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NIGER IRRIGATION SECTOR ASSESSMENT
 

Executive Summary
 

Background
 

Of over 9,000 hectares of irrigation schemes established in Niger since
 
independence, only 5,500 hectares were actually in production in 1983. Existin,
 
irrigated area is falling out of production at the rate of 12% per year. More
over, irrigated land still in production 's producing well below its agronomic
 
potential. This state of affairs is a source of concern to donors who see the
 
development of irrigated agriculture in Niger as crucial to the country's abi
lity to feed itself over the longer term. The purpose of this report is to
 
identify the reasons for this substantial underachievement of potential and to
 
suggest areas where !SAID might most effectively focus its develooment assis
tance for this subsector.
 

Responsibility for irrigated agriculture in Niger is divided principally
 
between the Genie Rural, the Office National des Amenagements Hydro-A ricoles
 
(ONAHA) and TF-Ministry of Hydrology and the Environment (HHE). The Genie 
Rural is responsible for design and for supervising construction; ONAHA, for
 
implementation, management and maintenan>e )f irrigated perimeters; and the MHE
 
for collecting and analyzing information on surface and groundwater.
 

The FED, FAC, 1BRD, CCCE, KF1! and Kuwait are the most active donors workin(
 
in irrigation. At the present time, Niger has under construction or committed
 
for donor financing over 5,500 hectares of new perimeters. Another 4,000 hec
tares are scheduled for rehabilitation. Donors generally provide training,
 
credit and technical assistance for the perimeters which they finance.
 

Irrigation Systems
 

Niger has four predominant types of irrigation systems. Jointly managed
 
river pumping systems are located on the flood plains and terraces of the Niger
 
River. They generally produce a double crop of rice. These account for about
 
half of all irrigated land.
 

Jointly managed surface dam systems are found in and near the Maggia Val
ley. They account for about 20% of Niger's developed irrigated area. Cotton
 
and sorghum are the principal rainy season crops grown on these perimeters whict
 
essentially provide only supplemental irrigation. Less than 25% of the land
 
produces anything during the dry season because of a lack of water in the reser
voirs. Vegetables, wheat, millet and other crops dominate dry season cropping
 
systems on these perimeters.
 

Niger is just completing development of its first medium-scale, jointly
 
managed groundwater pumping system at Djiratawa, on the Goulbi Maradi. This
 
system accounts for less than 2-1/2% of Niger's irrigated area, but being a
 
tube-well system, it offers promise for developing vast shallow river valleys
 
where surface reservoirs tend to silt up and experience very high rates of
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evaporation. Because of the 
more reliable water supply, dry season vegetables
 
are more important on the groundwater pumping systems than on the other nonrice
 
perimeters.
 

Individual managed micro-irrigation systems probably account for somewhere
 
around 25% of Niger's total irrigated area at the present time. These are
 
generally small, family-sized systems, ranging in size from a quarter hectare to
 
two hectares. On these systems, farmers draw water from wells six meters deep
 
or 
less, using various manual methods, and generally produce high valued vege
tables--more often than not, onions.
 

Small scale irrigation is found in all four systems. Small scale systems

tend to be 2-20 hectares in size, but thpir crucial identifying characteristic
 
is their management system, not thei- size. Small scale systems tend to be
 
initiated and managed by a group of farmers or 
individual households, with mini
mal or no assistance from 2xtcrnal sources.
 

The cost of developing one hectare of medium scale irriqated perimeter in
 
Niger is high, even by Sahelian standards, amounting to four to six million FCFA
 
per hectare. Key facto'rs accounting for the relatively high cost include diffi
cult topography, unnecessarily high design standards, a lack of competition in
 
bidding for construction contracts and political risks and uncertainty.
 

Water Supply and Management
 

Water supply and manaiement appear to be a problem on virtually every peri
meter. Reduced rainfall has lowered the flow of the river and reduced the
 
inflow into the inland reservoirs. At the same time, heavy siltation has re
duced the stGrage 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.
 

ONAHA is in the process of trying to make farmers take greater responsibi
lity for maintaining irrigation systems. It is raising user fees for the 
ser
vices it provides, and at the same time, making farmers responsible for peri
meter level maintenance under threat of removal from the perimeter. It is not
 
known to the assessment team whether these sanctions have been applied in 
more
 
than isolated instances.
 

Agronomic Aspects
 

In general cultural practices on irrigated perimeters are adequate by West
 
African standards, though there is considerable room for improvement. Farmers
 
generally plant improved varieties and apply close to recommended levels of
 
fertilizers. Weeding, however, is not always up to standard. Exceot in the
 
case af an outbreak, farmers do not apply insecticides to their rice. Cotton,
 
on the other hand, receives seven applications everywhere but at Konni, where
 
cultural practices are by far the poorest in the country.
 

Continuous cropp-ng of rice is causing an increase in disease problems on
 
the river pumping perimeters and depressing yields. Rotating rice with high
yielding rainy season sorghum would break the breeding cycle of rice pests and
 
diseases. Yields for rice range between 2.5-3.0 tons per hectare during rainy
 



season and 3.0-3.5 tons 
per hectare during the dry season. Cotton and sorghum

yields range between two and three tons per hectare everywhere but at Konni,
 
where they average around one ton.
 

Cultural practices for vegetables were quite varied on both the micro
perimeters and the medium scale surface dam systems. Insects were a problem

virtually everywhere and farmers often did not know where to get insecticides.
 

Princioal vegetables grown under irrigation in Niger are onions, tomatoes,
 
peppers and, to a much lesser extent, carrots, lettuce and cabbage. Onions are
 
clearly predominant, with 1980 production estimated at 100,000 tons. 
 Yields
 
average around 30 tons per hectare.
 

The priicipal agronomic constraints on increasing yields of irrigated crops

include heterogeneous 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 diseases in the case of vegetables; unpredic-table rains and flood
 
levels leading to untimely planting that depresses rice yields; poor weeding
 
practices; inappropriate fertilizer recommendations; nonuniform planting dates
 
that lead to inappropriate applications of water on 
some of the crops; con
tinuous monocropping on the rice perimeters; and. lack of availability, and use
 
of insecticides.
 

Economic Aspects
 

In spite of these problems, available evidence suggests that private

returns per day of labor in irrigated farming exceed those of rainfed agricul
ture. 
 Onions, improved sorghum and peanuts are consistently-among the highest,

and cotton and rice among the lowest. This partially explains the tendency of
 
farmers to plant more 
sorghum than officially allowed on the cotton/sorghum
 
perimeters. It also explains the tendency of rice farmers to give higher
 
priority to rainfed crops in allocating labor.
 

During the beginning of the rains, farmers on all the perimeters face in
tense demands for labor for both dryland and irrigated crops. This problem is
 
worse on the rice perimeters where, in addition to having to prepare the rice
 
nursery just when worl" on rainfed crops gets intense, farmers must harvest the
 
dry season rice crop. In such a situation most farmers givr priority to the
 
rainy season crops since they account for the bulk of the family food supply.

Cultural practices on irrigated crops suffer as a result.
 

Farmers on irrigated perimeters face several problems that are increasing

their financial risk as the GON trie3 to restructure its agricultural policy.

The shift from tractor plowing by ONAHA to uxen plowing by farmers seems to be
 
causing delays in land preparation in some cases. Not enough teams of oxen are
 
available to do the necessary work. Input supply is also a problem on some
 
perimeters, both because of ineffective ordering by the cooperative, rationing

by the Centrale d'Approvisionement (the public sector input supply agency), and
 
the lack of credit. Without modern inputs, farmers have difficulty obtaining

yields that are high enough to pay all of their expenses and still have a compe
titive return to their labor. Reduction in input subsidies that are now occur
ring, and the trend toward full cost pricing of ONAHA services, are putting

additional financial pressure on 
farmers working on the medium scale irrigated
 
perimeters.
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Marketing
 

The national supply/demand balance for cereals is such that any amounts of
 
rice, sorghum, cowpeas or peanuts that the perimeters can produce over the next 
twenty years will have no'trouble finding a national market. The national de
mand for fresh vegetables is growing at least as fast as the population of
 
Niger's tow-ns. Regional demand is growing even faster. Tomato and onion pro
duction have increased by an estimated 13-15% per year over the past ten years.

Demand for onions from coastal countries is so strong that coastal merchants
 
consistently come to Niger to pick up supplies. There is also a good demand for
 
dried vegetables, but a lot less is known about this market.
 

Demand for vegetables, though strong, cannot absorb the glut of production

that occurs during the principal vegetable production period of J6nuary to
 
April. This problem will get much worse as three new perimeters emphasizing
 
vegetables come into full production in 1984-S5.
 

To deal with market gluts, farmers dry some of their surplus onions, pep
pers, tomatoes and okra, but more perishable crops sometimes rot in the field.
 
There appears to be potential for better planning of planting so as to distri
bute production over a longer period of time. Available evidence sugqests that
 
markets for dried vegetables can also absorb larger quantities of produce, but a
 
more careful study of vegetable markets in West African coastal countries is
 
needed to confirm this impression. Annex I contains the terms of reference for
 
such a study.
 

Farm level storage and preservation in Niger is fairly rudimentary and
 
losses are high. Changes in harvesting, handling and drying procedures should
 
be able to reduce these losses somewhat.
 

The team was not able to identify new high valued crops that present spe
cial opportunities for Niger, but several existing ones offer better potential 
than rice and cotton. Dry season peanuts are quite attractive, primarily be
cause the value of the hay during that time of the year exceeds the value of the 
peanuts. High-yielding sorghum may do better than rice during the rainy season 
while helping to avoid continuous cultivation of rice and the increased problems
with plant and human diseases which that causes. During the hot, dry season, 
onions and pepoers sell for about twice their fresh vegetable equivalent price
during the principal producing season. Finally, inform+i - obtaired by the 
team indicates that Niger's onions are sold into worl, .sat Abidjan for an 
F.O.B. price, less transport costs from Niger, that is ove *wice what Niger's

producers receive during the same period. Add to this the p,. :ential for further
 
developing coastal markets for Niger's fresh onions and dried vegetables and
 
there is reason for optimism. Hopefully, prices for irrigated crops and reve
nues from irrigated farming can be maintained at current levels, if not in
creased in real terms, over time.
 

Irrigation Cooperatives
 

In spite of a twenty-year program to build and strengthen cooperatives in
 
Niger, they are still, ingeneral, weak institutions subject to a substantial
 
degree of government regulation. Cooperatives on the irrigated perimeters are
 
among the strong ones, but even they often lack internal dynamism.
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Until recently, ONAHA was responsible for maintaining irrigated perimeters.

Following the recommendations of the Zinder Conference, ONAHA has shifted this
 
responsibility to the cooperatives. 
 The GON is also trying to get cooperatives
 
to take direct responsibility for acquiring inputs, managing credit and managing

distribution of water. 
Formerly, UNCC and ONAHA agents provided substantial
 
assistance with these tasks. In the future, the cooperatives will have to rely
 
on themselves. At the present time, the lack of an effective training program
 
to help cooperatives and farmers assume these responsibilities is frustrating
 
this transition.
 

Extension
 

ONAHA's extension service is weak and lacks proper support. Agents are not
 
well trained and most lack substantial experience in irrigated agriculture. The
 
country lacks training specialization in irrigated farming; and a rapid transfer
 
of personnel 
into and out of ONAHA from the MDR prevents the accumulation of
 
practical experience. Training programs aimed directly at farmers may provide

the only long-term solution to these problems.
 

Extension training models in use in Niger tend to be quite directive.
 
Course content is usually quite theoretical with little give and take between
 
trainer and trainee. Any training program aimed at farmers or extension agents

should be careful to pay as much attention to the techniques of training as to
 
the content.
 

The mediocre performance of irrigated agriculture in Niger is not entirely

the fault of ONAHA.. In a very real sense, ONAHA has not been given what it
 
needs to fulfill its responsibilities. GON bugetary allocations for maintenance
 
work, coupled with unpredictable shortfalls and delays in what is promised,
 
create a situation in which planning and coordination are next to impossibe.

At the same time, the GON has been hesitant to raise user fees or to take action
 
againist farmers who fail 
to repay their debts to ONAHA. In such a situation,
 
ONAHA has little choice but to continue to accumulate operating deficits. Yet
 
by cutting contractual employees rather than civil servants in its efforts to
 
reduce those deficits, ONAHA may be reducing, rather than increasing, its long
term effectiveness.
 

Research
 

Research in Niger does not effectively support extension programs on irri
gated perimeters either. INRAN does not give high priority to problems of irri
gated agriculture in its budgetary and personnel allocations. Communication
 
links between research and extension, though better on some irrigated perimeters

than in dryland agriculture, are not developed. INRAN's primary involvement
 
with perimeter level research is via contracts with ONAHA or donors financing a
 
particular project. 
Although this approach can produce excellent results, it
 
needs to be based on a longer term institutional research program to be really
 
effective. This is lacking at INRAN.
 

Private Sector Involvement
 

The private sector supplies fertilizer, fuel, some insecticides, marketing

and very limited other services to cooperatives and farmers on irrigated peri
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meters. The way the GON administers its input subsidies program discourages a
 
more extensive private sector involvement in input supply. A preferential,
 
subsidized rate schedulc for cooperatives used by ONAHA to charge for its ser
vices discourages more private sector involvement in provideing services. Pri
vate sector suppliers who service what they sell do exist, and ONAHA obtains
 
from them many of the materials it supplies to perimeters. Some farmers pur
chase pumps directly from these same suppliers, but most obtain pumps in Nigeria
 
where costs are one-half to two-thirds those in Niger. Surprisingly, farmers
 
seem to be developing their own capacity for maintaining and repairing such
 
pumps. The one *r-a where the private sector has not yet gotten involved is in
 
providing extenson services.
 

Environmental and Public Health Issues
 

Niger has adequate surface and groundwater to meet the needs of land
 
already developed or under development for irrigation. Periodic shortages of
 
water for irrigation result from the lack of adequate storage and the unfa
vorable location of some pumping stations followinq from the secular decline in
 
river flow. Underground aquifers, though moderately productive, could probably
 
not support very large tube wells, but it should be possible to utilize numerous
 
lower capacity tube wells spaced so as to minimize interference with each other.
 
Both surface and subsurface water quality is generally good.
 

Soils on irrigated perimeters are generally well drained and salinization
 
and alkalization arc not important problems. Erosion can be, however, and the
 
coarser textured soils in the drainage basins of many of the surface dams give

rise to heavy siltation of the reservoirs that greatly reduce the economic life 
of such investments. In such areas tube wells probably represent a more cost 
effective method for irrigating. 

Urinary schistosomiasis appears to be prevalent near most permanent surface
 
water sources in Niger. Average infestation rates ini such areas range between
 
50% and 90% among children 5-14 years of age. Malaria is also a problem. Both
 
diseases are aggrevated by poor design and poor maintenance of irrigated per
imeters and reservoirs.
 

In order to effectively deal with the causes of water-borne diseases,
 
Niger needs to establish a strong role for the Ministry of Health in the plan
ning, design and administration of irrigation schemes. This could be in the
 
form of an interministerial commission or authority, with both Ministry of Rural
 
Development and Ministry of Health participation. This commission would review
 
the design of new irrigation schemes and should have authority to establish
 
critical water-use practices and enforce sanitary and vf.ctor control 
measures.
 
The same commission could serve the function of integrating the implementation
 
concerns of ONAHA with the engineering and design concerns of the Genie Rural.
 

Proper canal maintenance in the form of removing silt and aquatic vegeta
tion, and providing mechanical barriers at the pump and canal heads to restrict
 
the amount of vector carrying debris that enters the system can reduce the
 
incidence of schistosomiasis. Proper location of pumping heads and sufficient
 
grades on canals so as to avoid the accumulation of silt are system design
 
factors that reduce the activity of the snail vectors and the incidence of the
 
disease.
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Programming Options
 

In looking at program and project possibilities, the Irrigation Subsector
 
Assessment Team notes that the problems that confront the irrigation subsector
 
in Niger are not really that different from the problems that constriin agricul
tural development in general. As a consequence, overcoming these constraints
 
will require the same breadth of actions and programs.
 

The Irrigation Subsector Assessment team unanimously recommends that USAID
 
concentrate its resources on improving the performance and output of irrigated
 
land already developed rather than on expanding area under irrigation. At cur
rent levels of performance, most investments in new perimeters are not economic.
 

The critical problem areas which the team recommends for USAID focus in
clude: selection of cropping systems, labor bottlenecks, perimeter maintenance,
 
cultural practices and extension, credit for inputs, management of water, con
trol of disease vectors and perimeter level applied research. The summary re
port outlines two broad approaches for doing this: (1) strengthening ONAHA and
 
(2) a pilot program aimed at privatizing as many of ONAHA's functions as pos
sible, in particular, extension. Both alternatives will require further study.

The former, especially, will require close interaction with other donors to see
 
how they view ONAHA's role and evolution over time. The latter has the advan
tage of being able to function independently of the structure of ONAHA while, at
 
the same time, working closely with ONAHA and helping it to explore more effec
tive ways of attaining objectives it has already established for itself.
 
Annex H includes discussion of the pros and cons of a much wider array of pro
gram and project alternatives.
 



NIGER IRRIGATION SUB-SECTOR ASSESSMENT
 

I. INTRODUCTION
 

Acutely aware of the country's fragile climatic situation,
 
the Government of Niger has placed high priority on developing
 
its irrigated agriculture resources in order to guarantee its
 
food supply. The Niger Agricultural Sector Assessment and the
 
CDSS both note the potential importance of irrigation to Niger's

agriculture. Land already developed for irrigation could account
 
for over 10% of total crop production if properly used. How
ever, the high cost of developing new perimeters (four to six
 
million CFA francs/ha), and the fact that only about 5500 of
 
9000 hectares already developed for irrigation were under
 
cultivation in 1983, has caused USAID Niger to take pause in its
 
approach to the sub-sector.
 

To help it determine what, if any, should be its role with 
respect to irrigated agriculture in Niger, the Mission fielded ar 
interdisciplinary team to ccnduct an assessment of the irrigation 
sub-sector. The general terms of reference for the 
assessment were as follows: 

1. 	Review available literature and other donor
 
activities relating to irrigated agriculture
 
in Niger. Prepare a summary of activities
 
currently underway and planned and identify
 
areas requiring further study and action.
 

2. 	Evaluate the effectiveness of GON research
 
and extension programs as these relate to
 
irrigated agriculture and make recommendations
 
for improvement.
 

3. 	 Examine organization typologies for both large
 
scale and small scale irrigated perimeters
 
as well as irriaated gardens ir.,Niger and
 
identify constraints which impede their
 
functioning.
 

4. 	 Identify to what extent cropping patterns
 
and lack of narkets are limiting effective
 
utilization of available irrigated land in
 
Niger.
 

5. 	Assess the extent to which services now
 
provided by ONAHA can be provided by the
 
private sector and identify AID assistance
 
that can facilitate such a transfer.
 

6. 	Assess the technical and economic
 
feasibility of promoting small scale
 
irrigation development in 'Jiger. Identify
 
the crops in which the costs of irrigated
 
perimeters, large and small, can be reduced.
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7. 	Assess the impact of irrigated agri
culture on public health and the
 
environment.
 

8. 	 Construct a working definition of small
 
scale irrigation.
 

Each of the individual team members had specific terms of
 
reference which outlined their responsibilities vis a vis the
 
overall terms of reference. This included writing an independent
 
report on their subject area. Each of these reports is attached
 
as an annex to this document. This document provides a summary
 
of the individual reports as they related to the general terms
 
of reference. In addition, it oulines the pros and cons of
 
some programming possibilities with respect to irrigated
 
agriculture in Niger.
 

II. GOVERNMENT AND DONOR ACTIVITIES RELATED TO IRRIGATED AGRICULTURE 

II. A. Government of Niger Institutions
 

Principal GON activities related to irrigated agriculture
 
are divided between three Ministries: Rural Development,
 
Hydrology and Environment, and Higher Education and Research.
 

II. A.1 Ministry of Rural Development (MDR)
 

Within the MIDR two departments, the Agriculture Service
 
and the Genie Rural, and two parastatals, the Union des
 
Cooperatives et de Credit (UNCC) and the Office National des
 
Amenagements Hvdro-Acricoles (ONAHA), have direct involvement
 
with irrigated agriculture.
 

