you have tn recognize that those farners in Mutembara
 
are very conscious that it is extremely hard work running your own
 
scheme. The committee members only stay in office a year and then they
 
go out partly because of the work involved and partly because people do
 
not want to see office bearers seizing privileges and they think that
 
may happen if the committee stays in office too long. While they are
 
in office, the two committee members per block have to work very hard.
 
They are practically doing the equivalent job of several salaried
 
people looking after that block. There is a lot of communal labor on
 
maintenance, etc., and the decision making process takes a long time.
 
They have to arrive at a consensus, that sometimes takes hours. They

recognize there is a lot of hard work in this and they only do it
 
because they value control of their own scheme. That is what I was
 
saying a little earlier. It is no good thinking you can handle to
 
farmers simply the unpleasant jobs like maintenance and collecting

subscriptions. They are not terribly interested in that. If you give

them the benefit of control as well then they may consider the other
 
things worthwhile. People weigh out costs and benefits.
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CAPITALIZING ON OPPORTUNITIES OF IRRIGATION TECHNOLOGY 

IN AFRICA'S DEVELOPMENT 

by 

Francis N. Gichuki
 
Utah State University
 

INTRODUCTION
 

The 	decline in food- reserves, loss in momentum in green

revolution, 
low crop yields, and failure of many promised innovations
 
to alleviate the problems have rekindled the anxiety of local 
communities, governments and donor 
agencies about this desperate situation.

The gap between food production and levels of sufficient consumption to
feed the population adequately will be by
met increases in crop
production from two basic sources--increases in the physical inputs or
 
resources used in production, increases in the efficiency or 
produc
tivity with which the resources are employed.
 

Irrigation technology offers such 
a promise. While irrigation

is not 
a panacea for meeting the complex set of opportunities required

by rural development, 
it can aid through supplementing rainfed and
dryland farming and through the resulting human development. To realize

the potential benefits of irrigation, future irrigation development

strategies will have capitalize on 
present and future opportunities in
 
the areas of:
 

1. 	Technical, social, economic, and environmental performance;
 
and
 

2. 	New and complex conditions associated 
with the shortage of
 
land, water, capital, and energy resources under the present

ecological and behavioral systems.
 

This paper presents some thoughts on how technology can be

used to improve the current performance of irrigated agriculture in

Sub-Saharan Africa. This is accomplished by:
 

1. 	 Illustrating the role of technology and energy in
 
irrigation development;
 

2. 	 Identifying the requisites of a sustainable irrigation
 
package; and
 

3. 	 Identifying technological challenges and likely respons
es.
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ROLE 	OF IRRIGATION TECHNOLOGY IN DEVELOPMENT
 

Irrigation is just one of the many economic activities that
 
may be taking place in an agrarian setting with favorable climatic
 
conditions. An irrigation scheme consists of three primary domains,
 
namely: (1) the watershed domain; (2) the water supply domain; and (3)
 
the agricultural domain (Keller, 1987). These domains provide the
 
following essential elements:
 

1. 	Availability of an irrigation scheme capable of delivering
 
water to the crops in a timely, reliable, and adequate manner
 
and draining excess water;
 

2. 	Availability of physical and biological inputs, including
 
improved crop varieties; and
 

3. 	 Management of the system to ensure the proper mix of all the
 
above elements along with the needed human behavioral knowl
edge and skills. 

This section explores ho
favorable production environment 
elements. 

and 
w technology 

mainly 
can 
addr

be 
esses 

used to create 
the first two 

a 

Development potential
 

Development results from the application of technology--the
 
application of knowledge, tools, and skills to solve practical problems
 
and extend human capabilities. Irrigation technology can therefore be
 
viewed as an input, just like land and water, that facilitates a more
 
efficient transformation of agricultural inputs intc crop production.
 
Irrigation technology in some cases has been shown to spur economic
 
growth, create more jobs, and yield an overall higher standard of
 
living in arid and semi-arid regions (Moris and Thom, 1987). Irrigation
 
technology has the potential of increasing the productivity, equity,
 
stability and utility of the farmer.
 

Increase in Productivity of Land
 

The increase in productivity of land associated with irriga
tion technology can be divided into three components sources-- increase
 
of cropped area, increase in crop yield, and crop diversification.
 
Increase in crop area comes from opening up new lands and from growing
 
more than one crop per year on the same piece of land. Increases in
 
quantity and quality yield are facilitated by elimination of crop water
 
stress. Crop diversification allows the farmer to shift from drought
 
resistant low-value crops to drought sensitive high-value crops and
 
also to be able to schedule planting so that the crops arrive at the
 
market when the prices are highest.
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Equity 

Irrigation technology can be used to ensure a Fair distribu
tion of resources and livelihood by taking irrigation water to norn
riparian farmers. It facilitates the participation of poor and under
privileged segment of the population in economic activities.
 

Stability
 

Irrigation technology can also be applied to improve the
 
capacity for long-term sustenance of irrigation without environmental
 
deterioration, loss of productivity, or social conflict that may

eventually lead to the collapse of the system. This ultimately leads
 
to human social stability.
 

Utility to the Irrigator
 

Irrigation minimizes some of the vagaries of weather by

providing the farmer with water in a reliable, controllable and
 
predictable manner. Only when farmers are confident of their water
 
supply will they be willing to provide the complementary inputs for
 
agricultural production.
 

Complimentary Nature of Technology and Energy
 

The oil crisis of the 1970's underscored the pervasive

influence of energy on national and regional economies. Energy is an
 
input in almost every production activity. Consequently, the link
 
between energy, technology, and the rest of the inputs is strong and
 
intimate. Stout (1982) noted that "Energy is a necessity not a luxury.

Man would starve without energy to supplement his meager output."

Transition from traditional to modern agriculture requires a sharp

increase in energy because modern technology is energy driven.
 

In Sub-Saharan irrigated agriculture energy wiil be required
 
for: (1) pumping and lifting water; (2) cultural practices, such as
 
better tillage and weed control; (3) developing a cropping package

that take better advantage of irrigation; and (4) additional inputs

such as fertilizers, insecticides and pesticides. Considerable energy

is, therefore, required to obtain the potential higher productivity of
 
other production factors. Consequently, the issue is where will all
 
that energy come from. This and many other technology/energy issues
 
will be addressed in greater detail in section 4.
 

As alluded to earlier, modern technologies require energy

during its development, operation, maintenance and management. The
 
proper combination of energy and technology is a vital concern in
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agricultural production, especially on marginal 
lands. The potential

productiyity 
increases as energy input is increase and technology is
 
improved .
 

Efforts to develop highly productive technology should be
 
made with awareness of the fact that technology could substitute
 
relatively abundant input factors for other relatively scarce 
factors
 
in the economy (Hayami and Ruttan, 1971). For example, under conditions
 
of high unemployment, technological advances with high energy require
ments may be viewed as labor savings and energy costly and thus
 
undesirable. Therefore, 
a proper balance of technology and other
 
production resources is required. This balance should be 
in tune with
 
the overriding objective of irrigation development.
 

SUSTAINABLE TECHNOLOGY PACKAGE
 

Irrigation and agricultural development literature is laden
 
with discussion on low level of utilization of technology and of
 
complete technological failures. For example, Keller et. al. (1982)
 
observed in Senegal that
 

Even with a quick inspection, it was clearly evident
 
that machine, fuel, and water use are below 50
 
percent of potential at most perimeters (p.44).
 

This and many other disheartening examples have resulted
 
because of using inappropriate technology. Appropriateness is a
 
relative concept and is here used 
to 	mean that the technology should
 
be user-oriented and should suit the development objective, as well
 
as, local conditions (availability and cost of raw and manufactured
 
material, market, etc.). Thus, a sustainable irrigation technology

package is one that: (1) optimizes technological solution to a set of
 

1 	The following quotations from Water Management Synthesis
 
Handbook no. 3 Pumps and Water Lifters for Irrigation

illustrates the link between technology, energy and produc
tivity.
 

One person can only pump enough water to irrigate at
 
most one-half hectare when the lift is not more than
 
2 meters. p. 2
 

An animal-power water wheel can pump about 5 times as
 
much water as can be pumped by one man.
 

One liter of diesel fuel can pump about as much as
 
one man working for 5 days or an oxen working one
 
day. p. 3
 

202
 



local conditions; (2) emphasizes problem solving capabilities of
 
indigenous people using locally available resources; and (3) is
 
sensitive to social, economic, 
without the project boundaries. 

and environmental impacts within and 

Requisites of an Irrigation Technology 

Irrigation technology is here defined to mean the set of 
principles and techniques useful for bringing about change towards a
 
desired goal in irrigation development. Technology should satisfy the
 
political, social, cultural, environmental, economic, and technical
 
requirements. Consequently, irrigation technology package should be
 
complete, effective, efficient and acceptable.
 

Completeness
 

Completeness connotes the extent to which 
the technological

package provides and accounts for all necessary inputs and actions to
 
ensure the realization of the planned results. Thus, all the elements
 
which comprise the package must be present and operational and the
 
constraints that elements impose on each other minimized.
 

Effectiveness
 

Effectiveness connotes the extent to which 
the technology

package alleviates the constraints in the production environment and
 
achieves the desired objective. Durability and functional capabilities
 
are useful indicators of effectiveness.
 

Efficiency
 

Efficiency connotes the extent to which the chosen technology

is the most input-effective (for example; water, energy saving) means
 
of capitalizing on the opportunities and realizing the desired goals.
 

Acceptable
 

Acceptable connotes the viability and workability of the
 
technology package with respect 
to the government, local institutions
 
and farmers and the compatibility with existing laws, regulations and
 
public policy.
 

Technology Selection Process
 

Application of knowledge, skill, and tools rural
in solving

development problems is a complicated task due to the complex interac
tion between the technology and other production inputs. Use of a
 
systematic and proven method in the selection of technology prevents

premature narrowing of technology choices thereby allowing simple,
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intermediate or high technology to be used where it is appropriate. The
 

steps to be followed in selecting the technology are:
 

1. 	Establishment of goals and objectives of the activity;
 

2. 	Opportunity identification and analysis. (This involves the
 
collection of technical and non-technical data to be used in
 
assessing the opportunities and constraints of each technol
ogy option);
 

3. 	 Identification of feasible alternatives;
 

4. 	Assessment of alternatives; and
 

5. 	Selection of an appropriate technology.
 

Assessment of alternatives
 

Assessment of technology alternatives involves the analysis

of direct and indirect, present and future, and short- and long-term

impacts of the technological innovation on the society, the economy,

and the environment. When properly conducted it can lead to:
 

1. 	Development of a rational technology policy; and
 

2. 	Development of more user-oriented technologies aimed at
 
solving public and social problems.
 

In the irrigation context, the assessment of alternatives is
 
aimed at ensuring that the technology selected meets the stated goals

and satisfies the requirements identified in section 3.1. In develop
ing a methodology for testing the congruency of technology with the
 
constraints and opportunities of the existing production system, Moris
 
(1981) proposed the technology assessment checklist in Table 1.
 

Links in the Development Process
 

Irrigation induced development progress depends on a series
 
of simultaneous advances in direct and support services such as re
search, extension, transport, marketing, etc. A concerted effort by

the engineers, soil scientists, agronomists, economists, sociologists,

environmentalists, doctors, and administrators is required because each
 
of these disciplines possess their own technologies which when properly

applied strengthens the linkages and promotes development process. The
 
foregoing 'discussion has highlighted the importance of a holistic
 
approach to technology selection. It is apparent that technological

issues are interwoven with economic, financial, and institutional
 
issues and cannot logically be examined in isolation. Failure to take
 
such a holistic approazh to development of technological progress will
 
continue to yield disappointing results.
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Table I.
 
Technology assessment checklist
 

1.Managerial competence requirements:

a) of worker, b) manager, c) service organization
 

2.Capital investment required:
 
a) by operator, b) by service organization
 

3. Labor requirements:

a) stable or fluctuating? b) timing critical or flexibility?

c) low, medium, or high energy input? d) competition with other
 

needs?
 

4.Nature of energy requirements:

a) local, national, foreign? b) reliability of supply?
 

5. Site specificity:
 
a) requires precise sitting? b) variable risk by locale?
 

6. Self-sufficiency (up-stream linkages):
 
a) requires continuing support? emergency service? has shared
 

needs? b) can be maintained within locale? within nation? parts

available? c) requires changes inother aspects of local system?

specify.
 

7.Tolerances:
 
a) what standards assumed re: electricity and fuel supply?

b) warns of impending trouble in advance?
 
c) requires high quality repairs? repairs available?
 
d) needs grasp of sophisticated electronics/chemistry?
 

8. Output requirements (down-stream linkages):

a) benefits depend on downstream demand? to what extent? com
 
petitors?

b) benefits linked with adequacy of downstream services (storage,
 

etc.)?

c) externalities; any downstream needs shared with other users?
 
d) isoutput quality likely to vary? Will this affect demand?
 

9. Level of risk:
 
a) physical dangers if improperly used? b) risk of capital loss?
 
c) risk of failure of output? d) depends on risky suppliers, parts?

e) assumptions made about environment? f) degree of novelty in
 

locale?
 

10. Iterative impacts:

a)direct on-site impacts b)displacement of other technologies?

c) generalized ecological impacts d: socio-political impacts

e) economic impacts f) aggregate energy impact ifwidely adopted

g) upstream benefits and costs h) downstream benefits and costs
 

Source: J. R. Moris, Managing rural induced development, Interna
tional Development Institute, Bloomington, Indiana, 1981, p. 40.
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CHALLENGES AND RESPONSES
 

Challenges in Irrigation Development
 

The challenges in irrigation development should be viewed
 
from a rural development context. In my view the major challenges and
 
thus opportunities are:
 

1. 	How does the ever growing population feed itself?
 

2. 	How can we minimize the cost of irrigation development,
 
operation and maintenance and increase the irrigators income?
 

3. 	 How can we increase agricultural productivity through the
 
means of irrigation projects? and
 

4. 	 How can we ensure sustainability of irrigation projects, the
 
resource base, and the environment?
 

The technologist and development specialists must, therefore,
 
seek for ways and means to capitalize on implementation and operational
 
opportunities by incorporating all the essential ingredients. Devine
 
(1988) developed an integrated model and a protocol for planning and
 
implementation of human development which incorporates all the essen
ti3l elements for development.
 

Technology Transfer
 

Transfer of technology is interesting for too often a given
 
technology is not adaptable due to geographic, economic, social,
 
barriers. A further challenge arises from the level of scientific and
 
institutional capacity and knowledge available for adapting exogenous

technology to the ecological, technological and socio-economic environ
ment in which the new technique is to be employed (Hayami and Ruttan,
 
1971).
 

Opportunities of Technology
 

While it can be argued that we have the technical capacity to
 
free mankind from the scourge of starvation and malnutrition, many
 
farmers do not take full advantage of the available agricultural
 
technology. Hayami and RutLdn (1971) noted that
 

A trttly profitable innovation tends to spread
 
quickly as long as the economic environment permits.
 
If it does not, a technical innovation may be halted
 
in its tracks even though the government has made
 
sure that extension, marketing and credit are
 
available. p, 106
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Reasons given for such a result include:
 

1. 	Inputs required for successful use of the technology may not
 
be available when and where needed because of deficiencies in
 
market and distribution system;
 

2. 	Technology may be unaffordable or may not yield quick returns
 
to the farmer's investment; and
 

3. 	Low risk-bearinjg capacity of the farmers (Hayami and Ruttan,
 
19nI).
 

Public Satisfaction
 

There is a growing impatience for success and increasing in
 
public disenchantment about irrigation development in Sub-Saharan
 
Africa. This is attributed to, among other things, the following
 
factors:
 

1. 	Adverse health and environmental impacts;
 

2. 	Increasing competition for water and energy resources;
 

3. 	High development and operation capital outlay; and
 

4. 	Poor performance, especially in the eyes of irrigation
 
development evaluators.
 

Widespread disillusionment with the promise of irrigation

technology can have a stunting effect on the tremendous momentum being
 
generated to alleviate the problems of irrigation development. There
fore, this is an incredibly important and exciting time to be working

in irrigation development in Sub-Saharan Africa, for while the chal
lenges are phenomenal, the opportunities are overwhelming.
 

Responses
 

Effective irrigation technology is believed to be a major

force behind economic growth in arid and semi-arid areas. Recognizing

this potential, policy makers in many countries have reoriented
 
development efforts to make irrigation technology attractive to the
 
farmers. The major undertaking ahead of us as we nurture irrigation

technology is to overcome the technical deficiencies that are so
 
prevalent in irrigation projects. This is going to require that (Abt,
 
1973):
 

1. 	Change agents, especially technologists, must become more
 
sensitive to quality of life impacts of technological innova
tions they propose and determine if such impacts are consis
tent with acceptable social role of technology; and
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2. 	Technologists must not give up being technologist. They must
 
continue to develop, test and apply a ')road range of technol
ogies that make projects successful in terms of quality of
 
1ife.
 

Technology Development Model
 

Hayami and Ruttan (1971) argued that technical change is one
 
to the more difficult products for developing countries to-produce due
 
to the relative limited pool of scientific and technical manpower. They

observed that
 

Farmers are induced, by shifts in relative prices,
 
to search for technical alternatives which save the
 
increasingly scarce factor of production. They press

the public research institutions to develop the new
 
technology and, also, demand that agricultural supply

firms supply modern technical inputs which substitute
 
for the more scarce factors. Perceptive scientists
 
and science administrators respond by making avail
able new technical possibilities and new inputs that
 
enable farmers to profitably substitute the increas
ingly abundant factors for increasingly scarce
 
factors,..(p.57).
 

The discussion that follows addresses the strategies required

to develop and propagate such a "farmer-induced technological develop
ment."
 

Technical Advances
 

Irrigation development, small or large scale, predicates 
on
 
innovations in the production of new and improved design, implementa
tion, and operation strategies that rely heavily on a growing knowledge

base in natural sciences, engineering, mathematics and social sciences.
 
The society, including the inhabitants of the rural communities, need
 
appropriate and proven skills and knowledge to implement workable
 
techniques. Baum and Tolbert (1985) identified the following links in
 
the technological progress:
 

1. 	 Improved knowledge base through research and training;
 

2. 	Effective system for selection and transmitting knowledge to
 
farmers through extension services; and
 

3. 	A system to ensure a regular and timely supply of inputs
 
called for by the technology.
 

Nowhere is such an approach more appropriate than in Sub-Saharan
 
Africa setting, especially when one observes the current state of
 
rural living.
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Research and Technology Transfer
 

Based on the past performance of irrigation projects, one can
 
concludes that there is a grea opportunity to improve the knowledge
 
base 	on which irrigation decisions in Sub-Saharan Africa will be made.
 
Focus should be on the ecological and behavioral inputs to the produc
tion 	system and should take a comprehensive view. Research programs are
 
a vital requirement for to developing workable and proven knowledge
 
that 	can be used to meet the opportunities for irrigation development
 
by identifying and developing str3tegies,that facilitate effective and
 
efficient irrigation development.
 

A lot of irrigation knowledge and skill exists in other parts
 
of the world with a similar ecological environment and where irrigation

has been practiced for many years, the question is: how can we utilize
 
and transfer these existing skills and knowledge and thus avoid
 
reinventing the wheel? This process will require a synthesis and
 
practical application of the large body of knowledge, experience and
 
skills. These and other avenues for improving the local decision making
 
knowledge base will require:
 

1. 	Theoretical and practical research on all aspects of
 
irrigation related to irrigation community development;
 

2. 	 Development of effective methods for sharing of practical
 
skills; and
 

3. 	Transfer of knowledge from the experts to the farmer and
 
vice versa.
 

This calls for a close collaboration between the foreign
 
experts, local researchers, irrigation agencies, training institu
tions, extension agents, and the farmers.
 

Technology and Efficient Resource Utilization
 

Many researchers and policy makers have, and rightfully so,
 
stressed the importance of taking a wider view of the benefits of
 
irrigation to include such secondary benefits as: providing more
 
jobs, reducing urban migration, improving standards on nutrition,
 
stabilization of agricultural production, etc (Moris and Thom, 1987).
 
This approach' has, however, placed cost effectiveness and technical
 
efficiencies on the back burner. Cost effectiveness and technical
 
efficiency. are important when the limited water, land, capital and
 
human resource base are to be used to benefit a large percentage of
 
the populace. Strategies and policies that will (a) minimize the
 
cost of irrigation development; (b) increase productivity per unit of
 
water, land, energy, capital and human resource inputs; and (c)
 
conserve and develop these resources are long overdue. Development of
 
such strategies predicates a prior identification of the constraints
 
and opportunities for improving the performance.
 

209
 



The margin for improvement of performance of many irrigation

projects is very large. Efforts aimed 
at improving the performance

need specific answers to the following questions:
 

1. 	What are the current production levels and how do they
 
compare with the potential?
 

2. 	Can the potential and actual productivity levels be
 
increased, if so, how?
 

3. 	What are the opportunities for increasing productivity?
 
and
 

4. 	What agronomic, engineering, and socio-economic inputs
 
are required to spur increased productivity?
 

Energy Technologies
 

Energy is a vital input in irrigated agriculture, especially

where there is a high dependence on water lifting and pumping technol
ogies. Hart (1988) observed that small-scale farmers with limited
 
manual lifting or motorized technology were being squeezed of
out

commercial agricultural production in areas with high pumping lift. He
 
concluded that innovations were required to:
 

1. 	Develop improved water lifting and pumping technology;
 

2. 	Increase public awareness of opportunities for water lifting

and pumping technology; and
 

3. 	Proper guidance in technology choice and utilization tech
niques.
 

This approach should be supplemented with operational strate
gies that reduce the cost of water supply such as:
 

1. Structural and non-structural measures to minimize opera
tional and seepage losses in capture and conveyance systems;
 
and
 

2. 	Improved on-farm water management.
 

Renewable energy technologies offers some potential in

irrigated agriculture that has not been fully exploited due to the

limited track record and the high initial cost. Consequently, develop
ment, testing, and evaluation of these opportunities should be promot
ed.
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Organizational Collaboration
 

In the current era of nurturing the development of irrigated

agriculture inter-organizational cooperation is required because
 
irrigation development cannot be handled by a small, medium, or even a
 
large organization alone. Coordination of activities ad collabor
ation between donor agencies, technical groups (training, research,
 
planning, implementing, and operation institutions), non-qovernmental
 
agencies and the em iser of technology - the farmer are called for. 
Allen and Levine (1986) identified the following key issues that must
 
be resolved in order to ensure effective organizational collaboration:
 

1. 	The goals, objectives, strategies, and tactics of these
 
organizations must be congruent;
 

2. 	 The organizational structure of each organization must
 
present opportunities for linkages; and
 

3. 	An overlap in duties and responsibilities may exists but not
 
complete duplication.
 

The areas of collaboration between and among people working

in all the irrigation development processes include: natural and
 
social scientists, universities, research and irrigation agencies;

training, extension and the farmer; government and non-government
 
agencies; and donor agencies. Regional collaboration of universities
 
and research agencies should be encouraged because it creates oppor
tunities for:
 

1. 	Exchange of information and know-how;
 

2. 	 Reinforcement and acceleration of the development of solu
tions;
 

3. 	 Preventing costly duplication of efforts; and
 

4. 	 Establishment consistent technology policies.
 

Role 	of the Government
 

The successful implementation of development projects depends
 
on the government facilitating the activities. In most countries, the
 
policy makers have realized that traditional economic development
 
strategy of "Laisser faire" will no longer suffice. N, ,programs now
 
focus on education and training, research and developmer ,,and policies

that will encourage entrepreneurship. Currently the role of government
 
in facilitating sustenance of irrigation and related technologies
 
include:
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I. 	Planning and coordination of development activities;
 

2. 	Provision of technical and financial assistance;
 

3. 	Coordination of donor agencies; and
 

4. 	Policy guidelines and implementation.
 

The role of government in encouraging irrigation development
 
can be strengthened. Government efforts to develop sustainable irriga
tion development must address the following issues:
 

1. 	Effective government involvement in education and
 
research programs;
 

2. 	Effective policy to enhance success of irrigation

development;
 

3. 	Address and reduce losses inherent in promoting certain
 
policies; and
 

4. 	Policy flexibility to respond to the dynamic nature of
 
irrigation environment and external factors.
 

Collaboration among Universities and Irrigation Agencies.
 

Institutions of higher learning, research and extension play
 
a pivotal role in social and economic development through technology

improvements and innovations. Therefore, a high enthusiasm for
 
partnership between the irrigation community and institutions of
 
learning is to be expected. Irrigation development and operation

takes place under high levels of uncertainty. The player who can
 
answer a wide range of what if questions is more likely to make the
 
right decisions. Currently, the main area of collaboration between
 
the irrigation sector and training institutions is in the provision of
 
manpower. Educational institutions should be called upon to actively

participate in research and provide expert advice. Based on the premise

that economic develop in arid and semi-arid area is currently con
strained by shortage of skilled human resources, the marriage between
 
university and irrigation sector will be particularly attractive (Allen

& Levine, 1986).
 

CONCLUSIONS
 

Application of technology to the solution of development

problems in Sub-Saharan Africa offers tremendous scope for improve
ments of rural living, but is currently confronted by some peculiar

and site specific constraints, which although not formidable slow the
 
pace. Concerted efforts are required to capitalize on opportunities of
 
technology. The current impetus in inter- and multi-disciplinary
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approach to problem solving is yielding encouraging results, albeit,
 
it a slow pace.
 

The 	challenge lies in hastening the pace of human development

while at the same time guaranteeing sustainability of the strategies

adopted and the resource base. In capitalizing on the opportunities,

special attention should be given to:
 

1. 	Coordination of efforts at local, natioh~al, regional and even
 
continental level;
 

2. 	 Development, testing and application of technologies that
 
respond to the needs of the community; and
 

3. 	 Increasing awareness and commitment 
to efficient utilization
 
and conservation of land, water, capital, and energy re
sources.
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ECONOMIC AND FINANCIAL PROBLEMS
 

WHICH AFFECT THE DEVELOPMENT OF IRRIGATION IN AFRICA
 

Ahmadou Soumaila, Director General
 

Office National des Amenagements Hydro-Agricole, Niger
 

INTRODUCTION
 

Among the number of national strategies worked out as prior
ities during the past two decades in the area of subsistence agricul
ture in Africa, the development of irrigated agriculture is repre
sented, particularly for the sahelien countries.
 

Demographic expansion 
at a rate that often exceeds 3 percEnt

and the weak performanca of rain fed agriculture affected by an

irreversible quasi evolution of drought as a wide large trend, have in
 
effect, driven the african countries south of the Sahara towards an

occasionally bold policy of the utilization of the potential 
of hydro
agricultural sources through irrigation systems of all forms and all
 
dimensions.
 

As a result, the quest for hard currency through the exporta
tion of certain agricultural commodities, led countries notably those
 
further south, to develop large-scale perimeters: 
sugar cane and tea
 
among the industrial cultures was the most widely distributed through
out the central and oriental african countries and to a lesser extent,

inWest, Sudanien and Equatorial parts of Africa.
 

The expected benefits of irrigation, in spite of the perceived

generalizations and economic and 
social stakes that it presents, have
 
often been deceiving. Along the order of technical roblems, making up

a small 
portion of the overall set of problems, are the institutional,

sociological, economic and financial, 
and management problems, upon

which is added the long-term health consequences of irrigation develop
ment.
 

The weaknesses inherent in the entire conception of irrigated

perimeters which should be multi-disciplinary above all, constitutes
 
the principal cause of this failure; principle
the conclusion of a
 
study undertaken in the CILSS countries in 1980 under the auspices of
 
CILSS and the CLUB du SAHEL, was that the annual developed areas bareiy

compensated 
for those areas taken out of service, thus explaining the
 
importance of rehabilitation programs in this part of Africa.
 

This aspect comprises a serious constraint to the development

of irrigated agriculture, taking into account the important potential

development which is around 34 million hectares, of which only a little
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more than 5 million hectares are under present irrigation in Africa
 
south of the Sahara, according to the FAO.
 

The present work plan proposes to briefly alleviate con
straints of the economic and financial order which suppress irrigation

projects and programs, as well as success stor 4es, based 
on the

sahelien experiences of these last years, Nigerien in particular.
 

At the forefront of these problems, it will first be recalled
 
first that macru-economic problems 
 in context of the subsistence
 
dimension above all, the problem of namely:
 

financing of irrigation infrastructures and investment 
policies adopted according to the financial potential of the 
(African states) 

financing of recurrent costs (training, water costs...) 

- ag-icultural credit 

subsidizing of agricultural inputs (also including energy) 

- producer price policies 

- the commercialization and policies of food importation 

- etc... 

Next the micro-economic aspects will be discussed (at the
 
farm level 
or farmer groups or other forms of farmer associations); in
 
particular it concerns problems of:
 

- production costs
 

- fees and debts due
 

- management of irrigation systems 

Macro-economic aspects of irriqation in Africa: 

Investment costs and the economic environment (political

economics) make up the first aspects which condition the expansion of

irrilUation as an appropriate solution for the problems of an unbal
anced food supply encountered by african countries situated south of
 
the Sahara.
 

Above all it concerns complex aspects, which puts different
 
interests into play, even in direA' con':radiction, namely those

financial institutions and donors,
'ilateral 
 african governments,

producer associations, privat businessmen, etc...
 

216
 



Investment Policies:
 

Irrigation is a sub-sector which has its cost, and is a
 
function of water use expertise and as a consequence, has a level of
 
production which we set as an objective to be reached, hence:
 

* 	 the improved lowlands of Burkina Faso are developed at some 
US$ 200/ha (*) and enable 1.5 to 2 tons per hectare to be 
obtained, with a cultivation intensity ranging from 50 to 70
 
percent.
 

the irrigated village perimeters along the Senegal river,
 
with a (development) cost of US$ 2000/ha, allow 
an annual
 
double cultivation, with per hectare yields per season
 
ranging from 3 to 4 tons.
 

* 	 the improvement of intermediate sized areas (hundreds of 
hectares) to large sized areas (thousands of hectares), have

widely varied costs : from US$ 12,000 to US$ 16,000 in
 
Senegal, it can reach or exceed US$ 
24,000 in Niger with,

however, a cultivation intensity of practically 200 percent

and yields falling between 3.5 and 7 tons 
per hectare per
 
season.
 

These examples clearly show that 
from 	the point of view of

the size of investment, the small perimeters and the perimeters with
 
partial water control are those among the least costly, with of course
 
lower yields on 
the whole, without which this statement would not be

valid for all the small perimeters while taking into account other
 
internal and external factors.
 

On the other hand, taking into account the relatively slight

cost, the (african) states enticed by employment policies, can lean
 
towards a certain preference, in order to engage the maximum rural

population in the practice of irrigation, instead of adopting a

technical and financial scope for projects which could 
be highly

productive although requiring significantly less manual labor.
 

However, whatever technical options are retained among the
potential alternatives, it is worth elaborating working out
and the 
game rules for the subject of amortization of investments. For all 
reasons this policy is based on the following factors (non-limiting): 

- available financial resources at the domestic level and/or
 
the debt capacity of the country:
 

(*) 	US$ = 5 FF (French Francs)
 

* 	 priority devoted foodto supply problems and the strategies

retained (development of irrigated grain production and
 
irrigated agriculture for export)
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* 	 social policies 

* 	 vulgarization stage of irrigation as far as production 
techniques are concerned 

* 	 etc... 

Depending on the circumstances there are three possible amortiza

tion 	policies :
 

* 	 no amortization of capital 

* 	 partial amortization of capital 

* 	 total amortization of capital 

As a general rule, only agriculture deriving a yearly income
 
can engage in the practice of total amortization of the irrigation

infrastructure. For this reason in most instances, no or partial

amortization is the policy adopted which has an impact on (African)
 
state budgets. This impact on (African) state budgets and their
 
capacity to incur debt constitutes one of the major irrigation develop
ment obstacles, because of which the recourse is to move increasingly
 
towards external subsidies.
 

Financing recurrent costs:
 

This concerns a second means of irrigation financing, even
 
more than the investment problem which considers principally:
 

* 	 training costs (extension) 

* 	 development costs 

For the majority of cereals production (rise, wheat, maize or
 
sorghum), the tariff system generally applied is one of "covering
 
development costs" which, rarely includes amorti7;ltiorn costs, often
 
not even the replacement of equipment with a limited durability (5 to
 
10 years), and can extend up to free water.
 

The financing obtained through a transfer policy from secon
dary sectors (industry, mining) towards agriculture. Other tariffs
 
exist in the sense of partial or total recovery of investment and
 
development costs.
 

Therefore, depending on the importance of financial 
resour
ces, each country establishes its irrigation financial policy as well
 
as from the investment point of view rather than on of putting devel
oped land into production. In the case of Niger, the policy is as
 
follows
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- ( on government perimeters): 

government takes charge of irrigation infrastructures
 
(financed by external subsidies, loans and third party
 
contributions)
 

pumping equipment replacement by farmers organized into
 
cooperatives
 

maintenance and repair of canals and equipment controlled
 
by cooperatives
 

minor participation, but participation all the same of
 
the financing of training (US$ 12 per ha per season)
 

Subsidizing of inputs:
 

For a long time agricultural inputs have been principally

subsidizpd for a popular objective. This subsidization through the
 
years has started to weigh too heavily on the budgets of African
 
countries. All the same, it is recognized outside of a few well known
 
firancial institutions, that to maintain a minimum subsidy level of
 
agricultural inputs is indispensible, not only for seeking popular
 
support before managing a substantial recovery of yields, but equally
 
to avoid weighing down production costs when compared with market
 
prices.
 

This still insufficient level of subsidization of inputs is a
 
cause for employment to remain limited; in Niger, barely 6000 tons of
 
fertilizer are used for the entire area under cultivation (approxi
mately 6,000,000 ha): of this total, more than half of the inputs are
 
used on irrigated perimeters (11,000 ha with total water control and
 
54,000 ha with partial water control).
 

The use of chemical fertilizers has thus allowed attractive
 
results to be obtained at the level of irrigated agricultural yields.

However, taking into account agricultural pricing policies practiced

in Africa and that they are not always in harmony with production
 
costs, it often happens that at the level of certain agricultural
 
crops a decrease occurs, due to a pure and simple lack of chemical
 
fertilizers, resulting in a poor economic performance of investments
 
in the irrigation sub-sector.
 

This is why it seems primordial to maintain subsidies on
 
inputs; this is not the case in develope] countries (USA, europe of
 
12) where subsidies are granted as much for production as for encourag
ing exportation: we reach US$ 19 billion and US$ 15 billion for the USA
 
and Europe of twelve, respectively according to recent estimations of
 
the O.C.D.E.
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Agricultural credit
 

The most widespread crisis in Africa south of the Sahara is

without a doubt agricultural credit, which can be broken down 
into 	two
 
facets:
 

-	 seasonal credit (operating funds)
 

-	 equipment credit (average term)
 

The reasons are many, and several 
can be mentioned as being the
 
most significant:
 

* 	 poor debt capacity because of a lack of resources for 
collateral (general case); 

weak institutional capability of 
credit organizations 
(national savings banks, banks, ... ), which are not very 
effective or efficient within their countries;
 

* 	 inadequacy of distribution and collection of debts, in
 
relation with the weak organizational capacity of
 
producer associations (cooperatives, etc...).
 

These facts create a serious situation for the distribution
 
of agricultural credit:
 

1) 	liquidation of the ONACD in Senegal,
 

2) 	 interruption of CNCA distribution in Niger (which has

liabilities of US$ 56,000,000, as well as numerous
 
restructured loans (Burkina Faso...).
 

Now there is a unanimous acknowledgement that without agricul
tural credit, there chance of
is little seeing irrigation projects

materialize, given the accessibility of agricultural inputs 
as well as
other cultivation material. Now, whatever 
redress arrived at over

these past few years, the payment rates are still very high (30 to
 
70 percent).
 

The intervention of commercial 
banks has solicited in certain
 
cases, a mitigation of credit distribution inefficiencies through

traditional channels; this was the case 
in Niger in 1985; we encoun
tered three sizable problems which led to an abandoning of the
 
undertaking:
 

failure by the 
commercial banks extending agricultural

credit to recognize that they delayed particular special

agricultural activities,
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the management costs of agricultural credit (for a
 
credit volume of US$ 1,600,000), expressed as interest
 
rates, was estimated at 34 percent!
 

the burden of a guarantee requiring a bank deposit which
 
stated that a plow would scarcely suffice as collateral.
 

At the same time, because of an american federation of
 
cooperatives (CLUSA) bias, 
one system is in place in a few coopera
tives not located on irrigated perimeters. This activity requires a
 
guarantee deposit near a commercial bank which can thus extend agricul
tural credit; the reimbursement process can lead to a success of true
 
capitalization allowing the growth of agricultural credit for other
 
zones. Taking into account recent operating characteristics, it is
 
premature to deliver an evaluation; it will be difficult to establish
 
that a certain advance occurring in an arid climate or rain fed
 
agriculture (area) is prone to various risks and/or price policies and
 
that commercialization remains very fragile.
 

On the other hand, a positive experience can be generalized

in Niger on irrigated perimeters; it concerns endowing each farmer
 
cooperative with operating funds as well as short-term and medium-term
 
credit; the cooperative reestablishes the operating budget, at its 
own
 
level, at the same time that it establishes investment funds; these
 
investment funds should be equivalent to the short-term operating funds
 
for a period of ten years; or for twenty seasons (two seasons per

year); the investment funds are used to undertake profitable economic
 
activities of joint interest (cereal banks, cooperative stores, mills,

village tree plantations usable after three years, etc...); the
 
condition for using investment funds is that the operating funds must
 
be repaid 100 percent, through a well defined contractual outline.
 

While waiting for actual operational credit to be set up in
 
Africa, it is imperative that credit lines be anticipated at the level
 
of financial planning for irrigation projects, all being matched, by

strict conditions on credit so as to guarantee reimbursement, condi-

Jions which can go as 
far as excluding farmers who fail to reimburse.
 

Commercialization and Drice policies:
 

The remuneration and the organization of production in

general and for irrigated production in particular, constitutes one
 
the major problems of our times. In effect the technical problems of
 
production have been favored for a long time, to the detriment 
of
 
preceding issues: prices, conversion, product outlets, for all of
 
which insufficiency and inadequacy are to a degree negatively influenc
ing the motivation of farmers.
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a) Producer Drices:
 

One of the fundamental aspects which is not the object of
 
speculation and searching is without 
a doubt the costs of production

(see chapter Ill). The problem here is perceived by african public

officials very much more from a socio-political angle than economic;

producer prices are fixed 
(when they are), as a function of the

purchasing power of working city dweller or government worker, rather
 
than as a function of the amount of work and inputs used.
 

One of the most vogue temptations can be found is the policy

of totally free prices, which should conform to the free market stand
ards of supply and demand.
 

In the African context, the contribution to irrigated agricul
ture in the food supply scheme, represents 20 percent overall.
 

This proportion varies greatly from 
one country to another;
 
very high in the 
Sudan and Madagascar, falling to approximately 4 to
 
10 percent in the Sahel; this is to 
say that in the general sense,

these are agricultural products stemming from dry land crops 
which
 
determine the game rules in both policy and liberalized trade. It can

thus be observed that 
a straight price climb occurs for producers of
 
irrigated rice during the dry period and 
a sinking (of prices) on the
 
other hand during the periods of good harvest and rainfall.
 

Dry land agriculture has much fewer cost constraints on
 
production that irrigated agriculture, it will be difficult to ignore

this economic and financial reality in order to promote free competi
tion. Where it is of primordial importance in choosing irrigated

agriculture, it makes a difference when speculating 
on dry land
 
agriculture.
 

b) Product commercialization dnd importation:
 

The flow of agricultural production after an eventual trans
formation stage establishes otie of the key success factors of irriga
tion in Africa. 
 In this respect there are two distinct channels:
 

- the official channel establishes the organization in 
charge of commercializing at a pre-established price,
and to transform raw products and even often sell 
finished products; 

- the informal channel, the most often poorly grasped, is
 
distinguished alone by a certain disorganization and a
 
quasi total lack of foresight. On the other hand, prices

could be attractive at a given moment during the year,

which could appear as a susceptible element to favorably

force a certain action; why not elsewhere, if the market
 
reaches a certain dynamism and a certain regularity?
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Unfortunately, experience is to confirm that there is few

similar parallels within the subject of informal markets, for irrigated

agricultural production. Otherwise, as 
a function of the agricultural

intensity reached during the year of 200 percent or more, it is

imperative to 
recover operating costs and this, through pre-determined

delays, begins happening in a season 
and also the start of the follow
ing, under these circumstances, it is absolutely indispensible to

provide an organized commercialization system through regular agricul
tural channels, in order to observe that adequate linkages of produc
tion plans exist.
 

The other negative aspect is represented by more or less

unfair importation in which certain economic operators involve them
selves within certain African countries; in effect, favoring subsidized
 
prices in over-producing countries, as well 
as taking a position of an

alluring creditor 
 (for several months), the importers flood the

domestic markets with competitive products, with all to evident
 
consequences:
 

- collapse of producer prices 

- slowing down of primary commercialization, the fact that 
purchasing and refining organizations can be hindered at 
the sales level. 

To project for similar occurrences, it is important that-each
 
African state adopt an appropriate fiscal policy to protect domestic

production; 
 Senegal has learned to apply these importation rules

successfully using a built in, adjustable annual 
fiscal revision (as

high as US$ 200 for an import tax per ton). This policy should be

based on the precise evaluation of the import cost structure (see

annex).
 

Micro-economic issues:
 

In this chapter, it is a question of examining the economic
 
reality of irrigation at the level of farming and farmer groups, from
 
a simultaneous financial and organizational point of view. In effect,

the traditional analysis which is performed on irrigation has always

effected the economic profitability (farming level). The financial
 
profitability which directly hits the 
farmer, constitutes a cardinal
 
sign of the viability of irrigation projects. Therefore, let us raise
 
essenmially the following:
 

- production costs including the valuing of human labor in 
conjunction with producer prices 

the overall contribution of irrigation in covering

subsistence needs and diverse social needs.
 

223
 



Production costs:
 

The structure of the cost of production can be broken down
 
into two major headings:
 

- farming costs
 

- manual labor
 

* 	 Farming costs include: 

- running costs
 

- agricultural costs
 

- water charges (cost of water)
 

- training costs (vulgarization)
 

- investment provisions (optional)
 

The cost of water includes, of course, energy costs, salaries
 
for pump operators or pipe changers, the cost of maintaining the
 
network, provisions for depreciation and repair of pump equipment for
 
example.
 

* 	 Manual labor costs include the salaried manual labor or 
family labor for rice cultivation in Niger, with trans
planting and weeding done manually, we estimate this 
labor at 186 working man days per hectare, including

labor for winnowing after threshing.
 

Beyond these two cost categories, we find additional costs of
 
packaging and transport.
 

In practice, we separate joint farming costs from the rest,
 
to obtain fees to pay for property use 'yeneral case) or for the
 
effective use of water.
 

In the annex relative to the production costs of rice paddy

in 1986, we note in this example the relative importance of each
 
component:
 

Management costs (joint farming costs) 
 = 22.36%
 

Agricultural inputs (agricultural costs depending on
 
location 
 = 26.61%
 

Packaging 
 = 2.72%
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- Manual labor = 48.32% 

Depending on the hypothesis, we obtain a yield of 58.3 FCFA
(*) per kg of paddy, for a mean of 4100 kg per hectare the price is
67.48 FCFA for a kg of paddy based on valuing daily manual labor at 
750 FCFA per day (US$ 3).
 

This figure compares with the official price which went from
 
90 FCFA in 1986 to 70 FCFA today.
 

It again clearly demonstrates the necessity of taking into
 
account production costs for setting producer prices, in particular

when production conditions are onerous: for example, when considering

high pumping head.
 

In this case, is there an advantage to importing over produc
ing locally? We are then returned to a macro-economic problem, to know
 
the losses of foreign currency; the answer (to the above question) will
 
be yes if there is substitute production occurring and an external
 
market for this production.
 

Unfortunately, beyond certain industrialized activities such
 
as tea or sugar cane production, there is little additional room to

speculate. The only profitable activities are vegetable gardening:

onions, tomatoes, peppers..., which sometimes requires accompanying

industries for which profitability is hypothetical.
 

The consequence or this certain observation, is that it is
 
necessary to continue to devote a major part of investments to grain

production, while seeking better control production costs.
 

The economic viability of farming - irrigated:
 

Depending on the sub saharan 
african regions practicing

irrigation, there is a major climate variability and of soil 
resources.
 
The economic uses of soils determines the role that should be played by

irrigation, as an element in a new production system.
 

It is for this reason that in preliminary socio-economic
 
studies which should encourage proper field location, and this role
 
should be well appreciated for allowing farming to reach a certain
 
degree of viability. A resource study and the needs to be met 
should
 
encourage this purpose, as well as to determine, as a function of
 
agricultural speculation, its use in evaluating areas to 
allocate to
 
each farmer.
 

(*) US$ I = 250 FCFA 
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This is the reason that in Niger, especially in poor perform
ing zones in both agricultural activity and rainfall, a minimum area of
 
0.5 hectares allows double annual rice cultivation, in order to satisfy

the essential needs of the family; this area could be reduced becaus; 
the production system includes a rainfall or animal component of 4 
certain importance.
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ANNEX
 

Principal production costs of irrigated paddy on ONAHA 
developed perimeters - 1986 

Evolution of rice production AHA of the river 1980 - 1987 

Return price structure of rice imported into Niger 

Commercialized tonnage 

Agricultural input prices to 29 -05 -1986 - NIGER 
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Principal rrduction Costs of Irrioated Paddy on ONAHA Developed Perimeters 1986 

Affectod average area : 5.137 ha (transplanted) 
Average yield : 4.100 kgr/ha and by season
 
Official paddy price to the producer : 70 FCFA/kg 

Elements of return prices Hectare cost ICost per kg of paddy produced 
Hyp.high Hyp.lowl Hyp.high % Hyp.low%

I 
1. Perimeter management expenses 66660 53450 10.26 21.21 13.04 22.36
 

(Fees) Dry season Winter season 

Irrigation (Energy and expense supplements) (29283) (21172)1 (7.1,) (5.16) 
(ERNY) I 

Communal Nurseries (1/12 ou 1/25) (17195) (9678)1 (4,19) (2.36)
Personnel 
Infrastructure/station maintenance 
Amoritizatior/miscellaneous provisions 
ONAHA support 3000 3000 1 0.73 0.73
 
The cumbination of these elements are not always included in the fees1 
2. Manual labor (in man/days per ha) 163500 115500 I 39.88 52.03 28.17 48.32 

labor UCA 4 6 
Puddling/leveling 16 30 (Possible reduction due to smaller rized rice 
Transplanting 24 30 production euipment) 
Weeding 40 60 (Possible reduction due to smallers sized rice 
Maintenance 
Security 
Harvest 
nireshing 
in,xving 

Average: 
Manual labor is valued at 75

6 8 
0 8 

20 24 
24 28 
20 24 

154 218 
186 

0 FCFA/man 

production equipnerc) 
(Often carried cut by naighborh

day 

ood) 

3. Agricultural inputs Price 37600 37600 9.17 1i.96 9.17 15.73 

Seed 
Fertilizer 15-15-15 
Urea Fertilizer 
Phyto Products (Forfeit/ha) 

50 125 
150 65 
200 65 
1 8600 

6250 
9750 
13000 
8600 

6250 
9750 

13000 
8600 

i1.52 
2.38 
3.17 
2.10 

1.52 
2.38 
3.17 
2.10 

4. Equipment rental 40000 26000 9.76 12.73 6.34 10.88 

Unit of Animal Traction 
Pedal thresher 

1 
1 

30000 
10000 

16000 
10000 

7.32 
2.44 

3.90 
2.44 

5. Packaging Price 6490 6490 1.58 2.07 1.58 2.72 

New 70 kg sacks 59 550 
Depreciation on 5 seasons 6490
 

Total Cost in FCFA 314250 239040 1 76.65 100.00 58.30 100.00
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To these direct ex-ield costs can be added the transport costs to the markets in the case 

of sales outside the usual RTNI channels. 

6. Transport (p.m.) 

Necessary sales 	 SS SH
 
to pay fees: 	 14 11 (in sacks of 70 kg) 

0 Price
 
Sold to RINI by 70 kg sack 1 0 (Taken by RINI fran the cooperative)
 
To the local market by sack 1 350
 
Canoe, by 70 kg sack 1 100 (Average cost of fonwarding to the local market)
 

Snar of prinipal direct production ccsts of paddv in 1986 

Elements of return prices 	 I Cost per hectareI Cost per kg of paddy produced 
I Hyp.high Hyp.lowl Hyp.hh *% Hyp.low %II 

A. inccmpressible expenses (except energy) 

1. Perimeter Management Expenses 66660 53450 16.26 21.21 13.04 22.36
 
3. Agricultural Irpits 	 37600 37600 9.17 11.96 9.17 15.73
 
5. Packaging 	 6490 6490 i1.58 2.07 1.58 2.72 
6. Transport (p.m.) .	 0 0 .00 .00 .00 .00 

Sub-total FCFA 	 110750 97540 27.01 35.24 23.70 40.80
 

B. Other costs 

2. Manual labor 	 163500 115500 39.88 52.03 28.17 48.32
 
4. Equipment rental 	 40000 26000 9.76 12.73 6.34 10.88
 

Sub-total FCFA 	 203500 141500 49.63 64.76 34.51 59.20
 

T o t a 1 (FCFA) 	 314250 239040 76.65 100.00% 58.30 100.00%
 

Notes:
 

The calculated data of these fables were taken from different internal C!AHA documents as
 
well as from research results carried cut by the Follow-up Evlauation Cell of the Niamey
 
Regional Management:
 
- Production costs of paddy on river irrigated perimeters (January 1987)
 
- Price policies and commercialization systems of agricultural products (February 1987)
 
- Market research of the Niamey Regional Management (not published)
 
- Economic impacts of selecting seed on the farming cost of nurseries (June 1987)
 

Training seminar by the Niamey Regional Management
 
- Followup Evrluation Cell, June 1987
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EVOLUTION OF RICE PRODUCTION 

1980- 1987 

25000 23 SS 
22 22 22 

20 < > % 

20000 19 

m 15000" 

0 

0
E-, 10 00 g 

10 10 
., 

7 
69 

5000, 

1980 1981 1982 1983 1984 1985 1986- 1987 
YEAR 

EVOLUTION OF RICE YIELDS 
1980 - 1987 

5000 ss 

"1-1 

40O 

S356000 

2500 

2000 

I P. 19R1 IQR7 1()R'% IR4 1QP5 1QAR 1R7 
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Return nrice structure of inported rice jiNiaer 

August 19b7, in 

1 US $= 307.5 FCFA 

Quality 1: broken, US$/ton 
Quality 2: broken, US$/ton 

By 10.000 ton lotes Quality 

FOB Thailand/Pakistan 
Freight and Insurance Cotonou, US$/Ton 35.00 

CAF Cotonou: 


Free out (on railcar) 

Guarantee Iruds Benin 

Transport Cotonou-Niamey 

(Transport Cotonou-Maradi 
Escort 

UNITRAF (TIR) 

CAF Niger (Custom Value = 
Guarantee Funds 
Oastm Rights 
Qustczn Rights Sacks 
Equalizing tax (Raw/net) 
Storage 


0.5% CAF Cotonou 


: 34500) 

CAF Cotoncu = 23000 F) 

0.25% CAF Niger 


10.21% CAF Niqer 


Transportagent intervention 
IVA on transit (%) 17% or.intarventin 


Total cost, per ton delivered Niamey (FOFA) 

Souros: World Bank and local transport agents. 

FCFA/ton 

210.00
 
178.50
 

1 2 1 2 

64575 54889
 
10763 10763
 

75338 65651
 

7500 7500
 
377 328
 

26295 26295
 

500 500
 
260 260 

98338 88651
 
246 222
 

10040 9051
 
397 397
 

10100 10100 
657 657
 

2500 2500 
425 425
 

134634 123886 

By comparison, the return price of rice 32 prcrbxie by RINI falls around 144.000 
FCFA/ton. 
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TOS SOID IN 1986 
TILLA3ERY 

COOPERATIVE TONSSOLD % 
-qONS-

Firgxcine 171,110 38% 
Namari-Gazigu 622,251 19 
Diambala 820,787 31 
Toua 309,296 28 
Daikaina 153,485 32 
Yelawani 205,154 30 
Kourani-Bania 239,462 19 
Sona 
Inssa 

247,627 
269,199 

39 
39 

Total 3,044,361 27 

TONS SOLD IN 1987 

Cooperative Total Tons % 
Production Sold (T) 

Firgoune 
Namair-Gor 

417,600 
2,890,335 

116,516 
257,310 

26.90 
8.90 

Diamballa 
Toula 

2,482,271 
1,252,723 

407,147 
365,740 

16.40 
29.19 

I aibery 
Yelewani 

2,536,632 
606,074 

481,540 
198,965 

18.98 
32.82 

Ko.i-ani-Bania I1,535,880 334,430 21.77 

Total i 11,711543 2,,61,648 18.44 

A - DAIBERY 44,170 Tons were sold as seed, which in this case gave us a 
tonnage of 0525,710 actually sold, 20.72% of the production. 
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Agricultural Input Prices frm 29.05-1986-NIGER 

Order No. 36/MA/CA of the Ministry of Agriculture 

Transfer price to the cooperatives 

Triple Super Phiosphate 0-45-0 

Base Frame 

10" Plow 

8" Plow 

5 Tooth Cultivator 

3 Tooth Cultivator 

Weeders 

Ridging Plow 

Donkey Hoe 

Mono row Plants 

Thresher izinder) 


Ox Cart 

Donkey Cart 


Simple Super Phospate 
Triple Super Phosphate 0-45-0 
Tahoua Natural Mosphate 
Urea 46-0-0 
Potassium Chlorate 
Fertilizer NIPK 15-15-15 
Aamonium Sulfate 
Calcium Nitrate 
Fertilizer NP 26-12-0 
Fertilizer NP 20-20-0 

Insecticide Peprothdon TM and ULV 

Insecticide Decis ULV 
Insecticide Cymbush ULV 
Insecticide Furadan 3 G (*) 
Insecticide Furadan 5 G (*) 
Fungicides (Thioral) 

Berthoud Sprayer CB ULV 

Sickle (*) 

Donkeys (*)/U
 
Pair of draft oxen (*) 


(*): Not included in the official list 

FCFA 

18,135 

18,135 

19,335 

19,335 

26,418 
16,228 
9,946 


10,667 
20,662 
67,034 
92,000 

94,733 

80,007 


50 

75 

35 

65 
70 
65 
60 
45 
60 
60 

1,910 

1,910 

1,910 
1,500 


70 

18,000 

650 

Unit 

/U 

/(j
 
/U 
/U
 
/U 
/U 
/U
 
/U 
/U 
/U 
/U 

/U
 
/U
 

/Kg 
/Kg 
/Kg 
/Kg 
/Kg 
/Kg 
/Kg 
/Kg 
/Kg 
/Kg 

/L
 
A
 
A
 
/Kg
 
/Kg 
/25g 

/U 

/U 

/2 
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DISCUSSION
 

Finnell - Would energy costs in pumping ever be so high that it would
be the single determining factor inthe profitability in agriculture in 
Niger. 

Soumaila 
- I did not come to this meeting with documents that we have 
already prepared. I do not have all 
the details as far as running

costs. Energy is one of the components making up the operating costs.
 
But the energy problem depends a lot on the type of perimeter or scheme
 
that you have.
 

In Niger we have surface areas that are close to rivers where
 
the height of pump I fting is between thirteen and fourteen meters. We
 
also have boreholes between twenty-five and thirty meters. The energy

costs per hectare vary a lot. In the perimeters next to the rivers,

the cost is between four CFA and eleven CFA per cubic meter. This cost
 
can go up to twenty-two or twenty-three CFA pumped from the borehole.
 

In the present context for all the farms along the river banks
 
the problem of energy costs is not a limitating factor. Taking into
 
consideration the producer prices beiig applied today we 
can say this
 
component is not a limiting factor today. For groundwater there is a

problem of pumping costs. Unless you have hijh value commerical crops

growing you will not be able to further develop irrigatiun in these
 
areas.
 

Fitzgerald - I take it from your comments that for irrigation capital
investment you are not lookin for capital recovery? 
 On that basis it
 
seems to me that some of the Jiscount techniques or internal rates of
 
return, if you are discounting the revenue flows as no longer applic
able. I wonder what sort of criteria you do use to get some kind of
feel as to what return you get at the public level for public invest
ment in irrigation? 

Soumaila -
Thank you for your pertinent question. There are different
 
school of thoughts. You have the State on one side and then you have
 
the family farm. As far as the State is concerned an effort has to be

made within this subsector of irrigation. As far as the State is

concerned you can accept a rate of return below rates considered to be
 
viable. If you look at the figures that are presented by economists
 
which do not take into account all the benefits. There are some
 
important advantages that cannot be quantified. I believe Ihe criteria
 
which are fixed by the State, in particular in Niger, t, have never
 
been able to agree with the financial sources as a main criterion. We
 
have more social criteria impact on the environment rather than

economic criteria. It is an economic choice in the final analysis, it

all depends on an economic choice. In our context the development of
 
irrigation is of paramount importance and without State assistance it

is impossible to justify from a purely economic 
level an investment
 
made in irrigation in Niger. We recognize this fact.
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The second level which I mentioned is the family farm. We
 
have no problem it is mainly the economic criteria that is most 
important. If the farmer is not making a profit or providing for
 
family needs agriculture will come to a standstill. There is a
 
minimum that has to be done so that financially the projects become 
viable.
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THE NIGER JOINT FIELD STUDY WORKSHOP
 

NIGER IRRIGATION SCHEME STUDIES
 

A SYNOPSIS
 

INTRODUCTION
 

Niger has four predominant types of irrigation systems,

namely: jointly managed river pumping systems; jointly managed

reservoir storage surface systems; jointly managed groundwater pumping

systems; and individually managed micro and small irrigation systems.

(Jointly managed means that a government agency as well as the 
users
 
are responsible for managing the irrigation system.) The jointly

managed river pumping systems account for approximately 6,000 of the
 
roughly 13,000 hectares of irrigated lan4 in Niger. Most of these
 
perimeters are located in the depressions and floodplains adjacent to
 
the Niger River. The jointly managed reservoir storage surface dam
 
systems are found in and near the Maggia Valley. They 
account for
 
about 3,800 hectares of Niger's developed 1-rigated area. Niger has
 
developed its first medium-scale jointly managed groundwater pumping

system at Djirataoua, on the G3ulbi-Maradi. The well field provides

water for approximately 500 hectares. The remaining 3,000 to 4,000

hectares of irrigated land is in individually managed micro and small
 

irrigation schemes. 


irrigation systems. The water supply for 
unlined hand-dug wells and perhaps 2,000 

this area 
permanent 

is from 20,000 
concrete lined 

hand-dug wells. 

The JFS/W Team conducted rapid appraisals on four different 
The four principle cases studied were:
 

1. 	Community Managed River Lift Irrigation Scheme (i3 ha)
 
near Say, Niger.
 

2. 	Djirataoua Electrified Multiple Deep Well Irrigation

Scheme (500 ha) and the Safo Diesel Powered Ruwana
 
Perimeter (9 ha) near Maradi, Niger.
 

3. 	 Galmi Reservoir Gravity-Fed Irrigation Perimeter (245

ha) at Galmi, Niger.
 

4. 	 Private Irrigation Small Dug Well Perimeters (0.1 to 0.3
 
ha each) in the Tarka Valley (300+ ha) near Madaoua,
 
Niger.
 

Each 	of the four case studies analyzed the situation in an
 
interdisciplinary mode, giving attention to a range of factors:
 
agronomic; engineering; economic; soil; organizational; and institu
tional. Included in each case study is the identification of policy
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and research issues, some for immediate action, and others for subse
quent discussion at the African Irrigation Workshop mentioned in the
 
Preface. Before appraising any irrigation schemes, the expatriate

JFS/W Team members held a four-day orientation and team building

workshop for the Nigerien Team members.
 

GENERAL CONCLUSIONS
 

The cost of developing one hectare of medium-scale irrigation

perimeter in Niger is high, even by Sahelian standards, amouilting from
 
U.S. $10,000 to over $25,000 per hectare. Key factors accounting for
 
the relatively high cost include: difficult topography and site
 
conditions; unnecessarily high design standards; and lack of local
 
competition in bidding for design and construction contracts. Inade
quate water supply and/or poor management appear to be problems on
 
virtually every jointly managed perimeter. Reduced rainfall has
 
lowered the flow of the Niger River and reduced the inflow into the
 
inland reservoirs. At the same time, heavy siltation has reduced the
 
storage capacity of the reservoirs, and greatly reduced their ability

to provide adequate water for dry season irrigation. Unnecessarily,

long pumping periods, excessive application of water, poorly cleaned
 
canals and poorly leveled fields all compound problems of water supply.
 

In general, cultural practices on irrigated perimeters are
 
adequate to good by West African standards, though there is room for
 
improvement. Farmers generally plant improved varieties and apply

close-to-recommei 'd level of fertilizers. The principal agronomic

constraints on increasing yields of irrigated crops include hetero
genous soils that prevent plant water needs from being uniformly met;
 
poor seed quality; lack of varieties that are resistent to disease in
 
the case of vegetables; poor weeding practices and weed control;
 
inappropriate fertili er recommendations; non-uniform planting dates
 
that lead to inapproF te applications of water on some of the crops;

and lack of availabili.y and use of insecticides.
 

In spite of these problems, available evidence suggests and
 
the JSF/W Team found that private returns per day of labor in irrigated

farming exceeds those of rainfed agriculture. Onions, improved sorghum

and peanuts are consistently among the highest, and cotton and rice
 
among the lowest income producers of the field crops. The principal

vegetables grown under irrigation in Niger are onions, tomatoes,
 
peppers, and to a much less extent, carrots, lettuce and cabbage.

Onion yields, which average in the neighborhood of 30 to 40 tons/ha,
 
are good by any standards.
 

Farrers traditionally prepare their plots for irrigatior: by
constructing small (2 to 25 m4) basins interconnected by a channel 
network. The basins are quite carefully prepared and leveled (smoth
ered) with elevation differences no greater than + or - 3 to 5 cm. 
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Farmers size their channels and basins according to the flow rate
 
available, the soil texture and the topography. Where flow rates are
 
very small, as with hind lifting from 3 or 4 m giving flows of less
 
than 0.5 I/sec, 2 to 4 m2 basins are common. Where flows produced by

hand lifting from shallow dept s or by motor-pumps was in the neighbor
hood of I to 2 ips, 8 to 12 m basin are comon, and where flows from
 
siphon tubes were over 4 lps basins up to 32 m were being used.
 

The irrigation perimeters of Djiritaoua and Galmi were
 
leveled and designed for using long (80 or 100 m) furrows fed from 1
 
or 2 siphon tubes. However, farmers elected to modify the applica
tions system to conform to their traditional small basin or short (10
12 m) furrow approach of applying water. 
 The Team feels the farmers
 
were right in doing this as they simply don't have the means by which
 
to develop long furrows capable of acceptable application efficiencies.
 
This is because they use manual farming techniques and have only

limited access to machinery.
 

We were also impressed by the ability of farmers to organize

(with GON assistance) and manage their irrigation systems (water

distribution and maintenance) at the tertiary level where this was
 
required (except in cases where cultural diversity was too extreme).

However, we were not 
favorably impressed by the level of extension
 
expertise, especially in the areas of irrigation 
scheduling; plant

protection; and the operation and maintenance of the public irrigation

infrastructure. These shortcomings appear to result 
from the lack of
 
properly trained personnel and not from their lack of interest.
 

Most of the irrigation potential in Niger does and will

continue to require water lifting. Therefore, minimizing the capital

plus operating costs of lifting water is extremely important for 
the
 
economic development of 
Niger's irrigation potential. In addition,

much of the irrigation potential also must be supplied from wells.

Thus, improving the efficiency and cost effectiveness of well develop
ment isalso of major importance.
 

After the problems associated with water lifting and well

development, the two next most important irrigation system related
 
problem areas are efficiently conveying the water and scheduling the
 
deliveries. While both emergence and scheduling 
efficiencies are
 
relatively high, both being in the neighborhood of 75 to 85 percent,

there is still considerable room for improvement. Because of the high

cost 
of lifting water (or storing it), maintaining high overall

irrigation efficiencies is very important to the economic viability of
 
irrigated agriculture in Niger.
 

Plant protection is perhaps the most important near and

medium term agronomic problem. 
 It affects crop choice (excludes

peanuts and cowpeas), yields (cotton, onions), and poses multiple

management problems (build-up and transference of pests from cotton).
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As irrigated area 
increases, plant protection problems will increase
 
as well. Scheme managers, farmers and researchers need to concentrate
 
their efforts in this area as a first priority. As economic analysis

has shown, perimeter productions become much more attractie when
 
higher value cowpea and peanut crops can be grown.
 

Very limited applied work has been done on the response of
 
existing crop varieties to irrigation. Crop establishment, density,

stress management and charges in production inputs, especially fertil
izer, have barely been touched by research. The research that has been

done in Niger has not been collated and synthesized. The practical

experience of perimeter managers and farmers has been only lightly

tapped. Experience and research on crop varieties used in Niger and

neighboring countries has not been systematically compiled and review
ed. Even the older research results from Niger itself are under
 
utilized.
 

Most irrigation systems are designed with a specific cropping

pattern and rotation in mind. Many irrigation perimeters in Niger seem
 
to attempt major shifts in cropping pattern on a system wide basis with

little reference to the individual grower. As Nigerien policy shifts,

greater operating responsibility to cooperatives, government management

and marketing agencies should be careful to spread production and

marketing among a broader range of crops. 
 The irrigation requirements

of most of the annual crops that can be produced in Niger do not vary
 
so significantly that system operating efficiencies 
would be much

affected by crop diversification. Planting dates on most of the
 
perimeters are spread so largely that truly homogeneous water rotation
 
blocks do not exist anyway.
 

Of the four case studies, three required water lifting. The
 
cost of irrigation to the farmers was considerably higher for all of
 
these as compared to the gravity-fed irrigation perimeter at Galmi.
 
This is because farmers on all schemes, both public as well as private,
 
are responsible paying recurring cost for
for the operating and
 
maintaining the irrigation water delivery system. But they are not
 
expected to pay the major capital 
costs associated with developing the
 
public infrastructures.
 

Even though the profitability to farmers at Galmi was the

highest, from an overall economic (world economic account) point of
 
view, the internal rate of return is zero, even with relatively high

value crops. This is considerably better than in Djirataoua deep well
 
scheme which the Team estimates has an internal rate of return in the
 
neighborhood of a negative 7 Dercent. But it is much lower than 
for

the less sophisticated developments involving community lift irrigation
 
or dug wells, and possibly individual community operation drilled wells
 
like the Ruwana system at Safo.
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Hand lifting water from dug wells, where the lift is less
 
than 3 m, is still profitable for irrigating high value crops such as
 
onions, but is considerably less (only about half as) profitable 
as
 
using motor-pumps for lifting the water. For hand-lifting to remain
 
economically viable, new hand pumping technologies are needed. Hand
lifting is important economically because it provides employment, but
 
without improvement in lifting technologies it will eventually be
 
replaced by small motor-pumps.
 

At the present, small motor-pumps supplied from concrete
lined dug wells (or natural surface supplies such as lakes and rivers)
 
are the most economic water supply systems iiNiger. This is especial
ly true where import taxes on fuel and the motor-pump units are avoided
 
(by direct purchases from commercial sources in Nigeria). Such
 
irrigation systems, if optimized, can even be operated profitably for
 
growing relatively low value crops (such as oil seeds, and some
 
grains).
 

RECOMMENDATIONS
 

In the Team's view, the gravity-fed schemes have a viable
 
place in Niger's irrigation development. But, this is ')nly true where
 
donors are willing to subsidize development. This is al; true for the
 
more elaborate rice irrigation schemes which 'equire pumping water from
 
the Niger River; and it is possibly true for the individual drilled
 
well perimeters like the Ruwana at Safo. But we were not favorably

impressed by the scheme at Djirataoua where an electric power grid

supplies a group of wells. Consequently, we do not recommend further
 
investment in this type of development unless a more economic electric
 
mini-grid system was available.
 

In review of the delicate economic balance which keeps water
 
lifting by traditional hand-methods viable, the Team recommends that
 
USAID's Nigerien Applied Agricultural Research (NAAR) Project concen
trate on finding and testing improved hand (and possibly animal)

lifting technologies. There is also considerable room for improving

motor-pumping. What are needed are pumping units which are better
 
suited for the flow and lift conditions in Niger and improved sales and
 
service networks.
 

The hand-dug wells are costly and the depth to which they can
 
be dug is limited. In order to more fully develop the rather extensive
 
groundwater resources in Niger, improved low cost well drilling

technologies are needed. The Team recommends concentrating on technol
ogies for constructing very low cost small diameter wells (75 to 100
 
mm) which can be installed by indigenous means (like in Bangladesh) and
 
low cost larger diameter wells like at Djirataoua are both needed. The
 
small wells could serve individual farmers using hand or motor-pumps

and the larger wells could be used for community operated irrigation

perimeters like at Safo.
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The Team also recommends that efforts be made 
co improve
irrigation scheduling, especially for the 
larger perimeters. Whi 1e
 
traditional water conveyance channels 
are satisfactory for the small
flows produced by hand-lifting, they are not adequate for the larger

flows from motor-pumps. In order to take 
better advantage of the
larger 
flows, and/or optimize motor-pump efficiency, improved water
 conveyance techniques 
are needed. Such techniques might involve the
 use of lined channels 
or pipes. Assisting with improved irrigation

scheduling and water conveyance technologies are two areas in which

the Team recommends the NAAR Project concentrate.
 

The priority irrigation system and irrigated crop research
needs in Niger are very applied ones. Finely tuned variety trials,
precise water balance studies, and basic research should not be placed
at the head of programming needs. Broad screening of advanced lines
and stable crop varieties, simple 
three to four step fertilization
trials and broad screening of herbicides and pesticides is far more
important to irrigation in Niger. Much of this work 
can be done on
existing perimeters 
by a relatively small group of researchers and
technicians with skilled 
and strong central supervision. Currently,
there is no sustained irrigation research all within any govei iment
 agency capable of handling on-perimeter trials or demonstrations of
 new technologies and synthesizing yearly experience 
on the principal
perimeters. As Niger has already expended large sums of money to
build 
and operate irrigation perimeters, a small and agile applied
research unit offers substantial promise in improving 
 return to
 
irrigation investment.
 

Rather than undertaking 
a new series of trials, an important
effort should be made to sift through research already documented in
Niger and from neighboring Sahelian countries 
 on irrigated crop
management as well as 
water development and application technologies.
Such a review would help greatly to focus research programming and to

orient on-farm adaptive testing. 
 It may also provide directly usable
technology overlooked to date by irrigation schemes growing crops

other than rice.
 

As with this study Team, a multidisciplinary diagnostic

approach should be taken by the NAAR Project to determine the priority

problems 
to be addressed by an applied-adaptive research program.
Perimeter-wide studies and should
research concentrate on the restraints to irrigated agricultural production. In addition, the micro
 or on-farm irrigation needs of individual farmers (such as how best to
lift, convey and apply water to their fields) should also be researched
 
and extended.
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BACKGROUND, STRATEGIES, AND IMPORTANT FINDINGS
 

The JFS/W Team conducted rapid appraisals on four different
 
irrigation schemes. The same formaL was used for each of the 
case
 
studies. The high level of output of the JFS/W was possible because
 
during the field studies time was devoted for discussing the informa
tion being collected and attempting to integrate the facts being

gathered. At the completion of each case study, time was allocated
 
fr synthesizing the results of that analysis.
 

Each of the four case studies analyzed the situation in an
 
interdisciplinary mode, giving attention 
 to a range of factors:
 
agronomic; engineering; economic; social; organizational; and institu
tional. The case studies utilized a variety of techniques for obtain
ing information, including field observations and interviews with
 
farmers, irrigation leaders and agency staff, as well as the use of
 
secondary information such as reports, maps and agency information.
 
Included in each case study is the identification of policy and
 
research issues, some for immediate action, and others for subsequent

discussion at the African Irrigation Workshop.
 

Before appraising any irrigation schemes, the expatriate

JFS/W Team members held a four-day orientation and team building

workshop for the Nigerien Team Members. During this period, the Joint
 
Team (which will be referred to as the Team hereafter) conducted a
 
rapid appraisal of the 
Say Community Managed River Lift Irrigation

Scheme as a "practice" exercise. The results of this rapid appraisal
 
were so interesting it was decided (by the Team) to include this 
as one
 
of the four irrigation schemes (or cases) studied.
 

During this Team building and learning workshop, the itinerary

and plans for carrying out the four case studies were codified. The
 
Team received very good cooperation from the various GON agencies

involved. For example, ONAHA, INRAN, and the Ministry of Plan each
 
provided a field vehicle in addition to the services of their profes
sionals who were Team Members.
 

IRRIGATION IN NIGER
 

Responsibility for irrigated agriculture in Niger is divided
 
principally between the Genie Rural, the Office Nationale des Amenage
ments Hydro-Agricoles (ONAHA), the Ministry of Hydrology the
and 

Environment (MHE) and the Institut Nationale de Researches Agronomiques

du Niger (INRAN). The Genie Rural is responsible for design and
 
supervising construction; ONAHA for implementation, management and
 
maintenance of irrigated perimeters; and the MHE for collecting and
 
analyzing information on surface waters and groundwater. INRAN is
 
responsible for all agricultural research. INRAN carries oot limited
 
amounts of research related to irrigated agriculture at its two
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principal stations at Kolo and Tarna and most of its other substations.
 
A principal 
effort of USAID's Nigerien Applied Agricultural Research
(NAAR) Project is to strengthen INRAN's capability to carry out

irrigated agricultural research and to coordinate these 
research

efforts with ONAHA's irrigated perimeter implementation and management

efforts.
 

Niger has four predominant types of irrigation systems,

namely: jointly managed river pumping systems; jointly managed

reservoir storage surface systems; jointly managed groundwater pumping

systems; and individually managed micro and small 
irrigation systems.

(Jointly managed means that ONAHA as as
well the users are responsible

for managing the irrigation system.)
 

The jointly managed river pumping systems account for approxi
mately 6,000 of the roughly 13,000 hectares of irrigated land in Niger.

Most of these perimeters are located in the depressions and floodplains

adjacent to the Niger River, which are called cuvettes. These cuvette
perimeters usually produce a double crop 
of rice and have a typical

size between 100 and 400 hectares, with the largest being a 1,350

hectare perimeter at Mamaregoungou. Currently, the cuvette perimeters
serve approximately 5,600 hectares. The 
 remaining river pumping

systems are ori terrace lands producing upland field and vegetable
 
crops.
 

The jointly managed reservoir storage surface dam systems 
are
found in and near the Maggia Valley. They account for about 3,800

hectares of Niger's developed irrigated area. About 2,400 hectares are
in the Konni I and II perimeters. The remaining eight surface storage

perimeters range in size from 27 to 250 hectares. 
 Cotton and sorghum

are the principal rainy season crops grown on 
these perimeters, which
essentially provide only supplemental irrigation. Less than 25 percent

of the land iscultivated during the dry season because of insufficient

reservoir storage capacity. 
 A major problem with these systems is
reservoir siltation, with the reservoir half-lives ranging between 12

and 25 years, and this adds significantly to the water storage short
fall problem. 
 The principal dry season irrigated crops are vegetables

(typically onions) and wheat, with millet 
and other crops being used

where water is very limited and/or to 
use whatever residual moisture
 
may remain.
 