The Genie Rural has primary responsibility for the concep
tion and design of irrigated perimeters and for supervising
 
construction activities. It does not, in general, do the con
struction itself, but will carry out limited construction
 
activites if requested tc do so by a farmer or a local authority.
 

The 	Agriculture Service of the MDR is .:esponsible for pro
viding seed, plant protection and extension services to both
 
dry land and irrigated agriculture areas. It is also responsible
 
for micro irrigation systems and serves as the principal GON
 
liaison with INGO's, many of which actively support construction
 
of shallow wells for vegetable gardening. Normally, it is the
 
Agricutlure Service that administers donor credit programs for
 
small garden well construction such as those provided by the
 
Dosso and Tahoua Productivity Projects. The Agriculture Service
 
rather than the Genie Rural is responsible for supervising con
struction of these wells.
 

UNCC is responsible for cooperative organizations throughout
 
Niger. It assists with the formation of cooperatives and, in
 



-3

practice, with their operation. On the irrigated perimeters
 
most UNCC agents have been seconded to ONAHA so they are, in
 
fact, ONAHA employees. However they continue to represent the
 
cooperatives in their relations with UNCC. This includes the 
important functions of ordering inputs and preparing
 
applications for animal traction loans as well as collecting
 
repayments. The agents also assist with cereals marketing by
 
the coops.
 

ONAHA's principle function has been to implement, manage
 
and maintain irrigated perimeters in Niger. This includes
 
providing extension services and supplying inputs to farmers
 
in conjunction with UNCC. ONAHA also has responsibility for 
constructing perimeters for national and regional governments.
 
Namarigoungou was its largest operation of this kind. 

With the reforms oroposed at thze -inoer Conference and 
adopted in, full by the :,, .roc.ressiel. reucewill 
its presence on the perimeters. Following a two y-ear start-up 
period on new perimeters, during which ONA:\HA will organize and 
train farmers, ONAEHA will be represented only by the perimeter 
chief who will serve as a resource person for the farmers in 
the perimeter.
 

I!. A.2 Mfinistry of Hvdrolocrv and the Environment (,!HE) 

Within the M'HE, the Department of Water Resources has 
responsibility for collecting and analysing information on 
surface and qround water resources in Niger. it maintains 
an inventory of all studies undertaken, wells dug and water 
analyses made. It is the first place to begir, looking for
 
information on water resources available anywhere in Niger. 

The Office of Ground Water Resources (OFEDES) is a 
parastatal attached to the "MHE. Its primarv function is to 
dig wells on a fee-for-service basis. OFEDES drills almost 
all of the wells destined for household watei use and a sizable 
percentage of deep wells for livestock and agriculture. Should 
AID become involved in tube-wells, OFEDES would probably be
 
the executing agency.
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II. A.3 Ministry of Higher Education and Research (MESR)
 

This Ministry houses both the Ecole Superieure d'Agronomie
 
(ESA) at the University of Niamey and the Institut National de
 
Recherches Acronomiques du Niger (INRAK). The University
 
provides training in rural engineering and hydrology and carries
 
out some applied research on irri.gated agriculture.
 

INRAN is responsible for all agriculture research. It
 
maintains stations at Kolo ard Tarna and sub-stations at
 
Tillabery, Losso, Be.Lgou, Gala, Agadez and elsewhere. INRAN
 
carries out limited amounts of research related to irrigated
 
agriculture at most of these sites. INRAN also has a few con
ventions or agreements with individual projects or perimeters
 
to carry out applied research of special interest on a fee-for-
service basis.
 

II. B. Donor Activities
 

At the present time, over 5500 hectares of new irrigated
 
perimeter are either under construction or committed for
 
financing by various donors. The major donors are the IBRD,
 
KFW, the FED and Kuwait. An additional 4000 hectares are
 
scheduled for rehabilitation under projects financed by the
 
IBRD/CCCE/FIDA and the FED. In the area of swrll scale
 
irrigation, the ADB will finance development of 1000 hectares
 
of small scale perimeters (2-20 hectares) along the Niger and
 
Komadougou river valleys. The FED sponsored MMII project and
 
the Italian sponsored Keita Rural Development Project will
 
finance similar activities, including about half of over
 

3500 permanent garden wells planned for Niger over the next
 
3-5 years. PVO's will account for another 700 or so garden
 
wells.
 

Most donors which finance the construction and rehabilitation
 
of irrigated perimeters also provide technical assistance to
 
the government services and parastatals involved. The FED and
 
FAC provide over a dozen technical assistants to the G.R. and
 
ONAHA. GTZ finances one T.A. at the Genie Rural and the ADB
 
will finance another five under the Small Scale Irrigation
 
Project. Additional assistance for ONAHA is programmed under
 
the IBRD/CCCE/KFW Rehabilitation Project and under Belgian
 
bilateral aid. The Department of Water Resources receives
 
assistance from FED, FAC and UNDP.
 

The remaining major areas in which donors are active include
 
training for cooperative officials and farmers and providing
 
revolving credit funds to cooperatives in the perimeters which
 
the donors are financing. Both of these activities are i:i
 
the planning stage.
 

Annex A provides a more comprehensive listing of donor
 
activities relating to all aspects of irrigated agriculture
 
in Niger.
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III. IRRIGATION SYSTEMS IN NIGER
 

The irrigation sub-sector assessment team identified four
 
predominant types of irr.Ilation in Niger, based on the way
 
water for irrigation is collected, applied and managed. These
 
include: jointly managed river pumping systems; jointly managed
 
surface dam systems; jointly managed ground water pumping systems;
 
and inuividual managed micro-irrigation systems. Within each of
 
the first three types we can distinguish between medium and
 
small scale systems, with the dividing line between medium and
 
small being management system rather than irrigation technology.
 

Following a typology used by FAO (Strebelle, 1983) for
 
9er, most'of the perimeters now under t direction of ONAHA
 

would be classed as medium scale systems.- They require out
side intervention for establishing the system, draw very large
 
quantities of water, and require external or collective manage
ment for operating the system and managing the use of water.
 

Small'scale syptems, on the other hand, tend to be initiated
 
by a group of farmers, a Groupement Mutualiste de.9,Producteurs
 
(GMP) or a Groupement Mutualiste Villageois (GMV)V' and are
 
seldom over 20 hectares in area. Small scale systems include,
 
but are distinguished from, micro--irrigation systems which are
 
undertaken by an individual farming unit. Micro-irrigation
 
systems are generally 0.2-1.0 hectare in size but can range as
 
high as two hectares. Thus the crucial distinction is the
 
complexity of the management system rather than the type of
 
irrigation technology used. The Irrigation Sector Assessment
 
team has adopted this approach.
 

Outside of the Komadougou Valley there are relatively few
 
operations between two and twenty hectares in Niger. In that
 
valley, however, there are both surface dam/dike systems and
 
pumping systems from surface water sources in the small scale
 
range. These tend to be collective rather than individual 
operations. Little of what is being done by individuals exceeds, 
the micro-irrigation dimension. As irrigated agriculture in %S2tv 
Niger develops, however, we can expect to see individual entre- q' , 
preneurs increase the scale of their operations such that the f 
technological continuum between micro and small scale will be
come more diffused. Again, the more useful operational dis
tinction is between the scale of management rather than the
 
scale of technology.
 

1/ 	By world standards, there are no large perimeters in Niger.
 

2/ 	The GMV is usually a village level cooperative association.
 
The GAP is a sub-division thereof and includes only those
 
farmers who have agreed to associate themselves for a
 
particular production activity.
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III. A. Jointly Managed River Pumping Systems
 

Most of these are located in cuvettesi1/ and on the terraces
 
along the Niger River. The cuvette systems generally cover
 
100-400 hectares, the largest being a 1350 hectare perimeter
 
at Namarigoungou. Without the protection of dikes, most of
 
these lands would be inundated when the river rises to flood
 
stage. The systems permit a near total control of water with
 
the 	dikes controlling inflow during the flood season and pumps
 
providing water during the low water season. Internal drainage
 
systems must evacuate excess water by pumping when the level
 
of the river exceeds the level of the drain. The soils ar-a
 
generally fine textured and very suitable for rice. Most of
 
these sys'.ems produce a double crop of rice.
 

Terrace systems are located on the plains above the prin
cipal river valley. All are between 30 and 100 hectares but
 
only two are functioning at the present time. The terraces
 
are hardly ever flooded and, as a result, tend to have coarser
 
textured soils that are more suitable for vegetables and sorghum
 
than for r.,:e. Because of their elevation relative to the river
 
bed, terrace systems require larger pumps that must draw water
 
from the river for both cultivating seasons. Consequently,
 
operating costs are considerably higher than for cuvette systems.
 
With the decline in the flow of the river, several of these
 
perimeters no longer have good access to water and have been
 
abandoned.
 

At the present time, terrace systems account for about
 
400 hectares of an estimated 5500 hectares of perimeters already
 
devEloped along the Niger River. It is estimated that as much
 
as 110,000 hectares of terraces could be developed shculd the
 
Kandaji Dam eventually be constructed. Annex B, Table B-i,
 
lists the various perimeters along with other key data concerning
 
each one.
 

III. B. Jointly Managed Surface Dam Systems
 

The larger surface dam irrigation systems in Niger are
 
found in and near the Maggia Valley. ONAHA is currently managing
 
seven operating perimeters that range in size from 30-2600
 
hectares. Smaller ones (2-20 hectares) are found in the
 
Komadougou Valley where mares and dead branches of the river
 
are diked by local farmers in order to impound water for dry
 
season cultivation. The Komadougou system appears to be
 
similar in effect to the poulder system used on Lake Chad.
 
The irrigation assessment team did not observe either system.
 

1/ 	Cuvettes are depressions along the river and include
 
the flood plains adjacent to the river.
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The larger surface dam systems are used primarily for
 
supplemental irrigation of rainy season crops. Limited areas
 
are cropped during the dry season, depending on the amount of
 
water remaining in the reservoir. Rainy season crops are
 
divided roughly half between cotton and sorghum while dry
 
season crup.s are more varied and include vegetables and a large
 
area in fallow. The highest yields of irrigated sorghum and
 
cotton are found in the Maggia Valley perimeters.
 

III. C. Jcintly Managed Ground Water Pumpin Systems 

This type of system is limited to the Goulbi Maradi
 
perimeter at Djiratawa. The Maradi perimeter will consist
 
eventually of a series of 40 tube wells emptying into inter
linked canals that distribute water by gravity to 500 hectares
 
of crops. The wells range in depth from 16-24 meters. The
 
attractiveness of this system is its divisibility and flex
ibility vis-a-vis perimeter design. 

A companion pilot project at nearby Ruwana is exploring
 
the economic feasibility of using a single tube well to irri
gate suitable land on a single village basis. One well is
 
sufficient for 7-10 hectares of crops. With this system, water 

"
 
aluminum pipes. ThE. gates are placed every 70 centimeters or (7 
so on the pipe. When closed, the gates allow water to run u 

' 

is distributed from a central reservoir via six inch, gated 


=
hill under pressure from the reservoir. This reduces leveling" )&4
 

requirements over the stationary canal systems. Because of the
 
cost of pumping, this type of irrigation system is most suitable
 
for crops that do not require much water. The Djiratawa and
 
Ruwana perimeters are producing sorghum, cotton, peanuts and
 
vegetables. Lik2 the Maggia Valley perimeters, sorghum and
 
cotton are planted in more or less equal shares during the rainy
 
season. Peanuts and vegetables dominate dry season cropping
 
systems.
 

Small jointly managed ground water pumping systems are
 
also found along the Komadougou Valley where they are beginning
 
to replace traditional, labor intensive pumping methods. Ten
 
to fifteen farmers pool resources to purchase a motor pump
 
sufficiently large to supplement residual moisture on 5-10
 
hectare wheat and green pepper :ields that line the river.
 
Apparently the use of such pumps is expanding rapidly in this
 
area.
 

III. D. Individual Manaced Micro-Irrication Systems
 

Historically these systems have used relatively labor in
tensive techniques for pumping water from shallow wells two to
 
six meters in depth or for impounding water from rivers and
 
seasonal waterways. The systems are generally used to produce
 
high valued garden products, though in the Air Mountains and
 
the Komadougou-Yob4 river valley, cereals are also important.
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With the well systems the density of wells va:-ies between 
three and six per hectare. The wells are individually owned
 
and the owner is generally the only one using water from a
 
well. An individual farmer usually has more than one well.
 

when irrigating with the wells, farmers rotate between
 
them in order to allow time for the reservoirs to recharge.
 
Storage capacities in these small wells vary between one and
 
three cubic meters of water. Recharge capacities vary even
 
more. The number of wells generally varies inversely with
 
recharge capacity.
 

Shallow wells are generally hand dug unlined structures 
ranging from one to two meters in diameter at the bottom. De
pending on soil texture, unlined wells have to be redug every
 
one to five years, most commonly, every year. In some areas,
 
farmers are beginning to construct ,permanent cement-lined wells. 
In addition to longevity these have the advantage of being able 
to maintain a much larger reservoir and a larger recharge 
surface than unlined structures .. cause of this, fewer wells 
can supply the water needs of a given area. There is an active
 
demand for credit on commercial terms to construct such wells.
 

The team observed four different methods of drawing water 
frcm these wells. The simplest is a system where a farmer draws 
water using a rope and calabash. The farmer then either carries 
the water to a basin or spills it into a canal that carries the
 
water to the basin being irrigated. With this system, one
 
farmer ca draw about one cubic mete" of water per hour and
 
about 5 m per day from a 4-5 metep well. The maximum depth
 
for such a system is around seven meters. At deeper levels
 
farmers are probably not able to move enough water to make this
 
type of irrigation attractive.
 

The shadouf system, though widespread, appears to be less
 
prevalent than the calabash system. With this system, a farmer
 
can move greater amounts of water than with a calabash system
 
and do so with more balanced effort. The maximum depth of a
 
shadouf system is probably six meters and its water moving
 
capacity is about 25-300 greater than the calabash method.
 

The dallou system, also observed on a limited basis by the
 
team, is more prevalent in the Air Mountains. It involves
 
drawing water with a pulley and animal power using a skin 
as
 
a water container. From a depth of 4-5 meters the skin can
 
be drawn and emptied twice per minute, releasing 3-4 m of
 
water per hour. This system is used for water depths of 4-12
 
meters.
 

The team also observed small motor pumps being used by
 
individual farmers to draw water fom shallow wells. These
 
pumps vary in capacity from 8-13 m /hour. They are most pre
valent along the Nigerian border where they cost less than
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two-thirds es much as in Niamey. Farmers use them for a water
 
depth up to six meters. At prices prevailing in Nigeria,
 
demand for these pumps is expanding rapidly. The team heard
 
reports of pump owners providing cust- services to vegetable
 
farmers near Lake Chad for 30% of the harvest. Paybacks of
 
one year or less are not uncommon in the Komadougou Valley.
 
With time, these pumps will no doubt-replace many of the
 
existing labor intensive systems now so common on shallow
 
wells.
 

At the present time Niger has an estimated 2000 permanent
 
cement-lined wells. The area currently being irrigated by
 
small wells, both traditional and permanent, is probably on
 
the order of 3000 hec-:ares.--


IV. ENGINEERING ASPECTS OF IRRIGATED AGRICULTURE IN NIGER 

IV. A. Factors Influencina Develoment Costs 

Virtually all medium scale irrigation systems in Niger 
have been designed and constructed by one of a small group of 
expatriate contractors. Although the Genie Rural has ultimate 
responsibility for approving project design, in practice it is 
the donors who decide. In cases where the donor has no 
particular expertise in irrigation, the company responsible for"%'or.;7 
design makes key decisions which have a substantial impact on 
ultimate project costs. Several factors in this process operate 
to increase rather than reduce overall development costs. 

IV. A.1 Toooara hv
 

The topography nf the Niger River is such that many of
 
the sites suitable for new irrigation are long and narrow. A
 
good portion of the broad basins that do exist have already
 
been developed for irrigation. As good sites become more
 
limited, key development costs per hectare will rise rapidly.
 
Canals and dikes, in particular, begin representing a higher
 
proportion of total system costs the more elongated is the
 
perimeter. To date, the cost of constructing one hectare of
 
new perimeter has been running in the 4-6 million CFA francs
 
range. In the future, this cost can be expected to rise in
 
real terms as these less desirable sites are brought into
 
production.
 

Given the topography of much of the land remaining to be
 
developed alcng the Niger river, it would seem that small,
 

1/ Based on our field observations, the ratio of traditional to
 
permanent wells must be at least ten to one. Assuming five
 
improved wells per hectare versus eight unimproved wells,
 
the 2000 permanent wells in existence suggest a toeal area
 
of 2900 hectares.
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single pump, 20 hectare perimeters- would be a sensible way 
to develop these marginal areas. in these areas the larger
schemes lose much, if not all, of their pumping economies to 
higher construction costs. These smaller per-imeters are more 
easily divided into independent operating units that can be
 
more effectively manaaed by individual GMP. This should re
duce problems with perimeter maintenance. It also reduces the 
need ",or levelinci and allows farmers to create much of the necessary infrastructure themselves. USAD mar want to cons ider 
financing a pilot project along these lines, 

.As the number of good river bottom sites diminishes, more 
attention focuses on the oroposed :andad2i Dam and the i10,000 
hectares o: l1n that it_ 1erraceallow to be cultivated. 
The irrigation team wonders ". -hethraeries of small dams 
on the branches of the river, ad even on t-he river itself, might 
not be a less costly, more sensible alternative to a singlelarge dam. -his matter merits further stucv. 

Surface perimeters in the interior present cther problens. 
The lack of ground cover over much of the drainage basin c 'uses 
significant erosion. The resulting silt flowing into these 
structures causes, in turn, very high rates of sedimentation
 
of the reservoir. This greatly shortens their useful life 
and reduces their storage capacity. As a result, area cultivated 
is reduced. 7he very flat valleys in which most of these dams 
are located greatly increase evaporation and further reduce
 
water available for irrigation.
 

Tube wells may present a more economical technology for 
developing such areas. The '-aradi project hopes to hold costs 
per hectare on Ruwana type perimeters to 2.5 million FCFA per 
hectare. Very large tube wells would not be appropriate because 
the aquifers are not very thick and have low to mediumn specific 
capacities. Numerous lower cacacity.' wells spread so as to 
maximize production with minimal interference would, in most 
cases, be more efficient. This is another instance where a 
pilot project could provide some usefu. information for guiding 
irrigation policy in Niger. The experimental tube well per:
meter at Ruwana, and in other areas planned by the Maradi pro
ject, bear close watching from USAID for this reason.
 

On perhaps a more selected basis, topographical relief can
 
provide the context for some moderate perimeter establishment 
costs. The FAO/ADB Small Scale Irrigation project will em
phasize developing small cuvettes, dry tributaries and flood 
plans on the Niger and Komadougou rivers that are not suitable
 
for larger scale development. 3ecause of substantial local
 
involvement and the nature of the technology employed, the 
project expects to be able to develop 1000 hectares for 4.5 
million CFA francs per hectare versus the 6.0 million currently 
budgeted by the Genie Rural for new projects. 

1/ Of the type fo" ad near Bak.el on the Senegal River.
 



IV. A.2 -Desion Standards
 

A number of the irrigation systems observed by the team
 
were clearly over-designed. Canals were lined with cement in
 
areas where no lining was essential; dikes were constructed to
 
protect against all but 100 year floods where it was probably
 
appropriate to take greater risks; pumps were too large for
 
water needs; and structures and equipment are unnecessarily
 
complicated and expensive. All of these are essentially
 
judgement calls however, so many engineers and economists would
 
disagree quite strongly on where to draw the line.
 

In general, a good deal of the over-designing that one
 
observes on some of the perimeters in Niger stems from a desire
 
to reduce problems in system maintenance that have plagued Niger.
 
In effect, engineers are substituting capital for management and
 
labor resources. The alternative of reducing the need for
 
both capital an,d management resources by designinc systems that 
can be broken into smaller management units more easily handled
 
by farmers does not get adequate attention. In this context,
 
the GON's current struggle to find ways of shifting more of
 
the perimeter responsibilities to farmers bodes well for con
taining perimeter establishment costs. However, it will not
 
likely meet with much success until realistic user changes <force
 
farmers themselves to get involved in questions related to
 
system design.
 