Niger has developed its first medium-scale jointly managed

groundwater pumping system at Djirataoua, 
on the Goulbi-Maradi. The
well field provides water for approximately 500 hectares. Each well
 
serves between 10 and 15 hectares, divided into one-third hectare

individual holdings. Such tubewell 
systems offer promise for develop
ing river valleys with shallow groundwater where surface reservoirs

tend to silt up and experience very high rates of evaporation. Because
of the more reliable water supply, dry season vegetables are more

important on the groundwater pumping systems than on the other non-rice
 
perimeters.
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The remaining 3,000 to 4,000 hectares of irrigated land is in
individually managed micro 
and small irrigation systems. The water

supply for this area 
is from 20,000 unlined hand-dug wells and perhaps
2,000 permanent concrete lined hand-dug wells. are
These generally

small family-sized systems serving from one-quarter to two hectares.

combination of hand and engine powered water lifting devices 

A
 
are used
 

to draw water from these wells, with a typical lift ranging from 3 to 6
 
m. 

Small-scale irrigation is found in all four systems. Smallscale systems tend to be 2 to 20 hectares in size, but their crucial
identifying characteristics are their management system, not their

size. Small-scale systems tend to be initiated and managed by a group

of farmers or individual households, with minimal or no assistance from
 
external sources or government agencies.
 

The cost of developing one hectare of medium-scale irrigation

perimeter in Niger is high, even 
by Sahelian standards, amounting from
U.S. $10,000 to over $25,000 per hectare. A key factor accounting for

the relatively high cost 
includes difficult topography, unnecessarily

high design standards and a lack of competition in bidding for con
struction contracts. Water supply and management appear to be a

problem on virtually every perimeter. Reduced rainfall has lowered the

flow of the Niger River and reduced the inflow into the inland 
reservoirs. At the same time, heavy siltation has reduced the storage

capacity of the reservoirs and greatly reduced their ability to provide

adequate water for dry season 
irrigation. Unnecessarily long pumping

periods, excessive application of water, poorly cleaned canals and

poorly leveled fields all compound problems of water supply.
 

In general, 
it has been reported that cultural practices on
irrigated perimeters are adequate by West African 
standards, though

there is considerable room for improvement. Farmers generally plan

improved varieties and apply close-to-recommended levels of fertil
izers. The principal agronomic constraints on increasing yields of

irrigated crops include heterogenous soils that prevent plant water
needs from being uniformly met; poor seed quality; lack of varieties

that are resistant to cold in the 
case of rice, and disease in the
 
case of vegetables; unpredictable rains and flood levels, leading 
to

untimely planting that depresses rice yields; 
poor weeding practices

and weed control; inappropriate fertilizer recommendations; non
uniform planting dates that lead to inappropriate applications of
water on some of the crops; continuous mono cropping on the rice

perimeters; and lack of availability arid use of insecticides.
 

In spite of these problems, available evidence suggests and
the JFS/W Team found that private returns per day of labor in irrigated

farming exceeds those of rainfed agriculture. Onions, improved sorghum

and peanuts are consistently among the highest, and cotton and rice
 
among the lowest income producers of the field crops. The principal
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vegetables grown under irrigation in Niger are onions, tomatoes,
 
peppers, and to a much less extent, carrots, lettuce and cabbage.

Onion yields, which average in the neighborhood of .30 to 40 tons/ha,
 
are good by any standards.
 

ACTION STRATEGY
 

The action strategy involved the following set of office,
 
organizational and field activities:
 

- Planning for the JFS/W
 

- Team Building 

- The Field Studies
 

- Reports
 

There was nothing out of the ordinary in planning the activity

except that it was important to basically field an expatriate team with
 
excellent French language capability. This was necessary as French is
 
the working language in Niger and all the Nigerien Team members (except
 
one who was from Nigeria and could only handle Hausa and English) were
 
fluent in French but only two others could handle English.
 

The Team was fortunate in that most of the expatriate members
 
had been involved with writing the NAAR Project Paper and/or had very
 
recent experience in Niger. In addition, the AID Science and Technol
ogy Bureau's Office of Energy in Agriculture provided funding for a
 
Mechanical Engineer with African experience in water lifting energy

analysis. This was not originally included in the budget for the JFS/W

but it proved to be very worthwhile (as is obvious in the case study
 
reports).
 

Team Building
 

Team building activities were used throughout the in-country
 
study period. The more formal part was done during a two-day workshop
 
at the beginning, but the joint Team held periodic discussions (and a
 
few formal training sessions) along with the field activities.
 

For the formal workshop we used a "Problem Identification
 
Manual" which was prepared by M.K. Lowdermilk, W.T. Franklin, J.J.
 
Layton, G.E. Radosevich, G.V. Skogerboe, E.W. Sparling and W.G.
 
Stewart and published as Water Management Technical Report No. 65B of
 
AID's Egypt Water Use and Management Project Contract AID/ta-C-1411 in
 
March, 1980 by Colorado State University. Although the WMS II Project

has a somewhat similar and updated manual, it is only available in
 
English. We chose the above because it was also available in French.
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The translation was done b,and made available through the Internation
al Irrigation Center at Utah State University.
 

For the two-day workshop each of the expatriate Team members
 
was assigned a presentation on rapid field procedures and data collec
tion techniques in their field of expertise (using the Manual as a
 
text). To provide a "feel" for the comprehensiveness of the manual its
 
Preface is quoted below:
 

"This manual is designed as a resource for identification
 
of farm system constraints on irrigated agriculture. Informa
tion contained in this manual will provide a means for
 
determining what components of the system are not functioning

adequately to achieve improved crop production goals. 
 The
 
farm water management system, the focus of this manual, has
 
strong interrelationships with various subsystems. As shown
 
in the idealized description of a farm irrigation system

(Figure 1), definite physical boundaries are delineated. The
 
first major boundary is the canal itself which is linked to
 
the total irrigation system including storage, diversion, and
 
drainage fAcilities. The drainage system is another physical

boundary that demarcates the farm irrigation system. Within
 
the farm system there are physical boundaries including
 
conveyance channels, farm fields, irrigation basin, and
 
drainage ditches.
 

The farm irrigation system is also an open system since
 
it is linked with not only the larger physical irrigation
 
system, but with many organizations that regulate it and
 
supply essential inputs. These organizations include irriga
tion and agricultural bureaucracies, and private and public

organizations that supply essential inputs such as credit,

fertilizer, insecticides, seed, and farm equipment. Institu-


Stional linkages also include markets and policy-oriented
 
agencies.
 

The farm irrigation system is man-made. Irrigation is
 
one of the most significant ways man manipulates physical 
and
 
human resources to increase crop production. The purpose of
 
the farm system is to provide an adequate physical, chemical,

and organizational environment for the production of crops 
to
 
meet basic human needs. In arid and semi-arid climates,

irrigation is usually required to grow crops, and on-farm
 
water management is often the greatest constraint to increased
 
agricultural productivity.
 

The manual provides a systematic set of procedures for
 
describing and analyzing the system in relationship to this
 
purpose. A description of the system and its operation is
 
developed initially from quantitative measurements defining
 

247 



the operational parameters of each 
of the four major sub
systems. These 
subsystems include the plant environment,

farm management practices, water supply and removal, and the
 
institutional linkages as shown in Figure 1.
 

Several specialists are involved in analyzing the farm
 
system. The engineer measures the efficiency of water
 
distribution, adequacy of volume and 
rate of water supply,

water use, water removal, water dependability, and other
 
aspects. The agronomist is concerned with all the factors
 
that influence the plant environment and measures these
 
factors in relationship to their impact on crop yields. The
 
economist identifies the levels of resource input and output

for crop production and farm income. The sociologist identi
fies the decision-making processes of the farm manager and

social factors such as behavior norms, institutional re
straints, knowledge status, and information transfer processes

that influence farmer decision-making. The perspectives and
 
methods of each discipline are utilized cooperatively to
 
establish a quantitative. and qualitative description of each

of the four major subsystems and the total operation of the
 
farm water management system.
 

Information presented in this manual is designed around
 
the four major subsystems: the plant environment, farm
 
management practices, water supply and removal, and institu
tional linkages. Additionally, Chapter I provides a descrip
tion of the manual and its use. Chapter II discusses problem

identification. Chapters III "hrough VI provide field
 
procedures for describing and ideriLifying problems in each of

the four subsystems. Chapter VII discusses the analysis

applied to the data collected under the four subsystems and
 
the interpretation of these analysis."
 

The manual was designed and presented to provide a flexible
 
set of guidelines, concepts, procedures, and method for identification
 
of factors that may inhibit efficient functioning of farm irrigation

systems. Procedures were provided for a !ystematic approach to
 
objective evaluation of existing farm irrigation systems. The manual
 
provided several aspects that should be considered in evaluating a farm

irrigation system. The factors and methods of investigation described
 
served as a checklist to emphasize important variables that may require

systematic examination where adequate data does not already exist.
 

The presentations provided answers to three basic questions

about problem identification, namely:
 

- Why do problem identification studies? 
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Figure 1. Idealized sketch of a farm irrigation system.
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What is the problem identification process?
 

How is problem identification done?
 

The presentations also provided both reconnaissance proced
ures and detailed diagnostic methods for the examination oF factors
 

discussed along with the suggested reconnaissance and detailed diag

related to: 

- The Plant Environment 

- Farm Management Practices 

- Water Supply and Removal 

- Institutional Linkages 

In each of these four areas, special factors were presented and 

nostic procedures and methods for use in the rapid appraisal field
 
investigations. The Team members were provided with checklists for
 
each area and encouraged to utilize them as a guide for determining if
 
all essential factors had been covered in the field.
 

Field Approach
 

The JFS/W focused on the jointly managed surface storage and
 
groundwater perimeters as well as the individually managed micro
 
irrigation schemes supplied from small (dug) wells. In addition, the
 
Team conducted a very rapid review of one jointly managed irrigated

rice perimeter near Niamey which is supplied with water pumped from
 
the Niger River.
 

The principal issues which were considered during the JFS/W
included:
 

- Institutional restraints 

- Labor restraints 

- Micro and macro economics of each scheme 

- Agronomic restraints 

- Perimeter-wide irrigation scheduling methods and effic
iency 

- Farmer group activities 

- Conveyance system efficiencies 

- Field application efficiencies 
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- Recurring cost repayments 

A mixture of standard and rapid field evaluation techniques were

employed. Socio-economic issues were addressed using field interviews
 
with farmers and the various system community level managers. The
 
ONAHA manager and farmers at the jointly managed schemes being diag
nosed were part of the JFS/W Team. Engineering and agrnnomic issues
 
were addressed using standard simplified field techniques for measuring

such things as flows, energy use, irrigation application efficiency,
 
crop parameters, etc.
 

Occasionally, the Team members worked in the field as individ
uals, but generally they worked together in various groupings;

sometimes with a counterpart of the same discipline, sometimes in

disciplinary group, sometimes in groups representing two or more
 
disciplines. Discussion and analysis sessions preceding and following

each field day were usually carried out either with the entire Team or
 
with the Team split into two sub-groups, one representing the physical

and biological sciences and the other representing the social and
 
economic sciences.
 

The Team studied four major separate and uniquely different 
cases in the field. Each rapid appraisal involved 3 to 4 days of
field work and associated discussions plus time to write a draft 
report. The Teant developed and adopted a systematic outline for each
 
case study report. For reporting purposes individual team members (or

groups) were givcn specific analytical and writing assignments.

However, the section outlining specific restraints and recommendations
 
for each case study was debated and developed by the full Team.
 

CASE 	STUDIES AND MAJOR FINDINGS
 

The four principle cases studied were:
 

1. 	Community Managed River Lift Irrigation Scheme near Say,
 
Niger.
 

2. 	Djirataoua Electrified Multiple Deep Well Irrigation

Scheme and the Safo Diesel Powered Ruwana Perimeter near
 
Maradi, Niger.
 

3. 	Galmi Reservoir Gravity-Fed Irrigation Perimeter at
 
Galmi, Niger.
 

4. 	Private Irrigation Small Dug Well Perimeters in the
 
Tarka Valley near Madaoua, Niger.
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The circles on the map (see Figure 2) show the location of
 
each of the study sites. A brief description of each scheme and a
 
summary of the findings ispresented in this synopsis.
 

Comunity Managed Lift Irrigation
 

Along the banks of the Niger River there are a number of
 
small-scale privately operated irrigation schemes which depend on
 
water pumped from the River. The Team visited one such scheme near
 
the village of Say, some 50 km south of Niamey. This scheme is on the
 
west bank of the Niger River and utilizes the medium textured soils on
 
the banks of a marigot (old river oxbow lake). The current scheme
 
utilizes remnants of a;, earlier development which supplied water to a
 
rice field adjacent to the Niger River.
 

The basic features of the Say scheme are a river motor-pump

which supplies water to the marigot through a canal and inlet channel
 
during the season when the River flow is low. During high flow
 
periods the marigot is filled naturally through a flood channel. We
 
estimated the first one-third of the water needed to irrigate a
 
typical onion crop reaches the marigot without being pumped; and the
 
final two-thirds must be pumped from the River with the lift ranging
 
from 3 to 6 m.
 

From the marigot and/or the channels dug to supply it and 
extend its length, the water must be transferred through short 10 to 
30 m long secondary channels. From these it must be lifted again to 
irrigate the anproximately 84 parcels served from it. We were informed 
the average parcel size is approximately 0.3 ha and our sample measure
ments confirmed this. The average lift from the marigot to the parcels
is about 1.5 m (+ or - 0.5 m) during most of the winter vegetable
growing season. In about 20 percent of the cases the lift was accomp
lished in two stages by introducing a first stage lift between the 
supply and secondary channels. Most farmers use calabashes with about 
a 4 7iter capacity and a swing motion (standing at the water level and 
throwing the water up to the irrigation channels) to lift the water to 
their plots. 

Onions, peppers and tomatoes grown in small 8 to 16 m2 more
 
or less square level basins served by small earth channels were the
 
norm. We saw some lettuce grown on the channel banks and the bunds
 
between basins and some corn grown in furrows in larger basins. Only

about one-half of each parcel was currently being irrigated.
 

The Team only concentrated *on the winter onion cropping
 
program which is produced from seedlings transplanted in December.
 
The crop requires about four months to mature and is thus harvested
 
during April. The Qet water required by an onion crop ranges from
 
approximately 5,000 m /ha to 5,500 m3/ha depending on planting dates.
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The farmers cooperated in digging the necessary main channels
 
and more or less individually dug their own secondary channels. They

also built their own field channels and leveled their irrigation

basins.
 

Operational Overview - When the motor-pump was installed in 
1984, it operated for one month prior to the end of the irrigation 
season. A defect occurred in the starter motor which prevented
further use until ONAHA arranged for its repair. There is some
 
indication that the unit may have fallen into the river (or perhaps

been submerged during the 1985 flood) which may be the cause of the
 
premature failure of the starter motor. During the 1985 and 1986
 
irrigation seasons, the only water available 
to the farmers was the
 
water naturally stored in the marigot following the Niger River's
 
flood season.
 

All of the naturally stored water in the marigot had been
 
consumed by the time of the Team's visit which was the first week of
 
February, 1987 and the pump was scheduled to be operated 13 hours
 
every other night until the end of the winter crop season. The Team
 
checked the discharge knd determined it to be 60 lps which converts to
 
an average of 1,400 m /day to serve the estimated 13 ha of irrigated

land.
 

Theoretically, the motor-pump is managed by the cooperative

with whatever technical assistance they can get from ONAHA. The
 
cooperative makes some effort to collect a redevances from the farmers
 
to: 
 buy field and lubricants; money for repairs and depreciation; and
 
pay the pump operator. But this is done on an as-needed basis appar
ently without any means of applying sanctions for those who receive
 
water but refuse to pay. The cooperative also must help organize the
 
farmers 
to dig and clean the main inlet channel and marigot extension
 
channel.
 

Farmers dig their own secondary intake channels and pits for
 
standing in when lifting water from them. 
 They also provide their own
 
calabash (buckets) ropes erosion control which
and plus is needed
 
where the calabashes are emptied. The lifting rate is in the neighbor
hood of 0.9 to 1.3 lps for each calabash when operating steadily and
 
sometimes two men work side by side producing over 2 ips.
 

The water is distributed within each parcel through a network
 
of small eastern channels to level rectangular basins ranging from 2 to
 
4 meters on a side. Flow to each basin is controlled by an irrigator

who opens and closes temporary earthen dams constructed and/or removed
 
during each irrigation cycle as needed. The careful leveling of the
 
basins and careful timing of inflows to obtain uniform depths of
 
application within and between basins is essential efficient
for 

irrigation.
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Typically, the average depth of the water applisd per irriga
tion cycle is approximately 30 mm which requires 300 m per hectare.
 
The t-tal (or gross) depth of water applied per season is 1,050 mm.

Using an assumed swinging calabash average water lifting rate of 

lps (4 m3/hr), 

1.1
 
itwould take 2,625 hours of steady labor per season to
 

vertically lift enough water 1.5 m to irrigate one hectare of onions.
 
Based on the going wage of 100 FCFA per hour for heavy pumping labor,

this would cost 252,500 FCFA per hectare.
 

(It is interesting to note that even with the inefficient
 
motor-pump, according to the Teams' computations, it would only cost
 
].15,000 FCFA per hectare to lift all 
of the water 4.5 m by motor-pump
 
as compared to the 262,500 FCFA to lift it another 1.5 m hy hand.)
 

Land is not a constraint on production, but water is according

to farmers. Land on the marigot system can be obtained from the owners
 
of land situated around the inlet and extension channels and the
 
marigot itself. Allocations are annual in principle, but no rents are
 
charged. Irrigators might provide proprietors with a token payment of
 
a bag of onions at harvest. Limited availability of water, which is
 
entirely related to the low 
rate of payment into the collective fund
 
for diesel fuel, maintenance and repairs, constrains production. 
 But,

farmers indicate that there is little competition for labor between dry

season irrigation and other component of the farmers system.
 

Evaluation of Performance - Overall, the performance of the
individually controlled lower portions of the marigot system was quite

good. However, the Team was not favorably impressed with the installa
tion and operation of the motor-pump. It was not set up level and
 
rested on a rubble stone base. 
 The wheels and tires on the motor-pump

trailer were missing so the unit had no cushion to absorb vibrations,
 

The Team has no reason to assume there is any routine mainte
nance program for the motor-pump. In fact, we doubted that under the
 
current program of operation it would last through the irrigation
 
season. (Itconsumed 4 liters of motor oil in 12 hours of operation.)

The diesel engine was being operated below rated speed and would have
 
pumped 20 percent more water per liter of diesel fuel if operated at
 
its rated speed. However, the pump was being operated long enough to
 
provide sufficient water to the marigot.
 

Approximately 5 percent of the water being pumped was lost in

the first 50 m of the old canal. Furthermore, the old canal was
constructed to serve the adjacent land by gravity flow. Thus, the
 
water lift was at least 1.5 m greater than necessary for supplying the
 
marigot. Other aspects of the main system performed adequately except

that many of the parcels along the inlet channel only had access to
 
water when it was flowing. Therefore, since the motor-pump was only

operated for 13 hours every other night, they only had daylight access
 
to the flowing water for a short period every other morning.
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The irrigation system management and maintenance at the
 
parcel level seemed impressively good on the few parcels carefully

studied. The Team estimated that field channel losses were only about
 
5 percent and on-farm irrigation efficiencies were in the neighborhood

of 60 percent because the field channels are short and the basins are
 
small and quite well leveled. These estimates were based on physical

flow, time and topographic measurements. Assuming a main system

efficiency (below the leaky lined canal) 
 of 90 to 95 percent, the

overall irrigation efficiency may be in the neighborhood of 55 percent

during the peak water use period and the overall seasonal irrigation

efficiency is probably inthe order of 50 percent which is quite good.
 

We did not critique the crop management practices, but the
 
overall appearance of the 
onion crop was good. The fields were
 
carefully weeded, had good color, were free of insects and the planting

density seemed appropriate. Estimates obtained by different Team
 
members place the likely yield of onions at Say at somewhere between
 
35-42 tons of bulbs per hectare, which is very good.
 

Irrigation _System Economics - With the combination of an 
efficient low-lift river pumping system and a manual 
secondary lifting

system, total irrigation costs would come te approximately 300,000

FCFA/hectare per year at Say. With 
the current inefficient river
 
pumping system, it is approximately 10 percent higher. While these
 
costs are high, they represent total costs as compared to 230,000

FCFA/ha for operating costs only at Djirataoua. They are not favorable
 
relative to 150,000 FCFA cost per hectare for the motor pumping systems

surrounding Galmi and in the Tarka Valley; but Say farmers 
are still
 
able to compete because of a greater reliance on drying onions. This
 
arises because labor expanded in drying represents a significant

portion of total value added and offsets the disadvantage of a high

cost pumping system. Moreover, small motor-pumps would not be able to

maintain such low costs given the higher lift and longer run at Say.

Thus, the system, as it has evolved, is able to operate economically

under current market system/price relationships.
 

There are manual pumps which would reduce the labor up to 50
 
percent. But for such pumps to be cost effective, they would need to
 
be available for about 30,000 FCFA, easily 
and cheaply maintained
 
using indigenous capabilities, and probably financed. Unfortunately,

the Team knows of no such pump. Hand pumps (such as the rower type)

might reduce labor by 30 percent. Although considerably cheaper than
 
treaded pumps, they would also not be cost effective.
 

Small 3-hp motor-pumps cooperatively used to irrigate a total
 
of 0.6 to 1.2 hectares each would be very attractive compared to hand
 
lifting. However, this would require groups of 6 farmers
3 to to
 
organizeand would require additional 
surface channels and construction
 
of irrigation infrastructure. Furthermore, not all of the lands 
now
 
being irrigated from the marigot system are situated (or have the
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necessary topographic conditions) for collective pumping. Moreover,
 
some families may not have alternative employment for family labor.
 
Relatively high risk and cash flow inputs associated with motor-pump

operations present additional obstacles for many farmers.
 

In spite of the relatively high yields obtained by onion
 
farmers at Say, their distance from Niamey forces them to adopt value
adding strategies that offset their high transport costs. 
 If all the
 
output were sold at the main harvest time, farmers would earn only 300
 
FCFA/day. To cope with this situation, farmers shift to drying onions
 
as a means 
of storing their commodities and reducing transportation

costs. Counting the savings in transportation costs and bags, farmers
 
earn an additional 1,100 FCFA per fresh bag equivalent for their labor
 
when selli. j dried onions during the off season as opposed to selling
fresh onions during the flush season. Given the added labor required
for drying (roughly one person day per bag of fresh onions), the
 
average return. to labor increases from 300 to 540 FCFA per day. This
 
explains why these farmers keep producing onions when high irrigation
 
costs and harvest season prices for onions clearly provide insufficient
 
incentive.
 

This case study demonstrated that irrigation system economics
 
are intimately connected to the cropping pattern and, in this case, to
 
marketing strategies influence total return to
that the farmers.
 
Pumping costs with the hand lift systems at Say are high, but the
 
system is still sufficiently competitive to maintain a market position

in the face 
of competition from Galmi, albeit not in head-to-head
 
competition. Say producers are filling 
a market niche that, because of
 
relatively low fresh onion prices, does 
not yet interest producers at
 
Galmi. If and when it does, Say producers will probably have to shift
 
away from onions altogether if they are to continue to find irrigated

vegetable gardening profitable.
 

Deep (Drilled) Well Irrigation Schemes
 

The Djirataoua Perimeter is the main part of a deep well
 
irrigation project near Maradi. It consists 
of a group of over 40
 
deep wells. Each well is fitted with a submersible pump which receives
 
its power from an electric grid. Thus, the power grid serves to knit
 
the well/pump units together. However, each unit serves a small t3 to
 
13 ha) irrigation system. In addition to the electric pumped well
 
served from the grid, the Team visited one of three Ruwana (circular)
 
systems served independently. We have included information gathered at
 
this Ruwana Perimeter at 'the village of Safo for an economic comparison

with the 
 Djirataoua Perimeter. The well pump at the Safo Ruwana is
 
diesel powered.
 

The IBRD funded Djirataoua perimeter (project) lies in the
 
Maradi Goulbi. Average annual precipitation and mean temperature in
 
the area are around 600 mm and 27°C, respectively. The dominant soils
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within the perimeter are sandy loams and loamy sands underlain by

alluvial sands at 45-75 cm, which generally establishes the same
 
effective rooting depth.
 

The project consists of approximately 500 cultivated hectares
 
supplied by 48 tubewells of which only 44 are now operable. Each well

is equipped with a 3.7 kw or 7.5 kw submersible pump. TIe average

dynamic head is about 10 m and the discharges are about 50 m /hr or 85

mr/hr, respectively. Each tubewell serves an irrigated area ranging in

size from 6 to 21 hectares with an average size of approximately 11

hectares. Around 1,312 parcel holders are served by Lhe system, with a
 
net cropped area of 0.32 ha per farmer (40 m x 80 m). Water is

discharged from the tubewells into prefabricated, concrete rectangular

channels (30 cm x 45 cm). 
 At the parcel level, water is removd from

the lined channel into field channels with the use of aluminum siphons.
 

The common characteristic of the Djirataoua parcel holders
 
farm enterprises is possession of at least one 0.32 ha parcel. Since

the average farm size iii Maradi department is 2.97 ha, the irrigated

parcel with a cropping density of 1.88, actually represents 20 percent

of the surface area of an average farmer's heldings. (A year round

cropping cycle is suggested for the irrigated field which gives the
 
1.88 intensity.) Since the majority of tha crops grown under irriga
tion are considered cash crops, the addition of the irrigated parcel to
 
the farm holdings represents a considerable additional commitment of
 
labor and othei, resources to commercial agriculture.
 

Each 0.32 ha parcel is divided into two 0.16 ha soles. One

sole rotates cotton (rainy season) - peanuts (end of cold to end of
hot dry season) in year one with sorghum (rainy season) and varied

vegetable production (cold dry season) 
in year two. The second sole
 
rotates sorghum (rainy season)  wheat (cold dry season) in year two.

This cropping calendar and rotation provides a cropping intensity of
 
two (two harvest per year on each unit of land). However, for 1986
87 perimeter management modified the crop rotation in order to 
extend
 
the cotton season 
as a measure towards rectifying outstanding debt.
 
Electrical supply to the perimeter 
was cut off in January, 1987 by

NIGELEC for non-payment of electricity consumed. 
 The perimeter will
 
not be irrigated and cultivated until the rainfed crop season of 1987
and thus, was not being operated during the Team's visit.
 

The Djirataoua perimeter was originally expected to provide a

relatively low cost method for irrigating crops on land located along

the Goulbi Maradi, a seasonal river in Maradi Department. By the time

the first half of the original system was completed, however, nc money

remained with which to complete the second half. 
 Overall system cost

had risen to 2.3 billion FCFA for 497 hectares of cultivable hand (4.6

million FCFA/ha). In an effort 
to lower costs still further, the

Maradi Project established three experimental single-well pumping

systems in nearby villages. Costs for the one operating at Ruwana Safo
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at the time of our visit amounted to 25 million FCFA for a 9 hectare
 
unit. That comes to 2.8 million FCFA per hectare.
 

Operational Overview - The perimeter consists of 4 large
units, each one constitutes a cooperative associated with a particular
village. Each of the 44 operating irrigation units (GMPs) within these
 
larger u:iits, has its own pump and management committee. Each GMP has
 
some 12-35 parcel holders who are organized into irrigation blocks of
 
about 12 persons each.
 

Djirataoua isa jointly managed scheme inwhich three parties,

ONAHA, the Maradi Department Rural Development Project (PDRM) and a
 
local cooperative are involved. Under this system, ONAHA is respon
sible for technical services and cooperative training and monitoring,

while the PDRM continues to provide certain major financial supports,

notably at the level of infrastructure and infrastructure maintenance.
 
The cooperative has nominal responsibility for all major aspects of
 
production, commercialization and minor system3 maintenance. Its
 
executive body is the General Assembly composed of two representatives

from each GMP. Each GMP (or pumping and irrigation group) has its own
 
management committee composed of a President, Treasurer and Secretary

and democratically elected by the members. Farmers cite the qualities

of hard work and reliability as criteria for selection. Managing

irrigation scheduling, harmonizing cropping operations, organizing pest

detection and treatment and collecting relevances are responsibilities

shared by the committee.
 

During non-peak periods, :umps are usually operated 7-9
 
hrs/day, completing one irrigation per week in 3-4 days. During peak

periods, pumps are operated up to 11-12 hrs/day, completing two
 
irrigations per week, usually in six days, where seven days would be
 
the exception. Irrigatiuns are ordered in two shifts per day, with
 
each farmer having half a day to irrigate 0.16 ha tone half of their
 
actual holding). Generally, about 6 people in each GMP irrigate at

the same time,, each using 5 siphon tubes to give a nominal flow rate
 
of about 15 mJ/hr (4 lps) per farmer.
 

Farmers in each GMP designate one among them to turn the pump
 
on and off and oversee irrigations. Generally, the local extension
 
agent sets the irrigation schedule. Canal cleaning is generally

initialized at the cooperative level and subsequently passed on to the
 
GMP's who then organize and schedule the cleaning within their own
 
sectors. 
 Major canal repairs under 100,000 FCFA are the responsibility

of the cooperative. Above this figure the'responsibility technically
 
goes to the pr:,.ct.
 

The power supply to the perimeter is provided by a 20 kv line
 
from the regional generating plant at Maradi. Energy is charged to the.
 
cooperatives through a three-tier pricing structure, similar to that in
 
force nationwide. The price per kilowatt-hour (kwh) in 1985 varied
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from 56-70 FCFA per kwh, dependent upon utilization patterns. Power is

provided to each of the 44 electric submersible pumpsets installed in
tubewells distributed throughout the perimeter. 
 The power supply at
 
the Ruwana perimeter at Safo (the adjacent low cost option) is provided

by a diesel engine coupled to a vertical axis pump.
 

Original plans for the Djirataoua perimeter were for 80 m

furrows running 
down slope in the 40 m by 80 m parcels, each to be

watered with 1-2 siphons in sequential order. However, farmers dig

four 80 m long field ditches to irrigate four field sections of 10
 
meter furrows set perpendicularly to the slope of their parcel.

Farmers irrigate from three to six hours and apply about 30 mm of
 
water per irrigation. Wheat is grown in 10 meter long basins, rather

than in a furrow system. The short field furrows permit relatively

good application efficiencies, even on the sandy loams and sandy clay

loams of the project area. The reduction of furrow length by the

farmers allows them to 
increase evenness of water distribution. Local

farmers simply do not 
have the means by which to develop 80 m length

furrows of sufficient size, depth, and linearity to adequately deliver
 
water at acceptable application efficiencies. There are two major

sources of water loss. 
 One is the infiltration loss in the field
 
ditches which the Team estimated to be about 25 percent. The second is

loss to percolation below the root zone which averages about 30
 
percent. Actual distribution efficiency in the short furrows is

probably very high, in the range of 85-90 percent. actual
However,

field efficiencies 
probably are lower than these estimates would
 
indicate (55 percent).
 

An assessment of the power distribution grid performed in

1982 indicated that grid design was not optimized and that the initial

investment for the power supply component could have been reduced by 11
 
percent. Pumpsets of 7.5 kw rating provide 89.1 cubic meters per hour
 
(average); pumpsets of 3.5 kw provide 53.6 cubic meters 
per hour when

lifting estimated water the average dynamic lift of 13.8 m. 
However,

the static level of the water table was monitored and found to be

decreasing 
at the rate of 25 cm/year. Thus, well discharge will be
 
slowly decreasing.
 

Irrigated parcels within the Djirataoua perimeter seem to be

allocated exclusively to household heads and it is likely they provide

the bulk of labor to it. Farmers feel that they have a certain amount
 
of say over such irrigation management issues (at the GMP level) as

organization of the irrigation schedule, secondary and tertiary canal

and drain maintenance, pesticide treatment, and arrangements for labor
 
sharing. GMP level meetings are fairly regular and views are freely

aired when it is felt major decisions are imposed upon them. While it
 
was recognized that water stealing and lackadaisical maintenance were

occasional problems, most farmers felt sanctions could be successfully

applied at the GMP level.
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The cooperative management committee sees itself making

decisions and passing them down to the GMP leadership and supervising

perimeter cropping and marketing cycles inconcert with ONAHA technical
 
assistance. The overall technical parameters of perimeter operation

have, however, been determined by technicians from ONAHA, CFDT and the
 
Crop Protection Service. To some extent, cooperative and GMP self
management have 
been sacrificed in the interest of administrative
 
expediency.
 

Evaluation of Performance - Monthly kilowatt-hour power use 
for each electrical sector in the perimeter was obtained and converted
 
into hours of pumping. Resultant volumes of water applied were
 
compared to ET crop calculations based on local pan and lysimeter data
 
and divided over respective crop hectarages throughout the course of
 
the year. The data indicate that enough global water is pumped

annually to meet crop water demands at an application efficiency of 40
 
to 45 percent. However, monthly variations are significant indicating
 
management and scheduling inefficiencies, resulting in evident crop

losses and significant waste of water.
 

The irrigation schedule -used by the extension agents is
 
largely that prescribed by the early project documents. The irrigation

schedule is far too rigid and does not address individual crop water
 
needs, nor the diversity of soil types found in different sectors of
 
the perimeter.
 

Management is not -, hble of adequately controlling water 
stealing, particularly if this occurs at night. Routine maintenance
 
appears to be non-existent. Inspection of the canals, indicated that
 
sealing of cracks of separated seams was not done, and canal sections
 
with removed or br3ken cross-braces were left unrepaired.
 

As previously noted, farmers do reasonably well with field
 
application of water. This is largely due to their own adaptations to
 
the system--for example, That of reducing furrow lengths to 10 m. The
 
notable exception, however, is the apparent poor timing/scheduling of
 
water applications, which affects production adversely in some sectors
 
and indifferent seasons. The project delivers rigid 30 mm or 5
mm net
 
water application per hectare per week. These quantities are very

rough approximations of crop water requirements. They do not reflect
 
generally accepted crop coefficients for different stages of plant

development. The spread in land preparation and platiting dates from
 
two to four or more weeks among parcels is a second major contributor
 
to lower water application efficiencies. However, farmers interviewed
 
said that to minimize energy charges, no pumping isdone in a week when
 
rain Falls, but unfortunately no rain gauges are in use at the GMP
 
level to check whether the rainfall is adequate,
 

Soil heterogeneity is a problem both within and between
 
parcels. Farmers were aware of these differences. But, cropping
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patterns and water applications have not been adjusted according to
 
soil water holding capacity of specific blocks 
or parts of a farmer's
 
field.
 

The overall cropping intensity and yield levels of the
 
project's perimeters are about average for systems of this size and
 
age. Average current and (practical) yields in kg/ha are: cotton
 
2,100 and (2,500); sorghum 2,000 and (2,800); wheat 2,200 and 
(3,000);

peanuts 1,700 and (2,200); and onions 35,000 and (38,000). The
 
practical potential Jelds can be achieved on many of the systems and
 
the best farmers alteady surpass the target potential yields. Average

yields are lower than the potential for a variety of reasons. Besides
 
the spread in planting dates and water management, plant protection,

and fertilizer application deficiencies already mentioned, there are
 
substantial marketing problems due to a depressed cereal market.
 

Irrigation System Economics - In a normal year, the net
 
economic value added by the Djirataoua perimeter is on the order of
 
43,000 FCFA per hectare, exclusive of capital costs and depreciation

of heavy investments. The incremental economic value added by irri
gated land probably doubles during drought years as rising crop prices

reinforce the effect of the lower opportunity cost of land and labor
 
resources, The Team estimates that the economic internal rate of
 
return of the investment in this perimeter, on the basis of the area
 
cultivated, is a negative 7.1 percent per year. In absolute undis
counted terms, the project's net benefit stream, including recapture of
 
the depreciation reserve, amounts to just over 700 million FCFA. This
 
compares with investment costs of 2,300 million.
 

During the 1986 crop year, farmers at Djirataoua paid 180,000

FCFA per hectare as an irrigation assessment. Of this amount, 91,000

FCFA was payable to NIGELEC for electrical energy consumption.

Farmers are complaining about the heavy financial burden, even though

it is still abuut 30 percent below the level required to finance
 
operating expenses and replacement of light equipment. (Government

policy is to not charge farmers for heavy investment items such as the
 
wells, electric lines, canals and works, studies, dikes, roads,

buildings, and heavy equipment). Charging farmers less means adequate

provision is not being made for equipment amortization and system

maintenance. Electricity power costs account for 40 percent of the
 
irrigation assessment. Repairs and maintenance would amount to 23
 
percent of total costs, if adequately provided for, while depreciation

would represent 29 percent.
 

Because of the relatively high operating costs that charac
terize a deep well irrigation system, and government policy that the
 
perimeters cover their operating and maintenance costs, farmers at
 
Djirataoua pay the highest irrigation assessment of all farmers in the
 
country--by a factor of two. This places considerable pressure on
 
their ability to earn above average returns for their labor. The
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average parcel of 0.32 hectares is cropped 1.88 times per year. It
 
yields a gross revenue of 174,700 FCFA/ha when the peanut crop does
 
well and when long-term prices are used to value output. After paying
 
an irrigation assessment at the level required to cover operating
 
expenses, however, the average return per day of labor amounts to only

545 FCFA. This is about the return that farmers obtain on their
 
rainfed fields. Only the greater assurance of a crop during a year of
 
bad rainfall and the provision of dry season employment keep them
 
interested. This is in marked contrast to Galmi where farmers on the
 
perimeter earn 50 percent above the prevail4 ng agricultural wage.
 

Obviously, irrigation systems E .mics are not independent of 
cropping systems. At Galmi, where farmers rely more heavily on 
onions, gross revenue per hectare amounts to 925,000 FCFA; at Djira
taoua, gross revenue per hectare is only 550,000 FCFA. The combination
 
of low revenues and unusually high operating costs at Djirataoua makes
 
it unlikely that such a system could ever be economic with the present
 
cropping program.
 

Operating costs at the independent diesel powered Ruwana
 
perimeter at Safo amounted to 20,800 FCFA for 0.167 ha or 124,800 FCFA
 
per hectare in 1986. This covers fuel, repairs, salary for the pump

operator, fertilizer, 
cooperative assessment. 

minor repairs, service and, presumably, a 

For the Ruwana at Safo, farmers have considerably greater 
scope for improvement, since there is not required cropping pattern

and they have more control over operation of the system. Coupled with
 
the much lower investment costs per hectare, the Ruwana systems have at
 
least potential of recovering investment costs over the estimated 20
 
year life of the wells. Much will depend on how effectively farmers
 
take advantage of the flexibility which the Ruwana system offers. It
 
is even conceivable that these systems can earn a competitive return on
 
invested capital once farmers begin obtaining above average yields on a
 
regular basis.
 

Institutional and Equity Issues - The single biggest institu
tional constraint cited by farmers to a more satisfactory overall 
perimeter performance is the weakness of official and private commer
cial networks. The Team felt that part of the problem is the individ
ual GMPs are not permitted to take full advantage of the divisible
 
nature of the infrastructure in place. The GMPs have been unable to
 
modify their crop rotation in response to recognized differences in
 
soils type. Technical advice which would enable them to identify

irrigation problems or the early stages of infestation are not forth
coming either. Furthermore, economically run pumps are billed no
 
differently than inefficiently run ones.
 

Evaluation of pump operation and maintenance indicates the low
 
level of technical expertise among parcel holders and co-operative
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officers. Poor irrigation and pest treatment practice may also be
 
attributed in part to the superficial extension effort mounted by the
 
ONAHA and Crop Protection Service staff. Given the small size of the

technical extension staff, this is not surprising and little more
 
could be expected.
 

Farmers perceive the benefits of cultivation on the perimeter
 
as variable and unpredictable between parcel holders, as well as from
 
season to season. The greater security of irrigated agriculture seems
 
to 
elude them. In general, and under current conditions, cropping

risks costs are high relative to yields. Farmers cite a number of
 
factors in explaining the unequal and unpredictable distribution of
 
benefits from perimeter operation.
 

In general, our rapid survey of farmers left the impression

that imperfections in the management of technological elements of the
 
system is not conducive to the realization of the economic and social
 
potential of the cooperative and the perimeter. As a result, con
textual variables, such as the social conflicts within the 
canton of
 
Djirataoua, for example, are transferred to the arena of the perimeter.
 

Surface Reservoir Gravity-Fed Irrigation
 

The Galmi perimeter is a 245 hectare gravity-fed system served
 
from a reservoir. The mair. and secondary canals are concrete lined
 
and the farmlands were precision leveled before the land was 4ub
divided for settlement. The perimeter was German funded and con
structed and implemented by the French. The system first began

operation in the dry season of 83/84. It is located along the Route
 
Nationale, 
some 450 km east of Niamey. The system's 7,200,000 m
capacity reservoir is supplied by a 46.5 km watershed. The system
 
serves some 850 parcel owners. In addition to the 245 ha by gravity
fed irrigation from the dam, 20 ha (5 ha within the perimeter and 15
 
ha adjacent to the perimeter) are irrigated from shallow wells with
 
rope and calabash as well as portable motor-pumps. Annual rainfall is
 
around 450 to 550 mm, with mean annual temperatures on the order of 25
300C.
 

The irrigated perimeter itself is laid out in a long-narrow

pattern, stretching 6 km from the base of the reservoir to 
the end of
 
the primary canal and having an average width of approximately one
half km. The principal canal has a maximum design/operational flow
 
rate of 700 lps at the reservoir outlet, and runs virtually the length

of the system. Twenty-five secondary canals off-take from the primary

canal, with design flows ranging from 15-40 lps. Flows into the
 
secondaries are regulated by fixed orifice gated outlets with check
 
weirs situated in the principal canal immediately downstream of each to
 
control/maintain the necessary heads. Both the principal canal 
and the
 
secondaries are constructed of concrete poured in place.
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The tertiaries are made from compacted silty clay soils
 
brought in from outlying deposits. Simple gated turnouts serve the
 
outlets on the secondaries. Any number of sandbag checks (depending
 
on channel slopes) are placed within the tertiaries to control the
 
water level. Typical parcel dimensions are 25 m by 100 m, and each is
 
served by a set of 5 siphons according to design specifications.

Original plans called for furrows 100 m long (during wet season
 
cropping) running downslope the length of each parcel, with 2-3
 
furrows irrigated at a time.
 

The soils are mainly alluvial deposits by loams with some
 
areas of sandy clay-loams. During construction the fields were
 
leveled by bulldozers and thus, areas can be found where a good deal
 
of stratification exists in the upper soil horizon.
 

Total investment for the perimeter amounted to 2.5 billion
 
FCFA of which 1.1 billion was for the dam and reservoir. The remain
der covered irrigation canals, drains, roads, leveling, studies and
 
other perimeter establishment costs. Over the 245 hectares of irri
gable land in the perimeter, the total investment averaged to 10
 
million FCFA per hectare. In principle, the system allows for double
 
cropping the entire area served.
 

Operational Overview - The formal institutional set-up at 
Galmi is similar to that at Djirataoua and the other inland perimeters
managed by ONAHA. The perimeter is nominally controlled by an auton
omous cooperative and technical norms and extension advice is supplied

by ONAHA staff. Galmi is unusual in having a dual cooperative struc
ture. There is a production cooperative, which handles input distribu
tion and other matter related to perimeter management, but there is
 
also a marketing cooperative, an older institution, which has been
 
asked to handle the cotton market by the production cooperative.
 

The irrigation system was designed for all 25 sectors (second
aries) to receive water at the same time, with an average flow of
 
around 2.5 lps/ha throughout the system. During off-peak periods

irrigations run 8-9 hours per day for 3-4 days per week. During peak

use periods irrigations can run up to 10 hours per day with irrigation

taking place 6 days per week. On the secondary level, usually 1 to 4
 
tertiaries are opened at a time with usuaily no than 4 parcels
more 

irrigating simultaneously along the same canal. Each sector possesses
 
a set number of siphons (rated at I lps each) directly correlated to
 
the design flow of the secondary (sector) turnout. These are then
 
rotated among parcels. Most parcel irrigations are completed in one
 
day, when adequate water is available.
 

The opening and closing of the reservoir outlet and overseeing

the distribution of water is the responsibility of an individual

designated by the cooperative officews. Generally, scheduling deci
sions regarding reservoir opening and closings are made by the ONAHA 
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perimeter director himself, who confers with the cooperative officers.
 
AlIng the secondaries, it is the sector head elected by the represented
farmers who is charged with overseeing the "tuur d'eau." Major

maintenance and repairs are addressed by 
&he ONAHA personnel assigned

to Galmi, and the cooperative to a lesser extent. Material for repairs

and contracted assistance is paid for out of cooperative funds. Since

the system is relatively new, few repairs have been necessary thus far.

Most of the regular maintenance, however, takes place along the unlined

tertiaries 
several times a year. This gererally involves farmers

weeding and clearing the canals, and reinforcirng eroded sections.
 

All parcels have been leveled in the system and irrigation is
primarily down with to m
slope 10 12 furrows, fed by several field

channels running 
25 m across the parcel width at regular intervals.

(In the dry season the furrows are rplaced by 15 to 25 m2 basins for
onion and wheat 
crops). these cross channels are fed by the main
field channel running the 100 m length of the parcel along 
one side,

into which the siphons 
discharge. The system design prescribes 5

siphons, but generally 4 to 8 are used. 
 All the siphons are placed at

the head of the primary field channel. Parcel level 
flows are usually

on the order of 4 to 10 lps. The above mentioned furrow lengths are a
reduction from the original design plans of 100 parcel layout.
m for 

As was the case at Djirataoua, local farmers simply do not have the
 means by which to develop long furrows 
capable of delivering water at
 
acceptable application efficiencies.
 

Onions, wheat, 
maize and somie cowpeas were being irrigated

during the Team's visit. (There was' also some late season cotton

still standing). Onions and wheat 
are grown in basins. Onion basin

dimensions vary from 2 'nx 3 m to 4 m x 8 m. Wheat basins are approxi
mately 4 or 
5 m x 7 or 8 m. Maize is grown on ridges and often

intertropped with cowpeas. Farmers are 
supposed to receive water once
 
a week. 
 Water theft in the upper parts of the system and system

construction errors 
result in irrigation frequencies ranging from once
 
every four days to once in eleven days. Farmer response has been to
 
put on as much water as 
possiblp when it is available.
 

This year 136 ha were planted in millet and sorghum and 106
 were in cotton (which extends into the dry season). For the dry

season (during the Teams' visit) 
124 ha of onions, 8 ha of wheat, and

2 ha of maize/cowpeas followed 
the millet and sorghum. While onions
 
were the preferred crop, wheat was planted by those whose food needs
 
were unsatisfied, who could 
not obtain sufficient onion seed, or who
lacked sufficient 
labor power for onion cultivation. Farmers seemed
satisfied with these crops, although not necessarily with their mix.
 

Evaluation of Performance - Obvious dasign and/or construction
flaws exist in the physical system. It was 
found that a considerable
 
number of secondaries have flows well above and 
below their design.

Severe inequities still 
exist in the flows (lps/ha) delivered to each
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sector. The flow rate per unit area served in the dry season varies
 
from as low as 2.2 ips/ha to as high as 10.2 Ips/ha. Measurements
 
taken along the primary canal also indicated severe discrepancies

between upper and middle sectors, and the tail-end sectors. While
 
sectors 1 through 18 averaged 5.6 Ips/ha, sectors 19 thwough 26
 
averaged only 2.8 lps/ha. In turn, this would require nearly 
65
 
hours/ha per week of irrigation in the tail sectors to meet their
 
water requirement needs, while the other sectors would require only

half of that on average.
 

Operational losses are not high and in few places was it noted
 
that any excess water was being wasted. Losses as a result of canal
 
seepage also appeared to be minimal, largely due to the newness of the

infrastructure. Most losses are 
in the field distribution channels and
 
particularly in certain sectors where over-irrigation is significant

due to an "excess" availability of water. Overall irrigation system

application efficiency in meeting crop water requirements are on the
 
order of 50-60 percent. Global efficiency may be near an acceptable

level, but internal variations within the system are high enough to
 
indicate potential crop losses and water wastes.
 

No apparent prescribed irrigation schedule exists for the
 
perimeter. Decisions as to irrigation scheduling appear to be made
 
primarily by the ONAHA perimeter director, and as was found at Djira
taoua, scheduling does not address individual crop water needs nor
 
variances in soil types between sectors. Capability among ONAHA
 
personnel to assess differences in water needs among various crops and
 
soil types seems to be limited. Moritoring of water use among second
aries is evidently poorly done by those charged with the responsibil
ity. However, monitoring of water scheduling by the sector heads
 
within the sectors seems to be done fairly well. In addition, schedul
ing among farmers along the tertiaries seems to function smoothly.
 

Farmers appear to do reasonably well with field water applica
tions by adapting to the system in various ways. Farmers at Galmi 
are
 
expert onion growers and good producers of rainfed cereal crops.

System performance is a bigger problem than on-farm water management

in onion production. But, on-farm water management can definitely be

improved on rainy season crops. However, better supplemental irriga
tion is closely tied to the amount of water storage behind the dam.

The cooperative does not want to release water before or during the
rainy season if it will adversely affect the dry season cash crop of 
onions.
 

The current average yields of sorghum, wheat, cotton and 
onions was 10 to 15 percent higher than at Djirataoua. Thus, they 
were quire close to the practical potential values. However, potential
yield figure may be adjusted upwards if better varieties are intro
duced, and if applied research is done on crop fertilization and plant
protection practice to improve yields.
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Irrigation System Economics 

is 

- As a system, the Galmi perimeter
not economic in spite of the substantial returns by farmers. The

overall 
economic internal rate of return is zero, using a 23 year time
horizon and rises to 3.0 percent 
using a 40-year time horizon.

Because of siltation problems, the 40-year time horizon will 
not prove
realistic unless 
significant additional investments are made in soil
conservation for erosion control 
in the watershed. These additional
investments will probably offset most, if not all, 
of the higher return

obtained from the longer time horizoo.
 

One benefit of the perimeter that appears to have not been
anticipated is 
a rise in the water table in the area below the dan.
This has permitted a significant expansion of off-perimeter dry season

cultivation. It represents increase of 15
an hectares over and above
the area existing outside of the reservoir/perimeter areas before the
project. This benefit accounts for 10-15 percent of total 
benefits in
the 
far out years when siltation in the reservoir is expected to

sharply reduce dry season onion cultivation.
 

A rotation of cotton, sorghum and millet 
during the rainy
season, and onion, wheat and/or cowpeas during the dry season is
evolving. Because operating costs are 
so low, average economic

rents/returns to management are quite high cumpared
as to other
irrigation systems in Niger, 
and that of Djirataoua in particular.

The average return to labor employed in agriculture on the perimeter

is about 935 FCFA per day, as compared to an average agricultural wage
prior to the project of somewhere around 500 FCFA per day plus one 
or
two meals. 
 In contrast, the average return at Djirataoua is about 625

FCFA per day. From the farmers perspective, the Galmi perimeter is
 
profitable indeed.
 

Institutional and Equity Issues - At levelthe of the GMP,
organizational issues involving 
 canal maintenance and irrigation

scheduling seem to have been worked out. 
 Design errors in the water

distribution system are penalizing some farmers in GMPs 2, 3, 15, 25
and 26. They are receiving an average of one irrigation every two
weeks. Although this reduces yields considerably, no adjustment is
 
made in their cropping fees.
 

Most overt conflict appears to be related to technical flaws
in perimeter design or operation. Disputes over parcel allocation

have diminished with time, although some still claim they were unfairly

treated. Accommodations with technicians 
over petty water theft seem
 
to have been worked out. Violations of irrigation schedule occur but
seem to have diminished since water is not scarce overall. However,
those GMPs which have 
a water deficit are relatively disadvantaged

insofar as the deficit affects crop choice and crop yields and there is

considerable latent tension over this situation.
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One goal of the perimeter was to diminish social disparities.

This is a patent failure, but it was unrealistic to expect that
 
economic development would reduce disparities. The average farmer is

certainly no worse off than before, but the possibilities for wealthy

farmers and merchants to turn bigger profits at their expense have
 
increased. Sharecropping and purchase of standing onion crops are 
one
 
mechanism. Monopolization of cooperative structures by this group is
 
another.
 

There are a couple of groups of unintended beneficiaries of
 
perimeter development. The first, of course, are the off-perimeter

onion producers whose available dry season onion hectarage has doubled
 
thanks to dam seepage and irrigation losses. The other group is a
 
number of gardeners near the perimeter who persist in stealing water
 
from the secondaries. The perimeter technicians are unable to sanction
 
these individuals since their limited authority only extends to
 
legitimate parcel holders. Cooperative officers have been unwilling to
 
intervene. One fruit orchard gardener who uses canal water (outside of
 
the official perimeter), and who is part of the cooperative management

committee has, however, been prevailed on to pay a relevance to the
 
cooperative.
 

Development of the canal system and common use of irrigation

water for drinking purposes has contributed to the development of an
 
endemic schistosomiasis infection among residents of Galmi. No public

health campaign exists to educate the population about this danger or
 
treat their symptoms.
 

Private Irrigation Development From Dug Wells
 

The Tarka Valley case is not a project in a normal sense, for
 
it is merely a place where conditions are favorable for private dug

well development. Because of its favorable location, climate, soils
 
and the relatively easy availability of shallow groundwater, hundreds
 
of private entrepreneurs have invested in developing small plots of
 
irrigabie land. Typical plots are 0.1 to 0.3 ha irrigated from nearby

dug-wells from which water is lifted by hand or by motor-pump.

Together, these small irrigated enterprises make an irrigation project

that is still rapidly growing in area irrigated.
 

The area visited by the field Team lies between the Route
 
Nationale and the Nigerian border, due south of Madaoua. 
 Tradition
ally, irrigated onion cultivation in this area is extensive, with
 
surface area estimates on the order of 300-500 hectares.. Mean annual
 
rainfall is around 500 mm, with high variations from year to year.

Mean annual temperatures are on the order of 25-30' C. The low-lying

central portion of the valley is an 
ancient sandy wash overlain by 2
 
meters of alluvium, thus, creating near ideal conditions for low-lift
 
irrigation gardening. The soils in the lowest areas are dominated by
 

269
 



clay loams, while those soils on slightly higher ground within the
 same general area are largely sandy-clay loams.
 

Groundwater is abundant, fluctuating in depth from 1.5 to 3.5
m throughout the length of the dry season. 
 Recharge is fairly rapid
in the area. However, 
it was found that a problem does exist with
groundwater quality, particularly with wells penetrating 
to deeper
depths. Only 2 out of 11 
of the shallower traditional unlined wells
which were sampled had unacceptably high salinity 
as measured by
electrical conductivity (EC) values, while 9 out 
of 11 of the deeper
concrete lined wells sampled indicated high EC values. 
 The indication
being a stratification of water quality in the aquifer.
 

Most individual onion plot sizes tend to be about a 
tenth of a
hectare. Some plots using small 
motor-pumps (3.5 5.0 are
and hp)
larger than this, however. 
 In most plots, water is lifted manually in
the traditional manner with 
a calabash (a half-gourd attached to a
short rope). Each plot has 
one or more wells, stabilized with either
local wood and straw materials or concrete 
rings supplied through the
Lutheran 
World Relief (LWR) Well project or low-cost commercial
financing. The plots 
are 
divided into small rectangular basins of 3
to 8 m 
with the larger basins usually found in the motor-pump supplied
plots. These basins are 
then fed from the wells by a series of small
field channels networked across the plot. 
 Typical elevation differences within the small basins ranged from + 5 mm and the average depth

of irrigation applications is 14 to 25 mm.
 

Privately owned parcels 
 supplied from several non-lined
traditional wells are 
being replaced by larger parcels equipped with
motor-pumps, drawing water 
from concrete-lined wells. 
 These modernized parcels offer substantially higher returns for 
labor and are
likely to progressively squeeze the traditional 
growers out of business. 
 The economic balance is delicate, however, and very much
dependent upon the proximity of Nigeria, with 
its trading advantages
(inthe form of low priced motor-pumps and fuel).
 

Individual irrigated plot sizes vary from about 0.1 hectares,
which is what 
an individual seems able to comfortably irrigate with
calabash lifting methods, 
to 5 hectares employing motorized pumps and
concrete-lined wells. For the small plots 
the rope and calabash,
which require minimal capital investment, can 
easily be assembled and
repaired 
by indigenous users and is constructed from components
readily available at 
the village markets. The lifting efficiency of
the device is low; in consequence, the technology is labor 
intensive
and yields volumes of water which severely limit the area which can be

cultivated by a single farmer.
 

Many farmers dig two or three traditional wells at annualized cost of around 6,100 FCFA each. 
an 


Their only additional cost is
for a cord of rope and calabash to draw water. These do 
not differ
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from the irrigation techniques used by off-perimeter farmers at Galmi.
 
On the other extreme, a growing rxmber of more sophisticated and better
 
financed farmers are installing or relying on LWS concrete (pipe) lined
 
wells and rotating 3.5 hp motor pumps between the wells. Some of these
 
farmlers are irrigating 0.5 to 1.0 hectares of onions with a single pump

rotated among 4 to 5 wells/ha. This design is approaching a technical
 
optimum for the small pump system.
 

The concrete-lined wells are no more expensive per hectare
 
when installed at a 5 to 12 ratio vis-a-vis traditional wells and when
 
financed at commercial bank interest rates. Their cost doubles,

however, if financed at the opportunity cost of private capital which
 
is estimated to be around 50 percent in rural areas. 
 After allowing

for the difference in the number of wells required to irrigate one
 
hectare of land, the annualized cost per hectare is approximately

75,000 FCFA for both concrete-lined wells financed with bank credit
 
and for traditional wells. Irrigation from lined wells is actually

cheaper than traditional wells where motor-pumps are used for pumping
 
water.
 

Tarka Valley area farmers manage their onion crop to try to

reach markets at favorable price periods. Many farmers transplant

their onions in late February, planning to hit the market after the
 
peak production period.
 

Operational Overview - Dryland onion cultivation in the Tarka 
Valley is a case of indigenous agricultural intensification largelylocally conceived and financed. Most aspects of irrigation in the
 
zone are in private hands. Production is carried out as a household
 
enterprize. Well construction and pump maintenance are likewise in
 
private hands, although the cooperatives intervene to guarantee some
 
loans for well construction. Transport is also in private hands, but
 
is usually not in the hands of the farmers.
 

Water is lifted from depths of around 1.5 m at the outset of

the dry season with water tables usually dropping to about 3 m from
 
the surface at the end of the cycle. Manual lifting is done by one
 
individual in a rhythmic dip-and-lift manner producing flow rates 
on
 
the order of about 0.5 lps. The small 3.5 horsepower Yamaha or Honda
 
pumps found in the area are usually throttled down to produce an
 
average flow rate of about 1.3 lps. 
 In off-peak periods, irrigation

of the entire plot is usually done every 2 days to complete one full
 
irrigation of the plot. 
 During peak use periods each plot is irrigated

daily. Farmers are at their plots 6 to 10 hours when irrigating the
 
entire onion crop, with about 4 to 6 hours of this 
as actual pumping

time. Numbers on the higher end of these approximations apply to those
 
lifting manually.
 

During actual irrigation, an adult generally does the lifting

while a second person, usually a child, diverts the flow of water into
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individual basins by hand, 
or with the use of a small hoe. When a
 
motor-pump is in use only one person is required to manage the system
primarily to divert/distribute water. All repairs are done by the

farmer/owner, usually during the course of the day needs
as arise.

These small maintenanc2 efforts largely consist of fixing small 
breaks
 
in the channels, reinforcing the cribbing of woven sticks traditionally

used to stabilize wells, and removing collapsed sand material from the

well bottom to maintain acceptable water storage depths. Routine

maintenance is also done on the motor-pumps--with small repairs usually

done by the owner. For larger repairs beyond the capability of the
 
owner, there is an enterprising local repairman in the valley area who
 
specialized in small pump repair.
 

Farmers apply substantial amounts of fertilizer and regularly

treat their onion crops with dimethoate for thrip protection. A major

problem is the weed challenge to the crop. Many farmers attempt to
 
store onions. Village some
stores permit to maintain onions for" four
 
to five months, although losses run up to 20 percent.
 

Evaluation of Performance - On-farm water management practices

are good. Relatively careful application of water permits good yields

to be maintained over time. 
 However, water application efficiencies
 
may be fine-tuned to better meet crop water requirements once the

seasonal progression of soil and water salinity is better
status 

understood. Management and scheduling efficiencies can be expectedly

high, due to the "micro" nature of the physical system, the low
 
incidence of soil heterogeneity within such a small area, and the

single user/manager aspect of the system. Thus, farmers 
are able to
 
meet crop water demands at reasonably high overall irrigation effic
iencies, on the order of 45 to 60 percent.
 

Seepage losses in the distribution channels between the wells
 
and the basins were found to be on 
the order of 18 percent for the

manual systems and around 10 
percent for the motor-pump systems

operating 
at higher flow rates. Of the existing traditional lifting

technologies, the 
ones used by the manual lift operators seem the best

adapted to the local setting; because water tables are too high to
 
justify shadouf or animal traction units such as the dallou. The
 
motor-pumps used in the area are throttled 
down well below optimum

energy use levels, and the pumps themselves are poorly matched to the
 
head conditions under which they operate in the valley area. But,

this latter point is simply a result of what is available on the local
 
market.
 

Farmers are familiar enough with their systems to be able to

adequately meet the necessary leaching requirements--if not overly

compensated for them. Farmers have the choice of pumping the added
 
leaching requirement at the cost of added labor (or fuel) 
or irrigat
ing only to meet ET requirements and taking the loss in yields due to
 
salinity. It appeared that 
some farmers tend t- compromise somewhere
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between the two. Since farmers are-the individual owners/operator of
 
their systems, closer control and monitoring of their plots results in
 
a much better ability to meet the day to day demands of their crop

than would ba found in the larger developed perimeters.
 

Routine maintenance and repair in the small systems seem to be

carried out well by the farmer. The singular exception would be that
 
of major repairs for motor-punps. From what was observed in the
 
field, the farmers' sense of ownership and control of their plot

results in systems that appear well maintained and managed. Basin
 
leveling, which is done by hand, is quite good which is in part due to
 
the small basins. The uniformity of basin inundation timing is also

quite good, even when in the hands of the small children who usually
 
carry this responsibility. Adaptation of basin size and canai 
capaci
ties to exploitable pumping rates and the associated delivery tech
niques has evidently been highly refined over a long period of time,

and thus, results in the high on-farm irrigation efficiencies.
 

Irrigated farms utilizing handliftino provide an average yield

of about 32.5 t/ha. The more input intensive motorized pumping yields

over 
37 t/ha despite having higher salinity irrigation water, Given
 
the high density of planting and the good growing practice usually the

farmers, these figures reflect from a 19 percent 
to about a 10 percent

yield reduction respectively compared to a potential yield uf about 40

t/ha. Thus, additional soil and water management study is needed to
 
determine if current leaching factors are optimal.
 

Irrigation System Economics - Hand-lifting cannot compete on 
an equal basis with the motor-pumping systems over the long run. With
total costs running two to two and one-half times more than for motor
pumping, survival of the hand-lifting syste,rms is tied directly to the 
production of high-return crops such as onions. As production expands
and prices decline, these cost difference will eventually drive the
 
hand-lifting systems out of business or will reduce their return to
 
labor well below levels obtainable from other pursuits.
 

Looking at complete systems for pumping fiom an average depth

to water of three meters--typical of much of the Tarka Valley. The
 
total costs range from 525,000 FCFA/ha for the traditional systems to
 
210,000 FCFA/ha for a motor pump systems financed with bank credit.
 
At the present time, few farmers are attaining costs this low. Most
 
seem to be running their motor-pumps at 1.25 to 1.5 1/s instead of at.
 
a more optimum flow rate of 3 1/s, because they can not handle larger

volumes of water in their irrigation distribution systems. This makes
 
their irrigation costs run around 350,000 FCFA/ha. But vith a small
 
amount of extension, and some redesign of field channels, they could
 
easily expand the irrigated area levels.
and reach the lower cost As
 
irrigated crop productiun expands and onion prices decline, competition

will force farmers to move in this direction.
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The minimum cost of motor-pump system drawing water from
 
shallow wells is not likely to fall much below 200,000 FCFA/ha on 
a

wide-scale for production of one crop per year. This figure, then,

represents the ultimate constraint on expansion of this system. But

unlike the large irrigated perimeters, it is a full, unsubsidized
 
cost, including amortization of capital as well as operating expenses.
 

At the present time in the Tarka Valley, irrigation farmers
 
still produce mostly onions. Their nput/output relationships appear

to be quite similar to farmers at Galmi, with the exception that they

time their planting so as to obtain higher prices at harvest time. 
 In

addition, some farmers are forced to "over-irrigate" in order to limit

the accumulation of salts 
in the root zone. This increases their

operating costs on the order of 20 percent or so. But, at present

pumping depths and prices for onions suggests that returns to labor are

still well in excess of alternative employment opportunities. They

average over 1,000 FCFA per day for 
the hand-lifting/traditional
 
systems obtaining the same yields. In fact, the traditional systems

appear to be located in areas where salt accumulation is less of a

problem and, consequently, yields and returns to labor may be consid
erably higher. 
 "[here is little doubt that Niger would benefit consid
erably from continued expansion of these small-scale systems.
 

The economic attractiveness of the calabash system at two
 
meters of lift suggests that research on improved hand and animal
 
pumping systems at increased rates of flow and shallow depths could

have a very high social and economic payoff. Such research should
 
have high priority under the NAARP.
 

Institutional and Equity Issues - Cooperative structures in

the valley are relatively weakly developed. While commercial coopera
tives exist to market recession agricultural cotton, villages devoted
 
to onion cultivation have benefited little from cooperative credit,

input or marketing programs. The "cooperative" in Tarka Valley

basically consists of a prominent commercial farmer's private initia
tives in the area of input supply.
 

Extension service activities are limited, but farmers have
beneficted from the vigorous concrete-lined well development program

initiated by LWR, extended by the sous-prefecture, and now almost
 
entirely in private hands. Farmers recognize the need for help with
 
crop diversification and pump maintenance. However, most inputs,

including small pumps, pump parts and private technical help, 
come
 
from Nigerien sources.
 

The locally initiated development of the Tarka Valley has
 
resulted in an accentuation in differences in wealth between 
early

innovators and late followers in the movement towards dry season onion
 
production. Early innovators have recently managed to extend control
 
over upstream and downstream market channels 
and when land resources
 
become limiting they will no doubt control land development.
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Intensive onion production provides a source of local, dry

seasons 
employment and acts to reduce labor out-migration. Competi
tion of a familiar western variety is inspiring farmers to seek
 
improvement in producti,0ity through technical innovations, e.g.,

differential wage 
rates for skilled and unskilled labor. Inefficient
 
producers, especially young ones with less access to cash and other
 
inputs, will no doubt be squeezed out of independent commercial

production. This will be accelerated by rapid introduction of motor-

Dumps.
 

GENERAL CONCLUSIONS AND RECOMMENDATIONS
 

The section deals with the global lessons learned, the

comparative advantage of the various irrigtion development options

3nd general recommendations. A section outlining the "Specific
 

practices at the farm level generally quite good. 


Constraints/Recommendations" is provided 
for each of the four case studies. 

in the respective chapters 

General Lessons Learned 

The Team was pleased to find that irtigated agricultural 
were This was


especially true for onion productiun and less so for general field
 
crops, but itdoes indicate a high level of indigenous farmer capabil
ity. This irrigation capability apparently results from the fact that

irrigated agriculture has been practiced at the micro level in Niger

for centuries.
 

Farmers traditionally prepare the plots for irrigation by
constructing small (2 to 25 m2) basins interconnected by a channel 
network. The basins are quire carefully prepared and leveled (smother
ed) with elevations differences no greater than + or - 3 to 5 cm. 
Farmers size their channels and basins according to the flow rate
available, the soil texture and the topography. Where flow rates are 
very small, as with hand-lifting from 3 or 4 giving flows of less than 
0.5 1/sec, 2 to 4 in basins are commun. Where flows produced by hand
 
lifting from shallow depths or by motor-pumps was in the neighborhood

of 1 to 2 lps, 8 to 12 m2 basin are com on, and where flows from siphon

tubes were over 4 lps basins up to 32 m were being used.
 

The irrigation perimeters of Djiritaoua and Galmi were leveled
 
and designed for using (80 or 100 m) long furrows fed from 1 or 2

siphon tubes. However, farmers elected to modify the applications

system to conform to their tradtional small basin or short (10-12 m)

furrow approach of applying water. The Team feels the farmers 
were

right in doing this as they simply don't have the means by which to

develop long furrows capable of acceptable application efficiencies.
 
This is because they use manual farming techniques and have only

limited access to machinery.
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We were also impressed by the ability of farmers to organize

(with GON assistance) and manage their irrigation systems (water

distribution and maintenance) at the tertiary level where this 
was
 
required (except in
cases where cultural, diversity was too extreme).

However, we were not favorably impressed by the level of extension
 
expertise, especially in the areas of irrigation scheduling; plant

protection; and the operation and maintenance of the public irrigation

infrastructure. These shortcomings appear to result from the lack of
 
properly trained personnel and not from their lack of interest.
 

Most of the irrigation potential in Niger does and will
 
continue to require in water lifting. Therefore, minimizing the

capital plus operating costs of lifting water is extremely important

for the economic development of Niger's irrigation potential. In
 
addition, much of the irrigation potential also must be supplied from

wells. Thus, 
improving the efficiency and cost effectiveness of well
 
development is also of major importance.
 

After the problems associated with water lifting and well
 
development, the two next most important irrigation systems related
 
problem areas are efficiently conveying the water and scheduling the
 
deliveries. While both emergence and scheduling 
efficiencies are
 
relatively high, both being in the neighborhood of 75 to 85 percent,

there is still considerable room for improvement. Because of the high

ccst of lifting water (or storing it), maintaining high overall
 
irrigation efficiencies is very important to the economic viability of
 
irrigated agriculture in Niger.
 

Plant protection is perhaps the most important near and medium
 
term agronomic problem. It affects crop choice (excludes peanuts and
 
cowpeas), yields (cotton, onions), and poses multiple 
management

problems (build-up and transference of pests from cotton). As irri
gated area increases, plant protection problems will increase as well.
 
Scheme managers, farmers and researchers need to concentrate their
 
efforts in this area as a first priority. As economic analysis has

shown, perimeter productions become much more attractive when higher

value cowpea and peanut crops can be grown.
 

Very limited applied work has beer done on the response of
 
existing crop varieties to irrigation. Crop establishment, density,

stress management and charges in production inputs, especially fert
ilizer, have barely been touched by research. The research that has
 
been done in Niger has not been collated and synthesized. The prac
tical experience of perimeter managers and farmers has 
been only

lightly tapped. Experience and research on crop varieties used in
 
Niger and neighboring countries has not been systematically compiled

and reviewed. Even the older research results from Niger itself are
 
under-utilized.
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Most irrigation systems are designed with a specific cropping
 
pattern and rotation in mind. Many irrigation perimeters in Niger
 
seem to attempt major shifts in cropping pattern on a system wide
 
basis with little reference to the individual grower. As Nigerien

policy shift greater operating responsibility to cooperatives, ONAHA
 
and marketing agencies should be careful to spread production and
 
marketing among a broader range of crops. 
 The irrigation requirements

of most of the annual crops that can be produced in Niger do not vary
 
so significantly that system operating efficiencies would be much
 
affected by crop diversification. Planting dates on most of the
 
perimeters are spread so largely that truly homogeneous water rotation
 
blocks do not exist anyway.
 

Comparative Advantages of Irrigation Development Options
 

Of the four case studies, three required water lifting. The
 
cost of irrigation to the farmers was considerably higher for all of
 
these as compared to the gravity-fed irrigation perimeter at Galmi.
 
This is because farmers on all schemes, both public as well as private,
 
are responsible for paying the recurring cost for operating and
 
maintaining the irrigation water delivery system. But they are not
 
expected to pay the major capital costs associated with developing the
 
public irfrastructures.
 

Even though the profitability to farmers at Galmi was the
 
highest, from an overall economic (world economic account) point of
 
view, the internal rate of return is zero, even with relatively high

value crops. This is considerably better than in Djirataoua deep well
 
scheme, which the Team estimates has an internal rate of return in the
 
neighborhood of a negative seven percent. But it is much lower than
 
for the less sophisticated developments involving community lift
 
irrigation or dug wells, and possibly individual community operation

drilled wells like the Ruwana system at Safo.
 

Hand lifting water from dug wells, where the lift is less than
 
3 m is still profitable for irrigating high value crops such as
 
onions. But it is considerably less (only about half as) profitable
 
as using motor-pumps for lifting the water. For hand-lifting to
 
remain economically viable, new hand pumping technologies are needed.
 
Hand-lifting is important economically because it provides employment,

but without improvement in lifting technologies it will eventually be
 
replaced by small motor-pumps.
 

At the present, small motor-pumps supplied from concrete-lined
 
dug wells (or natural surface supplied such as lakes and rivers) are
 
the most economic water supply systems in Niger. This is especially
 
true where import taxes on fuel and the motor-pump unit are avoided
 
(by direct purchases from commercial sources in Nigeria). Such
 
irrigation systems, 
growing relatively 

if optimized, can 
low value crops 

even be operated profitably for 
(such as oil seeds, and some 

grains). 
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Recommendations
 

In the Team's view, the gravity-fed schemes have a viable
 
place in Niger's irrigation development. But, this is only true where
 
donors are willing to subsidize development. This is also true for the
 
more elaborate rice irrigation schemes which require pumping water from
 
the Niger River; and it is possibly true for the individual drilled

well perimeters like the Ruwana at Safo. But, we were not t.vorably

impressed by the scheme at Djirataoua where an electric power grid

supplies a group of wells. Conseq.ently, we do not recommend further
 
investment in this type of development unless a more economic electric
 
mini-grid system was available.
 

In review of the delicate economic balance which keeps water
 
lifting by traditional hand-methods viable, the Team recommends that
 
the NAAR Project concentrate on finding and testing improved hand (and

possibly animal) lifting technologies. There is also considerable room
 
for improving motor-pumping. What are needed are pumping units which
 
are better suited for the flow and lift conditions in Niger and
 
improved sale and service networks.
 

The hand-dug wells are costly and the depth to which they can
 
be dug is limited. In order to more fully develop the rather extensive
 
groundwater resources in Niger, improved low cost well drilling

technologies are needed. The Team recommends concentrating on technol
ogies for constructing very low cost small diameter wells (75 to 100
 
mm) which can be installed by indigenous means (like in Bangladesh) and
 
low cost larger diameter wells like at Djirataoua are both needed. The
 
small wells could serve individual farmers using hand or motor-pumps

and the larger wells could be used for community operated irrigation

perimeters like at Safo.
 

The Team also recommends that efforts be made to improve

irrigation scheduling, especially for the larger perimeters. While
 
traditional water conveyance channels are satisfactory for the small
 
flows produced by hand-lifting, they are not adequate for the larger

flows from motor-pumps. In order to take better advantage of the
 
larger flows, and/or optimize motor-pump efficiency, improved water
 
conveyance techniques are needed. Such techniques might involve the
 
use of lined channels or pipes. Assisting with improved irrigation

scheduling and water conveyance technologies are two areas in which
 
the Team recommends the NAAR Project concentrate.
 