The Genie Rural, as the service that is ultimately responsible
 
for approving perimeter designs, is quite agreeable to reducing
 
design standards once peasants assume greater responsibility
 
for maintenance. In the past it has been blamed for not taking
 
adequate precautions against the types of problems which commonly
 
arise in Niger. However, unless peasants engage themselves
 
contrac .ally to provide the necessary support, the G.R. will
 
continue to take a conservative stance on design standards.
 
Peasants, on the other hand, will have no interest in design
 
changes that will require greater work for them unless their
 
user charges are reduced accordingly. Obviously if these are
 
already zero, it will be difficult to get any help from them.
 

Not all needed changes in design will reduce costs. The 

necessity of providing sufficient gates to allow measuringth , , ,. 
amount of water used in a particular block and to facilitate 
water manacement so as to reduce the incidence of waterborne
diseases will add to costs, though perhaps not materially so.
 

Lining canals reduces canal maintenance costs and, in the
 
absence of alternative solutions to perimeter maintenance
 
problems, does provide a less hospitable habitat for vectors
 
of waterborne diseases. Thus, unless labor intensive alternatives
 
for keeping canals free of vegetation and silt are accepted
 
by farmers, changes in design that reduce construction costs
 
may only serve to increase medical costs and/or lower farmer
 
productivity by an equal or greater amount.
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IV. A.3 Competition
 

There are only three or four large contractors technically
 
qualified for large irrigation works. They sub-contract to
 
smaller Nigerien firms but are able to maintain an oligopolistic
 
position by nature of Their size and the size of the perimeters.
 
Estimates offered in private conversations with donors and others
 
closely involved in the contracting process indicate that costs
 
could be reduced by 35-50% if there were greater competition.
 

The obvious solution to this problem was to create ONA-HA.
 
As a parastatal institution it would be in a position to force
 
costs down through cor.petition. Unrfortunatelv, experience at
 
Namarigoungou, which was done on force account by OMA/TA, suggests 
that i fficiencies within OMAHA make it as costly as private 
firms.- As a result, the MDR recently restricted ONAHA to a 
maintenance only role. Part of ONAHA's nroblems stem from the 
fact that it is run more like a ministry service than the 
autonomous parastatal that it is.
 

There are alternatives to ONAHA carrying out construction
 
activities itself, though these would need testing on a pilot
 
basis before AID could feel confident they would work as
 
expected. USAID could provide credit and technical assistance
 
to small Nigerien contractors to enable them to take on larger
 
jobs. Alternatively, scaling down designs will make it easier
 
for existing firms to qualify for the contracts. Or, ONAHA
 
might assume the role of general contractor and contract out
 
most of the work to Nigerien sub-contractors similar to the way
 
current contractors do. This might involve providing large
 
earth moving equipment on lease or rental in order to reduce
 
barriers to entry for the smaller firms.
 

IV. A.4 Risk and Uncertainty
 

The uncertainty of national budgeting and donor financing
 
contributes to high costs since contractors must absorb the
 
overhead of maintaining expensive technical personnel and
 
equipment while awaiting project and contract approvals.
 
Associated cost factors include the difficult transportation
 
links to coastal supply points and the risks of political in
stability both within Niger and in countries through which
 
supplies must pass.
 

1/ Mali had a similar experience with an ONAHA type
 
parastatal.
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IV. B. .Water Supply and Management Problems 

The sharply reduced rainfall that has become typical of 
Niger in recent years is creating water supply problems for 
both large and small systems. The major unanswered question 
is whether the shift is temporary or permanent. The answer 
has an important bearing on appropriate designs for new and
 
rehabilitated perimeters. Indeed, a good deal of the work 
slated to be undertaken by the IBRDC' ehabilitation 
Project involves modification to existing systems to improve 
their access to water. Many perimeters are now much more distant 
from water sources than was ever considered possible when the 
perimeters were originally designed. 

Problems with water availability are acgrevated by poor 
internal management of water on the perimeters, mostly at the 
farm level. These problems are party inte7relaiec with the 
problems of torographv and design alr-Oad': discussed. .hey 
include such things as pump selection which is poorly adaptecd 
to the litting head required; poor pump installation and 
maintenance; poorly leveled fields; friction losses occurring 
because of poorly cleaned canals; and, unnecessarily prolonged 
pumping periods because of staggered planting dates or the 
desire to observe of:icial working hours instead of: monitoring 
water use in the evenings and at night. 

The absence of water measurement devices at a level
 
sufficiently close to farmers to permit them to control water
 
use does nothing to encourage efficient water use. However,
 
rather than assume that the solution to this poblem lies in
 
installing devices that will require monitoring by someone
 
other than the farmers themselves, it would be useful to give
 
some thought to identifying administrative and organizational
 
solutions that can provide nearly the same results at a much
 
lower cost.
 

More thought needs to be given to the choice of pumping
 
systems and the interface between the technological and the
 
social/institutional aspects of perimeters. On the institutional
 
side, a series of smaller pumps might pose fewer management
 
problems tha'n one larger pump, even though the larger pump is 
more efficient. The smaller pump could be managed by a single
 
GMP, even on a larger perimeter divided into several management
 
units.
 

There is clearly a need for some anplied research on 
pumping technology, particularly for matching pumping heads 
with soil and crop requirements on small perimeters; solar and 
wind technology for interior valleys; and animal powered water 
pumping systems for micro-perimeters as compared to small motor 
pumps. The prognosis for cheap solar pumping technology is 
riot particularly encouraging at this time but where electricity 
is available, electric pumps have a cost advantage over diesel 
pumps. 
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IV. C. System Maintenance
 

At the present time ONAHA is trying to redefine the re
sponsibilities of itself and farmers with respect to irrigated 
perimeters. The team has received conflicting information on 
what is occurring. According to the recommendation of the Zinder 
Conference, OMAHA will become a technical services organization 
providing pump maintenance and other services on a fee-for
service basis. This implies that farmers can contract with 
anyone for the services. Separate sources at ONAHA both con
firmed and denied that farmers would be permitted to contract 
with private firms for pump repair services. Since the pumps are 
ON property, there was some question as to whether the 

government would want to ensure that they. receive proper care 
by entrusting this function to ONAHA. 

The crucial issue with respect to where farmers go for
 
maintenance will revolve around how ONAHA sets user fees. At
 
the present time its prices to cooperatives are lower than the
 
prices it charges others who demand its services. Unless ONAHA's
 
costs are considerably above private sector costs, there is
 
little likelihood that the cooperatives would chose anyone other
 
than ONAHA fcr the services it requires. Until ONAHA moves to
 
full cost pricing for its services, the private sector will
 
have a difficult time getting established in services markets
 
except where ONAHA's inefficiences exceed its subsidies.
 

Perimeter level maintenance involves simpler solutions.
 
In general, maintenance appears to be poor principally because
 
farmers have no burning need to do the necessary work. In cases
 
where irrigation rights are withdrawn when farmers do not pro
vide labor for essential maintenance activities, perimeters
 
appear to be much better maintained. An alternative would be
 
for the cooperative to hire farmers willing to do e maintenance
 
work and then add the cost to everyones redevance.-


There are, of course, other causes of poor maintenance
 
of canals. Weeds become a special problem during the labor
 
crunch at the beginning of the rains when irrigation is less
 
urgent and labor constraints are particularly acute. The dry
 
season, however, appears to offer ample opportunity for canal
 
reconstruction and maintenance should farmers have adequate
 
incentive.
 

Under the IBPD Rehabilitation Project cooperatives will
 
be required to enter into a maintenance contract with ONAHA be
fore the project will begin rehabilitating a perimeter. These
 
contracts will define the responsibilities of farmers and those
 
of ONAHA with respect to maintenance of canals and pumps, among
 

1/ An annual payment which farmers make to ONAHA to cover
 
the cost of seed, fertilizer, fuel, pump maintenance and
 
repair,etc. as well as a portion of the investment costs
 
of the perimeter.
 



-15

other things. It is hoped that this approach will resolve 
perimeter maintenance problems. It is not clear just how 
these contracts will differ from current contracts between
 
ONAHA and the cooeratives that are providing inadequately for 
maintaining perimeters in a good state of repair.
 

IV. D. Feasibility of Promotini Small Scale irrioation 

The FAO/ADB Small Scale irrigation Project paper estimates 
the cost of developing 1000 hectares of small perimeters along 
the Niger and Komadougou rivers at around 75% of the cost of 
new medium scale installations. The ability to enlist the 
help of beneficiaries in perimeter construction more than off
sets the oreater costs associated with undertakioc, a multitude 
of small dispersed ,ro ects 

The ant icipated 2.5 million CFA per nectare cost of th'e 
single tube well system ibein tested at Ruwana Is less t..an 
two thirds the cost of the medium scale system being developed 
at nearby Djiratawa. Variants on this theme could probablv 
reduce installation and operating costs still further by sub
stituting subterranean stationary pvc pipe for the movable but 
costly gated pipes. 

The cost of developing one hectare wit'h permanent shallow 
wells and a single portable motor pump for each five or six< 
wells would probably come to less than 1.5 million FCFA. More
over, most of this work can be done by village artisans. 

These three examples suggest that small scale irrigation 
can indeed provide a cost effective alternative to medium 
scale systems. The, , are moce likely to fall within the com
petence of smaller local firms to perform. Moreover, such
 
systems present far fewer management problems that farmers
 
themselves cannot handle.
 

The development of such systems does need to be selective,
 
at least initially. There are numerous shallow, alluvial
 
aquifers, and some deeper phreatic water tables that can only
 
be developed with small scale systems that effectively mine
 
the water over a much larger area than the area cultivated.
 
On some of the less favorable riverine formations, smaller 20
 
hectare units may even be more cost effective than a single 
larger system; they can be apporticned one to a singie CM3'JP and, 
as a result, can elicit greater farmer participation in design
 
and development. Higher yielding tube wells with submerged 
multi-stage pumps may be a tec'nically feasible next step for 
larger systems. These alternatives all require further, more
 
indepth investigation.
 

The major issue vis-a-vis small scale irrigation concern 
the ability to rely on such systems for a major expansion of 
the area under irrigation, and the proper role of public sector 
assistance in promoting that expansion. With respect to the 
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former, the Small Scale I:d-igation project and the perimeter
 
at Ruwana in the Maradi project all point to the potential for
 
major expansion of small scale systems.
 

Though not yet tried on a large scale, the demand for un
subsidized credit to install permanent, cement-lined, shallow 
wells on micro-perimeters apears to be quite substantial. Once 
these wells are put togeth-er' into systems of five or six per 
hectare, using portable motor pumps to draw water, we can expect 
a major expansion of area cultivated. 1%ith it will come a dec
lining cost of production that promises to mak:e irrigated dry 
season peanuts, sorghum, and possibly, cowneas and cotton 
profitable at import or export parity porice lievels, whatever 
the case may be. Sucn installations would need to remain dispersed, 
however, since they would have to mine water over a much larger 
area than the area culti'ated to obta in suf icient water for 
irrigation. Some combinat on of a _ioeper tuCe well witi a seriesof shallower wells :n. :V:t oe .. . ~ - tre!~O in.te =ntnsi levelle e oofv 

development of available land, wile still per- hectare_.:eeoinc; 

costs well below current costs for medium-i scale Derimeters. 

The principal question regarding t'- l opton, 
as attractive as it appears from the point o* view 0 cost and 
the potential for local level management, is the area over which 
such systems would be feasible. The very :mressionistic and 
hurried field trip undertaken by the assessment team provides a 
very weak basis from which to make an informed judcement. Our 
individual impressions vary from "limited" to "immense", simply 
confirming our weak basis for judgement. Even in areas where 
topography and existing developments appear promising, it is 
likely that farmers have gravitated toward the more favorable 
stots. Wells sunk in adjacent areas might find deeper or less 
prolific water tables or other problems not immediately obvious
 
to the casual observer. This is an area obviously requiring 
some indepth stud,.
 

Defining an appropriate role for government in this area 
also merits some serious thought. With the help of PVO's and 
small components of existing integrated rural development pro
jects, farmers are probably producing up to the capacity of 
existing markets for vegetables. An effective credit program 
to finance construction of improved wells and acquisition of 
small pumps could provide for most of farmers' needs within the 
context of the oresent system. Unless the concept of assistance 
extends beyond systems which can only be economic by producing 
high value crops, the potential for substantial ex:pansion,
 
and therefore for constructive public sector involvement, will
 
be limited.
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V. PRODUCTION TECHNOLOGIES AND AGRONOMIC CONSTRAINTS 

V. k. Croppinq Svstems and Cultural Practices
 

V. A.1 irrigated Rice Perimeters
 

As on most perimeters, rice farmers prepare their land by
 
plowing with oxen. They plant improved seed from W'ARDA and 
most farmers apply roco:mmended or higher levels of NPK and urea 
fertilizers. Except in the case of an outbreak, farmers do not 
apply insecticides to their rice. In the two perimeters visited
 
by the team, there was evidence of increasing problems with 
bacterial and viral diseases due .o the continuous croi.rnmcn o 
rice. Actual yields obtained on all 'higer villoy rice perimeters 
average between 3.0 and 3.5 tons of ,Daddv ,Dor hectare dluring
the dry season and('.3-30 tons per hectare -Iurinc the rain', 
season. The :,,ost i::u: ortant factor eo:plainino the lower ra7ny 
season yields apin>ears to ce cool J,' weat'her durinC the critical 
flowering stace.
 

V. A.2 Surface Dam Systems
 

Although originally intended for double cropping, the 
surface dam systems usually have enough water to irrigate only 
about 25% of the available land during the dry season. Thus 
these systems are primarily providing supplementary irrigation 
for rainfed cotton and millet.
 

During the dry season farmers grow a wide array of 
vegetables and limited amounts of millet, wheat, maize, and
 
cowpeas. Farmers also cultivate the inside of the reservoirs
 
using residual soil moisture as the level of water is drawn
 
down for irrigation of the perimeters.
 

Cultural practices in the surface dam perimeters vary. 
The Maggia Valley perimeters have the highest technical 
efficiency and yields and the Konni perimeter, the lowest. 
All the perimeters grow the same variety of cotton, a high 
yielding, high lint variety. Farmers in each one apply in
secticides and fertilizer but the amounts are not uniform. Ad
justing for the number of applications and the proportion of
 
area actually treated, farmers in the Nonni perimeter applied 
28?'%of the recommended amount of insecticides and 18', of the 
recommended amounts of fertilizer. This compares with 100% for 
all but one of the Maacfia valley perimeters for both insecticides 
and fertilizer. Not surprisingly, yields of seed cotton in the 
Maggia Valley perimeters averaged 2.2-3.0 tons per hectare 
versus 1.1 tons for Konni. Differences in sorahlum yields were 
similar. 

Cultural practices were noticeably setter in the Mlaggia 
valley than in Konni, as well. Weeds were better controlled, 
plants were more appropriately spaced and operations were per
formed more timely. Agents at Konni did not appear well in
formed about the irrigation needs of the crops being grown there. 
It appears that the small extension service at Konni is simply 
overwhelmed by the magnitude of the task it is being asked to 
perform.
 



V. A.3 Ground Water Pumping Systems
 

The Goulbi Maradi tube well perimeter divides its crop
 
calendar into three seasons. During the rainy season, the
 
entire area is planted half to sorghum and half to cotton as
 
is done in the Maggia Valley. During the early dry season
 
about 40% is planted to cool season vegetables. Then, dur*ng
 
the hot dry season, another 40% is planted to peanuts and hot
 
season vegetables. About 20% of the land is left fallow during
 
the entire dry season. About 10% of the 1/3 hectare to be
 
allbcated to each farm family is reserved for a farm garden in
 
which the farmer grows what he chooses.
 

Cultural practices on this perimeter were considerably 
better than at Konni. Farmers applied around 80% of the 
recommended levels of fertilizer to sorghum and cotton. At 
the same time, insects were less of a problem. Weeding and main
tenanca of canals are not what they should be but farmer 
practices are improving as the perimeter moves through its 
second year of operation. Yields are closer to those of the 
Maggi valley perimeters with improved sorghum averaging 2.1 
tons per hectare and peanuts and cotton, two tons. Onion and 
tomato yields were quite good as well. 

In the Ruwana perimeter, weeding and other problems in
 
evidence also appeared to be related to farmers' inexperience
 
with irrigated agriculture. Farmers are growing essentially
 
the same crops as on the larger tube well perimeter. No yield
 
data was available but results on this perimeter should
 
approximate those at Djiratawa as farmers gain experience with
 
the system.
 

V. A.4 Micro Irriaation Systems
 

Niger has a particularly diverse mixture of micro--irrigation
 
systems, i.e. those two hectares or less in size. Most range
 
between 0.2 and 0.4 hectares. Farmers with these systems
 
usually grow vegetables for local markets though, in the Air
 
Mountains, wheat and other cereals are also important. Onions
 
are the mainstay of these:systems. Tomatoes, peppers, squash
 
and to a lcsser extent carrots, cabbage and lettuce are also
 
important. A substantial portion of the more perishable vege
tables are dried on the farm for sale when prices are more
 
favorable.
 

Generally, irrigation water for the micro-irrigation
 
systems is drawn from shallow wells by means of a shadouf,
 
calabash (2uisette) or dallou. In areas where shallow well
 
irrigation has a longer history, farmers tend to use small
 
earthen canals to distribute water to their plots. Elsewhere
 
they simply carry it to the parcel. Obviously, irrigation
 
capacity is much higher with the canal delivery system.
 



-Cultural techniques on the micro-perimeters range from
 
excellent to abysmal. Not surprisingly, the -'orstwere observed
 
in areas where shallow well irrigation is relatively recent.
 
Generally, spacing was quite good. Most of the farmers observed
 
by the team use at least some fertilizer and manure on their
 
plots but few could express the amount in standard units. In
 
some areas insects and nematodes were a serious problem. Farmers
 
generally recognized the problem but dia not know where they
 
could obtain insecticides and did not appear to understand the
 
importance of crop rotation for controlling nematodes. Many
 
farmers kept their own seed and, for some, seed sales are an
 
important source of income.
 

" ields on the micro-perimeters vary widely, Df course, 
but 30 tons per hectare for onions and tomatoes are not unusual 
in the more established areas. Marketing vegetables during 
the flush season was a problem for all but the onion prcducers. 

V. B. Acronomic Constraints on Incre~.sina Yields Under Irrication 

Soil structure and heterogenE.ity are problems on some of
 
the perimeters. Sandy soils require relatively large amounts
 
of water to maintain a given level of soil moisLure. Where
 
soils are particularly heterogeneous, plant water needs are not
 
uniformly met. Both of these problems contribute to the poor
 
performance of the Konni perimeter.
 

Seed quality appears to be a problem on some of the rice
 
perimeters as improved strains are degenerating due to continued
 
use of the same variety. Lack of cold-tolerant varieties is
 
especially critical for both the rtiny season (during the
 
flowering stage) and the dry season (during the establishmen
 
stage) crops. Available v'. i.eties of vegetable seeds frequently
 
offer no disease resistance and are intolerant to high soil
 
temperatures. The general area of identifying crop varieties
 
that are suited to the particular soil-weather-temperature
 
conditions of the different perimeters merits much greater
 
attention from NIRAN than it receives at present.
 

Water availability leading to untimely planting is a
 
proL em on both the river pumping and the surface dam systems.
 
Farmers cannot plant their rice seedlings on the river pumping
 
schemes until the river rises up to the pump intake. Thus
 
delays in the arrival of the flood often delay transplanting.
 
This, in turn, increases the age of the plants at transplanting
 
which, if more than 20-30 days old, reduces tillering and
 
depresses rice yields. Moreover, it delays the harvest of the
 
rainy season crop and. as a consequence, the planting of the
 
dry season crop, with similar consequences.
 

On the surface dam perimeters untimely planting sometimes
 
results from the fact that planting cannot begin until the
 
reservoir has captured enough water to ensure the survival
 
of the crop. At the same time, the overall quantity of water
 
is generally not sufficient to permit a full dry season crop.
 
Only two of the six M[aggia Valley perimeters grow any crops at
 
all during the dry season.
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Poor weeding practices are another widuspread problem.
 
Farmers frequently begin weeding late and do not always keep
 
the edges of fields and canals clean. As a result, mature
 
seeds blow from untended portions of the fields into the
 
irrigation canals and then are distributed to the fields under
 
near ideal growing conditions. Weeding problems appear to be
 
at least partly related to competition for labor with dryland
 
crops.
 

The team noted wide variations in the onplication rates
 
for fertilizer that do not appear to be related to yields.
 