The priority irrigation system and irrigated crop research
 
needs in Niger are very applied ones. Finely tuned variety trials,

precise water balance studies, and basic research should not be placed
 
on the head of programming needs. Broad screening of advanced lines
 
and stable crop varieties, simple three to four step fertilization
 
trials and broad screening of herbicides and pesticides is far more
 
important to irrigation in Niger. Much of this work can be done on
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existing perimeters by a relatively small group of researchers and
 
technicians with skilled and strong central supervision. Currently,

there is no sustained irrigation research all within INRAN or ONAHA
 
capable of handling on-perimeter trials or demonstrations of new
 
technologies and synthesizing yearly experience on the principal

perimeters. As Niger has already expended large sums of money to
 
build and operate irrigation perimeters, a small and agile applied

research unit offers substantial promise in improving return to
 
irrigation investment.
 

Rather than undertaking a new series of trials, an important
 
effort should be made to sift through research already documented in
 
Niger and from neighboring Sahelian countries on irrigated crop
 
management as well as water development and application technologies.

Such a review would help greatly to focus research programming and to
 
orient on-farm adaptive testing. It may also provide directly usable
 
technology overlooked to date by irrigation schemes growing crops
 
other than rice.
 

As with this study Team, a multidisciplinary diagnostic

approach should be taken by the NAAR Project to determine the priority

problems to be addressed by an applied-adaptive research program.

Perimeter-wide studies and research should concentrate 
on the res
traints to irrigated agricultural production. In addition, the micro
 
or on-farm irrigation needs of individual farmers (such as how best to
 
lift, convey and apply water to their fields) should also be researched
 
and extended.
 

Expatriate Team Nigerien Team
 
Jack Keller, Co-Team Leader Idi Maman, Team Leader
 
Eric Arnould, Co-Team Leader Algabit Assadele
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Donald Humpal Mahaman Issa
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DISCUSSION
 

McConnen - Two related questions. On Terry's comments on the use of 
the cheap energy varying between one and 41 percent over the wells.
 
First question, is there any institutional organizational explanation

of why these differences exist? The second question is somewhat
 
related and it goes to what yo say Jack, with a 
drop in head and the
 
issue of sustainability. My guess would be iF the water table level
 
continues to drop, sustainability will be determined by the finances
 
of the ability of the government to subsidize the scheme, where they

now subsidize at the rate of 30 percent or it will collapse because of
 
finances to the farmers. They will receive just too small an incom,? to
 
continue. For example, in Arizona a lot of wells are 
abandoned in the
 
private sector when there is a lot of water left. The lift is too great

and the cost is too great and they are abandoned. So, sustainability I
 
would think in this case, and you implied that they have as much to do
 
with finances as with the mechanical ability of the pumps or the
 
availability of the water.
 

Keller - Basically, the returns to per day of labor at Djirataoua

according to our economists on the team was 590 CFA per day. That is
 
about the same as rainfed agriculture. That is the margin at which
 
you have to hold it or people will begin to abandon schemes. Now the
 
advantage of the scheme is it gives employment at the time when there
 
is no employment for rainfed agriculture. It is necessary to keep the
 
extra 30 percent subsidy that is inthere now. If that were taken out,

the farmers would abandon the scheme. Certainly, the weaker farmers
 
would because they would not be able to survive.
 

Tiffen - How much is the water table dropping as a function of the 
series of bad climatic years? Does that come into it as well because 
in a series of dry years people are pumping more than they would be in 
a series of average or good years. The draw down is greater and the 
refill is lower.
 

Hart - From the information that we were able to obtain and the 
measurements we took we were able to ascertain that the rate at which
 
the water table is dropping has increased progressively as the number
 
of pumps installed have increased. We were not able to ascertain what
 
the situation would have been had there been 
no pumps. So, it's very

difficult to give a quantitative answer. There was a definite trend
 
which showed that as the quantity of pumpc installed increased then
 
there was an increasing rate in the drop of L e water table.
 

Maman - I would like to clarify certain points. First of all the
 
water table problem. This is a valley naturally flooded by water
 
source that starts in Nigeria. On this river the Nigerians have built
 
a major dam and it will 
take much of the annual flow. This problem is
 
being negotiated with Nigeria. I think there are possibilities if we
 
have a canal of two kilometers we could pick up the overflow from the
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scheme in Nigeria so as to assure the replenishment of the water table.
 
This water table, however, will never be at the level of before.
 

Recently, there was a major review of the energy rates
 
because it is being scaled down from sixty to forty FCFA in the
 
electrified schemes. The present systems were also improved last year
 
so as 
to make up the four percent gap that you noticed in comparison

with the procurement price of motor pumps.
 

For historical reasons I would like to say this program was
 
started, ONAHA was present but was not in charge of the development or
 
managed of the scheme. For three years now we have signed an agreement

with the specific development project. This project will terminate in
 
two years at which time ONAHA will be entirely in charge. When the
 
joint team came around this the beginning of the implementation of this
 
agreement. The joint team may have noticed that the director of the
 
scheme was a staff member of ONAHA but the extension workers and most
 
of the other staff came from this project. This project at the outset
 
had no experience with irrigation and that explains why there were so
 
many mistakes at the beginning until ONAHA arrived to rectify the
 
mistakes. Things are now back to normal since punitative measures were
 
taken against the bad farmers. Some 50 percent were excluded from the
 
perimeter as a punishment. Consequently, the size of plot goven to a
 
farmer has increased to 2/3 hectare instead of 1/3 hectare thereby

doubling the size of the plot. Discipline is strict and performance

and yield has even gone beyond the estimates mentioned in the report.

Recent figures for cotton yields 2.5 tonnes and for sorghum we are now
 
at 3 tonnes a little higher than earlier estimates. Operation and
 
maintenance is now much better than I observed three or four years ago.
 

Another point I would like to underscore. You noticed in the
 
slides children less than ten years of age working. I would like to
 
draw attention to the agronomists and economists that in Niger one
 
works from seven to seventy years of age. Thank you.
 

Ssennyona - Is it possible even for this other system to introduce 
animal power as an intermediate solution, or is it not possible?
Either to lift water over long distances rather than, I see the pipes, 
some of them are gated animals could be used, I am just asking, but
 
maybe that is possible. The second question iswe have three series of
 
returns. Returns to labor, returns to money, investment and the
 
returns to energy. Now, I wonder, do we have the total balance? And
 
also. if this is possible to relate the three, what unit would you be
 
using in the account? Is it the money you are going to use, what else?
 

Finnell - I just wanted to follow-up on the question that the gentlemen

asked because I had this same thought going through my mind. When Dr.
 
Steekelenburg gave his presentation the first day and he talked about
 
the evaluation of irrigation projects it was pointed out to me that
 
there was no necessary correlation between returns to farm labor and
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the economic internal rate of return of a project. I was wondering in
 
reference to, you were talking about different ways that
the the
 
returns were measured, was there an overall way to look at the differ
ent balances, i.e., ineconomic internal rate of return?
 

Maman - As regards to animal power as M. Soumaila stated there are 
systems where we use animal power. Generally, these are private

schemes especially in the northern part of the country where the camel
 
is used. In effect it all depends,-on the type of scheme. Ifyou are
 
talking about a large-scale scheme it is out of the question to 
use
 
animal power.
 

Keller - Just a quick answer following up on M. Maman's answer. There
 
really are not that many animals around and there was very little
 
animal power. We saw one shadouf lift system in this whole region

using animal lifting. What is really happening is, motor pumps are
 
replacing the hand lifting and these are small, 
one or two horsepuwer
 
pump sets using gasoline engines. I do not think there is going to be
 
inNiger, an intermediate step to animal lifting. I do not think there
 
is that many animals in the region. Most of them, are used for the
 
plowing operation, particularly in the heavy rice fields. I do not see
 
animals coming in and they have not been traditionally used except in
 
the northern regions near Agadir.
 

The thing that is happening and it's a really important

conclusion that one reaches, there are many people that are hand
 
lifting. It is a very large source of labor for a lot of people and
 
hand lifting is viable raising high value crops. In other words,

where they can find a niche in the market, hand lifting pays somewhere
 
around 600 CFA of labor per day including the hand lifting labor and
 
the farming labor for raising onions. Unfortunately, the onion market
 
undoubtedly is somewhat limited. They have not reached the limit yet
 
but it is limited.
 

Motor pumping is more efficient and more profitable than hand
 
lifting. What will happen ismotor pumping in time will take over hand
 
lifting. When the price of onions falls down to where hand 
lifting

cannot survive and it is getting right near the margin now, three
 
meters of lift is our estimate. The team really did a little work on
 
finding out at what point and at what price structure of onions is hand
 
lifting viable and at what point does hand lifting drop out. Inother
 
words, you could calculate that when the water table is three meters
 
you can have hand lifting at the price of onions at so much per sack of
 
onions. If the price goes down, then you could only lift water 
two
 
meters. If it goes down further, you could only lift one meter and so
 
on. The hand lifting will be, I believe, squeezed out unless there is
 
a restriction on motor pumps coming into the country and I am not sure
 
that is wise. It is just that hand lifting will be replaced by motor
 
pumps. Incidently, motor pumps in the Tarka Valley generate about, 
as
 
you noticed, 900-1000 CFA per day to the operator for the labor after
 
paying all the costs.
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Adeeb - I have a question about the holding size. I have noticed that
 
in all the schemes, whether hand lifted or higher technologies, the
 
holding size stayed almost the same, there was little difference.
 
Wouldn't you expect the holding sizes to increase with the technology?

If you are using electrical energy for pumping water you would expect
 
at least an increase in the size of the holding.
 

Maman - About the size of the holding there is something you must keep
in mind. In Niger irrigation possibilities are well determined and 
frequently it is social justice that determines the size of a holding.
We try to allow as many people to utilize the irrigation scheme and at 
the same time allow economic viability and this explains the size of 
the holding.
 

Hart - Maybe I could add a brief comment to that. In Niger about 18 
months ago, I looked at about 75 small private sector parcels in the 
Komadougou Valley. People, as they changed from manual lifting
techniques to small motor pumps, the parcel size tended to increase by
90 percent and that was an average over about 75 parcels.
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PLENARY SESSION
 

SMALL GROUP REPORTS #4
 

ECONOIC/FINANCIAL AND TECHNOLOGICAL/ENERGY ISSUES
 

Gichuki - Mr. Chairman, our group met at length and discussed the 
various issues of the economic and financial and technology and energy 
issues. With respect to the financial and economic considerations, we 
came to the following conclusions: 

1. A policy decision should be made to determine whether all
 
or part of irrigation investment should be viewed like other public

investments, for example, roads, schools, and hospitals, so that they
 
are not charged to the project or recipient.
 

2. The second recommendation was that financial considera
tions should be addressed not only at project or national level but
 
international dimensions should also be addressed.
 

3. The last one was that considerations should be made by
 
each country on its political, social and economic goals to address the
 
following: Who pays for the subsidy? What forms of subsidy should be
 
implemented? For how long should irrigation be subsidized? Who should
 
get the subsidy? We also noted that subsidy is necessary and in most
 
cases, desirable. These were the main financial and economic recommen
dations that we arrived at.
 

On the technology and energy issues the issue of the choice
 
of technology featured prominently.
 

1. It was agreed that we should take into consideration the
 
indigenous experience in implementing whatever technology that is
 
selected. Financial aspects both initial expenditure and recurrent
 
expenditure should also feature prominently. Management and support
 
services required new consideration. We should tie in the overriding

objective of the scheme. Is it to maximize the production by unit of
 
water or by unit of land or to generate employment? Environmental and
 
health impacts should also be addressed in the choice of technology.
 

2. The second recommendation was that we should look into
 
the linkage of electric power for irrigation pumping to the national
 
power grid so that areas that can be best served by the national grid
 
which may provide a cheaper source of energy are adequately serviced.
 

3. Noting from the Niger case study the fact that the pumps
 
seem to deteriorate at a rate that is faster than the manufacturer ex
pected. It was recommended that there should be a strong monitoring
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and evaluation, and training and extension programs to try to slow this
 
process of fast deterioration of equipment.
 

4. The fourth rrcommendation was to develop guidelines for
 
important technology that takes into consideration the backup services
 
within the country and maybe even within the region that irrigation

.development is taking place.
 

5. The fifth recommendation was the encouragement and
 
stimulation of the development of technologies for improving the
 
performance and sustainability of irrigation projects.
 

6. Last but not least, is to generate awareness and committ
ment to efficient utilization and conservation of land, water, capital

and energy resources. Thank you, Mr. Chaiman.
 

Adeeb - Thank you, Mr. Chairman. On the two issues, the first we will
 
present the economic and finance. After thorough discussion of all the
 
components of yesterday's presentation the group recommendations were
 
that for the African irrigated agriculture to be able to achieve its
 
multi objectives, a form of subsidy is essential at the present time.

This subsidy could be in cost recovery form that is zero or partial,

production inputs or in the marketing stage. The group has based this
 
recommendation on some observations of the projects which were discuss
ed and on their experiences. These observations were:
 

1. That there is too much bureaucracy in the irrigated

projects in most of Africa. There are 
too many employees, the farmer
 
is not only supporting his immediate family but is also supporting
 
even people who are in town.
 

2. Is the system reliable enough for the farmer to invest?

Is the government capable of delivering the inputs as required by the
 
farmer?
 

3. Are the people operating the system, aware of the conse
quences of not delivering these services on time and in the right

amount to the farmer? That is the yield reduction associated with the
 
inefficiencies in the operating management system.
 

As far as the technological a,,, energy issues were concerned,

the group came up with the following recommendations:
 

1. Development of local energy resources should be en
couraged as an alternative to expensive and erratic imported energy

which is a factor in the high operating costs of irrigated agricul
ture.
 

2. The sustainability of lift irrigation in Africa vwill be
 
dependant, among other things, on the ability to improve. We were
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told yesterday the efficiencies of these pumps ranged from 1 to 40
 
percent. If these efficiencies are not brought up to a point suitable
 
for production, the irrigation system will be in jeopardy.
 

3. Considerable inefficiencies exist in the use of energy
 
for water lifting in the private and public sectors. There is a need
 
for government to develop a strategy to provide information and an
 
irrigation advisory service on the selection, operation and main
tenance of pumps.
 

4. A regional approach is needed to deal with problems as
sociated with lift irrigation. This is necessary because at this stage
 
we feel that the capabilities of countries if brought together will be
 
more helpful than individual countries attacking specific problems.
 
Thank you, Mr. Chairman.
 

Mfoyo - Our group came up with five recommendations on the financial 
and economic topic and six on the technology and energy issues. 

1. The first recommendation on the financial and economic
 
issue was that the source of the subsidies currently dominating
 
irrigation development and their operations should be determined and
 
related to pricing and taxing policies.
 

2. African countries should come up with adequate investment
 
policies to give guidelines on capital cost recovery, recurring cost
 
recovery and other recurring cost recovery you are looking at costs of
 
bureaucratic services, cash or in kind.
 

3. Adequate access to credit should be provided and to
 
ensure that the administration of this credit is up to date.
 

4. Governments should do something about the bureaucratic
 
delays in the marketing channels. For instance, both in Zimbabwe and
 
Kenya you find a situation where you have marketing boards for guaren
teed crops that are tied up with the lending agencies. Frequently, the
 
farmers get their money too late.
 

5. Countries should conduct an economic analysis at the
 
national level and also a financial analysis at the farm level, agency
 
level and farmer organization level.
 

On technology and energy the group recommended that:
 

1. There should be a limit to the types of pumps that can be
 
imported and used in these countries. Too often there are too many
 
different types of pumps that results in problems of spare parts, etc.
 
The government should also provide guidelines or manuals on specific
 
technical aspects of pumps and pump sets. The manuals should provide
 
information on sizing, pump siting and installation, system mainte
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nance, including the training of staff and the 
importation of spares,
 
etc.
 

2. Countries need to develop cost effective plann'ng 
and
 
management including monitoring of irrigation systems or units with

different management models for different systems. 
 In this we looked
 
at 
cost and returns, water resource policies, farmer organizations and
 
institutional arrangements.
 

3. Governments should develop policies and p-ocedures which

will improve decisions on the replacement of parts, operation and
 
maintenance and monitoring of irrigation units.
 

4. The group noted with great concern the recurrent shortage

of fuel at demand peaks.
 

5. African countries should come up with adequate develop
ment of appropriate cost-effective technology alternatives.
 

6. Finally, there is a need for the generation of more
 
knowledge of groundwater. There seems 
to be a lot of work that needs
 
to be done in this very vital area. Thank you, Mr. Chairman.
 

Makuba - We made the following recommendations on the technical and 
energy issues: 

1. The private sector should be guided and trained in the
choice and of In order touse pumps. achieve these objectives the
extension service should have means to ablethe in order be to provide
this type of training.
 

2. African 
States should comply with the clauses of the

African Convention on the management of common water resources. 
 This

recommendation was made because of the problem of Nigeria occasionally

upsetting her neighbors in the management of water resources.
 

3. The Water Management Synthesis II Project should plan the
 
training of African specialists in the field of irrigation and also
 
support the creation of professional associations inAfrica.
 

4. It is recommended that WMS II extend the Joint 
Field

Studies to other African countries in order to train Africans in the
 
methodology and provide supplemental information on irrigation.
 

5. Finally, WMS 
II Project should undertake activities to

expand the network and make appropriate contacts among irrigation

professionals.
 

Thank you, I now give the floor to my colleague M. Issa to
 
discuss the economic/financial issues.
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Issa - With regard to the economic/financial issues which affect 
irrigation development in Africa. The team tried to identify the
 
objective, i.e., try to convince African countries to develop a
 
strategy for irrigation development program taking into account
 
national objectives and external and internal constraints. The team
 
made the observation that the economic/financial issues were fully

discussed in the presentation except for one point that was onitted,

and which was actually mentioned by the speaker himself, i.e., the
 
overvaluation of African currencies. We made the following three
 
observations:
 

1. The study does not include models that illustrate the
 
overall African situation. In relation to the title of the presenta
tion it would have been a good idea to have examples of what is going
 
on in other parts of Africa. When we look at the papers we just see
 
the example of Niger and everything is based on those illustrations.
 

2. Although the approach was general the conclusions turned
 
out to be specific to the Sahelian region.
 

3. I will not come back to the third observation which was
 
made by the speaker himself. He said that he would have wished to
 
talk about the fact that African currencies are overvaluated. This
 
means that the figures that were given and especially the conversion
 
from American dollars to African currencies have to be reviewed.
 

The following recommendation was formulated. African States
 
should design agricultural development policies which will enable the
 
promotion, the production and marketing of products. Therefore, in
 
pursuing their food self-sufficiency policies the African States
 
should only import the shortfall between production and consumption.
 

Mr. Chairman, these are the conclusions that we reached in
 
our group. Thank you.
 

Soumaila - I would like to rapidly make two comments: 

1. First of all concernig the four Nigerien case studies.
 
The group did recognize that these studies are indeed representative

of Niger. What we would have wished is that WMS II study should
 
quantify the irrigable potential in each case.
 

2. My second comment relates to the fact that African
 
currencies are overvalued, especially the CFA against the French
 
franc. I would liked to have asked this questions and ask the econo
mists who have a lot of experience inAfrican countries where there has
 
been a strong devaluation of their local currencies or that this
 
currency floats like in Nigeria. I would like to know if there have
 
been any benefits from these measures taken as far as producer prices
 
are concerned? Thank you, Mr. Chairman.
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Misiko - On the financial and economic issues our group discussed the
 

following two constraints:
 

1. The capital recovery generation.
 

2. The high cost of operation, maintenance and management.
 

On the sources of funding for irrigation development we dis
cussed whether we should accept loans or grants. Since we know that
 
it is difficult for irrigation projects to pay off for loans we
 
recommended that we maximize grants and minimize loans.
 

On technical and energy issues:
 

1. First, we looked at the choice of energy. We understood
 
from the forum that about 38 percent of Africa's irrigation projects

depend on pumping due to the natijre of our river courses.
 

Pump schemes are not sustainable because of high operation

and maintenance costs. Hence, we recommend irrigation
that schemes
 
using gravity should be given priority. Then if cheap electricity is
 
available schemes that can use electricity should have the next
 
priority and schemes that use diesel 
should be considered last.
 

2. On choice of technology we looked at sustainability of
 
the technology both in terms of cost and infrastructure, critical mass
 
and standardization at the expense of efficiency and trade-off. We
 
recommend that new technology should not be accepted until pilot

research has been carried 
out and monitored carefully. When we are
 
satisfied then we may take the technology and expand it to critical
 
mass.
 

3. The recipient country should not accept a technology to
 
be dumped on to it without testing and evaluating it carefully. We
 
recommend integration of imolementors z'd planners influence
to 

political decision makers. We also recommend that 
some way to fabri
cate some technical components of training be included in whatever
 
grant or loan so that when such a loan or grant is given and the donor
 
leaves the project continues to survive. Thank you.
 

DISCUSSION
 

White - I would like to say that with respect to the question of 
currency valuation I don't think there has been any mention to that in
 
the proceedings so far, but in a paper that I am writing for WMS there
 
will be a discussion of currency fluctuations and valuations in that
 
the alternative methods of making currency comparisons. So, it will be
 
included in some of the final work.
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Ssennyonga - On the issue of case studies being representative or non
representative some of us who are lezs familar with the Nigerien

situatin I would like someone to elaborate on this point.
 

Keller - Being a member of that team there is no way that you can go
in with a month's study and look at a few cases and be completely
globally representative of the country or the region. What I believe 
one can say in terms of representativeness of the case studies isthat 
they were, in terms of Niger, quite representative with the exception
of one principal form of irrigation that is alluded to in the case 
studies and a little data was put in on it and those are the rice 
perimeters along the Niger River. Otherwise they would be rather 
representative for Niger. 

In terms of estimating the potential at each one of the case
 
study sites the potential at the site at Djirataoua, which was all
 
wells. They were fully exploited to within 90-95 percent exploited

according to the capacity of those wells that had been drilled. In
 
terms of the Galmi perimeter, it was 100 percent exploited in terms of
 
the land that was leveled and served by the channel system. In terms
 
of the private sector developments in the Tarka Valley each private
 
sector user had to maximize whatever was fully developed for his
 
particular wells and what he cared to do. The valley was still open to
 
further exploitation. *he population, pressure and development
 
pressure had not used up all the capacity of the valley. We were not
 
in the position to estimate how much more irrigation potential might be
 
in the valley. We do certainly go along and subscribe to a resource
 
inventory and a monitoring of the development so that the development
 
does not go beyond its sustainable limits.
 

As far as the one small lift system on the Niger River, that
 
community system was fully exploited in terms of the amount of water 
these farmers cared to lift. It was not a government project so the 
farmers had to decide how far to exploit it. If anything it.was 
trying to irrigate more than the farmers were willing to collectively 
pay to pump. So, in terms of these projects they were rather well 
exploited. In terms of the overall country's potential for irriga
tion, first of all the introduction to the statement to the report
gives you a brief rundown on the types of irrigation in the country
and the extent of irrigation. This team was not in a position to do 
any kind of a resource inventory as to the total possibility for 
irrigation. There was a sector study done earlier that delineated
 
some of that and the resource is known although we do not deal with
 
that issue.
 

I would like to make a statement about all of the group

sessions and just draw some general conclusions as to what each of you

said and make a comment. In terms of the economic/financial issues it
 
seems there was a desire by many of the group reports; that all of
 
these things have to be country specific; that importation of food that
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is unnecessary in terms of meeting the food needs of the country should
be discriminated against so that 
it would encourage agricultural
production; that prices be manoeuvred in such 
a way to keep internal
production as high as possible; that 
efforts be made to reduce the
costs of irrigation scheme development by trying to get the schemes on
 a grant basis which certainly reduces the cost to the country; and also
 
to work towards sustainability.
 

In terms of the energy and technical issues there was a need
for standardization; a need for resource survey; a need 
for sustainability and technical assistance in using the resources and the
 pump sets well. The one group elaborated by proposing that any 
new
technology that would be imported should be well tested on 
a demonstration pilot basis and not just brought in and put 
into a perimeter
or scheme and just expected to function in its new environment. There
should be more data, more evaluation in monitoring and more assistance
and if it cannot be demonstrated to be sustainable then it should be
forgotten or put on the shelf for future possibilities.
 

Coward - It seems 
to me that one thing that perhaps we might also wish
 
to talk about more in the future is the question of whether or not we
believe that sufficient attention is being given 
with regard to the
agronomic and agricultural 
 practices that are appropriate under
irrigated conditions in various parts of Africa. 
 It strikes me that as
 we 
talked yesterday afternoon and then again this morning about the
high operational costs that are associated with a good many irrigation
projects, to a large extent because of the fact that 
we are so frequently lifting water, someone 
said 68 percent of African systems are
lift based systems if that is accurate, it makes me wonder if there is
sufficient attention being given within the broad agricultural research
sector to the improved varieties, improved production practices,
improved 
technologies with regard to agricultural production under
irrigated conditions. 
 Not that that would solve all of our problems.
No one factor would solve all of the problems but I wonder if that is a
component 
of the overall picture of irrigated agriculture in Africa

that we ought to be giving more attention to. Thank you.
 

Keller - I think that is a very good point, in fact, it is
a recom
mendation that we inadvertantly left out of our statement this morning
on Niger and that is ifyou notice the crop production was close to the
conceived projection numbers. Those projection numbers were 
about the
best one knows how to do with the varieties and the
plant protection measures available. Those are not stunning yields,
except in the case 
of onions. What is necessary is a certain amount
of research to more
really get better, productive packages that can
help pay better for these expensive works. There is
a very definite
need for agronomic research 
to develop better packages. The farmers
 were 
using the packages well as the one available and as well as
anybody could in the case of some of the projects we looked at.
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PANEL DISCUSSION
 

NETWORKS AND NETWORKING
 

Jon Horis - Chairman, Overseas Development Institute and Utah State 
University
 

The topic we will be dealing with this afternoon is networks
 
and networking. The two are related, one is the physical fact of
 
having people in a network and the other the function. What use is it
 
to you, those of us in the room as working professionals? We will
 
spend the first hour having presentations related to the topic which
 
will be led off by Mary Tiffen who will introduce the people. After
 
that hour we will have 50 minutes or so of open discussion from the
 
floor where we will further follow these issues. One of the reason!
 
for doing that is that we want to get an exchange of opinions between
 
the people from Francophone countries, which are served quite differ
ently from those in Anglophone countries and see if we can arrive at
 
some consensus about the role of networking in the future following
 
this.conference.
 

I will ask Mary Tiffen, who will introduce the people and lead
 
off on the topic of networks.
 

Mary Tiffen - Overseas Development Institute 

Thank you, Jon. Jon is a colleague of mine at the Overseas
 
Development Institute where we have been involved in networks since
 
1975. 1 want to start off briefly by saying what I am going to do. 

First of all, I am going to discuss types of networks. 

Secondly, some of the existing networks. 

Thirdly, 
finally, 

look at 
discuss 

how 
some 

national 
of the 

networks 
problems 

can be set up 
associated with 

and 
an 

African regional network which I hope will led into the 
discussion later. 

The types of networks. Basically, there are three types of
 
networks:
 

(a) the first I have called the information-exchange type and
 
it is typically between remote sources of information. There
 
is some organization in the center of the network. Typically,
 
requests for information come in from individuals or institu
tions on the periphery towards the center which may also send
 
out a bulletin of information, a newsletter or other things in
 
the reverse direction. This can be a very simple thing. It
 
could be a central library with a library accessions list that
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is given out to members. It can operate at a much more
 
complex level also with international research organizations

in touch with national research institutes and with computer

linked data bases. Sometimes the word "network" is associated
 
with these computer links but it is not a necessary feature.
 

(b) Secondly, there are what I have called the consultation
 
networks which enable members to exchange experience directly

face to face or perhaps, not necessarily face to face but at
 
least to get into direct communication with each other by

writing or by coming together in meetings, seminars, work
shops, etc. There is still a central organization but there
 
can now also be direct links between the members of the
 
network. These are not necessarily complete. Some members
 
may interact and others may not.
 

(c) Thirdly, there are collaborative research networks by

which different individuals, or more typically institutions,
 
agree on a common research program and a division of task in
 
that program and come together to compare results and progress

onwards.
 

(d) Fourthly, perhaps there are multipurpose networks which
 
have some features of these but are not so specialized in any
 
one of these functions.
 

I now want to go on to some of the existing types of network
 
in our field of irrigation. The first one I will mention is ICID
 
because it is one of the oldest. It was formed in the 1950's, the
 
International Commission on Irrigation and Drainage, figure 
one gives

an idea of its organization. It is organized on a basis of national
 
committees. The membership in each country isdecided by that country.

In the UK it can be both individuals or corporate bodies such as
 
consulting firms, university 
departments or government departments.

The National Committee pays a national subscription to the headquarters

which is in Delhi.
 

This retwork is rather strongly orientated towards the
 
engineers, but in a sense this is because 
other disciplines have not
 
come into it rather than because their constitution forces this. In
 
fact, their leaflet about themselves says that their objects are to
 
stimulate and promote the development and applications of the art,

sciences and techniques of engineering, agriculture, economics,

ecology and social sciences in managing land and water resources.
 
Although it is dominated by the engineers, they do not exclude other
 
disciplines from it.
 

It has, at the center in Delhi, a library but this is not very

assessable to people outside India. It organizes congresses every

three years and the papers are often the fruits of practical exper
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ience rather than academic research. It has working groups on partic
ular topics which can come up with useful results simply because they 
are very often evolved by practitioners with a lot of experience. What 
it is like at the national level depends obviously on the national 
committee and the country concerned. Whether ICID would be a good
basis for an irrigation network in your country is something for you to 
consider because you will know what the local situation is like. In 
the UK it works quite well. The organization has about two afternoon 
meetings - one one day meeting and one weekend meeting a year. 

The president at the moment is L. Othman of Morocco, the First
 
African president of the organization. He is particularly keen to use
 
his presidency to help the weaker national committees and to see ifhe
 
can find funding to enable more delegates from those countries to come
 
to the regional and national congresses.
 

One of the advantages of this organization is that it has two
 
working languages. I am sure the French delegates appreciate this;
 
its publications, etc. go out in both French and English.
 

The second organization that I am going to speak briefly about
 
is the International Irrigation Management Institute (IIMI). It is
 
the international organization which is exclusively devoted to irriga
tion. It is relatively new, founded in 1984, relatively small with
 
headquarters in Sri Lanka. Essentially, it is of the collaborative
 
research network type. Its working method is with and through collab
orators in various other countries. It has programs for the moment,
 
for example, in Pakistan, Sri Lanka, Indonesia and other Asian coun
tries. It is starting up programs in Morocco and also in Sudan and it
 
hopes to develop a West African program with West African collaborators
 
inOuagadougou, Burkina Faso.
 

The present programs of research are canal operation, partic
ularly to accommodate riceboth and non-rice crops, improving the 
management capacity of scheme authorities, mobilizing financial 
resources, turning over schemes to farmers, assistance to farmer 
managed schemes and rehabilitation. There are also supporting publica
tions and workshops and it is a good source of free information in that
 
briefing papers and research papers are available to irrigation
 
professionals.
 

I want to now talk about the network fur which I am respon
sible. The Overseas Development Institute (ODI) Irrigation Management

Network. As I said that started in 1975 as one of then three networks
 
that was established at ODI. The other networks are Pastoral Develop
ment for which Jon is responsible and then we have Agricultural

Administration and a later one is Social Forestry. We have even
 
considered having one on Rural Energy but we have not proceeded with
 
that proposal yet.
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The person responsible for the network always has a research
 
program. 
 We try to orieitate that research towards the development of

guidelines. My predecessor, Anthony Bottrall produced some guidelines

on 
analyzing or evaluating irrigation management. I have worked on

guidelines for improving feasibiity studies and I am going to do some

work on guidelines for incorporating the health element in planning

procedures. We do other types of research. I am engaged at the moment

with Hydraulics Research and with AGRITEX on 
a small scheme in Zimba
bwe, looking at developing guidelines of small schemes for small

farmers. We draw, when we are doing our research, v2ry much on the
 
resources 
of the network because we can get in touch with the other

members for information, suggestions, advice, 
etc. in these research
 
programs.
 

The main function from the point of view of the membership is

probably the exchange of information. There is the newsletter and the
 
papers. These are published twice a year. The newsletter always

carries information on the activities of members in so far, as you let
 
me know about them, so that when I am told of a new research program or
 
a new activity that 
sounds like it would be of interest to other

members then I publish it. The same way with conferences and with
 
recent publications. Organizations or authors that send me 
their
 
papers and publications, we try and review at 
least the most important

of those in the newsletter so that members know what 
is available in
 
the way of recent work.
 

Most of the papers are from the membership, though occasional
ly we will do a synthesis paper drawing on work from several different
 
areas carried out by different groups of members, or we might do a
report on our own research. The papers cover a very wide range and
 
reflect activities that are going on in the membership. Recent topics

have been about the use of the internal rate of return, irrigation

service fees, computerized control of water distribution, groundwater,

and on farmer groups and groundwater, economics of farmer participa
tion. So, there is quite a wide range of topics. We try to keep the
 
papers short, we try and keep them comprehensible to all disciplines

without any jargon. That is one of my responsibilities as editor, to
 
cut out the sociological jargon and the engineering formula so that

both sides can comprehend each other. We hope to enable busy profes
sionals to keep up with some of the t,,ings in the field.
 

The other thing that we publish about every three years is 
a

register of members. 
 This is based upon the form that I have distrib
uted and which, if you wish to become a member, you can fill in and
 
return to me. It is up to you to decide whether or not you want to be
 
an active member or a passive member. If you just want to receive the
 
papers, all you need fill 
in is the first part of the form. Ifyou are

willing to be in correspondence with other members and 
if you want
 
details of your own activities and interests put in the register 
so

that people can contact you then you should fill in the second part of
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the form. So, do not fill in that section unless you are willing to
 
wave it published and to be open to contact with other people.
 

We have a library which is quite extensive but not very
accessible to other members. We are hoping now that we have become
 
the ODI-IIM1 network and IIMI has provided us with extra resources
 
that we will be able to make this library more useful to the member
ship at large by publishing at least a list of its holdings so that
 
you know what we have. Also, perhaps in the future to do computer

searches for you of what is in the library. We cannot do too much
 
photocopying and sending out but at least ifyou know what is available
 
you might be able to ide.ntify that source inyour own country.
 

In the UK we have lunch time meetings four or five times a
 
year. We are always very happy when an overseas member can address
 
one of these meetings but obviously, that is not always possible. I do
 
think these are very important activities for the UK membership. We
 
arrange it with a half hour social period before the meeting, chat
 
with each other, then we have the paper and a discussion afterwards.
 
I think that this is important in a network that there is an oppor
tunity for people getting to know each other. These contacts can
 
lead to collaborative programs afterwards so that, for example, if you

have a national network and you meet at one of these meetings, a
 
medical person who has an interest in irrigation matters, and you are
 
an engineer, you can develop first from that social contact perhaps
 
some other joint activity.
 

That is all I will say about ODI and IIMI. Other sources of
 
information are FAO and CEFIGRE particularly for the French people but
 
perhaps I will leave some of the French people who know more about
 
CEFIGRE to say how useful it is. It is a training organization but it
 
also tries to keep in contact with its students and with collaborative
 
organizations in Francophone Africa.
 

I want to go on now to the possibilities of national networks.
 
If you feel it would be useful to you to set up e national network, I
 
would suggest that you start perhaps with something quite simple.

Start with the consultative type which can be quite informal. We can
 
help you in this in that we can provide a list of members in any
particular country to a person who is anxious to start such a network 
and that would give you, perhaps, some contacts that you did not 
already have. Try, I would suggest, to grt into your membership
people from different ministries, people from different disciplines,

people from the research and teaching areas and if you have a private

consulting sector in your country, also the private consultants. If
 
you have educated farmers interested in irrigation, these are also
 
people who can contribute to your discussions.
 

I would suggest that you do not try to be too ambitious with
 
this and not meet more that three or four times a year because you are
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all busy professionals. One of the functions can be to discuss a
particular topic, exchange ideas, perhaps something arising from this

meeting, perhaps one of the ODI/IIMI papers which you think is worth

using as a basis for discussion, per:,aps some particular problem in
 
your country that you want to get different views on. You are free to
duplicate anything coming from ODI and IIMI. 
 There are no copyright

restrictions. Photocopy it and send 
it out to whom you want. I think
 
it is useful to incorporate this social element that I have mentioned.
 

The requirements for organizing such a 
network are volunteers.

Do not leave it to one person because he may be posted or fall sick.

A small committee would 
be best so that tkere is some replacement

possibility. You need a meeting room obviously. 
 It may be better to
 
get that on neutral 
territory if you have a Ministry of Irrigation

that is always at odds with the Ministry of Agriculture or something

of that nature, the university might provide the neutral territory

between the You need
two. some means of meeting the mailing costs.

You may have to have a small subscription so that you cover mailing

costs and so forth. You may or may not be lucky in persuading some

organization to provide you with support so you will
some have to do
 
your budget according to how much free support you can get from an

interested organization. Once you have got to that level you can plan

later to go on to other ictivities, producing your own newsletter,

organizing a central library, organizing 
some joint research projects
 
or what have you.
 

InThailand there issome sort of national research group that

has its own newsletter, etc. In India, I do not think there is a

national 
group, but on the other hand, in several cities in India
there are groups that meet in an informal way that I have described.
In fact, USAID in New Delhi as the host andacts provider of facili
ties for a lunch time meeting of irrigation professionals once a 
month.
 

The difficulties when you move 
from that level to a regional

network, I 
am sure you have already observed one of the chief difficul
ties is the language problem. 
 It is a serious problem. We have

between ODI and IIMI and CEFIGRE discussed the possibility of producing

the existing network papers in French and indeed we did have one trial

issue in French. I do not know whether any of our Francophone col
leagues received it. But, the response was disappointing. We only had

about twenty registration forms returned out of the 300 sent out. 
 It

maybe that we did 
not give a very good idea of the network because we

only sent one paper with it and it was not a very typical paper. It

maybe that the topics covered inthe newsletter were not interesting, I

do not know. Obviously, it is not worthwhile to bear quite substantial
 
translation costs for a 
relatively small circulation.
 

The other issues I would like 
to raise with you and perhaps
get your views on later is the existing ODI/IIMI network tries to have
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papers from Asia, Africa, we do not have many from Latin America. What
 
I would like you to think about is whether this is a good idea or
 
whether you prefer one that concentrates on Africa?
 