This no doubt arises partly from the fact that fertilizer is
 
frequently poorly placed and applied indiscriminately or at
 
the wrong times. Sometimes farmers use an inappropriate
 
fertilizer simply because it is available in local markets.
 
Other unidentified factors also clearly play a part. Overall,
 
however, it would seem that fertilizer recommendations are not
 
always appropriate for the particular crop and soil combinations
 
found in specific perimeters.
 

Water management practices pose additional Lagronomic
 
problems on many of the perimeters. Non-uniform planting dates
 
result in the situation where some farmers need tc irrigate
 
when others need to dry their fields prior to harvest. This
 
not only raises pumping costs but also depresses yields. In
 
some cases, extension agents did not know the water requirements
 
of the crops being grown. Usually this also resulted in over
irrigation.
 

Continuous monocropping of rice is causing a buildup in
 
soil diseases and insect pests. These are having an increasingly
 
noticeable effect on rice yields. Rotating rice with other
 
crops, such as a high yielding sorghum, would help break the
 
breeding cycle for plant pests and diseases and reduce their
 
virulence. This would provide a more immediate solution than
 
breeding new varieties. At the same tme, better weeding and
 
more thorough and timely applications o pesticides would
 
considerably improve yields of all crops.
 

These constraints point to the need for perimeter level
 
applied research on cropping systems, fertilizer application
 
and response, water management and pest control, among other
 
things. Not only would this help identify more effective
 
cropping technologies for each perimeter but it would provide
 
a logical interface between farmers, extension agents and
 
researchers that should lead to more effective research and
 
extension elsewhere as well.
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VI. ECONOMIC AND FARMING SYSTEMS ASPECTS 

VI. A. Costs and Returns to Irrigated Farming
 

The kinds of irrigated cropping systems found in Niger
 
are correlated with the technology/mana-7ement systems pre
viously described, but not perfectly so. A rice-rice rotation
 
is commonly found on the jointly managed river pumping schemes.
 
A cotton/sorghum-vegetable. fallow system is found on both the
 
jointly managed surface dam and ground water systems. The
 
micro-perimeters include a wider range of systems but rainy
 
season fallow or sorghum coupled with dry season vegetables
 
appears to be the more typical system outside of the Air
 
Mountains.
 

The inability of Niger to keep irrigated l.and in pro
duction does not appear to be due to low cash returns to
 
Zarmer labor expended on irrigated crops. A somewhat summary
 
analysis of the private costs and returns of producing the
 
major crops grown under irrigation in Niger shows returns to
 
family labor ranging from 700-800 FCFA per day for rice and
 
cotton to around 1700 FCFA per day for irrigated sorghum and
 
maize. Onions earn between 2500 and 3000 FCFA per day. These
 
synthetic returns to labor compare with an avarage return to
 
labor allocated to rainfed crops of somewhere between 500 and
 
700 FCFA per da2y.
 

When looking at the value of production in relation to
 
the amount of cash inputs required to produce it, the picture
 
becomes more complex. Farmers' financial risk appears to be
 
lowest for rainfed crops, followed by irrigated onions, ground
nuts and sorghum. It is highest for irrigated rice and cotton.
 
These measures of risk explain farmers observed production
 
priorities much better than returns to family labor. They
 
may alsc provide some insight into why farmers have allowed
 
certain perimeters to slip into disrepair.
 

Available data on the costs and returns of producing rice
 
on the river pumping schemes in the Niger Valley are not in
 
agreement. A recent ON'AHA (1983) study calls into question
 
data which show farmers earning more per man day from rice
 
than from rainfed crops, arguing instead that returns are
 
barely competitive with rainfed millet. According to the
 
authors of the study, these low returns, plus the small .25
 
hectare parcel normally allocated to an individual family
 
along the river, virtually force farmers to give higher
 
priority to other sources of income. If true, this would
 
explain some of the labor related problems which are con
straining rice yields.
 



The higher returns from sorghum than cotton in the
 
cotton/sorghum-vegetable/fallow cropping systems have
 
encouraged a continuing shift toward sorghum. Nonetheless,
 
the government, through ONAHA and CFDT, resists this in order
 
to satisfy the country's domestic cotton needs. Only by
 
heavily subsidizing insecticides and maintaining a fairly
 
strong control over crop rotation is it able to keep farmers
 
from moving away from cotton production.
 

Problems with dry season water availability have greatly
 
reduced the role of dry season vegetables in this crop ro
tation. Still, the ialue of dry season vegetables grown in
side of the silted reservoirs is equal to about 7fl; of the
3 

market value of the irrigated cereals grown on the perimeters.
 

Dry season vegetables are much more important on the Goulbi-
Maradi perimeter since the tube wells provide a more reliable and 
steady source of water. To reduce problems associated with 
marketing large volumes of vegetables, the perimeter divides 
the dry season into two distinct cropping periods, with 
part of the land reserved for each. Farmers grow groundnuts 
during the hot dry season when vegetables do not do well. They 
have obtained very good results primarily because the rrvenue
 
from peanut hay exceeds that from the two ton yield of ground
nuts; the harvest occurs at a time when forage is in particularly
 
short supply. Moreover, the market for both is immense.
 

Returns to wheat and cowpeas at Konni and maize and cow
peas at Goulbi Maradi do not appear promising and do not con
firm the synthetic returns to labor mentioned previously in
 
this report. Yields were low for the two cereals and pests 
are 	a real problem for cowpeas.
 

No member of the team was able to obtain first hand cost
 
and 	 return information on the Air Mountain cropping system. 
Observers suggest it is highly productive and profitable for
 
farmers. Using the dallou system to irrigate plo1s of .5 to
 
one hectare, farmers in the Air Mountains produce wheat, millet,
 
vegetables and potatoes, mostly for local and regional con
sumption. Although most available land is under production,
 
observers seem to agree that production would increase if
 
additional markets were available at prices near current levels.
 

The fallow sorghum-vegetable cropping system tends to be
 
found mostly on micro-perimeters irrigated from shallow wells
 
or from reservoirs created by farmers as along the Komadougou
 
River. This is also t most common cropping system for flood
 
recession agriculture.

1/ 	The team does not consider flood recession agriculture
 
to be irrigation since it does not involve active manage
ment of water. 
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During the rainy season, the soils that grow the best 
vegetables are often too wet for anything but sorghum or
 
fallow, though selected areas around many villages and around
 
Niamey can be successfully double cropped. One large area near
 
Galmi double crops onions.
 

Cash production costs with the individually managed micro
irrigation vegetable cropping systems 
are moderate. Traditional
 
wells must be redug almost every ,ear and farmers purchase 
fertilizer and hire labor for pumping water or helping with
 
irrigation. Farmers purchase pesticides when these are avail
able and, increasingly, small motor pumps, but neither item is
 
widely available.
 

Apart from onions, the team was unable to obtain estimates 
of gross margins per hectare or per daci of faiil} labor for 
vegetables. Onions are clearly produced in tIe greatest volume, 
followed by tomatoes and then squash, swaeet notatoes, okra and 
hot peppers. At 30 tons per hectare, onions ieid a return to 
management and family labor of over 3000 FC_'. cer day. A 
yields of 50 tons per hectare, this return would 1lmost double. 
This compares with 1000 FCFA per day or less -or rice and rain
fed crops other than sorghum. Perhaps this explains in par, 
why farmers continue to increase production of vege-_bles even
 
as prices decline and they complain of market ajluts. 

With the recent completion of two substantial perimeters 
devoted largely to vegetable production, Tillakeina and Galmi,
 
and a third one at Goulbi Maradi where vegetables are very
 
important, vegetable farming in Niger is entering a new phase.
 
Production and marketing problems that will reduce returns are
 
already surfacing. Pest control will have to take on increasing
 
importance if farmers are to maintain yields.
 

VI. B. Farmina Systems Constraints on Irrigated Production
 

In addition to the agronomic and engineering constraints 
already mentioned, the irrigation sector team identified 
several farming systems factors which constrain irrigated crop 
production in Niger. The most important appears to be intense 
competition for labor between dryland and irrigated crops 
during the rainy season. During this period farmers must 
prepare nurseries for the rainy season rice crop, harvest the 
dry season rice crop, and prepare and plant dryland fields. 
Subsequently, the weeding of dryland fields competes with 
planting and irrigating rice. 

Because rice tends to be regarded as a cash crop, farmers
 
are less able to call on traditional collective work arrange
ments that enable a farmer to mass large amounts of labor to
 
overcome key labor bottlenecks. Irrigated crops tend to be
 
viewed as strictly individual undertakings. For this reason,
 
the same farmer who will lend labor for traditional crops,
 
will work on another's rice field only if oaid. Needless to
 
say, the acute shortage of cash at the beginning of the rainy
 
season prevents many farmers from hiring the labor needed for
 
the timely performance of agricultural operations.
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Farmers appear to give higher priority to rainfed crops
 
than to irrigated crops when demands for labor become
 
particularly acute. This is at least partly related to the
 
small size of irrigated parcels. This is another factor leading
 
to ate planting, poor weeding and untimely irrigation for
 
rice--all of which depress yields. In the Mlaggia valley where
 
dryland production potential is more limited, farmers give
 
higher priority to irrigated crops in allocating labor. As a
 
result, cultural practices are correspondingly better and
 
irrigated crop yields are higher.
 

The labor constraint on perimeters is aggrevated by the 
need to reconstruct field dikes, bunds and channels destroyed 
during land preparation. This reconstruction wnr: must be done 
at about the same time as land preparation and ilainting of 
rainy season crops. if plot sizes were larger or water were more 
available durinc, the dr: season, some of this .or!: could be 
avoided or clone at a c i:.e when labor de,,ands are less acute. 
Alternatively, it may be possible to use puddling techniques 
with oxen similar to those used in Asia so as to reduce the 
need for post-plowing reconstruction. This needs to be 
researched but it would have the added advantage of providing 
better water control. 

The shift from tractor to oxen plowing seems to be causing 
delays in land preparation in some cases. (DAHA reports that 
not all perimeters have sufficient numbers of oxen teams to 
do the necessary plowing when needed. This arises from in
sufficient supplies of oxen as well as from inadequate care 
of those which are available, reducing the average effective 
area that one team can handle. The net effect is to further 
delay planting, putting production schedules and fertilizer 
and other investments more at risk. 

Other factors are increasing the financial risk that
 
farmers in irrigated perimeters face. Some of these are
 
avoidable. Fcr example, input supply is a problem in several
 
areas. This problem has two separate causes: ineffective
 
ordering and lack of credit. One knowledgeable source in
dicated that much of Konni I's problem with pests was due to
 
a f~ilure on the part of the cooperative to order the in
secticides in sufficient time and in sufficient quantity" to
 
meet the needs of the crops.
 

Inputs are generally available on a cash basis and in
secticides for cotton are free. Other inputs for cotton are
 
still available on credit. Bur unless the cooperatives order
 
the inputs on time and pay for those obtained on credit as
 
required, they risk either getting their inputs late or being
 
cut off from production credit and not getting them at all. 

Except for most of the cotton perimeters, farmers on
 
irrigated perimeters no longer receive production credit from
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the CICA because of very poor repayment rates on past loans. 
hile government suspension of credit under these circumstances 

is certainly understandable, indeed desirable, farmers who do
 
not have the means to pay cash do find themselves more exposed 
financially. Without fertilizer and insecticides, yields may
 
fall below levels necessary to cover fi:xed costs plus provide
 
a competitive return to farmers' labor.
 

Reductions in input subsidies now underway in Xiger may 
add ail additional element of financial risk for 6uie farmtrs. 
Farmers along the river are more likely to be purchasing 
fertilizer and insecticides from the Centrale d'Aonrovisionnement 
rather than in the already unsubsidized private market which is 
more active along the border with -igeria. As the GO,: reduces 
subsidies, costs will rise for thiese far:m:ers. Available 
evidence indicates that nitrocen and chosphorous fertilizers 
will still lc :uite economic on irrigated rice even under full 
cost prices :rc> 'orescnt souIces o' SUPOIlV. ::owever, there 
can be no doubt tha t will reduce over-ill returns to rice 
production 1-ind require a morte efficient level of operation to 
meet all ex:oenses. 

Finally, the move toward fullez--cost pricing of services 
provided to farmers by ONAHA will increase toe financial burden 
and risk of farmers still more. Some of ris, such as charces 
for water, will be done in a context where an individual farmer 
.as little control over waste and misuse by other farmers 
working in the perimeter. Thus the problem of good farmers 
subsidizinC poor farmers will become incrc-asingly evident and 
sensi i The (O3N should begin now identifying procedures for 
helping farmers within the perimeters decide how to handle 
this problem.
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VII. MARKETING ASPECTS OF IRRIGATED AGRICULTURE
 

VII. A. Marketina Systems
 

Most cereals and cotton grown on irrigated perimeters are
 
marketed through one of three parastatals. At the present time,
 
all these markets are officially controlled. Minimum
 
producer prices are set by the government, and sales to non
official intermediaries within official marketing areas are
 
illegal.
 

During the past year the government has begun to relax its
 
control of cereals markets. Soon farmers will be allowed to
 
sell on private markets any rice not required to repay per
imeter operating charges and loans from the farmer's coopera
tive. The number of official sorghum and millet buying points
has been reduced and outside these markets farmers may sell to 
anyone. Unfortunately, most of the sorghum sold from irrigated 
perimete::s must be sold on official markets, as must cotton, 
peanuts and cowpeas since most perimeters contain official 
buying points for these crops.
 

Whereas most coreals produced on irrigated perimeters now 
pass through official channels, marketing of vegetable products
has never been controlled by the government. At the wholesale 
level these are sold through itinerant bulkers and traders 
who purchase at the farm level, and through merchants and 
assemblers in village markets. In some cases farmers organize
 
wholesale marketing themselves and rent trucks, obtain export

documents and sell in coastal markets. 
 Those close to retail
 
markets may retail their produce directly to consumers.
 

VII. B. Demand for Irriaated Grains and Veaetables
 

VII. B.1 The National Demand for Cereals
 

Demand for cereals produced under irrigation fac,! promising
 
growth prospects. Indeed, self-sufficiency in grain production

has been the primary justification for developing irrigated
 
agriculture in Niger. According to the recent Agriculture
 
Sector Development Grant Proposal (USAID, 1984), Niger imports
 
about 60,000 tons of rice and 100,000 tons of sorghum and millet
 
in an average year. This deficit is expected to double by
 
1980.
 

Eliminating this deficit will require bringing into pro
duction an additional 60,000 hectares of double cropped irrigated
 
cereals at current yield levels. This Lompares with a current
 
anticipated expansion in irrigated cropping area of 1000 hectares
 
per year over the 1980-1988 period. Thus demand will not con
strain the marketing of irrigated cereals production.
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VII. B.2 The National Demand for Fresh Veqetables 

The national demand for fresh vegetables is also growing

quite strongly. Numerous observers note the tremendous increase
 
in consumption of European type vegetables among Nigeriens over
 
the past ten years. As much as 30% of vec cable production is
 
consumed on the farm by members of the producing household.
 
High rates of growth in urban population and income coupled 
with declining real prices for fresh vegetables have provided
 
further stimulus for vegetable consumption. Unfortunately, no 
reliable quantitative consumption data exist with which to 
document this evaluation. Available data on production of
 
vegetables, though of questionable value, do, nonetheless, 
tend to support the reported accounts of rapid gr'owth in 
national consumption of vegetables. 

VII. B.3 The In errecoional Demand -or Fr-esh Vecetables 

Interregional demand for fresh vegetables, especially those 
consumed in relatively large quantities by African households,
 
appears to be even stronger than national demand. \lost of an 
estimated 13-157, ' annual growth in onion nd tomato production 
since the early 1970's, for example, probably flows into export 
markets. Demand for onions from coastal countries is so strong

that those merchants come to Niger to pick up supplies. 

Demand, though strong, is not infinite. One cooperative 
which did engage in direct export of onions in order to increase 
its return when local markets were glutted, usually divided its 
shipments between Lagos and Malanville--in spite of the fact
 
that prices were 20% higher in Lagos. It did this to avoid
 
depressing prices and reducing overall returns. This suggests
 
that Niger will have to give more attention to marketing
 
questions if it e:xpects to continue expanding vegetable pro
duction as much as is currently planned.
 

VII. B.4 Demand for Dried Veaetables
 

For many years farmers in Niger have been drying tomatoes,
 
onions, peppers and okra as a means of preserving surplus fresh
 
vegetable production. According to farmers, rainy season prices
 
for dried tomatoes and peppers are double those of equivalent
 
fresh vegetable prices during the main vegetable growing season.
 
No quantitative estimates of production or sales are available
 
but the price data certainly suggest considerable room for
 
expanding production of dried vegetables. In addition, there
 
may be scope for further development of the markets for dried
 
vegetables, especially as producers improve processing quality
 
and expand their marketing radius to include more distant
 
African countries.
 

Dried vegetables fit into traditional food consumption 
patterns for most African households quite well. The principle 
uncertainty at this time is the extent to which the dried 



vegetable market in these countries is already developed and,
 
perhaps saturated with local production. Should the market
 
for dried vegetable exports prove capable of substantial ex
pansion,then USAID may want to take a closer look at simple
 
solar powered vegetable dryers and ways of developing this
 
market.
 

VII. C. Constraints on the Marketing of Veaetables
 

VII. C. 1 The Timina of Production 

The major marketing problems with fresh vegetables arise
 
from the highly seasonal nature of vegetable production in
 
Niger. During the latter part of the hot dry season and much
 
of the rainy season, many vegetables will either not set fruit
 
or they succumb to insect and disease problems that prevent 
economical production. At the same time, farmers are ore
occupied with their rainy season crops. :ioreover, many of the 
better lands for vegetable production are flooded over much of 
the rainy season. As a result of all these factors, most 
vegetables are virtually non-existent in local markets from 
June to November. For the same reasons, most farmers begin 
planting vegetables following the harvest of their rain-. season 
cereals crops. This causes most of the country's frsh 
vegetable production to hit the market over a three month period 
between January and Ap.:il. The resulting glut depresses prices. 
In the case of highy perishable products such as lettuce,
 
farmers may even let part of the crop rot in the field.
 

In spite of the ecological and climatic constraints on
 
extending the growing season fnr vegetables, it does appear
 
that farmers could be doing more than they are. In one village
 
near Madaoua, farmers deliberately delayed planting onions so
 
their product would hit the market when prices were 20% higher
 
than flush season prices. NJear Galmi, some producers concentrate
 
on onions and produce two crops per year. This necessarily
 
implies less attention to rainy season cereal crops but these
 
farmers find the tradeoffs worthwhile. Finally, producers
 
around Niamey succeed in providing a more steady supply of
 
vegetables to that market.
 

By getting an earlier start on seedbeds and phasing planting
 
times over a longer period farmers should be able to push a
 
larger share of their production into periods when market prices
 
are above flush season prices. Unfortunately, we do not yet
 
have a good enough idea of how vegetables fit into the over
all farming system to be able to say definitively that the
 
average farmer would increase his total income by making such
 
adjustments. On the surface, it seems that h 2 would.
 



VII. C.2 Market Access
 

In some areas, such as the Maggia Valley and the Air
 
Mountains, the lack of good farm to market roads and the
 
distance from consuming centers discourage more intensive
 
vegetable production. The absence of a substantial volume of
 
consumer good imports from outside means that agricultural
 
produce often must bear the full cost of round-trip trans
portation to regional markets.
 

Although improved farm to market roads would lower
 
marketing costs and, as a result, probably raise prices
 
received by producers, it is not at all clear that this would
 
be a cost effective solution to the problem of mar,,,et access.
 
Oxen carts can move cereals and dried vegetables over very 
rough terraine quite cheaply. Before turning to improving
farm to market roads to move fresh produce, it would seem wiset~~~~~~o exaiemre fores redueals srset 

to examine market prospects for dried vegetab~les as an
 
alternative to better roads for moving fresh vegetables.
 

VII. C.3 Storaae and Preservation of Vecetables
 

Losses associated with farm level storage of vegetables 
can run quice high. Estimates for traditional onion varieties 
run as high as 30-40,- over three to four months after harvest. 
This partly explains the rise in prices during the slack
 
production season.
 