Pieter van Steekelenbur, ILRI, The Netherlands.
 

I would like to say something abut CTA which is an example of
 
a network that is being built. CTA stands for Centre Technique

Agricole, Center for Agricultural Technology. It is a dependency of
 
the Economic Community (EC) and its counterpart, the ACP - Africa, 
Caribbean and Pacific Region. The countries are united as the counter
part for the EC and the development cooperation efforts of the EC. It
 
was created about four years ago on one of the Lome conventions which
 
is the periodic meeting, gathering and contact between the EC and its
 
developing country partners.
 

The objectives of CTA are to disseminate knowledge for
 
development of agriculture in ACP countries. It takes various forms
 
and as such it is not new. Other institutes have more or less the
 
same objectives. To mention two, I would say ODI and our own institute
 
ILRI have exactly the same objectives. Its activities include exchange

of knowledge of experience between specialists and the decision-makers
 
concerning agriculture development in general. The exchange goes from
 
the EC towards ACP and from ACP towards the EC as well as an exchange

of information between ACP countries. Other activities are publica
tions, expert meetings, expert consultations and training seminars.
 
Basically, to channel know how that could benefit agriculture develop
ment in third world countries.
 

To the extent that there are conferences and gatherings of
 
professionals, one could call this a network. I would say it is an
 
information exchange and consultative network type. It is in the
 
process of building up a library. It organizes conferences, either at
 
home base, which is Wageningen in Holland or elsewhere. It translates
 
and distributes relevant documentation, relevant know-how and publishes

it quarterly. In the composition of the personnel there is really a
 
mixture of ACP and EC personnel. The Director General is from Cam
eroon, the Assistant Director General is from Germany. Other ACP
 
experts are from Mauritania, Ethiopia and others. From the EC,

Belgium, and England are represented. There are no Dutch professionals
 
contracted out in ACP, only support staff. We would like to have that
 
consideration since CTA is based in Holland and too many relations
 
already are going on in agricultural, university and research insti
tute7 which would rather not have Dutch professionals on the staff.
 
Thank you.
 

Walter Coward, Cornell University.
 

I will just take a few minutes because some of the points that
 
you needed by way of background have already been covered. Let me
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first of all be sure that everyone is clear that I am at Cornell
 
University, not at IIMI. I am not representing IIMI, just trying to
 
share with you some information about one of the programs that they

have been involved in. As Mary has already told you, this is the
 
International Irrigation Management Institute.
 

I want to talk with you specifically about the program that
 
they call FMIS which means the Farmer Managed Irrigation Systems

Network. It might be useful to take just a few moments to talk about
 
this particular network for at least two reasons.
 

1. One is that some of you may in fact, be quite interested
 
in this topic but not be aware of the existing network and, therefore,

this is an opportunity to invite you to participate.
 

2. Secondly, there may be some aspects of this particular

network in the way in which it operates that would be of interest as
 
we think about possible network activities within the African context.
 

There are two things I think that are interesting about this
 
network that we might highlight.
 

1. One is that it is really dealing with a very specialized

topic and in a moment I will tell you just a bit more about that
 
topic. This is not a network which trtes to deal with irrigation

broadly, but in fact, deals with one specific component of irrigation.

That isone interesting thing about it.
 

2. The other interesting thing about this network is that it
 
illustrates one situation in which a network 
can be an effective
 
organizational arrangement. That is when you have a situation where 
there are a relatively few number of professionals working on a 
specific topic and those professionals are really quite removed from 
each other and have few occasions to meet - the network provides the 
means of keeping in contact. 

The interest in this network originally came about because of
 
a number of research projects as well as action projects that are
 
underway in Asia. The situation is simply that in many countries of
 
Asia a very significant portion of the total irrigated area is small
scale in nature and irrigation which, to a large extent, lies outside
 
of the state or the government sector. It is, in fact, small-systems,
 
many of which have been built by local people themselves and many of
 
which continue to be operated and maintained by those local people.

For example, in Indonesia where there are about 4 million hectares of
 
irrigated land, it is estimated that approximately 40 percent of all of
 
the irrigated area in Indonesia are small systems which are operated by

local people. We could give those small systems many different names.
 
It turns out that IIMI has decided to call such systems, "farmer
 
managed irrigation systems." This is in contrast to government managed
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irrigation systems or what we have talked about a number of times in
 
the last few days, jointly managei irrigation systems. What this
 
network does is to provide a mechanism by which researchers, policy
makers and program managers who are interested in or who are concerned
 
with the problems of farmer managed irrigation systems, to exchange
 
information, exchange experiences and in some instances they may even
 
do some planning and collaborative work.
 

I would like to point out a little about the way in which the
 
network operates.
 

1. First of all, it has the advantage of and is organized as
 
part of the overall IIMI program. As a result, some of the problems

that Mary was mentioning in terms of staffing and a room to meet and
 
finances are, in fact, covered at least in the short run because there
 
is an IIMI staff person who has time allocated to being the manager of
 
the network. There are IIMI resources that are available to put the
 
stamps on the envelopes and send out the mail and that sort of thing.
 

2. There is also organized at this time a small steering
 
committee which provides direction to the network with regard to
 
important issues and topics to be carried. As I recall there is
 
presently one person on the steering committee from the African region
 
and that is a delegate from Morocco, so there is some representation
 
from the African continent at this point in time. One of the interest
ing things that the network currently does is to produce a network
 
newsletter. There have been two issues of this thus far and I would
 
encourage any of you who are either working on the topic of farmer
 
manzged systems or are interested in that topic to write to IIMI and
 
have yourself included on the mailing list. I think you will find the
 
newsletter to be quite an interesting and useful document rather like
 
the one that Mary had described earlier. It includes information about
 
projects and programs that are going on in various places. It includes
 
information about new publications that deal with this topic. It
 
includes informdation about meetings that may be held, etc. Here is a
 
fairly simple way to be rather up to date on various things that are
 
happening on this particular topic.
 

3. The third thing that the network is currently involved in
 
is that there are periodic meetings being held to deal with various
 
specific topics within this area of farmer managed systems. In the
 
last few days in our Forum we have several times talked about the
 
desirability, in some instances, of turning the responsibility for
 
irrigation systems over to farmer groups of one kind or another.
 
Those of you who are interested in that topic will find participation
 
in this network of keen interest. One of the major themes that they
 
are currently working on is the question of turning over small systems
 
that are presently operated by the. state, turning over the day-to-day
 
responsibility to the farmers and users themselves.
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I will just end by saying that there has been some discussion
 
about collaborative research that might be carried out by members of
 
the network. Thus far that has not occurred but I should think that
 
there are real possibilities of that in the future. Let me just sum
 
up by saying two things.
 

One, for those of you who are interested in this topic here is
 
a network which already operates which I would strongly encourage you

in joining. The second poinL is that perhaps this kind of rather
 
specialized topical network may or may not have interest for you here
 
inthe African region. Jon, thank you.
 

H. Rukuni, University of Zimbabwe.
 

The Kenya-Zimbabwe network really came out of some of the work
 
that Ford Foundation has been trying to do on irrigation in Africa.
 
Ford Foundation initially thought that maybe there was something 
to
 
learn from existing knowledge. Mainly from current policy-makers,

administrators, scholars, etc. inAfrica. As a 
test case they suggest
ed that the University of Zimbabwe which had just completed a study for
 
Ford Foundation, that we collaborate with the Kenyans. Itwas proposed

to bring together a group of people involved in irrigation from Kenya

and Zimbabwe with small research grants.
 

My part was to help governments develop comprehensive irriga
tion policy. That came out of a realization that almost all govern
ments in this part of the world in east and southern Africa do state
 
that irrigation development is a key development priority. In fact, I
 
have looked at the more recent five year national development plans

for Kenya, Zimbabwe, Malawi, Botswana, Tanzania and they all have
 
irrigation somewhere in the top five, but none of them ever go beyond

that. None of them have a comprehensive policy and strategy mapped
 
out for irrigation development.
 

The objective was to bring together representatives of both
 
governments and donors and other interested parties. Within planned

and networking activity which would result in about five meetings

bringing together people from government departments, the university,

parastatals in both countries and end up with really a ,,eport which
 
would cover ten policy issues. We hope by the end of this year we
 
will, at least, have a report.
 

If you will allow me just another minute to say that I think
 
of what Mary Tiffen pointed out as types of networks I think that
 
maybe a mixture of research-information networks is probably something

that we should work towards. That is to create capacity for research
 
and use of information that comes out of that for policy. If people
 
are allowed to carry out research and get together they can d;scuss

findings of research in progress, I think that allows a lot of common
 
ground to be created among African professionals and scholars. I
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believe that what is lacking inAfrica which you find in Asia and Latin
 
America is a large mass of professionals and scholars who can get

together and talk about these issues. It is a real problem trying to
 
assist Africa where you do not have that large base of professionals.

I am a great believer, from other networks that we are running on other
 
aspects of agriculture, that collaborative research is another issue
 
that should be pursued more seriously.
 

I would like to propose that a research information exchange

networking activity be developed. I would also like to propose that
 
the projects working on irrigation try to see how information goes
 
down to policy makers. I would like to suggest that is one of the
 
most difficult steps in the development process. It is very difficult
 
to get most of the routine research work that is done in universities
 
and research institutions to be used by policy makers. There are a
 
number of reasons for that. If we assume that we are now able to do
 
research which is relevant to policy, we still have the problem of
 
disseminating information being used for policy.
 

DISCUSSION
 

Moris - Thank you for that contribution. I think now we have enough
 
discussion on the table we should involve the larger group. It seems
 
to me that there are four issues that we should address in the little
 
less than an hour that we have before we break.
 

1. The first one was assumed but not raised and this was, "do
 
we even need networks?" Mary talked about forming more of them but
 
there is some question. Networks have become very fashionable. We
 
have heard of three or four rival networks already. So, do we need
 
networks?
 

2. Ifwe do need them, what type and what level? Should they

be just information exchange? Should they involve research? Should
 
they focus on involving policy makers? Should they be focussed around
 
workshops?
 

3. Then there is the question of how they should be funded.
 
Who pays the bills? Who pays the mailing costs? Who does the transla
tion? Who gets them out? Some of us who are running networks have
 
some doubts whether our funding will continue so the question of funds
 
is a very central one that has not been raised but we need to address.
 

4. Then underlying much of our discussion is a deeper issue
 
that is more tricky and this is really, how do we get better communi
cation between the Francophone countries of Africa and their exper
ience within that zone and also between that zone and those of us
 
working in the Anglophone countries? As Derrick and I found compiling

this literature review, there is a quite separate literature in the two
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languages, even using quite different terms and so there is a major

communication problem. The question is: 
 "Do we have networks confined
 
to language groups or do we have them spreading over the whole contin
ent?" So, Mary has listed here, do we need them, their focus, their
funding, Francophone or Anglophone. 
 Mary, where there any additional
 
topics you wanted to add on the table?
 

Tiffen - There is Asia and Africa only, or should networks be world
wide?
 

Moris - The fifth issue then is: "Do we have networks just confined 
to Africa or do 
we try to spread the function across Asia and Africa
 
and cover a
much larger part of the third world in a single network?"
 

I think that gives us plenty to deal with. With that we will
 open it up to discussion. You can also address questions to any of
the people who have already talked and we will combine the two ques
tions and the more general discussion of the overall issue of the role
 
of networks. Peter.
 

Misiko - What is the linkage between the networks and the professional

bodies such as The American Society of Agricultural Engineers?
 

Tiffen - There is no formal linkaye. There is no formal linkage, for
example, between WMS or ICID or the ODI-IIMI network, but it is open

to members who belong to one to supply information and we will gladly

put it into the common pool. If somebody from WMS or from ICID or FAO
wanted to provide information about their programs we are happy to put

it into the network.
 

Lam - Thank you, Mr. Chairman. About networking and in answer to the
questions of setting up networks. This is a very important matter and
has been neglected thus far in Africa. There is little interaction 
even within a country, let alone among countries of a region orcontinent basis. This problem raised the recent ICIDwas at Congress
held in Casablanca last October. 
 The African representatives met to
study setting up national committees to become affiliated with ICID.

There 
were sixteen or seventeen African countries represented and
those countries that did not have 
a national committee of ICID pledged

to return and organize a national committee. The Congress provided the

opportunity to make contacts and discuss how such 
a national committee
 
should be set up.
 

In reply to the question, do we need networks? The reply is

self-evident, given the objectives of these networks. 
 Each country,

each geographic region needs these networks 
because technology and
information has to be disseminated and exchanged. The exchange of

information could promote development inour respective countries.
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The problem of funding these national committees could be a
 
major stumbling block. We need to discuss 
means and methods of

overcoming 
the problem of finances for the establishment of national
 
networks.
 

As far as the language barrier. It is true that this is a

problem because at each international forum or conference, Anglophone

and Francophone groups are formed. 
 We do not arrive at breaking down

the language barriers as long as we divide into groups based on
 
language. It perhaps even widens the gap. 
 In our next meeting, it

is perhaps true there are insufficient funds for professional inter
preters to be assigned to each small group. I would propose however,

that groups be mixed with an individual who is bilingual assigned to

each group to do the interpretation. This would help break down the
 
language barriers and establish a dialogue between the Anglophone and
 
Francophone representatives.
 

With respect to the question to limit the networks to Africa
 
or include Asia and other Third World countries. I think this question

goes too far. 
 First of all, in most of our countries we do not even
 
have national networks. The development of these networks is so weak

in national and regional plans and to talk of joining with Asia is

rather premature. We need to proceed slowly. Begin at 
the country

level, coordinate the efforts of irrigation professionals at the
 
country level then expand regionally, for example the Sahel countries,

the Lake countries and gradually move toward an integration at a

continental level. As far as 
linking with Asian networks, at the
 
present they are much further advanced as far as irrigation development

and organization. We need to organize at home first then expand to the
 
continental level. Thank you, Mr. Chairman.
 

Moris - In a moment we will take further questions but I do think we 
have a terminological problem. The word "network" can be applied to
 
very different kinds of organizations and activities. Obviously,

professional 
 networks that are actually national committees that

rarely meet but form a committee and then occasionally issue something

is very different from sort of intensive information exchange that

issues six or eight papers every three months. Under the word network
 
we have a wide variety of functions and I think we need to clarify in

recommending which kind of network we want. 
 This is clearly what the

previous speaker has just given us as one route to go. There is an
 
international professional organization that has a base. Their
 
national committees could do some of this function. 
 They do not have
 
funding, but I would think we should solicit the views of the group.

Is that particular, 
almost an FAO style uf national committees and
 
representatives, is that what we need and will 
that serve the purposes

we want from networks? Do we need that and something else? So, let us
 
open the floor and get other views on this topic.
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Arao - I think it was yesterday that Professor Coward asked me tocomment on the farmers organization and I would like to commentbriefly on a topic that relates to the existing network activity that
involves Zimbabwe and Kenya.
 

In 1983 on a Ford Foundation grant I travelled to 
a number of
Asian countries 
to look at their approach to small-scale irrigation

development. I went there and 
I did mention the number of countries
that I went to, 
 Pakistan, India, Bangladesh, Indonesia, and the
Philippines. My terms of reference were 
open-,nded, I simply decided
to identify from the point of view of those people which schemes they
considered successful to
and investigate the factors that lead to
their success. At the end of my tour I concluded that it was actually
effective farmers organization that had lead 
to the success of those
systems. When I investigated further I found that the achievement of
the effective organization, not the farmers 
was an outcome of a joint
effort of many people from different disciplines. I did find that the
experiences that made, or facilitated that success had come from a
number of Asian countries working together. Ideas had come from India;
ideas had come from Indonesia, the Philippines, the exchange of
information about their experiences, in terms of technical factors and
 
software.
 

When I returned to Kenya, I recommended to the Ford Foundation
that what I had seen 
had convinced me that effective organization of
the farmers was the key to successful small-scale irrigation development. I suggested that we organize a regional workshop that would
bring together people from the eastern 
and southern Africa. 
 I do not
know how it was diluted down to 
involve only Kenya and Zimbabwe. I
would have liked to get experiences, especially from some of the
African countries like Sudan 
and the Sahe' countries that deal with
almost similar environmental conditions such 
as we have here. You
will note that Kenya is 80 percent arid or semi-arid land. I do think
that what works for the Asians may not work in local environment but it
is good to 
know that something has the possibility to work and decide
 
whether to put it to the test.
 

The question that I would like to ask now is do we need forums
like this that 
bring together people from different parts of Africa
and people from Europe and America and eveii Asia? I believe it would
have been even more exciting to have heard the experiences of people

from Azia.
 

What we lack here in Africa is that 
we do not have enough
information generated 
locally available to us. When I was 
in the
Ministry, I had a chance to 
visit Great Britain and while I was there
I met a British engineer who asked me if I was aware of how much study
had been done in the Turkana region alone. He told me that it was 25
 man years of study. When I returned I tried to 
look for those documents. I did find
not any of them. That means that even the Ministries for which the studies are done do not have some of the docu
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ments. I requested a document from Switzerland the other day and was
 
told that they must first receive 55 Swiss francs before they could
 
send it. I do not know how to go about getting the foreign exchange.

You appreciate the financing and other difficulties that would be
 
associated with this. So, I would recomanend that we look at this
 
network and networking a bit more favorably because I think itwould be
 
very, very useful to all of us. Thank you, Mr. Chairman.
 

Ssennvonga - Thank you, Mr. Chairman. What we need in the African 
context is a sense of realism. The realism to address the peculiar

conditions under which we are working, and I would like to say one or
 
two things. Very few of us who are working for government are contin
uously working on irrigation. Many of us, maybe the majority, are
 
part-timers in irrigation. You may have that interest over the years,

but the nature of our work may be to devote only a portion of our time
 
.o irrigation. Thus, we cannot perform at the level of a network such
 
as ODI-IIMI. We have very limited time to devote to it. One proble.m

is the lack of a continuous activity, research activity. That is a
 
basic problem we are having but if you ask yourself how much research
 
work have I been able to do in irrigation apart from attending confer
ences, we are limited in that line. This is a reflection of the
 
importance our governments attach to the activity. In Kenya there are
 
many irrigation activities going on in practice, but it isdominated by

the consulting agencies. There are many located here in Nairobi.
 
Africans are playing only a peripheral role. We have conditions in
 
which we are working that we are not playing a leading role at the
 
intellectual level or decision-making or even in designing the schemes
 
themselves.
 

Another difficulty is our salaries which are so low one's
 
energy is dissipated in other things. One leaves the office at five
 
o'clock to attend to other business here and there so if you have
 
meetings after work, very few have the time. They have the interest
 
but not the time. We have seen this in our own professional organi
zations here. I have been at the university for seven years and
 
everybody is so determined but when a meeting is called there are a
 
thousand reasons why they cannot attend. If you are realistic you

know the problems they have, he has to feed so many people in his own
 
homestead and the salary is so low that evening work is common. What
 
I am saying is we ought to be very modest in our ambitions to take
 
into account real difficulties we are meeting so that even if we met
 
regularly, once every six months in my view, I think we would accomp
lish more, more than we have in our own professional organizations

where the actual results are disappointing.
 

A final consideration is mobility which is another limiting

factor. Couple this with the distribution of the people who are
 
interested and major difficulties of getting together develop. For
 
example, I am located in Mbita in south Nyanza. It is more than 300
 
miles away. If you consider the logistics of coming to Nairobi to
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attend a meeting, they are very difficult. If you limit the meetings

to a regional level then there would be, only a'few scattered profes
sionalr. What I want to emphasize is that we must try to get going but
 
let us be realistic and take into consideration the real conditions
 
under which we work. Thank you, Mr. Chairman.
 

Soumaila - I would like to insist on the conditions that should be met 
before we can actually set up professional associations and networks.
 
I think the most crucial issue at stake here was mentioned by Mr.
 
Ssenyonga. We have a problem of resources and manpower. There are
 
very few specialists. The few specialists who are thare are 
always

inundated with a lot of work in their respective homes. They cannot
 
alwayq participate on a permanent and intensive basis. Neither can
 
they involve themselves in research work. This is a constraint for us
 
in Africa and a major handicap that we have to overcome in order to be

able to launch this type of work. I can assure you that when we are
 
asked to prepare a paper for a seminar we have to do it at night.
 

The main problem then lies in the lack of qualified manpower.

In this respect, I suggest that the aid donors should try to help

Africa to resolve this problem immediately. Perhaps manpower needs
 
should be evaluated in each country and 
see what type of specialists
 
are needed in order to fill in the gaps.
 

I hope this is an answer to the question that was asked.
 
Before we go any further we should resolve this question. Otherwise,
 
we are going to establish a lot of associations on paper but they will
 
never become operational.
 

Moris - Is there anyone who wishes to follow further on the topic of 
manpower, insufficient manpower? I would just note that we are making 
an assumption that perhaps is false in that networks are always by
profession. Some of these networks we have reviewed, their strength is 
that they cross-cut professions. Yes, Mr. Kadjongar.
 

Kadjongar - Thank you, Mr. Chairman. 
 Before asking my question I would
 
like to apologize vis a vis those who participated in the Moroccan
 
Congress. Perhaps they did clearly define the objective-to be pursued

by the National Committee. I really do not understand the objectives

of these National Committees that we envisage. When I prepare an
 
irrigation project within my country of Chad, 
I am very familiar with
 
all the services that are involved and I get in touch with all those

who would be involved in this irrigation scheme. Therefore, consulta
tion takes place on a regular basis or rather on an ad hoc basis. Each
 
time there is a project to be launched we hold these ad hoc consulta
tions. If we are to envisage setting up a national network we should

first of all define its objectives. I am not quite clear what the
 
objectives are. Also, we have to see who is going to make up these
 
committees. In my country, for example, once you have 
a project the
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irrigation specialists are automatically involved. Thank you, Mr.
 
Chairman.
 

Fitzgerald - Let me just mention that as you know, AID through the 
Water Management Synthesis Project, has funded, supported and organ
ized this meeting here this week. We put on the agenda purposely,

this item of networking. The thought behind this, and maybe we are
 
wrong, but we thought after the meeting in Morocco which we were
 
involved in helping bring some of the Africans..to it. We were not
 
involved with the ICID itself but we were involved with some people

getting to it and also getting to a companion workshop that was going
 
on there. In talking to the Africans who were there we got the
 
impression strongly that they very much liked a chance to get together

in a purely African exchange and a chance to talk to one another, 
exchange information, exchange experience. Well, this further support
ed our idea of going ahaad with this meeting. What we thought was just

meet, like a continual exchange and follow-up afterwards. We, in AID
 
are very definitely interested in some sort of a follow-up. We would
 
like to see groups like this get together periodically. But, we would
 
also like to see something happen in these meetings that can assist AID
 
in formulating strategies for irrigation development inAfrica.
 

The ICID network is very formal, in fact, you do not belong to
 
ICID by personal membership, it is by country. It is the countries 
that are members of ICID, not individuals and you have membership in 
your own national committees. That is a very formalized situation. 
That is not what we would have in mind. We would just like to see 
some of you get together once in awhile to exchange information and 
know what is going on. We would like to support doing this when we 
can. My view would be to keep it as informal as possible and even 
start out small, you do not have to start out completely but let it 
grow over time and involve whoever wants to be in it. It does not 
matter if it is an engineer, an agronomist or whatever. Thank you. 

Rukuni - Thank you, Mr. Chairman. I think the expression of getting
together once in awhile by African professionals makes sense. I 
believe we would like to do that. The issue of how Africans can get
together themselves to discuss and exchange information is critical to 
the issue of strengthening capacity. How do you strengthen the
 
capacity of professionals?
 

I strongly believc that any networking exercise which is going

to be based on African exchange inAfrica has got to have its roots in
 
research. The research has got to be something that is sustainable.
 
We are not going to achieve this by having ad hoc short-term projects.

You have a few exchanges and then you have another project coming in
 
with a change of actors and a change of even the source of funds. You
 
actually loose on what you started building on earlier. I would like
 
to suggest that ifAID, for instance, is interested in supporting some
 
type of networking activity it should be rooted intheir desire to fund
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on-going research in Africa. 
 They should not think of three, four or
five year funding activities, instead, think of fifteen to twenty
years. If AID were able to 
actually say to the African professioaials,
"we are going to fund research in Africa for twenty years and during
that time support networking activities", I say we are talking sense.
If AID were going to give CID five years research money to do WMS III
and then we will see what happens after that, maybe ano'her group is
going to come in and we 
have different actors and different circum
stances.
 

We have had experience in Africa whereby 
we have had these

false starts. 
We have the same thing today in farming systems research
whereby if these projects were funded for three, four, or five years
and then 
a new fad comes in,you forget that knowledge that was built
 
up.
 

I think that as long as we 
agree that African governments are
not going to fund networking because of the financial 
limitations and
it is going to be a donor funded activity, then maybe the donor should

think of long-term funding. 
Thank you, Mr. Chairman.
 

Kadjongar -
I would like to clarify my idea even further. The international network, at least 
I know the objectives of the international

network and I agree with it. What 
I was talking about were the

national 
networks inmy previous remarks. Thank you.
 

Moris - I think we do toneed perhaps clarify again the different

kinds. 
 We are getting into trouble and the word "network" means quite
different things to us. Perhaps, if I could refer to Mary to 
just
mention this to review the range of things we are talking about.
 

Tiffen -
T think several of the activities that have been mentioned up
to now are complimentary or could be complimentary or could happen at
the same time. They 
are not necessarily alternatives. On one level
there can be national 
networks and I think the consensus that seems to
be emerging amongst those spea, ;ng that in countries where they would
be useful they should be informal and modest in their objectives
because of the resource difficulties. But, perhaps, two or three
meetings a year would be useful, 
if that could organized.
 

I think on the continental level there is amongst
a consensus

several people that this type of 
meeting is useful. It requires

funding that is not within the possibility of the African countries
themselves. There are collaborative research program type of networks.
These need not be continental wide. They can'involve just two or three
countries or particular institutes. These can exist along side what I
would call a 
distance network such as the ODI-IIMI network which keeps
people in touch with Africa wide, intercontinental wide, new thinking
and new ideas and perhaps brings in some 
fresh thought streams to the
policy-makers, to the professionals, etc. I think the 
idea that one
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speaker said that you have got to involve the policy-makers as well as
 
the professionals is a very important point. It is something we have
 
always tried to do with the ODI/IIMI network but I think it is some
thing which should be in the local networks as well. I do not think
 
these are competitive activities. They can be complimentary activ
ities.
 

McConnen - Jon, three comments. Earlier there was a remark with 
regards to having the French and English working groups separate.

When Derrick Thom set about organizing the Forum he really wanted to
 
have t'em joint and I think the other people on the committee were in
 
agreement. Unfortunately, we ran into a money problem. That is one
 
of the reasons they are separate because of the cost but in principal,
 
we agree. I bring this point up because any sort of a networking

effort isgoing to be limited by budget.
 

I would agree with you, Mandi about what is really important

in terms of Africans being involved in research and on a long-term

basis. I think this is the effort in research and agriculture which
 
the major donors have recognized, I do not know how much that has been
 
put into practice but they see the need for that and in particularly in
 
Africa. I do not disagree with what you say. I think what you say is
 
fundamentally correct and just has to happen.
 

If you think about planning for a next step I think it would
 
be very difficult to say, "no, we will not take the next step until 
we
 
can 
have that sort of a condition before we can move forward." I can
 
speak with great authority since I know nothing about AID's funding

situation except it is difficult. My guess is the monies that they

might have available in the immediate future for funding network will
 
be relatively modest. If there is to be some next step with AID
 
funding involved it may just be a step towards the kind of thing that
 
you are talking about, Mandi. It may not be able to get there but it
 
may be an interim step where there is much more African involvement and
 
planning this meeting. It is hoped that we can move towards some of
 
the longer-term kind of goals and objectives that are needed.
 

My personal preferences are, I would like to see come out of
 
this Forum some agreement on recommendations on further efforts of
 
networking. It would be short run, unfortunately, but it would be the
 
next step and it would be at a modest enough level in terms of effort
 
so that there might be a possibility of support by AID and perhaps some
 
other donor agencies, It would be my personal preference that it would
 
involve a considerable amount of African p'ifessional effort in terms
 
of planning objectives, and in terms of inning the mechanics of the
 
conference and so forth.
 

Lam - Thank you, Mr. Chairman. I think Mr. Ssenyonga illustrated the 
problem very well because we have serious problems with the lack of 
manpower that has already been talked about. Recommendations have 
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been made to train irrigation specialists in order to gradually become
involved in the designing and implementation of irrigation development
schemes. The networks we are 
talking about, if these are not included
in an irrigation development scheme they are 
going to be very precarious. What is happening in the US or Europe is very different than the
African context because they do not 
have well developed professional

associations. 
 It has been mentioned that individuals do not have the
time to dedicate themselves to this type of activity because of varied
 
commitments.
 

In the next phase of WMS program a special mention has to be
made of the fact that these networks have to be assisted in being setup. In the setting-up of these networks they would offer the possibilities to train people and also organize research projects. USAID,
through WMS III will be the precursor in this respect. Perhaps, future
donor agencies may 
see this idea as an attractive one and viable for
the development of irrigation in Africa. 
 What is important to include
in these research programs is the establishment of these networks in
order to have these types of exchanges that we are holding today.
 

This Forum was initiated by WMS II because here 
we are
exchanging technical information. We looked at 
three cases - Rwanda,
Niger and Zimbabwe. If, in future projects, we can include general
research programs that can 
be extended to other countries then we will
be able to consolidate even 
further exchanges and contacts. Through
this method we will be able to achieve much more, this is how we should
approach the problem and riot just leave it up to each individual to go
back to his or her country and see 
how they can set up their own

national network. Thank you.
 

Adeeb 
- Thank you, Mr. Chairman. This Forum is actually part of a
network development which is going on 
right now. I am thankful for the
opportunity to meet with my African friends here for a 
second time in a
few months. Even though we have not formally called it a network, it

is an exchange of ideas to which I 
am being introduced to for the first
 
time, i.e., the systems of Zimbabwe and Niger.
 

As far as the funding is concerned, I think we Africans have
the opportunity to keep 
in contact through correspondence, all it
takes is a stamp. This is an encouraging opportunity. We will never
get together after this and exchange ideas unless we work at 
it

through corresponding with each other.
 

On the question of whether we need networks, this question is
irrelevant because we have already surpassed that question with what
 we are doing right now. 
 In most nations there are some research
organizations that are set up. Maybe 
later on we can discuss how
these networks 
are going to be related to the national organizations.

These networks can reflect what has 
been going on here. When we
return home we can' discuss the issues which were raised relate
and 
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these to our local conditions and try to find solutions which are
 
relevant. This can be accomplished through research, through exchange

of ideas, through all kinds of activities. At the same time, the build
 
up of local networks can start from the delegates who can form the
 
nucleus of these networks. It is not necessary that AID funds the
 
research, there are other agencies which fund research. There is also
 
a question about the manpower. I think in Africa that question can be
 
overcome by exchange of Africans rather than bringing people from
 
outside. Of course, expatriates are welcome, but if we have surplus in
 
any country, I think this networking will lead to distributing the
 
African manpower within Africa. Thank you, Mr. Chairman.
 

van Steekelenbuag - Thank you, Mr. Chairman. Instead of commenting in 
detail on many of the points which have been raised, I would like to
 
make some general remarks. In my opinion, the question of networking
 
or not is related to training and education in general. "Formation",

that is a better word in French. I see networking as an element of a
 
permanent professional education program. One of the elements only.

It is an exchange of experiences and of ideas. What form itwill take
 
in a particular country I would say there is no hard formula to give

for it. Networking is certainly another element related to improving
 
manpower capacity in a country. It has been mentioned by various
 
delegates that trained manpower isvery limited in Africa.
 

There is one other element that one talks about in networking

when comparing Europe to Africa. I have the impression that inAfrica
 
many national seminars are being organized where professionals of a
 
certain kind or of certain ministry are all gathered together in order
 
to formulate policy and discuss policies. Networks could be one of the
 
occasions inwhich you build and exchange your experiences.
 

Whether ICID could be functioning in this respect, one needs
 
to understand that ICID is a very formal organization and it has
 
strict formal requirements for national cells. However, every formal
 
organization has an informal network under it where it determines, 
to
 
a large extent, its efficiency and its outcome. I would certainly

believe that by strengthening or by establishing ICID cells in African
 
countries this could be a very interesting means of improving informal
 
networks. The ICID could also be helpful in funding research activ
ities through international contacts. On the other hand, I fully agree

with Mr. Ssenyonga's remarks that modesty is very important. Modesty

is particularly important because transport costs, etc. very
are 

limited.
 

The point of research activities, I would suggest formulating
 
a research proposal by professionals and presenting this either to one
 
of the following: the Ministry of-Irrigation, if it has any funds for
 
it; the Ministry of Agriculture, then the Ministry of Education. If
 
that turns out to be difficult then I certainly believe that formulat
ing a correct research proposal to be carried out by professionals in a
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certain field is something that should be attractive to donors for
 
funding.
 

The last point that I want to mention refers to the involvemeit of politicians in networking. I would say most politicians would
 
not have the time to participate in professional debating clubs. The
CTA, for example, sponsored 
a meeting of the Ministry of Agriculture

and offered a very attractive setting for a week. Some highly quali
fied keynote speakers were invited in order to come together for
opinions on agrarian policy. 
 This might be a better way instead of
hoping to get politicians into the debating clubs. I 

this word but I am 

am sorry to use
 
afraid from a point of view of Ministries it wculd


be a professional debating club. 
 Thank you, Mr. Chairman.
 

Moris - I think you have quite adequately summed up the views this
afternoon. In closing I would put it seriously to the African dele
gates here and I speak now as a member of another network that is
finding it very difficult to get funds. In countries like the UK, the

universities are being taken at 
expense of domestic programs in the
home countries. 
 There is not a lot of money around. We have had a

donor present today. 
 A donor has financed our stay in this beautiful
 
center which is the nicest one I have been in inAfrica. This kind of
support is getting very hard to obtain, so I put it to you. This is your chance to come up with some viable, modest proposals. You can 
come up with 20 year programs and a big research agenda. Anyone of us
would like that. We are talking about a modest amount of money, less

than has been spent in the past. This isyour chance over the coffee

break to put your heads together and come up with some modest, concrete
 
proposals.
 

BREAK
 

Moris - We have ten minutes, simply to note suggestions from the floor
from anyone about follow-up actions, where should we go from here?
This will be the last formal, full session of the workshop forum so
this is really our last chance to say what should be done further; what
 
follow-on action should be taken? Because we 
have had four days to
discuss among ourselves at length I am requesting that we focus on

specific suggestions. 
 We would not be able to resolve these to come to
 
an agreed single proposal but we should, at least, be able to hear from
 you any specific suggestions of what should follow next. 
 What succes
sive activities? What carry-on or follow-up? 
 What further activities

do we wish? We can 
also address at the same time the question put to
 
us by Worth Fitzgerald, if a donor such as USAID should be willing tofund a modest additional activity, what sort of activity should thatbe? So, the floor is open for suggestions of that nature. Mr. 
Kadjongar. 

Kadjongar - Thank you, Mr. Chairman. I have a very small proposal
make.' First of all, 

to 
in order to be able to belong to the interna
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tional *network perhaps we should each give ourselves a deadline by

which time we should set up the national committee. Once this network
 
has been set up, the organizers of this Forum will have to give some
 
regular information and correspondence. There needs to be regular
 
contact with the national committee which will be established. The
 
national committee will provide information about how it isworking, if
 
it is operational. I do not know if the organizers could assist us in
 
the establishment of the national network. This could be the first
 
step that we could take in this direction. Thank you.
 

Makuba - Thank you, Mr. Chairman. With regard to Rwanda and in 
relation to the setting up of the network of specialists. This 
process has already started in Rwanda, but it is not very active at 
the present. We have already a network which is divided into two 
parts. First, we have a follow-up committee of irrigation schemes in 
our country. This committee is made up of specialists who come from
 
various ministries and other national boards or departments who are
 
directly or indirectly involved with irrigation problems in our
 
country.
 

We have also identified wherein we conducted the case study of
 
the small marais in our country. The study was jointly carried out
 
with technical and financial assistance of USAID. Thus, we have
 
identified some specialists who were involved in the design and
 
implementation of this study. On the basis of what we already have, I
 
think we should make these activities more dynamic and active.
 
However, please remember that we .do have a problem of manpower and the
 
availability of manpower. This holds true for many African countries,
 
the availability of specialists is a problem.
 

Talking on behalf of Rwanda, I would suggest that it would be
 
important to establish some kind of fund in order to encourage these
 
activities. I do not know whether within USAID program this type of
 
funding could be obtained. Thank you.
 

Lam - Thank you, Mr. Chairman. With the setting up of the network in
 
Mauritania, as I did say a while back, this idea of networks or groups

of association in irrigation has been talked about since the Mauritan
ian delegation returned from the seminar in Rabat last October.
 
Discussions and negotiations are being held by individuals inMauritan
ia.
 

At the end of this Forum an accurate and clear recommendation
 
should be made as to the need for setting up national networks. A
 
recommendation from this Forum would help the delegates when they go

back to their respective countries to be in a stronger position to
 
convince the administrative authorities because there is a lot of
 
official red tape to go through. Even if the network is for informa
tion, the representatives need to have official government permission
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and authorization. The departments and ministries need to be informed

and become officially coaversant with the network. 
 The Mauritanian

delegation suggests that 
a clear and accurate recommendation come out

from this meeting to assist all 
those who are willing to undertake any

measures, especially 
in Mauritania for the establishment of this
network. That way the various governments will be convinced of the
 
importance of a national network.
 

To go beyond the national level, a few minutes ago I talked
 
about the process that has 
to be followed to establish a continental
 
network. I think we can 
rely upon the regional organizations such
CILSS and OMVS. If the nine countries 

as
 
of CILSS, if each member
 

country could set up their own individual national network, we could

have a regional network of the CILSS countries. In this way we could

make headway and progress and maybe look toward ECOWAS, nothing

Political of course. 
 At least we could approach ECOWAS member states

and gradually progress toward a continent wide network system. Once a

continental network is established we 
could look toward collaboration
 
with Asian and other networks. Thank you.
 