Storage losses appear to arise primarily from high ambiant
 
temperatures during storage. They seem to be aggrevated by
 
premature harvesting, rough or excessive handling when moving
 
the produce into storage, and poor ventilation in storage
 
areas. Some farmers have found techniques for reducing storage
 
losses. These need to be identified and confirmed through
 
research. There is also room for developing and selecting
 
varieties with better storage characteristics under Nigerien
 
conditions. INRA!N has been conducting research on ventilation
 
systems but apparently it has been unable to improve substan
tially on farm level performance thus far.
 

Most preservation of vegetables in Niger is via solar
 
drying on straw mats or on the ground. This increases spo:lage
 
by preventing proper ventilation and prolonging the drying
 
process. It also increases the introduction of foreign matter,
 
a factor that can't help but reduce its value in the market.
 
Whether consumers would be willing to pay for the improved
 
quality resulting from more effective and more hygenic drying
 
conditions needs to be explored in the vegetable marketing
 
study outlined in Annex I.
 

VII. C.4 EntreDreneurial Camacitv
 

The team's vegetable marketing specialist notes that
 
vegetable merchants in Niger seem to lack the entrepreneurial
 
desire or capacity to fully develop and exploit potential
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markets for vegetables in neighboring countries. He feels 
that they emphasize short term profits and are reluctant to
 
take the kinds of risks necessary to develop vegetable
 
markets and maximize long run profits. Many Nigeriens share 
this view. 

Wile this hypothesis is certainly plausible, it may be
 
premature to conclude tLhat the marketing opportunities which
 
appear to be viable, indeed are. In the very high interest
 
rate environment of rural financial markets, it is difficult 
to justify long run investments of any sort on a private basis.
 
Once the GON or donors identify investments in market develop
ment for vegetables that offer promise from a national economic 
point of view, they will need to focus on ways of reducing 
risk or otherwise increasing the private rate of return so that 
private returns on marketing vegetables equal private returns 
available from other investments. 

VII. D. New Markets and Products 

No obvious new products suggested themselves to the team 
as offering special potential for increasing the value-added
 
that Niger realizes from its investments in irrigated 
agriculture. Several older ones, however, appear to be more 
promising than rice and cotton, tw,'o of the most widely grown 
crops on irrigated perimeters.
 

The team's farming systems economist found private returns 
to family labor applied to peanuts, cowpeas and sorghum to be
 
considerably higher than returns to cotton and rice. Although 
there was not sufficient time to do an economic analysis, the 
high proportion of subsidized inputs available for cotton and 
rice suggests that their relative unattractiveness would not 
change in economic terms. Morever, Niger experiences sub
stantial deficits of peanuts and sorghum while the export 
potential for cowpeas clearly exceeds any reasonable production
 
potent-ial the country can develop over zhe next ten years. Add
 
to this the agronomic reasons foz incornorating sorghum 
peanuts and cowpeas into irrigated ciop rotations and you have
 
a fairly compelling argument for giving more attention to
 
growing these crops under irrigation, even on the rice perimeters.
 
The major obstacles to such shifts are policies which give
 
priority to self-sufficiency in cotton and rice production for
 
political reasons. Pests are also a problem with irrigated
 
cowpeas, making it difficult to realize their potential.
 

On the vegetable side, onions are clearly the most pro
fitable option available. The only question is the absorptive
 
capacity of this market outside of Niger. To address this
 
question, we are recommending a study of vegetable imports and
 
the seasonal availability of fresh and dried vegetables in
 
coastal African countries. Dried tomatoes, peppers, onions
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and okra are four which are already established in African diets 
and therefore merit special attention. National markets alone 
will not support the kind of expansion in vegetable production 
envisioned by the GON.
 

High valued vegetable crops for export to European markets 
do not seem so promising. The recent failure of fairly well 
organized exporting operations in Niger and elsewhere in the 
Sahel, the high quality standards in those markets, and the 
intense cometition from countries wlhich are much closer and 
which have lower cost packagi-ng industries all argue against 
success. There may be some potential for displacing such ex
ports to Ivory Coast but this will also require a degree of 
marketing sophistication that has vet to demonstrate itself 
in Niger. 

VIII. INSTIT.? - SOCIAL POLICY ISSUJES7?IIOAL, AN7D 

Historically, institutions which play key roles in supporting 
a.-nd implementing irrigated agriculture in Niger have not placed 
high priority on involving farmers in planning and decision 
making. M.ost observers feel that this is ont, factor explaining 
the relatively poor zaerformance of :iger's irri<,ation sub-sector 
to date. Partly in response to this -resumption, thne CON has 
embarked on a nationwide campaign to strengthen the cooperatives 
and make farmers more responsible for :,ianaei,,n- and maintenance 
of irrigated perimeters. 

VIII. A. Cooeratives 

Efforts to strengthen cooperatives in *,Jiger are not new. 
The UTICC, the agency primarily concerned with cooperative 
development in N;iger, has existed since shortly after indepen
dence. During the 1970's its role grew to include marketing 
of food grains and supplying farmers with inputs. -t gave little 
attention to cooperative education over this period so ULCC 
agents had to assume much of the additional work and respon
sibility associated with these functions. 

In 1984, Niger's cooperatives are still, by and large, 
weak institutions. The government defines their role and 
function and scecifies rules and procedures. Cooperative 
membership is determined by place of dwelling rather than by 
group affinity or common interest, a legal requirement that 
undermines the social cohesiveness and group solidarity of the 
cooperatives. The cooperatives are not permitted to charge 
membership fees or to assess members for establishinc an in
vesti-nt and working capital fund. in reality, cooceratives in 
Niger, with certain notable ex-:ceptions, have little internal 
dynamism of their own. In its own way the (ON1 is still trying 
to correct these problems but skeptics abound as to its likely 
long term success without gi'.ing farmer groups more latitude in 
determining their own rules and procedures. 
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The Zinder Conference recommended several changes in the
 
way the GON approaches cooperatives on irrigated perimeters.
 
These included making the cooperatives themselves directly
 
responsible for acquiring inputs, managing producticn and
 
medium term credit, primary maintenance of irrigation infra
structure and managing the distribution of water. More
 
significantly, the Conference recommended that the head of
 
each perimeter, now an ONAHA employee, be employed directly
 
by the cooperative. The Zinder Conference did not, however,
 
try to define an appropriate role for government in regulating
 
the legal structure and operating rules of cooperatives.
 
Although the GON has publicly stated its full support of the
 
inder recommendations and is trying to implement them on a
 

selective basis, the lack of an effective training program
 
for helping farmers to assume these responsibilities is one
 
factor impairing the evolution of the desired changes.
 

VIII. B. Extension and Trainina
 

Niger's extension service is weak and lacks proper support.
It L; based on a too-down one-way communic tions model that has 
difficulty adopting its recommendations to regional variations 
in climat2, soils and production practices. The extension
 
approacn to farmers is directive rather than participatory and
 
the agents themselves tend to be poorly trained and ill pre
pared for the extensive responsibilities they are being asked
 
to assume. This situation is particularly acute within the
 
irrigation subsector where farmers are more interdependent and
 
the performance of substantial investments is highly dependent
 
on the quality of extension services available to farmers.
 

At the present time the training program at Kolo does not
 
include a specialization in irrigated farming. Training in
 
management is extremely weak, even though many agents working
 
in irrigated perimeters are placed in managerial roles.
 

Correcting these deficiencies via training programs will
 
be difficult unless the MDR stops the frequent movement of
 
personnel into and out of the irrigation subsector. Although,
 
officially, assignments are made on a five year renewable basis,
 
many of the agents with whom the team spoke had been working
 
in irrigation less than two years and looked forward to the
 
day when they would move elsewhere. Most of the agents and
 
their superiors see this mobility as central to their ability
 
to advance within the ministry. While this mobility may fac
ilitate persondl advancement, it certainly does not facilitate
 
accumulation of human capital ir the irrigation subsector.
 
Creation of irrigated agriculture professionals at all levels,
 
with appropriate incentives and advancement to encourage them
 
to remain in the irrigation subsector, is urgently needed in
 
Niger.
 

Training programs aimed directly at farmers may provide
 
a longer term solution for improving cultural techniques and
 
irrigation system management than training extension agents.
 
Farmers, at least, are more or less permanently attached to
 
the perimeters.
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The CPTs are beginning to teach farmers vegetable gardening

during the dry season, and have an easier time finding trainees
 
for this aspect of their training program. But, thus far, they
 
have tended to draw trainees from all over an arrondissement.
 
This prevents the accumulation of a critical mass of farmers
 
in any one area that could support each other with respect to
 
collecti\- 2ctivities and management such as is needed in
 
irrigated perimeters.
 

In some areas, the concept of the CPT is being modified
 
to suit the needs of irrigated perimeters. But to provide
 
useful training for farmers working in irrigated agriculture,
 
the CPTs will need to change more than their recruiting program.
 

The question of training in Niger necessarily raises the
 
issue of training models. Most training models employed in
 
areas related to training of extension agents and farmers tend
 
to be quite directive in manner, theoretical in content and
 
to emphasize what the trainer has to offer to the trainee.
 
There is little room for give and take along the lines of
 
more participatory, practically uriented training models. Yet
 
given the lack of experience of many teachers and ONAHA ex
tension agents, everyone, including ONAHA, would benefit from
 
increased feedback from farmers and from their own teaching
 
trials on why certain recommended practices are, or are not,
 
appropriate in a particulai situation. Any training program
 
aimed at either extension agents or farmers should pay as much
 
attention to the techniques of training as to the content.
 

VIII. C. OMAHA
 

The poor performance of Niger's irrigated perimeters relative
 
to their potential goes beyond the historical lack of farmer
 
participation in decision making and the low level of training

and lack of experience of extension agents and perimeter
 
managers. In a very real sense, ONAHA has not been given the
 
necessary means to fulfill its mandate.
 

The overriding problem is an inadequate budget for under
taking the necessary maintenance, coupled with unpredictable
 
shortfalls or delays in its being able to obtain its budgetary

allocations. At the same time the MDR has been very reluctant
 
to raise user fees that would generate the necessary revenue
 
from farmers to permit ONAHA to fulfill its maintenance re
sponsibilities. Shifting responsibility for maintenance to
 
farmers is one way of dealing with this problem without raising
 
user fees directly. Still, ONAHA will not be able to plan its
 
activities, program its resources, and then effectively execute
 
its plan of action unless and until it can count on the
 
government to provide promised budgetary allocations on a
 
reliable and timely basis.
 

ONAHA's problems with its operating budget are compounded
 
by the unwillingness of political authorities to support
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sanctions against farmers who refuse to pay for accumulated
 
user fees and credit for inputs. In 1982, the payment rate for
 
accumulated user fees and outstanding input loans dropped
 
below 50%. The operating leases signed between farmers and
 
ONAHA specifically provide for sanctions against non-payment
 
of debts. Yet without the political will to enforce them, or
 
the necessary budgetary supplements to cover the resulting
 
shortfall, ONAHA has little choice but to accumulate larger
 
operating deficits.
 

ONAHA is also confronted with an imbalance in its
 
personnel--too many tractor drivers and not enough accountants,
 
draftsmen, mechanics, etc. It is correcting this problem and
 
is reducing its overall staff. Unfortunately, it is cutting
 
contractual rather than civil service employees. Given the
 
notorious lack of motivation of many of the latter, there is
 
some doubt that ONMAA will emerge from its current reorganization 
plan being a more effective organization.
 

Other problems plague ONAHA, such as a lack of infra
structure necessary to fulfill its responsibilities, a division
 
of responsibility for design and execution between itself and
 
the Genie Rural that reduces its overall effectiveness, and
 
an insufficient number of extension agents to carryout its
 
program of action even if they were all well trained and
 
effective. At the same time, the linkages with INRAN are little
 
developed and its recommendations to farmers sometimes of
 
questionable value. In short, ONAHA is trea ad and managed
 
too much as a service of the >IDR and not enough as the autonomous
 
institution that it is. Unfortunately, the currenit management
 
of ONAHA seems quite satisfied with this arrangement.
 

VIII. D. Research
 

Irrigation reseaich in Niger is not very effective at
 
supporting the extension program on irrigated perimeters. This
 
arises both from the low priority given to irrigation in INRAN's
 
research program and from the lack of effective communication
 
linkages between research and extension and between research
 
and farmers.
 

The INPRAN researchers working solely on irrigated crops
 
are those workina on rice, fruit trees, sugar cane, and
 
irrigation systems. The work on rice is highly dependent on
 
WARDA and that on fruit trees and on irrigation systems is
 
largely donor driven. INRAN has no one in training to continue
 
work on irrigation systems when the GERDAT researcher departs.
 

INRAN's primary vehicle for carrying out research on
 
irrigated agriculture is by contracting with ONAHA and
 
particular projects to carry out research requested by the user.
 
Although this approach is producing good jesults in select
 
cases, s'ich as at Djiratawa in Maradi, it is lamentable that
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INRAN does not have a more structured, longer term program of
 
its own.
 

There is no doubt that INRAN needs more research staff,
 
or at least a shift in the priorities of existing staff, if 
it is to become more effective in providing and testing new 
irrigated crop production technologies. Even more important 
is the need for INRIN to develop feedback loops between its 
research program and the farm application of research results. 
With such linkages, :esearch institutions could more effectively 
disseminate research findings to farmers. More cooperation
 
between research and development projects of the kind now
 
occurring in the Goulbi Maradi perimeter is sorely needed.
 

VIII. E. Management System and Land Tenure
 

The lack of maintenance of canals on the irrigated
 
perimeters may arise in part from the seasonal labor shortage.
 
But it may also be due, in part, to a lack of legitimacy on
 
the part of the management committee designated by cooperative
 
members to manage various aspects of the irrigation system.
 
If farmers sitting on this committee do not carry with them some
 
traditional source of authority, farmers may not accept their
 
decisions and rules.
 

Some sources suggest that the manner of allocating
 
irrigation parcels and the usually small sized plot given
 
to a single family may explain part of the lack of attention
 
to irrigated crops by farmers. In such a brief encounter
 
with villagers as was possible in a study of this kind, we
 
found no evidence of dissatisfaction in the way parck-is had
 
been allocated. Some civil servants have parcels but as far
 
as we could determine, most owned land within the perimeter
 
before it was developed for irrigation. As far as the size
 
of parcel goes, this seems to be almost entirely related to
 
the political desire to distribute available irrigated land
 
as widely as possible. It is difficult to see how a popular
 
government could do much else, even recognizing the problem
 
it poses for maximizing the effectiveness of investments in
 
irrigation.
 

VIII. F. The Role of the Private Sector
 

The private sector is very active in perimeter design and
 
construction, though contracts for larger jobs and more
 
sophisticated services tend to go to European rather than
 
Nigerien firms. A key issue is how to strengthen the
 
competitive capacity of Nigerin entrepreneurs so that they
 
might be able to assume a greater share of the design and
 
general contracting work.
 

At the present time the large, usually foreign, contracting
 
companies sub-contract with Nigerien businesses, jobbers and
 
equipment suppliers to provide services and materials. Most of
 
these sub-contractors appear to lack sufficient capital - and
 
maybe the expertise - to make the kind of investment necessary
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for taking on the larger tasks. It would be useful to study
 
this group more closely in order to identify key constraints
 
on their growth and development. With such information it
 
should be possible to develop a program that can help them
 
make the transition from jobber to primary contractor.
 

As with other areas of Niger's agriculture, the way in
 
which the GON administers its subsidies constrains the 
private sector from playing a more active role in supplying
operating inputs to the irrigation sub-sector. Even with the
 
GON decision to raise user fees to farmers, substantial direct
 
and indirect subsidy elements still exist in such things as
 
fertilizer, insecticides, equipment and pump servicing and repair.
 
ONAHA is phasing out its highly subsidized tractor hire 
services in favor of farmer owned draft animals.
 

With some inputs, such as fertilizer and, to a lesser
 
extent, tractor hire services, the private sector plays an
 
important role in spite of the subsidies. With others, such
 
as pump maintenance and repair, cooperatives rely much more
 
on ONAHA. Indeed it was not clear to the irrigation sector
 
assessment team whether the cooperatives were even permitted
 
to engage private sector contractors for such support. We
 
received conflicting information from different sources
 
within ONAHA.
 

Numerous businesses in Niamey sell pumps, and service what
 
they sell. ONAA~ deals with many of these firms to acquire
 
pumps and parts it needs for its operations. Cooperatives
 
could do this as well. But until ONAHA fully charges for its
 
services related to the pump, there is little incentive for
 
farmers to deal directly with suppliers.
 

The private sector is already active in supplying pumps
 
to individual farmers or groups of farmers. Some pumps are
 
purchased from importers/distributors in Niamey but most appear
 
to come from Nige a where comparable pumps cost 50-650 as
 
much as in Niger.-


Farmers appear to be servicing many of these pumps them
selves and doing quite well at it. The FAO/ADB Small Scale
 
Irrigation Project and a CIDA project both envision providing

training in pump maintenance and repair. In any case, ONAHA
 
has never been involved in maintaining and repairing pumps
 
outside of its perimeters.
 

1/ We were not able to identify with certainty the reasons
 
for such large differences. The total of customs and
 
fiscal di.ties and other taxes levied on pumps imported
 
legally into Niger add 40%0 to the CIF cost. Restrictive
 
licensing of importers does not appear to be a cause,
 
though standard commercial pricing practices in Niger may
 
well be.
 



-37-


Cooperatives already purchase fuel directly from private
 
merchants, many of whom deliver fertilizer at the same time.
 
The CA is always available for other inputs but since the
 
CNCA has stopped providing credit, fa::mers no longer have an
 
incentive to buy from the CA unless its sale price is cheaper
 
than the private market. For fertilizer it usually is not.
 
For many types of animal traction and spraying equipment it
 
is, since subsidies are paid directly to the CA rather than
 
to importers or manufacturers.
 

In addition to supplying inputs, the private sector
 
provides masons, well-diggers, mechanics, metal workers and
 
even oxen drivers who provide invaluable services for the
 
construction and maintenance of irrigation infrastructure.
 
This informal system of hands-on technicians warrants further
 
investigation and, possibly, assistance with skills development
 
and business expansion.
 

The privale sector is most active in the area of marketing.
 
Currently it markets all the vegetables produced on irrigated
 
perimeters and a substantial amount of the grain which is sold.
 
Only for cotton is private sector involvement limited.
 

Niger can expect its private sector to continue to market
 
vegetables and other products from irrigated perimeters. This
 
includes interregional long distance trade. It cannot expect
 
much private sector product or market development to occur
 
in the magnitude needed without some catalyst from the public
 
sector. Marketina studies, experiments with alternative
 
storage and drying technologies, even perhaps, identification
 
of marketing opportunities will be areas where the public
 
sector will have to provide leadershi.o. But once viable
 
opportunities and markets are found, it is hard to believe that,
 
as active as it is at the present time, the private sector will
 
not respond to them. Donors or the GON may have to provide
 
credit for the construction of drying facilities or technical
 
assistance for quality control and market development. But
 
individual cooperatives and merchants have a keen personal
 
interest in evacuating their produce as effectively and at as
 
high a price as possible. Long distance coastal trade already
 
exists. It is a relatively small step to supplement this with
 
marketing inputs that provide the kind of information needed
 
to reduce risk and uncertainty and thereby improve the
 
efficiency with which the private sector carries out its
 
marketing functions.
 

In discussing the private sector's role in developing
 
irrigated agriculture in Niger, there is a tendency to ignore
 
farmers and farmer organizations. There is no reason why many
 
of the services needed on irrigated perimeters cannot be
 
provided by farmers themselves. This is especially true when
 
one considers the amount of time it may take to identify and
 
obtain the services of technicians living in towns. As the GON
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implements its recent policy of making irrigation systems
 
autonomous and farmer groups more responsible for them, the
 
technical burden on farmers will increase. To cope effectively
 
with this shift of responsibilities, farmers will need help in
 
developing the necessary skills.
 

The one service not provided by the private sector at
 
the present time is that of extension. Yet one can conceive of
 
several ways of privatizing extension. Many countries in
 
Africa do this through crop authorities, the CFDT and its
 
national successors being the most notable case in West Africa.
 
However we are not aware of any instances where this has been
 
seriously tried for food crops not tied to cash crops.
 

The recommendation of the Zinder Conference that the
 
cooperatives employ extension agents directly is one of the
 
more exciting proposals for extension reform to come along 
in a long time. Identifving, formulating and testing ways of 
doing this could form the core of USAID development project that
 
would have regional applicability if successful. In a later 
section we present some ideas on how such a project might 
look.
 

IX. ENVIRONMENTAL AID PUBLIC HEALTH ISSUES 

IX. A. Water Resources
 

Niger has adequate surface water supplies to meet the
 
irrigation needs of land already developed or under development
 
for irrigation. Periodic shortages of water result from in
sufficient storage and poor placement of pumping stations rather
 
than from inadequate surface water supplies. Abnormally low
 
flows in the Niger River have deprived some pumping stations of 
a water source while heavv siltation of inland reservoirs 
has greatly reduced their storage capacity. Provided the nec
essary infrastructure investment is made, planned irrigation 
development in the Niger River Valley and in the Ader Doutchi-
Maggia region should not be constrained due to lack of water. 
Whether such investments in infrastructure will be economic 
is a question that needs to be approached on a case by case
 
basis.
 

Ground water resources in 'iger appear to be adequate, if
 
not plentiful, and of reasonably good quality for irrigation.
 
In some areas, such as the Air Mountains, the volume of ground
 
water available may restrict the scale of agricultural devel
opment. Generally, however, the aquifers available to support
 
irrigation projects are moderately productive. Very large
 
tube wells will frequently not be appropriate since many of the
 
aquifers are not thick and have low to medium specific capacities.

A more efficient scheme would involve numerous lower capacity 
tube wells spaced so as to maximize production with minimal 
interference with each other. Any development of tube wells 
for irrigation will need to be evaluated carefully on a case 
by case basis. 
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IX. B. Soils 

In general, Niger's soils are well drained and sub-surface
 
drainage is not required. In some areas surface drainage is
 
not particularly good, leading to isolated problems for crops
 
other than rice but these are due more to poor water management
 
and system maintenance than to the structure of the soils.
 
Salinization and alkali7ation are not important problems though 
the presence of some soils with a naturally high sodium content
 
and the hetergeneous nature of soils in general argues for site
 
specific analyses of soil and water quality as a precautionary
 
measure.
 

Erosion is more of a problem, especiall -n the poorly 
covered soils of the major north-south draindqe basins. Rapid 
siltation of the principal surface dam reservoirs makes 
development and exploitazion of surface water sources a problematic 
e:.:ercise. In such areas tube-wells probably represent a more 
cost effective method for irrigating valley bottom soils. 

IX. C. Pesticides and Fertilizers
 

At the present time, the use of both fertilizers and
 
pesticides in Niger is low. On irrigated perimeters where
 
use of both is relatively high, very little water is returned
 
as drainage to the river; most of it percolates into the 
groundwater table. If fertilizer herbicide or pesticide use 
increases substantially, then ground water quality should be 
monitored. 

IX. D. Waterborne Diseases
 

The snail intermediate hosts for urinary schistosomiasis 
are found throughout Niger. Urinary schistosomiasis is a major 
public health problem in communities located near surface watar 
sources. Average infection rates vary between 10 and 50%, with 
children between 5-14 years of age having between 50 and 90?%0, rates of 
infection in some riparian communities. Intestinal schistosomiasis is
 
less well studied in Niger but its endemicity is certainly
 
much lower than for urinary schistosomiasis.
 

On-site visits reveal the widespread existenc- .< aquatic 
vegetation and host snails in irrigation canals al<)ig 
the river and in :ermanent inland reservoirs. These are less 
important problems on those surface dam perimeters where the 
reservoirs are dry for long periods, helping to keep weed and 
snail populations in check. Throughout Niger, irrigation canals 
and reservoirs serve as bathing and washing centers so the 
potential for soread of the disease once introduced is quite 
high. Only the narrow cement lined canals fed from ground 
water sources at Djiratawa were free of aquatic vegetation and 
snails. 
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IX.E.Measures for Imorovina Public Health Aspects of Irrication
 
Projects
 

In order to ensure that public health issues receive the
 
necessary consideration in the design and implementation of
 
irrigation projects, the Government of Niger needs to establish
 
a strong role for the Ministry of Health in the planning, design
 
and administration of irrigation schemes and other water resource
 
projects. ONAHA could serve as the nucleus or executing arm for
 
an interministerial commission or irrigation authority that
 
would have strong public health representation. This commission
 
should review the design of new irrigation schemes and the
 
operation of existing ones with the goal of incorporating a
 
public health perspective. It could also serve the function of
 
better integrating the implementation concerns of OA!HA with
 
the engineering and design concerns of the Genie Rural. Such a
 
commission should have authority to establish critical water-use
 
practices, enforce sanitary and vector control measures and
 
forbid agricultural practices known to encourage the transmission
 
of disease. In this way, basic environmental sanitation and
 
vector control measures could be built into each project from
 
the outset. The commission should collaborate closely with OCCGE
 
and the recently created Schistosomiasis Research Center in
 
Yaounde and could call on other in-country and external experts
 
as needed.
 

In existing perimeters proper maintenance of canals to
 
control silt and aquatic vegetation would increase water
 
velocity and reduce vector habitats. Mechanical barriers at
 
the pump and canal heads would restrict the amount of snail
 
carrying debris that enters the system. Eliminating seepage
 
from canals would destroy breeding areas for snails and
 
mosquito larve while application of a moluscicide would control
 
snails in the canals. Periodic drying of the canals and/or
 
fluctuation of water levels has also proved effective as a vector
 
control measure. Finally, chemotherapeutic treatment of infected
 
individuals and health education can reduce the role of the human
 
agent in the transmission of waterborne diseases.
 

In new perimeters, the location of the pumping head and
 
sufficient grades on canals can reduce the intake of vectors
 
and the accumulation of silt in canals. Distribution systems
 
can be designed so as to permit whole sectors to be isolated
 
and dried as a vector control measure. Proper siting of new
 
villages can reduce the exposure of human populations to
 
deleterious environmental conditions. Finally, cropping systems,
 
which rotate rice with other crops that demand less water, can
 
effectively create soil water conditions that are not favorable
 
for establishment of vector habitats.
 

The range of possible actions for dealing with waterborne
 
diseases and disease vectors is obviously quite broad. Yet
 
unless the public health perspective is brought to bear in the
 
actual design and operation of irrigated perimeters, these and
 
similar changes have little chance of receiving serious con
sideration by those in a position to do something about them.
 



X. PROGRAM AND PROJECT POSSIBILITIES
 

X. A. Improving Production Versus Expandina Irrigated Area
 

From the previous discussion it is clear that the problems
 
which constrain irtigated agriculture in Niger are not really
 
that dissimilar from the problems that constrain dryland
 
agriculture and agricultural development in general: weak
 
institutions; inadequate technologies, poor policies, and
 
lack of coordination between government agencies. As a conse
quence, overcoming them will require the same breadth of
 
actions and programs.
 

To focus these actions, the irrigation team recommends
 
that USAID concentrate its efforts on making existing irrigation
 
systems function more effectively rather than on expanding the
 
area under irrigation. This should include efforts to minimize
 
the public health dangers created by irrigation systems. Once
 
USAID is able to identify, apply and demonstrate a successful
 
approach for doing this, its application to other existing and
 
newly established perimeters will have the effect of increasing
 
the social effectiveness and the economic rate of return of
 
a much larger level of investment than that made only by USAID.
 

The need to incorporate public health considerations into
 
the design of new irrigation systems might provide one
 
exception to this general strategic approach. At the present
 
time other donors are more than willing to provide the funding
 
necessary to expand the area under irrigation. USAID might
 
want to consider providing the technical assistance and
 
funding required to ensure that vector control and other
 
public health issues receive appropriate consideration in the
 
design of these systems. This assistance could center around
 
creating and providing technical assistance to the inter
ministerial commission or irrigation authority discussed
 
previously. Preparation for it should include a rather com
prehensive review of how public health issues are currently
 
incorporated into irrigation system design by the Genie Rural
 
and ONAHA.
 

X. B. Choosing Priorities
 

Within this general strategic approach, USAID needs to
 
identify priority areas around which it wants to develop its
 
programs. To dramatize the kinds of choices that must be
 
made, we have divided the constraints discussed in the report
 
into four groups.
 

X. B.1 Critical Problems Which USAID Should Address
 

The problems that require immediate attention include
 
the following:
 

a. poor selection of cropping systems
 
b. labor bottlenecks
 
c. poor perimeter maintenance
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d. ineffective extension
 
e. lack of credit for inputs
 
f. poor management of water
 
g. inadequate control of waterborne diseases
 
h. lack of perimeter level applied research
 

Some of these problems are interrelated; poor perimeter
 
maintenance is at least partly due to labor bottlenecks and
 
partly responsible for uncontrolled waterborne diseases. Some,
 
such as the lack of credit, involve rather straightforward
 
solutions. Others, such as ineffective extension, require
 
further diagnosis of the reasons and identification of workable
 
solutions. For example, there is a clear need tu strengthen
 
the tecnnical skills of the agents, increase the number of
 
agents relative to the area cultivated, provide incentives for
 
making a professional committment to irrigated agriculture,
 
reduce turnover, and strengthen extension's links with research.
 

Some of the problems have multiple solutions, e.g. herb
icides, credit for hiring labor, research on alternatives to
 
transplanting rice and/or weeding with animal traction might
 
each provide an appropriate solution to labor bottlenecks in
 
a particular context. All of these problems, however, have in
 
common the fact that they lead to substantial underachievement
 
of the potential of irrigated agriculture. Overcoming them
 
will require a general production irprovement program on one
 
scale or another and better coordinc tion between agencies
 
concerned with various aspects of irrigated agriculture.
 

X. B.2 Problems Which USAID is Addressing in Existing Proiects
 

Several USAID projects, while not specifically directed
 
at irrigated agriculture, nonetheless are making improvements
 
that can fairly easily be made to benefit irrigated agriculture.
 
The APS project will make inputs available on a more timely
 
basis by strengthening the input supply parastatal and providing
 
revolving funds to cooperatives to cover working capital. It
 
will strengthen cooperatives through training in cooperative
 
management. The same project envisions major improvements in
 
extension training.
 

The Agriculture Sector Development Grant is inducing a
 
more flexible approach to output pricing that should benefit
 
farmers on perimeters since they, almost by definition, must
 
sell controlled commodities in official markets--although the
 
extent to which this is actually happening is not clear. It
 
should also increase the availability of inputs by changing
 
the way the GON sets and applies input subsidies. The Niamey
 
Department Project will provide a facility for designing and
 
prototype testing of animal traction equipment. In addition,
 
it is experimenting with some exciting approaches to farmer
 
training in some of the CPT's in the department.
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X. 	 B.3 Problems and Constraints Which USAID Would Not Address
 

Programming obviously involves choices and choice involves
 
eliminating some options. Some program areas which would pro
bably be excluded if USAID pursues production improvement on
 
existing perimeters as its overall strategy would oe the
 
following:
 

a. 	expanding the area under irrigation in a
 
substantial way
 

b. 	 enabling ONAHA to develop a capacity to
 
contract with local firms for perimeter
 
construction work
 

c. 	 establishing pilot small scale perimeters a
 
la Bakel
 

d. 	 measuring and/or monitoring ground water
 
resources
 

e. 	 testing technologies for e::ploiting ground
 
water resources
 

f. 	 providing credit for constructing permanent
 
wells and purchasing motor pumps
 

g. 	 strengthening the MDR and the Genie Rural,
 
apart from that provided by creating an overall
 
coordinating body such as an irrigation authority
 

h. 	 providing extension support for micro-perimeters
 
i. 	 reinforcing PVO's vis-a-vis vegetable gardening
 
j. 	improving plant protection services on a broad
 

scale
 
k. 	 strengthening INRAN to carry out research on:
 

i) pest and disease resistant crop
 
varieties
 

ii) vegetable varieties with good
 
marketing and storage characteristics
 

iii) irrigation systems
 

1. 	 strengthening INRAN in the area of research
 
methodology and experimental design
 

X. 	 B.4 Program Areas Which USAID Micaht Address Along With
 
Priority Problem Areas Under a Production Imnrovement
 
Program
 

This includes program areas that could be incorporated into
 
a production improvement project without greatly diverting
 
management resources away from the primary project purpose.
 
Much would depend on the particular form the production improve
ment project would take.
 

a. 	 limited pilot activities such as testing
 
shallow well or tube well technologies
 
for providing supplemental irrigation
 
for 	a surface dam system
 

b. 	 providing market information for planning
 
vegetable production
 

c. 	 processing and storage of vegetable crops
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d. 	 creating small scale management units
 
within larger perimeters
 

e. 	restructuring ONAHA into a financially
 
and administratively autonomous institution
 

f. 	strengthenting the role of the Ministry of
 
Health in the design and implementation of
 
irrigation schemes
 

X. 	 C. Possible Project Alternatives
 

The two broad options which we propose for dealing with
 
the 	critical problem areas which USAID should address center
 
around strengthening ONAHA or finding alternatives, possibly
 
private sector alternatives, that offer more promise for
 
overcoming the priority constraints.
 

X. 	 C.1 Strenrtheninc ONAHA
 

The 	reasons for strengethening ONAHA include:
 

1) 	ONAHA is responsible for ensuring that
 
irrication investments are productive.
 

2) 	The fu~.tiols which ONAHA now performs will
 
continue to have to be done by some agency
 
for some time. Cooperatives will nct be able
 
to assume many of these functions in two years
 
as the GON now hopes.
 

3) 	ONAHA has a logical organizational structure
 
for housing the kinds of interventions which the
 
team sees as important. It has one director
 
general and one accountant. That would simplify
 
the USAID project management task.
 

4) 	 ONAHA is a semi-autonomous agency, with a clear
 
organizational mandate, already on its way to
 
certain kinds of needed reforms.
 

Some likely problems in working with ONAHA include:
 

1) 	ONAHA's bureaucratic structure. Altering this
 
will not be easy. ONAHA has given little
 
indication of wanting more administrative autonomy
 
and it does not seize that which it already has.
 

2) Inadequate operating budQet. ONAHA is still
 
very dependent on the GON for its operating
 
budget. As with other government and parastatal
 
agencies, OMAHA's operating budget has continually
 
been underfunded, delayed and underallocated and
 
the prognosis is for more of the same.
 

3) 	 Poorly motivated vorkforce. ONAHA civil servants
 
would resist the kinds of changes necessary to
 
develop a stable and motivated workforce--changes
 
which, in the present context, suggest a gradual
 
withdrawal of ONAHA personnel from the civil
 
service--perhaps to a contractual basis for all
 
personnel.
 

4) 	Many other donors are also dealing with organizational
 
questions at ONAHA. This might prove frustrating if
 
all can not agree on a common course of action.
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5) USAID would have difficult:%" finding the kind 
of senior, highly competent, politically savvy 
individuals needed who were also fluent in 
French. 

6) The Genie Rural rather than ONAHA is the logical 
locus for institutionalizing public health 
considerations in irrigation system design. 

X. C.2 Privatizing Extension 

As an alternative to strengthening ONAHA, or perhaps as 
a less direct approach to doing it, USAID might launch a pilot 
project aimed at doing many of the same things as with an ONAHA 
project, but trying to privatize as many of ON'AIA's functions as 
possible. Such a project could begin on an e:perimental basis 
in a single perimeter, i.n collaboration with HAbt not as 
a part of a project to restructure OA-{. It could be seen as 
the first step toward ma 'ing coopera t ves reszoons ible for 
perimeter level extension, with ONAHA reserving the functions 
of technical assistance, training of trainers, and coordinating 
applied research in support of the cooperative employed extension 
agents. Such a project might include some or all of the 
following components: 

1) 	 USAID providing individual GP's with funding to 
pay 	part of the salaries of extension agents who
 
would be employed by, and contractually responsible 
to, the cooperatives. The salaries of the agents 
would be 'composed of two parts: a fixed amount paid 
by USAID equal to no more than one-half the current 
GON salary for new extension agents, plus a variable 
amount paid by the GMP equal to some percentage of 
the increase in production occurring aftez the agent

The 	PID design team .....
begins working for the coop. 
would work out the details of how this increase would 
be measured and documented, how both farmers and 
and agents can be protected from abuse, the percentage 
of the net value added from the increased production 
that the agent would earn, and how and when the 
cooperative would assume the full cost of the agent's 
compensation. This would presumably create an 
incentive for the extension agent to perform and 
for farmers to learn as quickly as they could. 

2) 	A training component for the extension agents that would
 
cover water management, cultural practices, cropping 
systems, etc. This coald be done through a special 
component of the APS II project directed toward 
irrigated agriculture, coordinated by an extension 
agronomist attached to the perimeter. it could also
 
be provided by a private training organization such as
 
ORT, though USAID would have to pay for it.
 

3) 	Using an existing CPT at the edge of the perimeter 
to provide short-term training for extension agents, 
farmers and cooperative officers. The CPT could serve 
as a locus for applied research of importance to thc
perimeter. The training would be coordinated and 
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reinforced by the extension agronomist. Hope
fully the CPT staff could become an integral part
 
of project staff.
 

4) A USAID financed applied research program carried
 
out in the perimeter itself under the direction of
 
a USAID/ONAHA farming systems researcher working
 
in collaboration with INRAN researchers. USAID
 
would provide field resources, and where necessary,
 
other expenses of INRAN researchers conducting
 
trials on the perimeter. The farming systems
 
economist and the extension agronomist would
 
provide the necessary link between the researchers
 
and the extension agents/farmers. However both
 
would be employed bv OMAHA, not INRAN. 

5) Dividing a larger perimeter into management units
 
small enough to be handled completel y by a single 
GMP. Ideally each GY!P would have its own extension 
agent but if the GMP were too small, more than one 
GMP would share the agent's salary and expenses. 
Each GMP would be responsible for control of its
 
own 	 water and could choose its own cropping system. 

6) Credit for the purchase of essential inputs such as 
fertilizer and insecticides. It goes without saying 
that such a program should come with a solid dose 
of discipline with clear, absolute and timely 
sanctions for dealing with non-pavers. The ex
tension agents or the GMP might be given a
 
percentage of loan repayments. This could be in
tegrated with plans to provide cooperatives with a
 
capital stock under the APS project.
 

7) 	Experimentation with improved animal traction
 
equipment designs, in collaboration with the Niamey
 
Department Project. The extension agronomist would
 
provide the initiative for the interaction.
 

8) Pilot projects relating to supplemental irrigation
 
from tube wells and improved drying and marketing
 
of vegetables provided the project site were on a
 
surface dam perimeter and technical and maiJceting
 
studies confirmed the desirability of such
 
activities. Vegetable drying and marketing could
 
be done by a private firm under contract or by the
 
cooperatives themselves.
 

The two technical assistants would have to have ample,
 
short-term back-up in order to be able to deal with such a
 
wide range of problems. But giving them full responsibility
 
for program execution will greatly reduce the likelihood of
 
coordination problems in program execution.
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ONAHA would be expected to provide a counterpart for each
 
technical assistant. The long run goal of ONAHA to have only
 
one agent per perimeter serving as a consultant for farmers
 
would be maintained. Any other extension agents would be
 
hired and paid by the GMP's and cooperatives, as they felt wnq
 
necessary. The training provided to them by the proiecL wuuld,
 
in effect, become the basis of their livelihood. Thlv would, as a
 
result, take much keener intprest in it. This would provide a
 
powerful stiralus to keep czaining relevant to the economic needs
 
of farmers. Eventually it should become possible to charge
 
for such trainina as extension becomes viewed more and more as
 
a market determined income qenerating service.
 

The advantages of the second approach to dealing with 
tne priority constraints are the greater control it will
 
give over project size, design and execution. It would require
 
very little coordination with other donors as a condition of 
project success. Rehabilitating OV:AHA on the other hand, would 
be a mammoth project no matter how it were designed. It would 
raise complex coordination problems. Indeed, nothing says 
that the multiple donors involved with OMAHA would agree on 
the direction such restru. :uring should take. At the present
 
time, ONAHA, and presumably the donors working with it, seem 
to believe that ONAHA will b- able to retire to an advisory 
rule on the perimeters after two year perimeter establishment
 
program. We are not that optmistic.
 

N'atever approach is taken, the next step for USAID is 
to make a clear study of the problems of ONAHA and the programs 
now underway to reform it. With this information in hand, it 
can then begin infor-'al discussion wi h other donors on what 
it sees as important changes that are needed to ensure that 
ONAHA comes reasonably close to realizing its full potential. 
At the same time, it can begin to identify a perimeter where 
a more modest project might take place. The one advantage 
of Konni is that yields are so low we know that the technology 
exists to double or t:- ple them just by transfering what is 
being done elsewhere in Niger. This will provide some leeway 
for mounting an applied research program that cart generate new 
applications of available technologies that offer to increase 
farm incomes. Obviously USAID should make a thorough socio
economic study of whatever perimeter looks promising before 
committing itself to a single perimeter model activity. 