Moris - I think I will ask Pieter to briefly say a few words about
CILSS 
which has not been mentioned but is one of the predominant

research organizations working the Sahel on irrigation. I do note, we
 
are really, I think this afternoon, one step ahead of some of these

proposals. For instance, 
it is the job of ICID which issues the

letters. We, as a temporary ad hoc workshop are not in a position to

issue letters of authority for a country official or representatives,

etc., etc. The body that has the charter legally must do that.
 

Our real question is, "is this the way one wants to go in
Africa?" Should we take CILSS or 
ICID or any one of the international
 
agencies? Should they be our parent 
and should we form ourselves
 
under them? 
 It is a lengthy, delicate, involved, time consuming,

expensive process to get that whole thing formed. 
 Or do we go to some
other organizational framework of which we have heard of several which
 
already exist? 
 Do we form our own follow-up organization which is

simply in a personal capacity? These are the sort of issues, but I

think this afternoon we are at that stage. What do we do just in
 
terms of the different alternatives?
 

Lam - Mr. Chairman, I do not think I made myself too clear, 
I mention
ed CILSS as a sub-region, a group of countries, but not LILSS as 
an

organization. I was saying 
there are nine member States in the
grouping. Talking about the process of setting-up national, regional

and continental networks. When I mentioned CILSS it was only to talk

about a group of countries, geographically speaking, not institution
ally. Each country will 
have its own network with its own official

members. These members will contact 
each other within the CILSS sub
region so as Lo or anize a regiciial network, maybe with the assistance
 
of the Secretary ,eneral, 
I do not know. The objective would be to
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set-up a Sahelian network for the development of irrigation in the
 
Sahelian region. I was not referring to CILSS as an institution but
 
merely suggesting a group of countries from a geographic point of
 
view. Thank you.
 

van Steekelenburg - Thank you, Mr. Chairman. I will say a few words 
about the CILSS although we have Sahelian members here who would be in 
a better place to say a few words on it. 

The possibility has been raised by the Mauritanian delegate is
 
one of the examples of the way one could work. It is true such a
 
regional organization as CILSS is quite useful. The question remains
 
always the integration of Francophone and Anglophone parts of Africa.
 
Nevertheless, one should not forget to work first of all within ones
 
own country, subsequently on a regional basis.
 

CILSS has been quite instrumental in doing a number of
 
studies. It receives funding from various donor agencies. I do not
 
know whether USAID is included but I know various European agencies

contribute. One. of the studies that was recently undertaken in the
 
framework of CILSS, and it is worth mentioning it here, is a study of
 
irrigated agriculture in Sahelian countries.
 

Ifone talks about methodology, the difference between various
 
approaches is for an expatriate team to come into the country, carry
 
out a study and deliver a report, then leave the country. Then there
 
is the Water Management Synthesis approach, working together on a
 
joint field workshop, doing the work in the field, delivering a report
 
and providing some training. Then there is the approach followed by

CILSS where there are national study teams that carry out a survey of
 
difficulties and possibilities of irrigated agriculture in their
 
country based on guidelines that were established by an international
 
team. You might say again, the expatriates came in,it seems hard to
 
avoid. Two of the people present today happen to be members of that
 
expatriate team, Mr. Soumaila and myselF. We have been working

together, setting up guidelines and separately working with the
 
national teams.
 

This is the first time in our opinion that a national team
 
carries out sector surveys giving much emphasis on what happens at the
 
local level and gradually going up to regional and national level.
 
This is just one example of what could be done. It is certainly not
 
easy, there are a lot of problems involved in working this way but in
 
our opinion, it is worth t-ying. CILSS is a representation of the
 
Sahelian countries, as you all know. I know there are other areas like
 
the SADEC countries in the southern African region which could perhaps

perform the same role of stimulating contacts being an intermediary
 
between the various countries of the area.
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Moris - I think given our shortage of time, if there is any urgent
final one issue rather than going on to discuss, is there any other
 
issue we have missed that someone would like to simply to table?
 

Farah - Thank you, Mr. Chairman. I would like to add a small observa
tion on what we have been saying. This Forum has, in fact, has given

us 
the chance of knowing at least nine countries, African countries and

the specialists here have known that 
who is doing what in their
 
countries. I would like to suggest 
that this kind of information

should be widened to the continent level and I would suggest that a

kind of register is needed which is to consolidate the African profes
sionals qualifications 
so that they know each other. This aspect, we

have considered when we were talking about consultancy issues. I think

widening this and making a comprehensive register for all the profes
sionals in Africa will help us to be able to 
know each other and it

will help in the consultancy aspects at the regional level, national
 
level and the continental level. Thank you very much.
 

Moris - One more comment. I think now there is still room for written
 
comments which you can pass 
into the organizing committee. Either to

Derrick or to Dick or 
any of the leading people who have been organiz
ing the Forum but I think now we should turn to a wind-up to try to

review some of the broad lessons and guidelines that seem to have

emerged out of our discussion and I cannot think of anyone more

qualified to do that than Professor Keller, so I will yield the floor
 
to him.
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FORUM SUIARY
 

Jack Keller
 

Utah State University
 

Actually, you know I am really a fill in for this wind-up
 
session. There is nothing that will get your attention faster than to
 
do something like this. At first, when you say yes to such a charge it
 
is rather flattering that people think that you can do it. It is a
 
little awesome is the next impression, but in the meantime you have
 
said yes because you loved the flattery and then you start getting

panicked as the hour approaches and finally when you get in the seat
 
where I am, which is rather the hot seat, you are down right fright
ened. I really think it is more than I can do to summarize everything

that was said here, I will do my best to try to give at least my

conceptualization of what we have done inour deliberations, the mental
 
processes that I have reached.
 

Obviously, in Sub-Saharan Africa, we think that we represent
 
most of it or a good slice of it. Then we realize that with nine
 
countries represented out of some forty or so, we only represent a part
 
and we have large parts missing. Obviously, it is an immense continent
 
and it is both physically and environmentally diverse as well as
 
socially, economically and politically diverse. It is anything but
 
static, Africa is a new continent. Socially and politically new from
 
the standpoint of the previous colonial era. So, it is an evolving

continent in many ways and it is this evolvement in the social,
 
institutional, political aspects and the capacity to do things, that is
 
hard to keep up with.
 

My brief visits to Africa over the last few years suggest to
 
me that there is an immense change in the professional capacity of
 
people like yourselves in Africa. I can remember in the 60's when one
 
talked about Triage for the Asian continent. We thought we had to
 
write Asia off because it was impossible to feed itself, it was a
 
place where there were just too many people and too few resources and
 
perhaps too little institutional capacity. Well, today, Asia is
 
feeding itself. I really feel that in my view of Africa that this
 
same process, this same evolution is taking place here, and it takes
 
time, I think there is a general impatience.
 

Besides those few comments, Africa has got some other unique
 
features that make irrigation development difficult that have been
 
alluded to. I think we have alluded to soine of these kinds of things
 
earlier. That is,there is really more variability in the short range

weather changes. I say weather, rather than climate meaning the
 
rainfall and the types of things you take data on. There iscertainly
 
some rather disruptive drought situations taking place and we do not
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know whether they are representative of longer range climatic changes

or whether they are just little purtabations that have been going on.
They are more pronounced 
in Africa than many of us in the developing

institutions are accustomed to dealing with.
 

Africa has a variety of soil problems and limited water
 resources. The density of the resources, the density of the good

soils for irrigated agriculture development is really rather low. 
 In
order words, you do not really have many locations where there will be
 
a great deal of development, high density development. 
 So being low
density spread 
out with a project or a scheme, here and there in

rather small 
schemes it makes another feature that is rather difficult
 
to deal with. Thus, while we can exchange a great deal of information,

and we have exchanged a great deal of information about both successful

and unsuccessful ventures into irrigation development, 
it is really

quite difficult to develop 
very many concise guidelines for such a
diverse continent as we have here. But, I really 
feel that we can
 grasp some guidelines which I will propose in 
a few minutes as a result
 
of our deliberations.
 

One thing that I can say is perhaps we can more or less think
oF writing 
off much of the irrigation development efforts that have

taken place in Africa to date. 
 We can write much of the effort to
building institutional capacity. One way to build capacity in irriga
tion development is merely 
to install irrigation here, there and

yonder, and then try to
to learn and grow in ability, to realize the
benefits from this irrigation. I think that a great deal of what has

happened in the past has been merely 
the placement of irrigation

facilities with not too much real 
capacity to manage these facilities

and to make them profitable. After all 
there could not be a lot of
capacity to do these things if there has never been much 
of such
activity in place. One of the things you have is 
a chicken and an egg

process, 
that is, where do you get the experience if you do not have
the projects? You cannot 
have the projects unless you have the

experience, and so, we have the projects without 
the experience and
did less than well in many cases. Nevertheless, I think that that was
 
an important step, and in some 
of the things we have been hearing are
really the horror stories, from a look at these projects 
and in
 
retrospect one can see 
they had little chance of success, you can see
it, we can see it, all the consultants are coming exposing it time
 
after time.
 

If you accept that projects in the past have been part of our

experience in development and played 
a very useful role, I subscribe
 
to that 
view point, I think it may not have been the most efficient
 
way to develop the capacity but it was a way and politically perhaps

the only way. I do not think people would have stood still to get

everybody trained and then decide that when everybody is ready we will
 
put in a project. 
 I do not think that is the way it happens. Even if
projects are going to be put into Africa with grants, which most of the
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countries are pressing hard to get or at least very concessionary 
financing. Some of the loans that are not paid back really end up 
being grants, because they are just grants that the people that loan 
the money did not know they were granting quite yet. They become 
grants in time and I think that wp are in the process, the world is in 
the process today of writing off the loans because there is no chance 
of paying them back. The banks cannot immediately write them off 
because the banking system would collapse so they will refinance and 
will 'go for zero coupon bonds and whatever you want to do. Sooner cr 
later the whole slate will be wiped clean again and that is the process 
if yau recognize it, that is what is going on and everybody has to 
behave a certain way so it does not disrupt the system too much. If 
Africa is going to develop it has to have capital accumulation not just 
capital insertion, it cannot be a black hole or just a sink hole for 
capital. It has to be a place where the capital is put in that 
something stays so that when more capital is added there is more and 
more. You cannot grow without capital formation. The projects that
 
are not sustainable and are not sustained, they might have been useful
 
as a training exercise or as an institutional building exercise, but
 
they did not erid up as being something that advanced the capital
 
formation or the facilities of the various countries.
 

The other thing that we have to worry about is that once, if
 
we could sustain the system that is really not good enough, we hve to
 
get performance out of the system so that we can have financial
 
security with the system. Just having a bunch of systems around that
 
are sustained is not very valuable unless they are productive. Much
 
of what we have talked about in this forum concerns those issues of
 
sustainability and productivity of the systems. We also focused on
 
these particular issues for the most part in our field studies. In
 
this Forum, however, we wanted to take somewhat a broader view and so
 
we dealt with some of the other issues besides strictly those singular
ly or abstractly from the total picture.
 

I have developed figure one, not for this presentation,
 
because I did not know I was giving this presentation, but for a
 
recent presentation that I gave at a FAO conference. I got concerned
 
about how to conceptualize an irrigation project, perhaps you would
 
like to call it an irrigation scheme. With the help of some other
 
colleagues we developed this brief schematic and I would like to walk
 
us through this because it really summarizes and captures many of the
 
things we have talked about at this Forum. If you have noticed that I
 
have put inside of the heavy black line, open ended on the water shed
 
portion, I put an irrigation system. The system is made up of the
 
capture of the water which comes from the water shed, the conveyance
 
portion, and then certain distribution portions all the way down to the
 
field aod then finally the application portions of the system. Those
 
are irrigation system components. A well running irrigation system
 
does not necessarily mean productive projects or schemes. Tile produc
tion does not come by delivering irrigation water, it comes from out of
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the Agriculture Domain, from delivering many other inputs besides water
 
so that there is a meaningful production. Once you talk about produc
tion or agricultural production, we really are beginning to take a
 
comprehensive scheme or project approach.
 

I have divided this particular scheme into three basic
 
domains. We spent little time speaking of the water shed domain, it
 
was alluded to in the Nigerien study because we were worried about the
 
reservoir silting up. The Watershed Domain is a very important domain
 
to irrigation sustainability. We spent considerable time in the
 
Zimbabwe study, for example, with the conveyance system and more
 
importantly we called that the Water Supply Domain which goes on into
 
the distribution system which resides in the Agriculture Domain. The
 
actual domains overlap in this sense between the water supply in the
 
agriculture domain. There is also overlap because there is transfer
 
within the distribution part of the system from the bulk outlet point

that is perhaps controlled by the state to a farmer group point that
 
is controlled by the group of farmers.
 

I have tried to show here that there is a stochastic nature to
 
the water resource, there is a stochastic nature to the rainfall from
 
the top and incidently, there is runoff out of the system which lends
 
itself to conjunctive use. It is also stochastic but less stochastic
 
because the system itself acts as a buffer for the stochastic inputs.

Going outside of this you know that we have on top, we talked a great
 
deal in this Forum about the institutional, financial, and production

inputs in getting that part together. We also, in this Forum, talked
 
about the social, economic and environmental effects, so from a
 
comprehensive view of a project or scheme, we really are dealing with
 
all of these issues. Sometimes as an irrigation engineer, I might

speak mostly about the irrigation system itself, but I realize in this
 
the overall comprehensive nature of it, and we deal with this.
 

I happen to put, if you have noted, social, economic, environ
mental effects on top of the line separating inside and outside of the
 
project or scheme to denote the fact that the impact of the project is
 
not only within the project but also without. We have to be concerned
 
not only with what is happening within but with what is happening in 
a
 
broader environment without our project interventions. Well, so much
 
for a brief statement about those things, we recognize them, in these
 
talks that irrigation development is not only a financial, and econom
ically vulnerable, but it is also under attack environmentally. We
 
have much to do to use our collective knowledge and experience to
 
mitigate the short falls financially, and economically and also to
 
mitigate the environmental impacts from the negative side.
 

I want to mention in the remaining time of my talk, some
 
candid guidelines which I gleaned from our discussions. I think that
 
the reason we need to think more about guidelines is, unfortunately in
 
the past, we have not really gotten the process right. It requires
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that, if you use military terms, to get it right, in other words to hit
the target, you go through the process of getting ready, and then you

aim, and then you fire. I think what we have done too often in the

development of irrigation projects, is we have been in 
a hurry, we get
ready, and then we fire and then we come back and we try to aim, so we
have to take the time to aim between the time that we get ready and 
fire.
 

Our joint field studies have added a nice element, not only to
 
our knowledge, but also to 
the Forum in that they obviously gave some
 
reason to collect some of us together, they performed a training

workshop, a networking affair, they gave us specific scheme or prem
ature recommendations. Incidently, when 
we hear that Djirataoua was

doing better this year than when we were there, I might say that the

director pressed us very hard to give a specific set of recommen
dations of what to do immediately. Perhaps the reason it is working

better in part is because these recommendations were useful to the
 
management 
of that scheme. I truly think that our recommendations
 
were very useful and I suspect that they were followed, I cannot say

that they would not have been found out and followed without us making

them, I do not know that, because we do not have that as test case.
a 


Finally, we did get from these deliberations some global

guidelines that I will try to delineate in the next 
few minutes. I
 
came up with nine such guidelines. I will request that the forum

committee would like you to give any written comments you care to give

as 
to other guidelines or additions to these guidelines, or a critique

of these guidelines. One of the efforts we want is to, in fact,

delineate and articulate a set of guidelines as best we 
can from our
 
deliberations here.
 

1. We mentioned that the resource base is very limited in

Africa, that is partly due to the low density, partly due to the size,

partly to the lack of institutional capacity, and partly due to lack of
 
money. I think it is
a reality that the information is limited, so we

really are going into development issues, with limited information.
 
That suggests, if you go with limited information, that you use an

incremental design approach, and that you monitor what you are doing

and make adjustments as you gain further information about the re
source, not only the physical resources but the social and the institu
tional resources that there.
are So, the recommendation would be one
 
fabricated around doing that, the incremental planning concept.
 

2. We talked at times about indigenous irrigated farming

capacity, indigenous cooperative capacity. There is considerable
 
amount of capacity, you have heard me say this before. 
 With this view

point in mind, irrigation scheme development should study this poten
tial capacity very carefully and design the irrigation intervention to
maximize the utilization of this capacity. This is true for both the

rehabilitation of existing situations and the new situations.
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3. The third comment was to deal with the cost equation. The
 
cost equation at the water supply domain level. One must attack the
 
cost equation from two sides. One side is to improve or to lower the
 
cost of implementing projects. This needs to be done by strengthening

the institutional capacity to design and implement projects locally and
 
to use more local resources in the process involved, both physical or
 
hardware resources and software resources. Once it is in place, the
 
other side of the equation is to keep it in place and have a sufficient
 
operation, maintenance and management program so that the cost(s) of
 
repair and maintenance over the long and the short run are minimized.
 
That takes a strategic approach to operation, maintenance and manage
ment. Some things you do not maintain on a weekly, monthly, yearly

basis and other things you do maintain on almost a daily base. You oil
 
a pump set, that is a daily operation; but maybe you only do a canal
 
cleaning once a year; a major canal adjustment or stabilization once
 
every several years. So, maintenance is a periodic affair and one has
 
to have a strategic approach to maintenance. This becomes most
 
critical when dealing with mechanical devices. One of the reasons that
 
the surface irrigations systems, gravity fed systems are more reliable
 
is because maintenance isnot as necessary. It is the unreliability of
 
the maintenance, that is the problem and that has to be worked on and
 
very special attention paid to it. Too often to move into a new
 
situation it is automatically assumed that because it is there, there
 
is the institutional and infrastructural capacity to maintain it and
 
operate it. We will talk about this in another guideline. Everybody

that puts in a project claims these things will be done, but it is
 
seldom that I have ever gone back to a project and found a reasonable
 
maintenance manual that was left by the donor agent or the consultant
 
that told anybody how to do it. So, there has to be certainly atten
tion paid to that.
 

4. The other cost equation that has to be worked on and is
 
part of the guideline, is the cost equation at the agriculture domain
 
level. Simply this cost equation is dealing with increasing the
 
spread between the gross income and the cost of getting in. In other
 
words, increasing the net income and to do that the things that we can
 
attack on the output end are higher production, and the marketing
 
system to which that production must flow. On the other end if there
 
is work to be done on improving the inputs to the farm system, both
 
technical as well as the capital and the other production inputs
 
necessary for productive agriculture. In the long run, the farmers
 
are the clients of the system, as we all know, we have .heard it a
 
thousand times, but we must pay attention to it in the planning stage
 
to not only the cost benefit ratio which is 'often fictitious, but
 
really careful cost to what is the profitably to farmers? What is~the
 
farmer going to get for his labor, his capital and his managerial

inputs? If that is not attractive, production will not come about.
 
So, attention needs to be placed there and just to how we are going to
 
hold in place.
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5. At the Agriculture domain level, one of the things that is
 
quite short in Africa and was alluded to a few times, were a basket of
 
cropping packages, credit and needed flows of production inputs. We
 
talked in the Nigerien study for example, about the crop of production

being somewhere near potential levels. In fact, we heard that they had
 
reached potential levels in some cases. The thing is,that potential

levels in Africa for many crops are low by world standards, and that
 
suggests that there is a considerable research need to improve the so
 
called "package of production inputs" so that we can get a higher

production. Inother words, the farmers are doing as well 
as they can,

given the knowledge level, that not only they have, but that any of us
 
have of doing better. Now, there are some isolated crops that do very

well in the system. There are niches of crops that perform very well
 
and have world class yields, onions happens to be one of them as an
 
example. That coupled with a strong marketing situation, which happens

to be private by the way, isthe dynamic behind much of the development
 
we talked about from the Niger study.
 

6. The sixth point is that the time of throwing money and
 
technology at the problem of development is over. First of all, the
 
donors do not have the stomach for it, and secondly it is certainly

been done 
too much. If anything it is time now to be more careful.
 
In particular, the first order of business seems to be from wha.
 
people have said from Zimbabwe and Rwanda, that the first order of
 
business is to capitalize on the existing technology. To make adjust
ments aid improvements and to blend in with existing technology rather
 
than itiject foreign technologies. I would like to say that is certain
ly the first order of business. Itwould seem to me that we also heard
 
that to continue with the development that there is going to be a need
 
to put in some new technologies, particularly inview of the many cases
 
where lifting is required. But, these technologies just should not be
 
thrown at the scene without really careful follow-up. I think that the
 
recommendation here is not to avoid technologies, but to 
avoid having

technologies become orphans, because they will absolutely almost always

fail. They have to be nurtured, they have to be tested, the institu
tions have to be built, the infrastructure has to be built to fit them.
 
Ifthese do not happen in a natural progression, if they cannot be seen
 
to happen in a systematic way or in a profitable, reasonable way, then
 
avoid using the technology. That suggests then that the technology

should be tested in place, should be nurtured, should be monitored and
 
if it is workable, expand it, if it does not show promise, reject it.
 
But not just put out as a new project here and another technology

somewhere else, or the same technology somewhere else but isolated with
 
no one is keeping track of what is going on.
 

7. The next thing that I have on my list that we approached,
 
was that the social, economic and environmental circumstances in
 
Africa are often very fragile. To rush in with a development that is
 
ill conceived, poorly planned, can be less than productive, in fact,

it can very counter productive. We heard of the swamp lands being
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misused by too much drainage, etc. We can hear of some mechanical
 
pump interventions that have displaced hand lifting. One has to be
 
careful as these interventions are brought in.
 

8. While the professional capacity of Africa is expanding
 
there is still some considerable scope, a need for continued support

in such things as training, research, demonstration, field surveys,

data collection, resources inventory, etc. There needs to be consid
erable support for those types of software activities.
 

9. Finally, I would hope to give guidelines to the outside
 
donor community that may be supporting the heavier capital inputs to
 
irrigation in Africa. That the past is no proof of the future, that
 
performance will improve and is improving. That the economic decision
 
making processes used in developing the projects should be adjusted to
 
the realities of the support systems throughout the world. That the
 
donor communities should not abandon Africa and say that it is hope
less, capital inputs do not pay, we see no light for the future. I
 
would recommend as a guideline that we readjust our thinking in how we
 
do our economic analysis, we readjust our thinking in terms of the
 
support systems to sustain these projects, but we do not give up.
 
Thank you.
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APPENDIX B
 

SMALL GROUP PARTICIPANTS
 

Small Groups
 
Africa Irrigation Forum
 
21 January 1988
 

Group Blue
 

Aaron Makuba - Group Leader 

Hamadi Lam 

Desire Randrianmaniraka 

Issa Kana 

Michel Kayihura 

Germain Ibro 

Roelof Sikkens 

Justin Nsengimana
 
Amadou Soumaila
 

Group Red 


Adeeb Mohamed Ali-Group Leader 

Walt Coward 

Shem Migot Adholla 

Stephen Chandiwana 

Janine Finnel 

Mr. Nyamwanda 

Worth Fitzgerald 

Aidan Senzanje 

Max Donkor 


Group White 


Issac Moyo-Group Leader 

Dick McConne 

Chris Oscro 

Wayne Clyma 
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Pieter van Steekelenburg
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Terry Podmore
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John Kimani
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Francis Gichuki-Group Leader
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APPENDIX C 

SMALL GROUP LEADER GUIDELINES 

Day: Monday, January 18 

Session: Small Group Organization Meeting #1 

Purpose: To provide an opportunity for participants to 
get to know une another in their small groups 
and to express their expectations for the 
workshcp. 

Outcomes: 1) Participants at ease and involved. 

2) Expression 
concerning 
suggestions 
of concern. 

of level of interest 
the various topics and 
for any additional areas 

Strategies: 1) Participants introduce themselves 
within each small group and suggest 
their job interest/involvement with 
irrigated agriculture. 

2) Ask what major concerns they would 
like to be sure were dealt with in 
the conference. List on flip charts. 

Day: Monday, January 18 

Session: Small Group 
ability 

Meeting, #2-Keynote and Sustain-

Purpose: To examine the issues, opportunities, and 
constraints identified by the keynote and 
sustainability speakers for those of highest 
priority. 

Outcomes: 1) List of issues, opportunities, and 
constraints as raised by the speaker 
and added to by the participants. 

2) Priority ranking of these issues, 
opportunities, and constraints. 
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Strategies: 	 1) 
List on flip chart the issues, oppor
tunities, and constraints noted by

the keynote speaker. Discuss each
 
and prioritize. Spend no more than
 
30 minutes.
 

2) 	List on flip chart additional issues,
 
opportunities, and constraints that
 
participants would like to suggest.

Place in priority order with original
 
ones. Spend 3V minutes on this.
 

3) 	List on flip chart suggestions for
 
sustainability from speaker. Discuss
 
and add other ideas from partici
pants. Prioritize suggestions.
 

Day: 	 Tuesday, January 19
 

Session: 	 Small Group Meeting #3-Joint Field Study
 

Purpose: 	 Provide lessons learned and raise 
key issues
 
about constraints and opportunities in irri
gated agricultural development from field
based studies in Zimbabwe, Niger, and Rwanda.
 
These should help in developing guidelines for
 
irrigation development.
 

Outcomes: 1) 	The participants should have a common
 
understanding of the context of the
 
Joint Field Studies, including the
 
following:
 

a. 	the context of irrigation in the
 
particular country.


b. 	the interdisciplinary, field
based methodology used.
 

c. 	the experiences, implications
 
for development in the country
 
and Africa as a whole.
 

2) 	The participants should consider some
 
or all of the following findings/
issues:
 

a. 	importance of site character
istics and site variability
 
characteristics within schemes.
 

340
 



b. 	reliability of markets and
 
sources and input.
 

c. 	water resource policy.
 
d. 	training of farmers and irriga

tion professionals.
 
e. 	system objectives-defined,
 

determined, met?
 
f. 	costs of not improving systems.
 
g. 	reliability of water supply.
 
h. 	value of water to justify
 

investments.
 
i. 	financial feasibility of unit
 

holding size?
 
j. 	can less costly irrigation
 

development be implemented?
 

Day: 	 Wednesday, January 20
 

Session: 	 Small Group Meeting #4-Organizational and
 
Gender Issues
 

Purpose: 	 Participants' attention should be drawn to a
 
few major organizational factors that should
 
be considered by the small groups who in turn
 
will seek to develop principles, guidelines,
 
or suggestions for dealing with these factors
 
based on the priorities and experience of the
 
forum participants.
 

Outcomes: 1) 	Focus in small groups on questions of
 
what Is the appropriate combination
 
of rights and responsibilities for
 
the irrigation agency and the local
 
water users for design, operation/
maintenance, and evaluation of
 
AfricaD irrigation systems.
 

The result of these discussions
 
should be an output of the small groups in
 
terms of principles to guide policy-makers
 
in selecting the correct mix for specific
 
irrigation situations.
 

2) 	Discussion in small groups on issues
 
of formulating water users associa
tions. Output of that discussion
 
should include principles to consider
 
information of water user organiza
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tions in Africa, advantages and
 
disadvantages of such aspects as the
 
legal status of the organizations,
 
and suggestions for training new
 
irrigation agency staff members that
 
would need to be hired to implement

these strategies.
 

3) 	Consideration of the role of or
ganizations during irrigation system
 
rehabilitation by the small groups.
 
Coming out of this discussion should
 
be guidelines on incorporating

social/organizational issues into
 
rehabilitation efforts.
 

4) 	Focus on gender issues such as
 
involvement of women in land owner
ship and agricultural decision-making
 
by the small groups. Output from the
 
groups should be procedures suggested
 
to insure irrigation development
 
doesn't include undesirable gender

biases. Suggestions for including

the women's role in the design,
 
operation/maintenance of the system
 
should also be forthcoming.
 

Small Group Leaders
 

1. Use small group leader guide as an aid for each session, but don't
 
be restricted by it.
 

2. Keep close control on time--move through the agenda.
 

3. Don't let anyone dominate the discussion--try to get everyone
 
involved.
 

4. Summarize discussion on a point and move on.
 

5. Meet with recorder briefly after each sessions to get flip charts,
 
notes for reporting to large group sessions.
 

6. Report to the large group the findings, ideas, and priorities of
 
your group.
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Recorders:
 

1. Introduce small group leader at first session.
 

2. List findings on flip charts for group to see and agree upon.
 

3. Prioritize list per discussion.
 

4. Help keep on track.
 

Small Group Discussions
 

Purpose:
 

1. To provide opportunity for intense discussion/analysis of issues
 
raised in the Forum presentations;
 

2. To provide a means for adding issues, concerns, suggestions to the
 
discussion; and
 

3. To provide a means for refining issues, ideas into priority issues
 
and guidelines.
 

Structure:
 

1. Six groups of about ten participants each have been assigned-two
 
French speaking groups and four English speaking groups;
 

2. Each small group has an assigned group leader;
 

3. Each small group will have an assigned recorder; and
 

4. The small group leader will also serve as the reporter from the
 
small group to present its findings to the whole group during the
 
plenary sessions.
 

Projected Outcomes:
 

1. Analysis of material presented in large groups;
 

2. Priority list of issues, suggestions presented to plenary session.
 

Strategies:
 

1. Discuss/prioritize such questions as appropriate mix of rights and
 
responsibilities for the irrigation agency and local water user
 
groups in design, operation/maintenance, and evaluation of irriga
tion systems.
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2. List/discuss principles 
groups in Africa. 

to consider in formulating water user 

a. 
b. 
c. 
d. 

What are the advantages? 
What are the disadvantages? 
What are the legal considerations? 
What are training implications for staff? 

3. What should be the responsibilities/role of water user groups in 
irrigation system rehabilitation? List on flip chart and priori
tize.
 

4. What are procedures that will ensure irrigation development,

doesn't include undesirable gender biases. List on flip chart.
 

5. 	What are suggestions for including the women's role in design

operation and maintenance of the irrigation system? List on flip
 
chart.
 

Health Issues
 

Outcomes:
 

1. The following health issue questions will be discussed in the
 
small groups which in turn will provide suggestions for each.
 

-	 What health issues arise with the introduction of irrigation 
into an area? 

- How can those health concerns be most effectively dealt with? 
Principles, lessons to be drawn. 

- How can health professionals best be involved in identifying 
and eliminating the problems? 

- How can these health improvements with irrigation schemes be 
more broadly expanded? 

2. 	Ranking of these issues, suggestions by priority.
 

Strategies:
 

1. 	List suggestions on flip chart.
 

2. 	Go back through each list and decide on priorities.
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Day: 	 Thursday, January 21
 

Session: 	 Small Group Meeting #5-Technical/Energy and
 
Filancial/Economic
 

Purpose: 	 Participants should focus on key technical and
 
financial issues involved with irrigation.
 
They will seek to develop principles, guide
lines, or suggestions for dealing with these
 
factors.
 

Outcomes: 1) 	Priority list of principles/sugges
tions in technical/energy related 
i!.;sue 'or irrigation. 

' ? list principles/sugges-
Piority of 

tions for financial/economic 	issues.
 

Strategies: 1) 	List on flip chart major issues.
 
Prioritize.
 

Examples of economic issues:
 

a. 	Reliability of markets/sources
 
b. 	Value of water to justify investmkent
 
c. 	Costs of not improving system
 

2) 	List on flip chart suggestions for
 
dealing with these issues.
 

Day: 	 Thursday, January 21
 

Session: 	 Small Group Meeting #6 - Networking 

Purpose: 	 Participants should consider suggestions for
 
continuing to work together on irrigation and
 
irrigation-related issues in the months and
 
years ahead.
 

Outputs: 1) 	List of suggestions for ways to continue
 
to"network" among irrigation profession
als in Africa.
 

2) 	Establish any informal arrangements
 
necessary to continue communication with
 
other irrigation professionals.
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APPENDIX D
 

A.I.D. ENERGY FOR IRRIGATION PROGRAM 

The Office of Energy (S&T/EY) emphasizes increasing the flow of energy into 
rural areas for agricultural and small industry development, as well as for village 
and household needs. In this regard, we are giving attention to a major end-use 
application- -water pumping--and seeking the energy systems most suited to this 
application. Major objectives include: 

1. Ensuring that planning and implementation of groundwater and irrigation 
development projects include energy requirements, removal of energy con
straints, energy supply options, and energy cost considerations, 

2. 	 Improving the selection, operation, maintenance of rural energy systems used 
for irrigation, with an emphasis on private sector development, and 

3. 	 Fostering improved coordination in the planning, design and execution of 
irrigation and energy distribution programs among authorities in irrigation, 
power (utilities), agriculture, and energy. 

RECENT ACTIVITIES 

Botswana "Water Pumping/Water Lifting in Africa," Conference (April, 1987) 

o 	 S&T/EY co-sponsored a conference in Botswana with A.I.D.'s Africa 
Bureau and Regional Economic Development Services Office on "Impro
ving the Sustainability of Water Pumping Systems." 

o 	 The Office of Energy, in cooperation with FAQ and the major European 
donors, has developed a handbook entitled., "Comparative Evaluation of 
Technical and Economic Performance of Water Pumping Systems." Its 
purpose is to help project managers and technicians examine reliability, 
energy effectiveness, and performance of pumping systems. S&T/EY is 
planning to test the handbook procedures under field conditions. 

o 	 S&T/EY places strong emphasis on the private sector in development, 
management, and distribution of energy supplies. A paper entitled, "De
centralized Power and Minigrids vs. Dispersed Pumping Systems," examined 
decentralized and non-utility power generation. 

Conference proceedings can be obtained through S&T/EY. 

S&T/EY Collaboration with Water Management Synthesis (WMS II) Project 

S&T/EY added energy expertise to irrigation teams which went to Niger and 
Zimbabwe to obtain energy efficiency and fuel use information on pumps at speci
fic sites and to identify possible opportunities for small power systems. 

Niger
 

Results show substantial variations in operating efficiencies of pumps ranging from 
manual water lifting devices to dedicated diesel-powered generators sets driving 
submersible pumps. Pumping costs could be reduced as much as 10-25% through 
proper installation and maintenance. Reports recommend that: 1)training pro
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grams be used to educate local mechanics on proper operation and maintenance of 

pumps, and 2) more emphasis be given to properly matching motors and *pumps. 

Zimbabwe 

Preliminary feasibility study identified 12 irrigation dams that could be used to 
potentially generate power. There may also be opportunities to use small hydro
turbines to drive centrifugal pumps in irrigation canals. Report states that
biomass fuels could be utilized in steam engines for small-scale pumping. 

S&T/EY collaboration with Irrigation Support Project for Asia-Near East (ISPAN) 

ISPAN is a new seven year project, with an estimated funding of $22 million. Its
objective is to improve the quality and performance of existing and future irriga
tion and water.management portfolios. S&T/EY is currently developing a program
plan on potential energy-related water activities in the ANE region for FY 88. 

RECENT REPORTS 

o 	 A Review of Some Energy/Economic Issues in Zimbabwe - February, 1987 
(draft) 

o 	 Irrigation Water-Lifting in Zimbabwe - March, 1987 
o 	 Irrigation Water-Lifting in Niger - March, 1987 
o 	 Role of Energy in Irrigated Agriculture in Niger - May 1987 
o 	 Comparative Evaluation of Technical and Economic Performance of Water 

Pumping Systems - April, 1987 
o 	 Decentralized Power and Mini-Grids vs. Dispersed Pumping systems-

October 1987 

MECHANISMS FOR S&T/EY ASSISTANCE 

o 	 Access through existing project arrangements, e.g. ISPAN (Harza
Engineering), WMS II (Consortium for International Development). 

o 	 Access through S&T/EY ongoing programs relating to energy planning,
management, and private sector initiatives, (ORNL, TVA, Bechtel, Hagler
Bailey, NRECA, and others). 

o 	 Access through S&T/EY IQCs, (CBY, Inc., Delucia and Associates, DSI, 
EDI/IT Power, etc.) and 8A firms. 

SERVICES INCLUDE: 

Sending individuals or small teams to field missions at little or no cost. 

FOR MORE INFORMATION CONTACT: 

Janine Finnell Telephone: (703) 235-8918
Office of Energy Telex: 64154 (Western Union Int'l)
Room 508, SA - 18 
A.I.D.
 
Washington, D.C. 20523 
 October 1987 

348 



APPENDIX E
 

SURVEY OF ENERGY ISSUES
 

SURVEY OF ENERGY-RELATED IRRIGATION ISSUES
 

The purpose of this questionnaire is to identify technical problems
 
related to pumping and energy that irrigation agencies, farmers, and
 
research institutions face.
 

I. BACKGROUND INFORMATION
 

Name .................
 
Address ......................
 

Organization .................
 
Department/Division .........
 
Title .......................
 
Responsibilities ...........
 

Name of Country ....................
 

I. What is the percentage of irrigable land in your country that
 
requires water lifting technology? Circle the single value that best
 
represents the response?
 

A- Less than 10 percent B- 10-20 percent C 21-30 D 31-40 E
 

more than 40
 

2. 	Is private -;ector irrigated agriculture practiced in your country?
 
Yes No Is it increasing? Yes No
 

3. 	 Indicate the percentage distribution of types of water lifting devi
 
ces for irrigation commonly used in your country?
 
A- Less than 10 percent B- 10-20 percent C 21-30 D 31-40 E
 

more than 40
 
Circle the single value that best represents the response?
 

Diesel pumps A B C D E
 
Electric pumps A B C D E
 
Handpump A B C D E
 
Windpumps A B C D E
 
Animal-powered pumps A B C D E
 
Solar-powered pumps A B C D E
 

4. On a scale from 0-9, indicate your country's reliance on the
 
following energy sources for irrigation water lifting.
 