These two options are but two of many identified by
 
the team. Annex H includes a more complete discussion of the
 
pros and cons of several other alternatives to which we
 
attach lower priority.
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ANNEX A
 

DONOR ACTIVITIES RELATING TO
 
IRRIGATED AGRICULTURE IN NIGER
 

Tom Zalla
 

This annex sumnmarizes available information on donor activites recently

completed, underway or currently planned in eight different subject areas: 
con
struction and rehabilitation of irrigated perimeters; institution development

and technical assistance; seed production for irrigated crops; training; 
co
operative financing and credit; garden wells and micro-perimeters; research; and

studies and water resource assessments. The purpose of this annex is to bring

to the attention of the reader the large amount of work on 
irr4gated agriculture

currently being undertaken in Niger. This list of activities, while not exhaus
tive, should be reasonably complete. Most of the data were obtained directly

from the donors concerned.
 

A. Construction and Rehabilitation of Perimeters
 

Over the next three years Niger will complete construction or rehabilita
tion of approximately 7,000 hectares of land on over 
30 different perimeters.

The largest part of this area will 
come from the perimeters of Namaregoungou and

Konni II. The most important donor is the IBRD. 
 The FEF, CCCE, KFW and Kuwait

provide important amounts of financing for perimeters as well. Table A-I lists

the perimeters and provides aggregate cost and other relevant data on each 
one.
 

The range of costs per hectare between the various projects is very large,

with no obvious relationship between size of Perimeter or date of comoletion.
 
Specifications included in the cost figures vary from one 
project to another,

the most extreme being the IBRD/CCCE/KFW Rehabilitation Project. It includes as

much money for nonperimeter costs as for direct perimeter costs. In general, it
 
appears that new perimeter construction costs are running between 4-6 million

FCFA/hectare. Rehabilitation is costing between 2-3 million FCFA, 
or almost
 
one-half as much. The Genie Rural is currently using six million FCFA per

hectare as a planning figure for new construction.
 

In addition to the perfmeters listed in Table A-i, the qON is currently

seeking financing for the following perimeters for which preparatory studies are
 
already complete:
 

Lotta 150 hectares 
Goudel 85 hectares 
Koulou 500 hectares 
Unakouanza 600 hectares 
Goulbi Maradi I 500 hectares 

(
 



New Perimeters: 


Namaregoungou 

KoenL I1 
;a Im 
YelewanIt 

Gou Ihl-Marad 1 
Tiagu Irire Aval 
Namardegoeingou 
Kouraul-Baria 

l)iaberi 
Ihinbou 

Rhabhiltated Perlmeters: 

T IlIake Ina 
Ko iLoinka Ie 
Ka rma 
Ka ra Igotrou 
13 In Niger Valley 

5 In Maggia Valley 


Kourt ere 


TAIBLE A-i: New and Rehabliltated Large Scale Irrigated Perimeters
 

Recently Completed, Currently Under l)evelopment or Committed to Financing 

Cost (tIl lion CFA) Estimated 

Cultivated Per Year of Source of Type of Cropping 

Area Total Hiectare Completion Financing - Perimeter System 

6100b /  
1550 3.9 1984 lBRD/KFW Cuvette Rice 
1100 4200C 3.8 IJ84 Kuwait Surface Dam Polycul tuare 
260 2200c 7.7 1984 KFW Surface Dam Polyculcure 
120 660 5.5 1984 BOAD Cuvette Rice 
500 2500 5.0 1985 IBRI)/CCCF/FIDA Tubewells Polyculture 

250 I000 4.0 1985 P. 1'. ,China Cuvette Rice 
250 1000 4.0 1985 FED Cuvette Rice 
750 5200 6.9 1987 .JICA/ADB Cuvette Rice 
400 2500d/ 6.3 1986 FED Cuvette Rice 
400 n.a.- n.a. n.a. BOAI) Cuvette Forage')airy 

bCg 350 5.1 1983 FED Terrace Vegetables 
340 1200 3.5 1982 FED Cuvette Rice 
123 250 2 0 1983 FED Cuvette Rice 
150 350 2.3 1985 FED Cuvette Rice 

2335) 11000e/ 3.4 1987 IBRD/CCCE/KFW Cuvette Rice
 
352) 1987 IBRD/CCCE/KF4 Surface Dams Sorghum/Cotton
 

20 305 n.a. 1985 Belgium Cuvette Rice
 

- Excluding the FNI 
untless otherwise noted. 

h/ Actual cost was 22.5 million IM and 15 million $U.S. Converted at P,=1O0 CFA and $U.S.=250 CFA, the average rate 

z.ssumed to have prevalled during the disbursement period. 

ci Actoal cost was 20.5 million IN. Converted at 1.11=105 CFA. 

- Not available.
 

- Including approximately 5.5 millIon CFA for costs and contingencies related to training In cooperative management and 

otier nou-lw;.Iweter related costs. 

St)urce: Donors; Claude (1983); Delarbre (1983); O0AIIA (1984). 
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B. Institution Development and Technical Assistance
 

B.1 ONAHA
 

The FED finances four technical assistants who are permanently assigned to
 
ONAHA: an agronomist working with the Mise en Valeur division; a rural engineer

who is responsible for ONAHA's construction activities; a mechanic working with
 
the infrastructure division; and an agricultural economist working on monitoring
 
and evaluation.
 

FAC provides long-term technical assistance to ONAHA as well. The number
 
and specializations of the TA's change over time, depending on the agency's

perception of key problem areas. At the present time the FAC provides one
 
expert to work within ONAHA itself as an advisor to the Director General of
 
ONAHA and a mechanic and two agronomists to work in the context of specific

projects. A fifth technician is assigned to ONAHP's Regional Office at Tahcua
 
to supervise irrigated cotton perimeters in the Miggia Valley.
 

Projects now in the planning stage will provide additional technical assis
tance for ONAHA. The Belgians are planning (o provide one person for ONAHA's
 
evaluation unit and one agronomist to supervise production activities on the
 
Saye perimeter--originally financed by the Belgians.
 

The IBRD/CCCE/KFW Perimeter Rehabilitation Project will provide technical
 
assistance for a monitoring and ev3luation unit to be attached directly to the
 
Director General of ONAHA. 4t will also provide financing and technical assis
tance for a new management control unit. This will include CCCE financing for
 
an expatriate chief accountant and an administrative and financial director.
 
The regional directorates of ONAHA will receive technical assistance under this
 
project.
 

KFW will provide assistance to ONAHA in the form of the transfer of equip
ment and personnel from iNamaregoungou. In addition, it will provide financing

for additional ecuipment needed to carry out activities under the Rehabilitation
 
Project. That project will create regional brigades with responsibility for
 
maintaining pumps on the perimeters.
 

B.2 Genie Rural
 

In addition to assistance provided directly to ONAHA, the FED is financing
 
a technician working with the Genie Rural of the MDR. The technician will
 
supervise construction activities at Namardegoungou and carry out studies for
 
Diaberi. The Genie Rural also ;ias two FAC engineers and one French volunteer
 
assigned to its topography section. Another French volunteer supervises peri
meter construction activities.
 

GTZ has provided an engineer to work with the Tahoua regional office of the
 
Genie Rural. He is assisted by two German volunteers.
 

The Small Scale Irrigation Project being deieloped by FAO for ADB financing

will provide management and operating expenses for establishing a Small Scale
 
Irrigation Management Support Unit within the Genie Rural service of the MDR.
 
Thdt project will also finance building and infrastructure for two technical
 
units to be established at Niamey and Diffa to suoervise work being executed
 

"J 
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under this project. The project includes financing for five technical assis
tants to work on the project, one attac!hed to the central unit at Niamey and two
 
attached to each of the regional technical units.
 

B.3 Other
 

The Rehabilitation Project will provide technical assistance to strengthen

operations and management of the Riz du Niger. The project donors are opti
mistic that with improved management and revised r:;irketing policies, RINI will
 
be able to greatly increase its throughput and improve the efficiency of its
 
operations. This will, in turn, increase the price it can pay farmers for their
 
rice and still remain competitive with imports.
 

C. Seed Production for irrigated Crops
 

The Belgians are financing a 20-hectare rice seed farm at Kourtere costing 
305 million CFA francs. Rehabilitation :f the existing perimeter will begin in 
mid-1984. Belgium will provide a technical assistant to run the farm. 

The Rehabilitation Project includes provision for rice seed production and
 
multiplication on selected perimeters covered by that project. 
So does the
 
Namaregoungou perimeter project.
 

Outside the Niger River Valley, CIDA will finance production of one ton of
 
floating rice seed within the Diffa Productivity Pruject. GTZ is financing

conversion of the research station at 
indoudeu in the Air mountains into a seed
 
improvement and multiplication center. The center will 
produce vegetable and
 
cereal seeds for the irrigated crops ccmmon to that part of the country. CFDT
 
produces seed cotton for the cotton pei imeters.
 

D. Trainino
 

The FED has agreed to provide ONAHP with 330 million CFA francs to mount a
 
training program aimed at coops on the porimeters which the FED has financed. 
The FED/ONAHA training program has alreadv ee!. defined and will emphasize
cooperative management. The GON requested thE FED to extend the training pro
gram to include the perimeters to be rehabilitated by the IBRD,/CCCE/KFW Reha
bilitation Project. The IBRD is agreeable, on the condition that the training
program be fully integrated into its project. H 1er, the FED money is usable 
only for a pure training program. As a result, it ;ces not appear that there 
will be a single training program to cover all peripieters. 

The CCCE will finance preparation of a proto 1 accounting system to be 
used in the Rehabilitation Project training progra.,, should two programs pruve 
necessary. Moreover, the Rehabilitation Project training program will give more 
attention to extension and farmer trainin.g than will the FED program. 

Under the Diffa Productivity Project, CID is financing a program to train 

peasants in pump maintenance and repair. 
Us , motor oumrs has risen shdrply
in the Komadougou-Yobe Val ley in recent ..- The current number of pumos inears. 
use is somewhere around 350. This number is expected to double over the next 3
5 years.
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The FAO/ADB Small Scale Irrigation Project also plans to provide training

in pump maintenance via a contract with a pump supplier in Niamey. 
Its training

program will support small scale irrigation activities in both the Niger and the
 
Komadougou Valleys.
 

E. Cooperative Financinq and Credit
 

In conjunction with the CCCE and the CNCA, Paris, the FED is considering

providing a line of credit to the CNCA, Niger, to help it to regain a sound

financial footing. If this oroject goes through, CNCA, Paris, will provide four

technical assistarts to helo restructure Niger's CNCA. These technical
 
assistants would be financed by the CCCE.
 

The FED has also decided to add 
an operating fund for coooeratives on the

FED perimeters to its Perimeter Rehabilitation Project. An initial audit of the

cooperatives' accounts will determine the legitimate debt of each cooperative

towards the CNCA. The cooperative will 
then have to pay this debt before it
 
will qualify for new credit.
 

WK4le awaiting the restructuring of the CNCA, the BORN will handle the FED
 
financed revolving funds for the cooperatives. The coops may not make loans to

farmers from this fund and coops must repay 100 percent of the outstanding

principle and interest to maintain their access to the fund. 
The FED has

maintained the right to block the credit account of a 
cooperative should it fail
 
to meet all conditions of the line of credit. 
 Interest payments on the line of

credit will go into a separate investment account. With the agreement of the

FED, the prefect and the departmental UNCC delegate, the coop can then decide how
 
to invest thL funds in the investment account.
 

The Rehabilitation Project will also provide revolving funds to finance

input and output purchasing activities for coooeratives on its perimeters.

Like the FED project, the IDRD is insisting t:at the GON complete the
identification of outstanding debts of the cooperatives prior to initiating the

project. 
Work begun in Juiy, 1983, by the GON is proceeding slowly and will

require the assistance of a private accounting firm. Once these individual farm

debts are identified, an arbitration commission named by the GON will 
decide
which are valid. The project will reouire full payment for those debts and non
repayers will be expelled from the perimeters. Details for administering the

project's credit fund await a satisfactory resolution of CNCA's administrative
 
and financial problems or an acceptable alternative oroposed by the GON.
 

In addition to providing operating funds to the cooperatives, the Rehabili
tation Project will provide credit for animal 
traction eouioment along the lines

of the existing CCCE credit orogram. This credit program will include the FED

financed perimeters of Tillakeina, Toula, Karma and Koutoukale. in addition,

the CCCE, will expand its program to add financing (500 million CFA) for 1500

animal traction units to the program administered by the CNCA for the benefit of
cooperatives on all irrigated perimeters; i.e., whether or not they are affected

by the Rehabilitation Project. The Small Scale Irrigation Project wi'l provide

credit for pumps, motocultures, oxen, animal traction eauipment, spare parts and
blacksmithing tools. The modalities for executing the project's credit program

have not yet been defined.
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There is also a considerable amount of credit being made available for
 
construction of shallow wells under the Dosso, Tahoua and some of the NGO
 
projects. The proportion of total cost required to be repaid varies between 15
100 percent with 50-75 percent being a common range. Repayments are usually

funneled into a revolving fund that finances additional wells. Most of these
 
credit programs are administered through the Agriculture Service of the MDR
 
since it has responsibility for vegetable gardening and garden well
 
construction.
 

F. Garden Wells, Micro-Perimeters and Small Scale Irriqation
 

There is a great deal of localized activity promoting the installation of
 
permanent garden wells and other types of micro-perimeters. The two largest

well projects are included in the FED financed 3M Project and the Italian
 
financed Keita Rural Development Project. Together they account for over 50
 
percent of the 3500-4000 permanent garden wells planned for constructien at the
 
present time. Table A-2 summarizes available data o01 garden wells. The data
 
appear to be reasonably cumplete.
 

TABLE A-2: Garden Wells to be Constructed Under
 
Current and Planned Rural Development Projects in Niger
 

Number of 
Project Department Donor Wells Financed 

Three M Zinder FED 1000 
IRD Keita Tahoua Italy 1000-1500 
IRD Dosso Dosso IBRD/FAC 200 
Tahoua Productivity Tahoua GTZ 200 
Aqadez Agr. Devel. Agadez GTZ 150 
Bouza Valley Gardening 
Telemces Gardeninq 

Tahoua 
Gahoua 

LWR 
LWR 

450 
2501 / 

Boboye Coop-Kolbou 
Various projects 

Dosso 
Niger 

Africare 
AFVP 

50 
200a/ 

Other PVO Niger - 10L 

TOTAL 3600-4100 

a! Estimated based on total project financing. 

In addition to constructing wells, donors. and PVO's are quite active in 
developing or rehabilitating micro and small scale perimeters in mares, bas
fonds and in branches of river basins. The largest project of this kind is the 
FAO/ADB Small Scale Irrigation Project. It will provide financing, credit and 
technical assistance for establishing or reestablishing 1000 hectares of jointly
managed small scale perimeters (2-20 ha.) along the Niger (250 ha.) and 
Komadougou (700 ha.) river valleys and in selected areas in other parts of the 
country (50 ha.). About half of the land brought into production is expected to 
be planted in rice, sorghum, wheat and maize. The rest will go to garden 
products. The FAO/ADB project has an expected internal rate of return of 17 



A-7
 

percent. The FAO is clearly staking out for itself the role of principle
 
promoter of small scale irrigation in Niger.
 

CIDA is also considering a project for constructing small dams along the
 
branches of the Komadougou. However, that project will probably not go ahead
 
unless the ADB does not finance the FAO designed project. CIDA is providing

other assistance to small perimeter development along-the Komadougou through the
 
Diffa Productivity Project. This includes providing mobile pumps for filling
 
mares on the banks of the river to store water for subsequent dry season
 
irrigation. It also includes extending canals for cuvettes and small perimeters
 
which have fallen out of production because of the dcJIining flow of the river.
 

The FED finances the development of small perimeters on bas fonds in Zinder
 
Department. NGO's are also active in'this domain, though their programs are
 
generally quite localized, seldom including more than one small perimeter (2-15
 
hectares).
 

One of the more ipteresting experiments/developments pertaining to small
 
perimeters is found in Maradi at Ruwana. The Maradi Productivity Project is
 
testing a tube well/perimeter layout that may prove promising for village level 
installation at a cost of about 2.5 million CFA francs per hectare. The 
IBRD/CCCE/FIDA will 'Inance five such perimeters on an experimental basis 
through the project. Each well can irrigate 7-10 hectares of land using special

pipes with gates that permit water that is gravity fed from a reservoir to run
 
uphill until it reaches an open gate. This reduces leveling requirements for
 
establishing perimeters.
 

G. Research
 

The Ruwana micro-oerimeter provides an example of aoplied research on
 
irrigation systems. CIDA is financing 12 wells on the Komadougou in order to
 
identify which water pumping techniques are most effective in the soils that
 
prevail in the valley.
 

At Losso a FAC financed, GERDAT researcher has been experimenting with
 
biogas power for driving water pumps and with aspersion, qated oipes and other
 
gravity-fed irri gation systems. The FAC is financing the expansion of this
 
research operation by providing 275 million CFA to rehabilitate 30 hectares.
 
The station will concentrate on cultural systems for developing terrace
 
irrigation along the Niger River.
 

In addition to its assistance at Losso, the FAC is financing construction,
 
technical assistance and equipment for the Radio Isotope Laboratory at the
 
University of Niamey. Under the project the University will launch a program of
 
research on drip irrigation. Other research on irrigation techniques was
 
carried out at Indoudou inAgadez Department as part of the German aid program
 
in the Air mountains. This research ended about a year ago because the GON did
 
not find the results interesting.
 

In addition to research on irrigation systems, several donors are
 
financing agronomic and cropping systems research. WARDA provides a researcher
 
to INRAN to work on rice fertilization. The FAC and CCCE support research on
 
fruit crops through the Gaya Fruit Project. And many of the perimeters support
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applied research on cropping systems and fertilizer response as an ongoing

project activity.
 

H. Studies
 

H.1 New Perimeters
 

Italy i financing a study of the Gabou/Bonfeba cuvette and is Preparing an
 
implementation plan. 
It is not committed to financing construction of the
 
perimeter at this time. The Genie Rural estimates that the perimeter will 
cover
 
a net area of 2300 hectares. The cost is not yet known.
 

The BOAD is financing preparatory studies for a 150 hectare perimeter at
 
Dambou. This perimeter w1l be used for producing forage and feeds for an
 
intensive milk production operation.
 

The FAC is providing 225 million CFA francs to prepare a comprehensive

plan, a feasibility study and tender documents for establishing irrigated

perimeters in the "Trois Cuvettes" area of the Niger River. Approximately
10,000 hectares of land are irrigable in this area. The CCCE has agreed to
 
finance one of the three cuvettes. The cost is expected to come in somewhere
 
around 5 million CFA francs per hectare.
 

H.2 Water Resoirces
 

FAC is providing 150 million CFA to study the utilization ofs s -jaian
water from the Tahoua valley and the cuvette of Agadez. Apparently this area 
includes tens of thousands of hectares of potentially irrigable land but the 
water resources are not yet quantified. This study is already underway. The
results will 
be integrated into the FED project for the development of the Air
 
mountain area of Niger.
 

FAC is providing 100 million CFA to the Ministry of Hydrology and
 
Environment (MHE) to continue ongoing work on cartography of the Niger River;

and another 100 million to continue a census of water resources throughout

Niger. The census program includes putting on computer available information on
 
Niger's water resources in order to increase the ease of access to available
 
information. 

The MHE is receiving assistance from the FED as well. The FED is financing
 
a study of surface and subsurface water resources in the Komadougou-Yobe

valley. The study is being carried out by FAO. 
 FAO is also receiving support

from a UNDP project that is studying ways of developing the four principle

watersheds common to Niger and Nigeria: the Komadougou, Goulbi, Maradi, Maggia

and El Fadama/Togway. The study is being undertaken within the structure of the
 
Nigeria-Niger Joint Economic Commission. It's purpose is to devise a plan for
 
apportioning the waters of these imoortant river basins between the two
 
countries. A second UNDP study, the Water Potential of the Niger Basin,

provides assistance for planning and policy analysis relating to development of
 
the Niger River Valley.
 