0-not .pplicable; 1-3, low 4-6, moderate; and 7-9, high.
 

a) Liquid fuel
 
-diesel
 

0 1 2 3 4 5 6 1 8 9 



----- -------

----------- 

---- -------- 

0 
-gasol ine 


b) Renewable energy
 

-wind
 
-solar 

c) Electricity
 
-main grid
 
-dedicat ed diesel
 

d) Animal power
 
e) Human power
 
5. 	 Are these lifting methods effective? If not, indicete how much
 

you think they could be improved upon by percentage?
 

A- Less than 10 percent B- 10-20 percent C 21-30 D 31-40 E
 
more t,han 40
 
Circle the single value that best represents the response?
 

Diesel pumps A B C D E 
Electric pumps A B C D E 
Handp,.mp A B C D E 
Windpumps A B C D E 
Animal-powered pumps A B C D E 
Solar-powered pumps A B C D E 

S. What. measures do you consider might be used to improve these 
present lifting methods? Can you suggest any solutions? 

a. 	 
b. b -----------------------------	 - -

C.---------------------------------------------------------
d. 	 -----

e.- -------------------------- -----------------
f.- --------------------------------


7. 	 If these improvements were introduced, what would be the economic
 
consequence of this change?
 

a. _ 

8---------	 --------

b. ---------	
-

c. _ 

d. --------------------------
e. _ 

a --------------F. _ ------ -

f----------------------------------------

B. What. are he problems commonly cited which maKe pumped irrigqt.ion 
unabtract ive 
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a -	 

b.
 

C -	 

d.
 

F.
 

9. 	 What should be done to reduce these probems?
 

a - - - - - - - - - - - - ----- - - - - - - - - - - - - 

b.- -

d.
 
d -	 ----------------------------

f. -------------------

10. 	 What do you understand by the term "mismatch"? If a pump is
 

mismatched with the site where it.is installed, what are the
 

consequences?
 

b. 	 ----------
C. 
d.
 

e.------------------------------------------------------------------------
f. 

11. 	 Whet are the main sibe parameters to consider when you are
 

selecting a pump for a site?
 

8 - ------------------------------------------

b. 	 -----------------------
C. 	 -------------------------
d. 	 -----------------------------

f.-----------------------------------------------------------

12. What are your tobal waber lifting cosbs?
 

13. Are you able to break} this down by energy costs ?'
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14. 	 Do you get. the waer when you need it.or are pumps continuously
 
broken? Is pumped water reliable? Please circle t.he
 
appropriate answer:
 

A) acceptable 

B) tolerable
 
C) unacceptable 

15. 	 What kind of services do you have in-country to resolve these
 
i ssues? 

a. _ 

b. _ 

C. _ 

d. _ 

C. 

f. _ 

IS. 	 Do you think t5ha5 t5his is an areas where donor assistance would be 
useful? Please indicate which category of assistance would be 
most 	helpful t5o you?
 

..... Tra in ing 
_Research
 

___..Technology assessment.
 
...Monitoring and evaluation
 

___.Feasibility studies
 

17. 	 Does a methodology exist. for the selection of" appropriate walter
 
l ifting technology in your cou;ntry? Yes No 

18. 	 Do you think more data is needed on the performance of pumps in 
your country?
 

19. 	 Who is your country, e.g., individual or institution, could be
 
identified for further information on energy and pumping related
 
issues in your country?
 

Name..................
 
Address.......................
 

Organ izat. ion..................
 
Depar.ment./D v ision.........
 
T t. 1e........................
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20. 


21. 

22. 


23. 


24. 


25. 


26. 


What has been your expereience in Africd with community or public

managed systems? 

b. 

b - ------- ----------------------

d. 
e. 
f. 

.- -------------------------------------

Is fuel supply for irrigation water lifting liied or erratic in 
your country? If so, why? 

b. ---------------------

C.*d. ---------

f. 

Is there any groundwaer monitoring program within the irrigated 

perimeters that you are familiar with, particularly where there is
 

pumping?
 

Do you consider ransport coss a factor in locating irrigaton
 

projects?
 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - -


Is fuciwood availability a problem in irrigation projects? Have
 

you- considered allocating land for woodlots in irrigation projects
e ------------------------------------------

to pr'ovide domestic fuel needs?
 

Do you have any particular recommendation?
 

Do you ha'.e any other comments/observations related to energy and
 

pumping concerns'?
 

a. -------

b. 

d. 

f. 
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LES ASPECTS ENERGETIQUES DES SYSTEMES D'IRRIGATION
 

L'obje:tif de ce questionnaire est i identifier les problmes techniques qui
 
sont li6s au pompage et i'6nergie qui se posent aux agences d'irrigation, le
 
fermiers et les instituts d recherche.
 

Nom
 
Adresse
 

Organisation
 
Nom du pays
 

1. Quel est le pourcentage du terrain irriguable dans votre pays o6 le
 
pompage est indispensable? Encercler la valeur appropri6e?
 

A moins de 10 p. cent B 10 A 20 C 21 30 D 31 A 40
 
E plus de 40
 

2. Est-ce que l'agriculture irrigu&e est pratiqu~e par le secteur priv6 dar
 
votre pays?
 
Oui Non Est-ce que qa augmente Oui Non
 

3. Indiquer le pourcentage du type de pompage qui sont typiquement utilis~s
 
dans votre pays? 

A moins de 10 p. cent 
E plus de 40 

B 10 i 20 C 21 L30 D 31 A 40 

Les pompes diesel 
Les pompes 6lectriques 
Les pompes manuelles 
Les 6oliennes 
Les pompes traction animale 
Les pompes solaires 

A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 

C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
D 

E 
E 
E 
E 
E 
E 

4. Sur une 6chelle de 0 a 9 indiquer la d~pendance de votre pays sur les 
sources suivantes d'6nergie pour l'exhaure d'eau pour l'irrigation. 

0 non applicable; 1-3 faible; 4-6 moyenne; 7-9 6lev~e 

a) Essence/diesel 

b) Les 6nergie renouvelables 
- vent 
- solaire 

c) L'6lectricit6
 
- r6seau national
 
- groupe 6lectrog~ne
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d) 	 Traction animale
 

e) 	 Force motrice humaine
 

5. 	 Est-ce que les m~thodes d'exhaure sont efficaces? Si non comment est-ce
 
que qa peut Atre am6lior6 et par quel pourcentage?
 

A moins de 10 p. cent B 10 a 20 C 21 A 30 D 31 a 40
 

E plus de 40
 

Les pompes diesel A B C D E
 

Les pompes 6lectriques A B C D E
 
Les pompes manuelles A B C D E
 
Les 6oliennes A B C D E
 
Les pompes a traction animale A B C D E
 
Les pompes'solaires A B C D E
 

6. 	 Quelles sont les mesures qui peuvent 6tre utilis~es pour am~liorer les
 
syst~mes d'exhaure? Proposer quelques solutions.
 

a.
 
b.
 
C. 
d.
 
e.
 
f.
 

7. 	 Si les am6liorations 6taient introduites quelles seront les cons6quences
 
6conomiques?
 

a. 
b. 
C. 
d. 
e. 
f. 

8. 	 Quels sont les problmes typiques qui se pr~sentent contre l'utilisation
 
du pompage pour l'irrigation?
 

a. 
b. 
C. 
d. 
e. 
f. 

9. 	 Qu'est-ce qui a A faire pour r6duire ces probl6mes?
 

a.
 
b.
 
C. 
d.
 
e.
 

f.
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10. Qu'est-ce que vous comprenez par l'expression "mismatch"? 
Si une pompe
ne correspond pas au site oil 
s'est install6, quelles sont les
 
consdquences?
 

a.
b. 
C. 
d. 
e. 
f. 

11. 
 Quand vous 9tes en train de choisir une pompe quels sont les crit~res
 
(param~tre) 6 cor0 ddrer?
 

a. 
b. 
C. 
d. 
e. 

12. 	 Quel est le cofit total pour pomper Ileau?
 

13. 
 Quel 	pourcentage de ces co~ts sont les co~ts energ~tiques?
 

14. 	 Est-ce que vous avez toujours l'eau quand vous en avez besoin? 
Ou est-ee
 
que les pompes sont souvent en panne? 
Est- ce que les syst~mes de pompage

sont fiables? 
Indiquer la r~ponse ci-dessous
 

A) Biens 
B) Hoyens 
C) Faibles 

15. 
 Quels sont les services disponibles dans votre pays pour r~soudre ces
 
rrobl~mes?
 

a. 
b. 
C. 
d. 
e. 
f. 

16. 	 Est-ce que une intervention des bailleurs de fonds peut assister avec ces

probl~mes? 
Indiquer la rubrique d'assistance la plus souhaitable?
 

---	 Formation
 
--- Recherche
 

--Evaluation
 
-- Suivi
 
-- Etude de faisabilit6
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17. 	 Est-ce qu'il y a une rn6thodologie disponible qui vous permet de choisir
 
les systmes de pompage appropri6s pour votre pays? Oui Non
 

18. 	 Est-ce que la base de donn6es sur les performances des pompes doit &tre
 
augment~e dans votre pays?
 

19. 	 Dans votre pays est-ce qu'il y a des individus ou services qui peuvent
 
fournir les renseignements 6nerg6tiques sur le pompage?
 

Nom ........................
 
Adresse ....................
 

Nom de I'organisation ......
 

20. 	 Quelle est votre experience en Afrique avec 

communaut6s ou le secteur gouvernemental?
 

a. 
b. 
C.
d. 
e. 
f. 

les projets g~r~s par les
 

21. 	 Est-ce qu'il y a des problmes d'approvisionnement des carburants dans
 
votre pays? Si oui pourquoi?
 

a. 

b. 
C. 
d. 
e. 
f. 

22. 	 Est-ce qu'il y a des programmes de suivi sur les eaux souterraines dans
 
les p6rim6tres irrigu~s en particulier 1i oi il y a les syst~mes de
 
pompage?
 

23. 	 Est-ce que les frais de transport sont a consid~rer dans le choix des
 
projets d'irrigation?
 

24. 	 Est-ce que la disponibilit6 du bois de feu pose des problmes A c8t6 des
 
projets d'irrigation? Est-ce que vous avez la possibilit6 d'allouer le
 
terrain pour le reboisement pour satisfaire les besoins domestiques en
 
bois?
 

25. 	 Est-ce que vous avez les recommandations particuli~res?
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26. 	 Est-ce qui a"d'autres remarques ou observations li6es aux aspects
 
6nerg~tiques ou pompage?
 

a. 
b. 
C. 
d. 
e. 
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APPENDIX F
 

AFRICAN IRRIGATION OVERVIEW, SOCIOLOGICAL LESSONS
 

Jon Moris, Overseas Development Institute, London
 

THE DELAYED ARRIVAL OF BENEFITS
 

On many African projects, it has taken far longer than
 
planners anticipated before farm families realize actual benefits from
 
the adoption of irrigation. As a consequence, many of the general
 
social and economic goals remain unfulfilled even when schemes have
 
been operational for several years. Various explanations can be given
 
why this shortfall occurs: 1) low prices for predominant crops like
 
rice or sugar; 2) incomplete implementation with a cutback on vital
 
social services; 3) the high labor costs experienced by tenants; 4)
 
lack oF institutional pressure within the project cycle to achieve
 
farm-level economic benefits; and 5) capture of benefits by bureaucra
tic intern,:?diaries. At a minimum, planners should expect that benefits
 
will be slow to materialize, and thus, avoid assuming that farmers will
 
show high levels of motivation and commitment. It should also be
 
recognized that involvement with irrigation in African environments
 
will often be unpopular because of unavoidable health risks and the
 
increased dependency upon unreliable external services which irrigated
 
production entails.
 

PROBLEMATIC TENURIAL ARRANGEMENTS
 

As Tiffen (1985, 1987), Bloch, et. al. (1986) and others have
 
pointed out, the implementation of major irrigation projects in Africa
 
has been accompanied by increasingly severe disputes ever land tenure
 
and compensation. A basic reason is that in many countries the state
 
ret-ains to itself ultimate ownership of natural resources utilized by
 
producers under traditional tenure. Many African countries have
 
attempted to acquire the land required by irrigation projects without
 
full compensation to existing users. When this happens, it creates a
 
class of aggrieved evictees whose unresolved disputes may poison a
 
scheme's subsequent working relationships within its immediate politi
cal environment. At issue under the general rubric of "land tenure"
 
are many complex matters: questions about the size of units, whether
 
owned, leased or rented, restrictions on land use,inheritance provi
sions, degree of standardization, basis and adequacy of compensation
 
arrangements, use of drain water, what to do about trees and livestock,
 
and whether scheme staff, their relatives, and absentee owners are
 
allowed to hold plot rights. There is a further and serious problem
 
that the rights of women and children, whose labor inputs is vital for
 
irrigation success, are not adequately recognized, compensated for, and
 
protected under "traditional" tenure.
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EARLY INVOLVEMENT IN LAYOUT PLANNING
 

Usually, physical layout of irrigation schemes has been
decided 
by civil engineers commissioned to do project design.
matters at stake are enormously important to 
The
 

local residents, who are
nonetheless 
 seldom consulted. By convention, engineers rely upon
processed information and aerial photographs. They tend to their
see
task in strictly technical terms related to 
the distribution of water
 over a landscape and the minimization investment
of costs. Left
untapped are sources of local 
knowledge (e.g., concerning maximum and
minimum water levels, 
 likely cattle migration routes, etc.) and
information about the recent growth of settlements. Residents on the
land typically have only small plots, and their houses and trees 
are
their major permanent wealth. Decisions 
about access roads, canal
location, and land levelling can impose high losses upon 
individuals
and the local community. Residents should be consulted before layout
is finalized, and 
 effective compensation and survey arrangements

arrived at prior to the onset of physical construction.
 

COMPETITION FOR LABOR
 

It is a paradox that while African rural economies are
characterized 
by high levels of underemployment and long periods when
the labor force seems 
idle, at peak periods labor supply emerges as a
key constraint. This situation because of the high degree of
occurs 

seasonality 
in African peasant farming. Often a household's annual
income depends heavily upon how the labor force is deployed during the
few weeks in each season when planting, weeding, and harvest 
are done.
Alternative activities at these 
peak periods can carry a very high
opportunity cost, 
even though this will not be visible to outsiders.
In general, African peasant farming is very short of labor during the

critical rainy season "hunger" period. 
 In contrast, many irrigation
projects have assumed "free" family labor, 
and would if implemented
require a heavy commitment of household 
effort during the period of
peak labor demand. It is imperative that project planners should begin
to incorporate realistic estimates of labor cost 
into indicative farm
budgets when assessing likely scheme performance. It isalso important
to anticipate rising labor costs 
as a scheme matures, since the
opportunity costs associated with irrigation will go 
up as an area
 
becomes more developed.
 

THE HOUSEHOLD DEVELOPMENT CYCLE
 

The one easy prediction which can be made about farm families
is that they change over time, 
either growing (through addition of
children, wives, and dependents) or shrinking 
(through marriages,
deaths, desertion, schooling, etc.). InSahelian studies it seems that
families which do well in irrigation are often 
quite large (8-10
members), a finding consistent with field estimates of labor requirements. Its situation within a "household development cycle" may
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stron-ly influence a family's available labor force and its propensity
 
to make on-farm investments. It also has an obvious bearing upon the
 
amount of land devoted to food crops and the size and nature of housing

required. And yet this aspect is almost never allowed for in irriga
tion planning, where standard plot sizes are frequently encountered.
 
Irrigation schemes will over time always contain families at different
 
points in the household development cycle. Plot sizes, housing
 
arrangements, and the tenure system should he as flexible as possible.

It is usually desirable to plan housing so that it can be expanded at a
 
farmer's own initiative and can be bought and sold separately from the
 
irrigation plot right. Farmers will need to provide for several
 
children (and thus should be allowed to expand their holdings).

Alternatively, a widow with small children may wish to sell her field
 
rights but retain a large house plot. A properly designed system

should facilitate spontaneous adjustments by households themselves in
 
response to changing family circumstances.
 

HOUSE GARDENS
 

Almost everywhere in rural Africa families maintain two or
 
more types of agriculture: a rainfed (dry) field system usually
 
planted to a staple crop like millet, upland rice, or maize; and a
 
home garden, planted to spices, vegetables or root crops (like cassava
 
and plantains). Household nutrition and welfare depend upon the astute
 
management of both types, though most Ministries of Agriculture concern
 
themselves mainly with the arable field crops and not the horticultural
 
garden crops. It is the loss of the home garden on irrigation schemes
 
which troubles women the most, since it has a considerable negative

impact on income and nutrition. ,ith better layout, this sacrifice in
 
unnecessary. Villages can be plced where they have room to grow, and
 
house plots made large enough to permit home gardens. A little bit of
 
imaginative attention to this aspect could greatly improve the per
ceived quality of life within irrigation schemes.
 

INCORPORATING LIVESTOCK AND FUEL WOOD
 

Other than food itself, what rural families need is liquidity
 
over the season (often obtained by sale of smallstock) and fuel
 
(firewood or charcoal). These needs are especially salient in irri
gated farming, though until recently oftcen ignored in scheme planning.

Whether allowed or not, African irrigation plots will be used to
 
support livestock, just as scheme families must find firewood from some
 
source. However, since both aspects cross-cut the conventional
 
division of effort within disciplines, they are often left unresolved
 
and unaddressed in formal plans. Trees are, in fact, widely grown

within arid-land irrigation systems (Armitage, 1985). Provided deeply
 
rooting species are chosen, it is quite feasible to introduce them
 
along tracks and canals. Advance planning should facilitate the
 
incorporation of livestock enterprises and fuel wood within African
 
irrigation systems.
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MEETING WOMEN'S NEEDS
 

The degree of women's involvement within African peasant

farming differs sharply between the Islamicized areas, where the ideal

is for women to concentrate upon domestic matters, and the rest of sub-

Saharan Africa, where women may contribute more than half the agricul
tural labor. Inthe latter situation, and where women head households,

the adoption of irrigated farming greatly increases the demands upon 
a

woman's time. Jones (1983, 1986) shows that a 
woman's input into rice

farming isdirectly related to the returns she receives, either through

her own effort or from her husband. Yet, Dey's research (1984, 1986)

shows that often development projects allocate plots only to men, and

make no provision to safeguard women's share of the returns.

general, the things which matter to women--legal 

In
 
security, access to


credit, garden rights, a share in profits, access to clean water,

lowered disease risks, and sanitary housing--tend to be glossed over
within irrigation planning. There are many features of scheme design

which have major implications for family welfare not yet addressed in
 
irrigation planning.
 

REALIZING EDUCATIONAL BENEFITS
 

Studies of mature irrigation systems (such as Mwea in Kenya
or Gezira in the Sudan) show that perhaps the most significant benefit

enjoyed by tenants 
is increased access to mass education within the

scheme. This is one 
ben :fit which is under policy control, and which
 
can be increased at ! ragerial discretion. If so, provision of
education should not be treated as a "luxury" to be denied on those

projects which run into financial difficulties. The importance of
 
education as an incentive to tenants staff
and families should be

recognized and fostered by collaborative arrangements between manage
ment, staff and tenants.
 

AVOIDING THE 'DEPENDENCY SYNDROME"
 

On Africa's larger irrigation systems, farmers participation

as 
"tenants" who use the land under a renewable production license and

who live in villages which remain under scheme control. They are also
 
subject to increasing indebtedness, since they use inputs obtained on

credit in a risky production environment. A household which is deeply

in debt and which does not own the land or facilities used in irriga
tion becomes almost entirely dependent upon the scheme itself.

Irrigation managers sometimes complain 
about the lack of initiative

!chown by tenant families, but the discordance between individual tenant
 
, ,ources and what the scheme controls is so great that a "dependency

syndrome" emerges almost automatically. The long-term advantage of

giving tenants more secure rights and more favorable credit terms is

that it allows thema to solve their own problems without waiting for
 
intervention from the scheme level.
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APPENDIX G
 

SUGGESTED FOLLOW-ON RE: NETWORKING AND FUTURE FORUMS
 

The initial proposal was developed after informal discussions
 
with African delegates. Subsequently, an ad hoc group of East African
 
delegates from Kenya, Sudan and Zimbabwe presented a proposal for an
 
African Irrigation Network (see below). The initial proposal was
 
discussed with a representative of the East Africa group and a West
 
African delegate. The initial proposal was also discussed by the WMS
 
II JPMT. The proposal below represents the results of these develop
ments. 

1. FORUM ON IRRIGATION. Within the next 12 - 18 months, two 
follow on Forums be scheduled. 

a. Two Forums would be held - one in East Africa and one in 
West Africa. Two regional Forums would cut costs (compared to 
a single bilingual Forum) and simplify logistics. Intra
regional travel would cost less and be easier to arrange. 
Simultaneous interpretation (costly) would not need to take 
place (Rwanda in East Africa and Nigeria in West Africa would 
be examples of problems which would continue to exist). 
Regional Forums would also mean it would not be as expensive 
to get the African members of the steering committees together 
at least once prior to the Forum. 

b. The Forum would have a largely African steering committee.
 

c. The steering committee would have the principle responsi
bility for planning the Forum and to arrange for presentations
 
by Africans far enough in advance so that the presentations

could be prepared and distributed prior to the Forum. Some
 
financial assistance would be required to support Africans who
 
prepare presentations for the Forum. PL480 funds, US/AID
 
Africa Bureau and S&T funds, funds from other external
 
agencies as well as national funds could be used to support
 
such efforts.
 

d. The steering committee would also be charged with identi
fying irrigation professionals in other African countries such
 
as Zaire, Nigeria and Mozambique.
 

e. The East and West African Forums could be viewed as part
 
of a "federation" and (funds and performance permitting), a
 
joint Forum could occur on a two-four year basis. A small
 
delegation from one Region could attend the Forum sponsored by
 
the other Region. Joint Working Committees would also be
 
established to deal with specific issues.
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1. NETWORKS FOR IRRIGATION PROFESSIONALS. The development of

networks of irrigation professionals could be encouraged as
part of the development of the Forum and as 
a means of promot
ing the Forum.
 

a. As the result of the January, 1988 Forum held in Nairobi,

efforts are already underway to develop national networks in
Kenya, Sudan and Zimbabwe. These Networks could serve to
 
encourage the eventual development of other national networks

of irrigation professionals which could be linked to 
the
 
Regional Networks.
 

b. The first version of informal networks for East and West
Africa could be developed in conjunction with the Regional

Forums. Prior to the 
Forum, the Regional Network could

distribute a trial copy of a Regional 
newsletter.
 

c. The effort to develop the networks could be done coopera
tively with 1IMI-ODI and/or with other groups such as the

Dutch. The development of such networks should be complimen
tary to other groups concerned with irrigated agriculture.
 

d. The Regional Network could develop the first version of a

Regional Directory of African irrigation professionals prior

to the Forum.
 

EAST AFRICAN PROPOSAL FOR NETWORKS
 

GOALS
 

1. Improve the economic status and sustainability of irrigated

agriculture inAfrica.
 

2. Improve the environmental and health impact of irrigation 
in
 
Afric('.
 

3. Influence water user involvement in irrigated agriculture.
 

MECHANISMS
 

1. Conduct research by joint teams.
 

2. Participate 
 in research conducted by institutes and centers
 
responsible for research in home country.
 

3. Conduct in-country workshops for training farmers to be involved in
 
management of schemes.
 

4. Disseminate to farmers information relevant to 
irrigated agricul
ture in an acceptable manner.
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5. Exchange information and research results with counterparts in
 

other African countries.
 

6. Exchange individual and joint visits.
 

7. Conduct regional and continental meetings as the financial situa
tion allows. (Not more than once per year).
 

COMPOSITION
 

African delegates to the Nairobi Forum constitute the nucleus
 
of the National Irrigation Networks. They should shoulder the function
 
of building the National Irrigation Networks composed of all special
ists related to irrigated agriculture. The means of building such a
 
network are left to the individuals involved in each country.
 

Finances could be handled by membership fees, in-country funds
 
and external organizations.
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APPENDIX H
 

SAFAARADDA JAMHUURIYADDA DEMOQRADIGA EE SOMALIYEED. 

NAIROBI 

(EMBASSY OF THE SOMALI DEMOCRATIC REPUBLIC) 

TEL. 	 No. 24301/2 P.O. Box 30769. 

NAIROBI. 
REF. NO... ............... KENYA, 

In regard to the African Irrigation overview sunmary nresented by 

African USAID, the Somali Government after having been denied participation 

by the Kenyan Imnigration Authorities, have the following caments and 

requests them to be placed on the record and to be considered in the
 

Forun Resulitions:
 

1.0. 	In the Executive Sumary, Intraduction, -Part I, Para 5 and 6.
 

The Somali Cvernmnt agrees to para 5 but declares that para 6 seems 

to be unrealistic. 

2.0. Engineering Asects:
 

Para 6. Maintenance of physical works, apart from the four stated
 

reasons 	the following could be added:
 

-Inadequate Technical know how.
 

-Insufficient Budgetary Allocations.
 

3.0. 	Part II. Social Asnects:
 

Para 	4: Acquisition of Land Water Rights with out paying attention 

to existing uses :::::: This issue is the central focal point of riparian
 

rights and downstream water security regarding Inter State rivers.
 

Subsequently it is the position of the Somali Government that donstream
 

water securities to be procted and requests donors not to fund up-stream
 

projrcts that would jeoPardize downstream user's interest.
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SAFAARADDA JAMHUURIYADDA DEMOQRADIGA EE SOMALIYEED. 

NAIROBI 

(EMBASSY OF THE SOMALI DEMOCRATIC REPUBLIC) 

TEL. No. 24301/2 
P.O. Box 30769. 

NAIROBI. 
REP. NO. ........... KENYA,
 

-2

4.0. Part III, Implications for Donors:
 

Para I: Although the Scmali C'overnment agrees to give too priority 

at present to institutionalization and rehabilitation, but recommends 

that a carefully done, case-by-case cormarative analysis to be undertaken 

before curtailing new irrigation projects such as storage facilities and 

river regulations, intapDing, rationally existing water resources. 

Therefore, new irrigation projects can not be excluded." 
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APPENDIX I
 

AFRICA'S BEST KNOWN IRRIGATION SCHEMES
 
This listing follows FAO (1986: 88-118), amended where feasible by reference to detailed sources. Users should
note there are extreme discrepancies, especially estimates of areas planned (M)vs. 
actually irrigated (A).
 

Country, major sources 


van Steekelenburg (85) 


U E OF SCHEME When 
Schemes Sources Built: 

Cameroon
sEFr- - (1972-75) 

SEMRY II (1978-86) 

SEMRY III (1979-84) 

Ethiopia

TENDAHO (1959)

FAO (unpub. case) 


AMBIBARA (1970s)
FAO (unpub. case) 


MEREB GASH 


METEHARA 


NURA/ERA ABADIR 


Ghana

A-UMUARE 


TONO 


VEA 


AFIFE 


Area (ha)

M = Maximum 

A = Actual 


4,075 (A) 


7,000 


1,400 (M) 

760 (A) 


rO00 


12,000 (M)
10,000?(A) 


10,000 


9,200 


6,200 


1,900 


2,500 


800 


801-1,000 


Crops No. ten, zs System

"irrigarea mean holding description
 

Rice, 2x per yr. 2,870 Pumped supply, WB Project 

Rice, 2x per yr 7,500 Gravity from reservoir, WB Project 

Rice, 2x per yr. .25ha 
plots each 

Pumped to perimeters for 4 villages
spread over 65 km, base at Kouserri 

Cotton 4,000 workers Commercial cotton estate water from

(state farm) 10,000 temporary Awash R., mostly gravity-fed
 

Cotton, groundnuts 
 State farm + 2,000 ha settlement
bananas 
 Weir & furrows, WB & EEC project
 
Cotton, cereals Gravity/flooding, private (?)
 

Sugarcane Pumped from Awash R., 
former estate
 

Cotton, vegetables Gravity fed, Awash R., 
 former estate
 

Rice & Sugarcane 
 Pumped from Volta R. below Akosombo
 
dam
 

Rice & vegetables 
 Earth dam & canal network
 

Rice & Vegetables 
 Earth dam, 60% large farms, 30%
 
state
 

Rice 
 1 ha each Dam to smallholder, ex-state farm
 



Kenya Fitter (83), Arao (86), Palutikof (811

RFW- (1955-58) 5,800 (A) Rice(2x83 onwards) 
 3,625 Diversions from Nyamindi &
Chambers (73), Llayton (93) 
 1.6 .a 
 Thiba R., gravity-fed
 

AHERO (1966-f 840 (M! Rice, 2x a yr. 525 
 Pumped from Nyando R., gravity-
Walker (79), Boodhoo (81) 726 (A) 
 1.6 ha fed distribution
 

WEST KANO (1975-77) 
 840 (M) Rice & Sugarcane 
 500 Pumped supply into gravity-
Baum (83) 
 840 (A) 
 1.6 ha fed distribution
 

PERKERRA (1953-56, 62-63) 260 (M) 
 Onions, chillies 350-400 Diversion from Perkerra R.,
Chambers (73) 
 180 (A) 
 .6 ha gravity-fed distribution
 

BURA WEST (1976-83) 6,700 (M) Cotton & maize 
 2-3,000 Pumped from Tana R., gravity
Gitonga(85),Vaino-Mattjla (87; 
 2-3900 (A) 
 distribution, WB project
 

Madagascar Potten {84)3 Tri-fF .
ps

MORONDAVA (1973-81) 
 9,300 (M) Rice, some 
 2,300 est. Gravity-fed system,


3,800 (A) sugarcane 
 in plans WB project

LAKE ALAOTRA (1970-75) 30,000 (M) 
 RIce. Planned beans Gravity-fed system, settlement
 

& wheat not achieved left undone. 
Part WB project
 
MAROVAOAY 
 20,000 (M) Rice 
 Gravity distribution
 

ANTANANARIVO PLAIN 
 13,000 (M) Rice 
 Gravity distribution
 

AMBILOBE 
 9,000 (M) Rice & Sugarcane 
 Gravity distribution
 

Malawi Hunting (81)
 
(1965-7Us) 9,000 (M) Sugarcane (parastatal estate) Pumped from R. Shire to sprinklers
 

DWANGWA (mid-70s) 6,000 (M) 
 Sugarcane (perastatal estate) Diver3ion & pumping to furrows
 

MUONA (1963-69) 365 (A) 
 Rice 1,566(.2 ha each) Gravity-fed from river diversion
 

LIKANGALA (1968-69) 
 400 (A) lice, maize 
 698(.4 ha each) Gravity-fed from river diversion
 
DOMASI (1970-72) 475 (A 
 Rice, maize 1,279(.3 ha each) Gravity-fed from river df,'ersion
 

LIMPHASA (1968-69) 
 435 (A) Rice 300+(.6 ha each) Gravity-fed from river diversion
 



MALI 
OFFTCE DU RIGER (1932-60s) 
Fresson (85), diWilde (67) 

56,000 (M) 
41,000 (A) 

Rice & some sugar- 5,700 
cane (3-5,000) ha 

OP.RIZ-SEGOU 
Bingen (85) 

(1950s, 72-75) 35,000 M) Floating rice 15,000 
2.19 ha 

OP.RIZ-MOPTI 
Bingen (85) 

(1972-75) 31,000 (4) 
26,000 (A) 

Floating rike 7,800 

Mauritania Park (86) 
M'POURIE Bosso) 1,400 (M) Rice 

GORGOL (Kaedi) 700 (M) Rice 

M'BOUGHE 850 (M) Rice 

Niger Zalla (84), Arnould (86) 
NAMARI GOUGOlU (1981-83) 1,500 (M) 

840?(A) 

Rice 2,700-2,900 

KONNI I (1979) 1,330 (M) Cotton, wheat, cowpeas 1,773 

Nigeria PRC (82), Wright (82), Nwa (82), Andrae (85), Adams (85)
 
(AIT 5,500 Sugarcane
(1964) 


SAVANNAH SUGAR (1980s) 12,500 (M) Sugarcane 

3,000 (A) 


BAKOLORI (1974-81) 23,200 (M) Wheat, cotton, Approx. 

from
 
Beckman (86), Adams (83) groundnuts, maize 1-5 ha 


KANO RIVER (1969-80s) 20,000 Phs.I Wheat (2/3) Approx. 

Wallace (81), Jackson (84) tomatoes (1/3) 1-5 ha
 

SOUTH CHAD (1Q73-80s) 20,000 Phs.I Wheat (dry season) Planned 

Andrae (85) 27,000 Phs.II Rice (wet season) 4 ha each 


Ma:kal& dam on R. Niger supplies
 
Sahel & Macina sectors by gravity
 

Partial control flooding of diked
 
polders along R. Niger, Bani, Koni
 

Partial control flooding of diked
 
polders along R. Niger
 

Pumped to polders from Senegal R,
 

Pumped to polders from Senegal R.
 

Pumped to polders from Senegal R.
 

Pumped from Niger R. to perimeters
 

serving 15 villages, WB project
 

Surface dam
 

Commercial sugar estate
 

Conmmerical sugar estate, water from
 
Kiri dam on R. Gongola
 

Sprinkler and surface irrigation
 

dam on Sokoto R. to smallholders
 

Water from Tiga Dam (75)
 

Water pumped from Lake Chad, high
 
degree mechanisation, WB project
 



Senegal Pearson (81), Bloch (86), Miller !85)
 
RffCHARD TOLL 


NIANGA (1966-75) 

Weiler & Tyner (81), Weiler (79) 


DAGANA (1973-79) 

Ba (76) 


MATA4 (1974-83?) 

Fresson (78), Sanchez (80) 


BAKEL (1974-81) 

Miller (85), Keller (82) 


Sudan Fadl (84), D'Silva (86)
 
-EZTA-HANAGIL (1925-


El Agraa (86), Barnett (77) 


NEW HALFA (1962-69) 

Sorbo (85), Pearson (80), 


KENANA (1976-80) 


7,400 


750-2,000 (M) 

630 (A) 


2,400 (M) 

1,700 (A) 


2,571 


656 


468,000 Gez. 

397,000 Man. 


164,000 (M) 

70-140,000 (A) 


34,000 (M) 

Abdel Rahman (85), Wohlmuth (83) 


ES SUKI (1971-72) 35,700 (M) 

Abdel Salam (82) 


GUNEID (1950-54, 64) 35,300 (14) 

Jedrej (71) 


Tanzania Mascarenhas (85), Boeree (72)
 

Sugarcane 


Rice, 2x per yr. 599 

Initially mechanized 


Rice, initially 

mechanized 1-scale 


Rice, some maize 117+ 

.3 ha 


Rice 3,863 

0.17 ha 


Cotton, groundnuts 102,000 

wheat, sorghum, vgs. (G+M) 


Cotton, groundnuts 22,000 

+ sugarcane estate 6.3 ha 


Sugarcane estate 10,000 

w/ind. complex employees 


Cotton, groundnuts
 
Sorghum
 

Sugarcane/groundnuts 4,320 

sorghum, wheat 


Joint private/gov. irrigated estate
 

Pumping from Senegal R., diked
 
polders run by 3' producer groupings
 

From Senegal R., reservoir &
 
diked polders, 2 of 3 units used
 

Small 6-20 ha pump-fed village
 
perimeters spread along Senegal R.
 

Small pump-fed perimeters for 23
 
villages spread along Senegal R.
 

Gravity-fed from Sennar Dam on Blue
 
Nile into 2 main sections, G & M
 

Dam on R. Atbara into gravity-fed
 
surface distribution, 15 fd
 

Pumped water from White Nile, fac
tory at .ite, continuous production
 

Original sugar estate doubled in
 
size by extension in 1960s
 

TPC (1930s) 


RUVU (1967-70s) 


KILOMBERO (1960s) 


MBARALI (1958-71) 


DAKAWA (1970s) 


4-5,000 


800 ? 


10,000 ? 


3,200 ? 


2,000 


Sugarcane (parastatal estate) Sprinkler . surface irrigation
 

Rice (state farm & Pumped from Ruvu R.
 
service camp)
 

Sugarcane (parastatal estate) Pumping & sprinkler irrigation
 

Rice (state farm) Gravity-fed, rebuilt by Chinese
 

Rice (state farm) Pumping & gravity-fed distribution
 



-.3 

Zimbabwe Stanning (86), Blackie (84)
 

NANYADZI (1933-80s) 500 (A) 

Stanning (86) 


TSOVANI (1980s) 330 (A) 

grai'ity-


CHISUMBANJE (1966-70s) 2,400 (A) 
Stanning (86) 

MIDDLE SABI (1969-80) 7,000 (A) 
Stanning (86) 

Maize, cotton 424 

wheat, groundnuts 1.4 ha 


Cotton, wheat 165 planned 


12 ha each 


Cotton, estate(2,06O ha) 

wheat 90 X 3-6 ha each 


Cotton, 25 x 160 ha (large) 

wheat 50 x 10 ha (small) 


Diversion form rivers into gravity
fed surface distribution
 

Pumped from river to storage dam
 

fed distribution
 

Core estate + surrounding farms
 
Pumped from Sabi R. into surface
 

Core estate + surrounding farms
 
Pumped fro Sabi R. to sprinklers
 



WATER MANAGEMENT SYNTHESIS PROJECT REPORTS
 

WMS 1 	 Irrigation Projects Document Review
 

Executive Summary
 
Appendix 	A: The Indian Subcontinent
 
Appendix 	B: East Asia
 
Appendix 	C: Near East and Africa
 
Appendix 	D: Central and South America
 

WMS 2 	 Nepal/USAID: Irrigation Development Options and Investment
 

Strategies for the 1980's
 

WMS 3 	 Bangladesh/USAID: Irrigation Development Options and Investment
 

Strategies for the 1980's
 

WMS 4 	 Pakistan/USAID: Irrigation Development Options and Investment
 

Strategies for the 1980's
 

and Investment
WMS 5 	 Thailand/USAID: Irrigation Development Options 


Strategies for the 1980's
 

WMS 6 	 India/USAID: Irrigation Development Options and Investment
 

Strategies for the 1980's
 

WMS 7 	 General Asian Overview
 

WMS 8 	 Command Area Development Authorities for Improved Water Management 
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