Finally, the FED is conducting studies of the mares of Zinder with a view
 
toward identifying those with potential for development. At the present time
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most of these mares are already dry (March) so 
it is not yet known whether their
 
development will be technically feasible.
 

H.3 Other
 

The FED financed a study of vegetable marketing in the Tillaberi/Niamey

marketshed in conjunction with the rehabilitation of Tillakeina.
 

The CCCE is financing an audit of the debts of the cooperatives to be
 
included in the IBRD/CCCE/KFW Rehabilitation Project. The IBRD has made the
 
identificaticn and resolution of outstanding cooperative debts a 
condition
 
precedent for implementtation of the Rehabilitation Project. CCCE will finance
 
an audit of ONAHA to update its accounts to September 30, 1983. The last audit
 
covered the 1980/81 fiscal year.
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ANNEX C
 

AGRONOMIC ASPECTS OF IRRIGATED AGRICULTURE INNIGER
 

Walter Firestone
 

A. Introduction
 

In March, 1984, the USAID Mission in Niamey, Niger, fielded an 
interdisciplinary team of experts to assess present activities within the irrigated agricultural subsector in Niger. 
 The team was to make recommendations regarding the
potential for further USAID involvement in the subsector. 
 If warranted, the
study might provide the basis for the formulation of a PID, eventually leading
to active participation by the USAID Mission in 
some phase of irrigated agricul
ture within Niger.
 

As the team agronomist, my activities involved the gathering and review of
pertinent agronomic and irrigation documents. Field trips included a day visit
to the large, irrigated rice perimeter at Namari Goungou and a second more
extensive trip to perimeters at Birni N'Gaoure, Galmi, Maradi, the Goulbi valley, Bouza and Birni N'Konni. We observpd irrigation systems ranging from small
gardens to fairly large perimeters. We saw both gravity flow surface dam systems and pumped groundwater systems. Other activities included meeting with
officials from INRAN, ICRISAT, The Ministry of Rural 
Development - Agricultural
Service, ONAHA, COFT, The Lossa Research C,.nter (Unite ExDerimentale des Cultuves Irriou6es), GTZ (Plant Protection Center), various private voluntary or
ganizations, UNCC, FAO and the FED.
 

My individual terms of reference were to:
 

1. Identify and analyze critical farming/irrigation systems, institutions
 
and farmer training.
 

2. Interact with other team members and provide 
resource material as
 
needed.
 

3. Prepare a draft report relating to various agronomic activities asso
ciated with irrigated agriculture 4n Niger.
 

4. In conjuction with other team members, make recommendations for effective USAID project interventions in tne subsector. 
This should include details
 on the aqronomy portion of PID design, including detailed studies on agronomic
research and other requirements for small 
scale irrigation activities.
 

This report describes my findings.
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B. Soil Characteristics in Irriqated Areas and Related Water Manage
ment Issues
 

B.1 Niger River Valley
 

This region has been influenced by the "Continental Terminal" sandstone. 
It has young soils with sandy-clay textures and ferruginous (lateritic) upper 
layers. The leached ferruginous soils have a sandy silty texture. The soils of 
the river bed and surrounding lowlands originated from the meandering of the 
Niger River where clay particles were the main deposits and silt particles are a 
minor fraction of the accumulated sediment. These areas are called cuvettes. 

The soils in the depressions along the river are similar to the soils
 
within the cuvettes. However the clay material is only 60 to 80 cm. thick,
 
deposited on sandy soil containing gravel and conglomerate material. These
 
hydromorphic soils have a temporary water table but they do not appear to have
 
any problem with salinity or alkalinity.-


Higher up and away from the traditional course of the river lie the ter
rdces of the Niger River Valley. The medium terrace has very heterogenous
 
soils. The substratum has been equally influenced by the Continental Terminal,
 
colluvion and eolian materials (eroded young brown soils). At the junction of
 
the major river bed and the medium terrace, there are brown h:'dromorphic and 
alkaline soils of granite origin with a heavy clay profile. These soils are not 
appreciated by the farmers. Generally they prefer the hioher sandy soils for 
cultivating their dryland cereal crops. 

The soils utilized for irrigated rice throughout the Nliger River Valley
 
between Niamey and Tillabery are mainly clay soils, which are ideal for rice
 
culture. However, internal drainage of these soils is extemely slow, making
 
water management more difficult. Since these soils have the ability to retain
 
moisture, irrigations should not be too frequent, yet should provide adequate
 
moisture for paddy rice culture. 

B.2 Birni N'Gauri/Dallol Bosso
 

This region is composed of two major soil categories: regosols (soils
 
which are not highly developed) and ferruginous soils which have evolved from
 
soils of central Niger. The regosols are found on the denuded portions of the
 
laterite plateau. The ferruginous soils developed on sandy surface deposits, as
 
well as on the plateaus and slopes. Sandy soils of the Dallol Bosso region and
 
other areas having similar soil textures, require adequate but short irriga
tions, especially during pericds of high solar radiatijn. 

B.3 Birni N'Konni - Maoaia Valley 

The plateau areas of the Maggia Valley are mineralized soils with Continen
tal Terminal sandstone predominating. Eroded mineral soils have formed on lime
stone/calcareous outcroooings on the steep higher slopes. The chemical and 
physical properties of soils are dominated by a relatively high organic matter 
content (higher than 1%) and a high C/N ratio. They contain few mineral col
loids. This causes a structural instabilitiy and increases soil erosion. 
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On the gentle bank slopes, soils are young and have calcerous tendencies
associated with brown and reddish-brown soils. These soils have the same physiochemical characteristics as those of the steeper slopes.
 

The depressions and alluvial plains of the lower Maggia contain soils thatare generally rich in bases,.absorb water well, have an average organic mattercontent for vertisols (I  3%) and a low organic content for hydromorphic soils
(about 0.40%). 
 They also have a neutral pH, are fine textured and have well
 
developed structure.
 

The soils located 
on the terrace areas and utilized by several irrigated
perimeters have developed from alluvial formations and consist mainly of sandy
clay and sandy silt textures. The clay and silt fractions in these soils predominate over the sand. 
The soils require normal irrigations, but the frequencies need not be too often, as 
they have a capacity to retain moisture.
 

The soils within the Birni N'Konni Plain are extremely heterogeneous and
require careful water management. 
Moderate, but not too frequent irrigations,
are generally adequate as these soils have fairly good moisture retention capabilities. 
Since cotton is grown on these soils, it is imoortant that the soil
drain itself without undue delay after irrigation. Cotton does not like wet
feet so provision must be made for good surface drainage. 
There are areas
within this region containing sandy loams which require close attention during

periods of irrigation.
 

The soils of the Maggia Valley are of medium textures (silty sands, sandy
loams and silty clays) with good internal drainage. The management of water on
these soils is fairly easy. 
They sculd receive substantial, but not too fre
quent, irrigations.
 

B.4 Goulbi and Maradi Valley
 

Within the Goulbi-Maradi Valley there exists sand sedimented cretaceous
slopes and leached ferruginous soils which are typical of Maradi. 
 These are
well drained soils-with a very low C/N ratio. The surface texture is very poor
in fine elements, but their rate increases down the soil 
profile. Fertility of
these soils is very low. Exchange capacity is also low.
 

The lands found ;r Goulbi, Maradi, Tarka and Kaba flood plains are similarto those of Dallol Maroui. They aremostly comoosed of ooorly drained youngsoil deposits on recent fine sandy alluvium deposits. These soils are generallyassociated with less leached ferruginous soils on old sandy alluvium deposits.
 

C, Croooinq Patterns, Predominant Production Technologies and Related Yields
 

C.i .1rriaated Rice Perimeters
 

There are aDoroximately 20 goerational irrigated rice perimeters situatedalong the Niger River Valley at various locations between Niamey and Tillabery.These oerimeters range in size from 10 to 1350 hectares; most involve totalcontroi of water and oroduce a double crop of rice. 
 At present there is a total
uf about 8000 hectares of total water control 
systems under the direction of the
National Office of Irrigat-on Develooment (OM1AHA).
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The irrigation assessment team visited two perimeters along the Niger

River. One, Namari Gourgou, was recently completed with funds from the World 
Bank and KFW, and is the largest perimeter on the river. The perimeter has two 
pump stations, each containing four large submersible pumps. Three are opera
tional and one is on standby, but the pumps are rotated daily. Main, secondary

and ter~iary canals are concrete lined to eliminate maintenance problems. The 
tertiary canals open into a long extended field ditch containing sufficient
 
water to irrigate many farm parcels. Throughout the perimeter, there was a
 
network of connecting surface drains.
 

The design of the Namari Goungou perimeter was overly sophisticated. It
 
was clearly extremely expensive to construct. It would have been possible to
 
utilize the heavy clay soils in the area to reduce construction costs.
 

Apart from poor maintenance of both the farm ditches and the drains, this
 
perimeter was relatively well managed. Rice plant densities appeared to be
 
generally good, 
 but there were a few parcels where spacing was not properly 
done. The water levels within the paddies appeared to be adequate.
 

Namari Goungou receives pure M1 IR-15 seed from WARDA. Rice seed is multi
plied on the perimeter and released-to farmers as wel 1 as to UNCC for distribu
tion to other perimeters. 

Most perimeters along the river produce a double crop of rice. A double 
crop of rice requires aoproximately 12 months of intensive cultural practices.
Farmers must be attentive so as to avoid an overlap between the two rice cycles 
and to minimize competition with traditional rain-fed staple food crops. Proper
scheduling of work activities is made difficult by delays in the arrival of the 
flood and the presence of a cold period in January and February that constrains
 
transplanting activities.
 

Ideally farmers should establish their dry season rice nurseries in mid-
November for transplanting between mid-December and early January. Delays in

the arrival of the flood in July causes a delay in transplanting and conse
quently in the harvest of the rainy season crop. This, in turn, often delays

planting of the dry season crop to between mid-February and mid-March when the
 
weather is more favorable for growth of the seedlings. During March through May

the weather becomes hotter and conditions for flowering are good.
 

During May and June farmers plant their traditional millet crop on land 
situated outside the irrigated perimeters. At the end of May they begin har
vesting the dry season rice crop. This corresoonds with the arrival of the 
rains. At this time labor availability becomes particularly constraining. 1. 
addition to harvesting the dry season rice crop, farmers must Drepare the rice 
nursery. 

This is followed by oreoaration of fields for the second rice croo, weeding 
traditional cereal crops, planting the second rice crop during late July into
 
August, and then weeding the second rice crop.
 

During the rainy season months of July through October the weather is hot 
and humid and good for rice. However, in November it turns cooler and drier,
just as the rice plant is flowering. This i" a factor depressing rainy season 
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rice yields. Competition with dry land crops for labor for irrigation may also
 
explain part of the drop in yields that occurs with the rainy 
season crop.
 

The recommended application rates for fertilizer on 
irrigated rice is 100
 
kilograms of 15-15-15 and 200 kilograms of 
urea. That comes to 107 kilos of
 
nitrogen, 15 kilos of phosporous and 15 kilos of potassium. According to an
ONAHA study (Bomans, 1983) only about 20% of all 
farmers use this rate. Sixty

five percent used more than the recommended amount. Available data suggests

that much higher levels of fertilizer are profitable for the farmer under cer
tain circumstances. Curiously though, the 
largest group of farmers, 30%, were

using a higher dose of fertilizer that according to research results, is actu
ally associated with lower yields than the recommended dose. This points to the
uncertainty and confusion surrounding farmer behavior in Niger and 
the need for
 more ciearly focused, applied farming systems research on irrigated agricul ture.
 

Except in the case of an 
outbreak, farmers do not apply pesticides to rice.

They did apply Furodane to control an outbreak of white fly in 1982. 
 Disease
 
problems are more persistent. The continual double cropping of rice makes it
 
difficult to control diseases once they occur. 
A yel low mottle and a bacterial

blinht both aooeared in 1982 and have become major disease problems. There is
 
no control 
except to obtain resistant varieties or to rotate rice with a high

yielding sorghum or maize variety. The rotation breaks the breeding cycle for

the disease, something that is virtually impossible in a monoculture system.
 

Yields on rice perimeters in the Niger Valley vary between 2 and 4.8 tons
 
per harvest on a perimeter wide basis for the dry season crop and between I and

4.8 tons for the rainy season crop. The model range is betwen 3.0 - 3.5 tons 
per hectare during the dry season and 2.5 - 3.0 tons during the rainy season.
The wide differences in perimeter wide yields suggest that there is considerable
 
room for increasing production under presently available technologies.
 

In a recent report (Bowmans, 1983) notes the utilization of seedlings which
 
are too old as a orinciole factcr depressing average rice yields. Because of

delays in harvesting the rainy 
season crop, farmers are frequently forced to

wait until after the January/February cold period to 
set out their seedlings.

Thus the seedlings are between 60-70 days old. 
Trie proper age of seedlings is
 
20-30 days. The plants begin developing secondary tillers after that age and
later transplanting depresses 
 the number of tillers which the plant develops in 
the field. This has a fairly direct arid dramatic impact on yields unless
 
planting density is increased accordingly.
 

Because of varied Dressing commitments farmers have elsewhere, rice in 
a

given block is usually planted at very different times. The resulting uneven
 
stage of maturity of the crop increases water use by lengthening the period of

time the perimeter needs water. 
Water is also wasted when irrigation activity

falls off during the latter Dart of the day and farmers open tertiary gates and

farm drains in order to 
keeo the canals from overflowing. It is not clear why

the head of the perimeter does not reduce the throttle on the pump.
 

Given cultural oractices, degree of water application, fertilizer rates and

plant protection activities, current average yields achieved on 
the various

perimeters are realistic. It was noted earlier that lower rainy season yields

are caused by climatic conditions. Nonetheless, overall yields and returns can
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be improved by increasing fertilizer rates, adhering to a tighter crop calendar
 
and by eliminating the misuse of water.
 

C.2 Surface Dam Systems
 

Over the years 
a number of surface dam gravity flow irriyation systems have
been developed by various European donors. 
 The eight such systems presently in
existence are administered by ONAHA. 
Most of these schemes are located in the
Maggia Valley and have been in operation for several years, some of them for at
least 15 years. The two larger ones include Konni I which has just been com
pleted and Konni II now nearing 7ompletion. A chird at Galmi will be fully
operational for the first time during the dry season of 1984. 
Following is a
listing of these schemes and their total 
irrigable land areas.
 

Table C-1: Surface Dam Irrigation Schemes in Niger
 

Perimeter 
 Hectares Available
 

Konni I 
 1,330
 
Konni II 
 1,100

Galmi 
 260
 
Ibohamane 
 750
 
Mouleila 
 62
 
Kawara 
 52
 
Tounfafi 
 27
 
Guidan-Maggia 
 128
 

TOTAL 3,709
 

Konni I and II and Galmi 
have the most modern irrigation systems. The five
remaining perimeters are scheduled 
to be rehabilitated under the IBRD/CCCE/FIDA

Rehabilitation Project. 
Water storage for all 
of these systems consists of a
reservoir behind a large earthen dam, often situated in a contributary watershed
 
adjacent to a wide alluvial valley.
 

These reservoirs and dams are 
located in egions that are sparsely vegetated. 
 Rocky hills make up the perimeter of the main val leys and much of the
runoff comes 
from this terrain. As a result, sedimentation has been a serious
problem within the water storage basins. 
The perimeter at Ibohamane, one of the
older schemes, has lost half of its 
storage capacity in just 15 years due to the
buildup of sediment in the reservoir. The reservoir serving the Galmi 
perimeter

is extremely wide and of minimal depth. 
Thus, evaporation losses are exceptionally high. 
 If the annual decline in rainfall in this region continues the
GON wil1 
have to begin exploring ground water resources as an alternative source
 
of irrigation.
 

C.2.a Birni 
N'Konni and the Maqgia Valley Perimeters
 

The irrigation team spent a great deal 
of time at Konni I. It is a gravity
 
flow system with a very advanced water conveyance system. Primary, secondary
 

ii 
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and tertiary canals are lined with concrete. Metal gated water metering struc
tures control water flow in both the secondary and tertiary canals. Turnouts to
 
the field ditch consist of a permanent pipe located at the bottom of the canal
 
and passing through the canal embankmert. This system is well known for its
 
suitability and effectiveness. The rate of flow outward is dependent on the
 
water level in the tertiary canal only. If the farmer desires to cut off the
 
flow of water into his area, he simply blocks the entrance to the pipe. Once
 
water passes through the turnout it flows through a smal1 temporary earthen
 
canal from which the farmer draws water for his parcel.
 

The soils within the project area are extremely heterogeneous, consisting

of medium texture to heavy clay soils with isolated pockets of sandy loams. The
 
average parcel size is .75 ha., but a farmer can have several, depending upon
the size of his family. There are 3,500 parcels of .75 ha. within this peri
meter. 

Like other ONAHA perimeters, Konni I has a cooperative which assures 
plowing by animal traction, distributes fertilizers and seed, and collects tne
 
cost of ag-inputs from the farmer at the harvest. If a farmer does not coop
erate and misses three meetings, he loses his rights to his parcel. Each farmer
 
is responsible for weeding the perimeter surrounding his parcel.
 

The cropping pattern at Konni I is similar to the other diversified irri
gated perimeters in the Maggia Valley, as is indicated in Table C-2. 
Farmers
 
cultivate cotton and sorghum during the rainy season, with some millet following

sorghum to utilize the residual soil moisture. Usually farmers must irrigate
 
cotton and sorghum to supplement available rainfall as necessary. Dry season
 
cultivated area is reduced due to a shortage of available water within the
 
reservoirs. The crops grown at this time are wheat, onions and niebe.
 

In spite of being a well-designed perimeter, Konni I was a disaster area as
 
far as cultural practices are concerned when the irrigation team visited it
 
during early March, 1984. The areas between the primary and tertiary canals
 
were covered with weeds in seed. 
The seeds were blowing into the irrigation
 
water and being carried to the growing fields. This compounded an a7 ready
 
serious weed problem. The prolific sedgenut grass (Cyperus rotundus) is wide
spread throughout the cultivated fields of the perimeter. The farm ditches are
 
full of weeds and are irregular in shape, all adding to an inefficient delivery

of water to the parcels. The farm drains are in similar condition.
 

Plant pests were a problem throughout the entire Konni I perimeter. Plants
 
were covered with thousands of black aphids, producing so much honeydew that the
 
plants were slick with secretions. The poor state of affairs is confirmed by

data in Table C-3 that compares use of pesticides on cotton at Konni I with the
 
other Maggia Valley perimeters. Konni farmers applied pesticides only five
 
times, as compared to seven applications recommended by CFDT.
 

I/CFDT recommends two applications of Peprothian followed by five applications
 
of Decis, using the ULV method. The rate of application is three liters per

hectare per application.
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Table C-2: Area Cultivated in Maggia Valley Perimeters During the 1983
 
Rainy Season, By Crop
 

(Hectares)
 

C R 0 P 

Perimeter Sorghum Cotton Millet Others Total 

Konni I 565, 523 53 -- 1,145 

Ibohamane 313 298 -- 611 

Guidan-Maggia 59 64 5 -- 128 

Mouleila 23 31 9 -- 63 

Kawara 23 23 5 2 53 

Tounfafi. 4 12 8 -- 24 

Totals 991 951 80 2 2,024 

Source: 	 Briend (1984). Not all the tables in this report are cohsistent with
 
each other. Total cultivated area is s..r.nmed from other tables ccn
taining crop specific data; i.e., Table:. zg, 51 and 511. This differs
 
from area reported by Briend in his Table 51.
 



Table C-3: 	 Number of Pesticide Treatments Applied to Cotton and the Percentage of Coverage

For Six Haggia Valley Perimeters, 1983 Rainy Season
 

Total

Total Area P rcent of Area Planted Actualy Treated, By Treatment Number of
Perimeter Planted First Second Third Fourth 
 Fifth Sixth Seventh Treatments
 

Konni 1 	 523 88 72 22 10 6 
 0 0 5
 

Ibohamane 298 100 100 100 100 100 100 92 
 7
 

Guidan Maggia 64 100 100 100 100 100 0 0 5
 

Mouleila 31 100 100 100 100 100 100 100 7 '
 

Kawara 23 100 100 100 100 100 100 
 0 6
 

Tounfafi 12 100 100 
 100 100 100 100 100 
 7
 

Totals 951
 

Source: Briend (1984), Table 59.
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In addition, Konni farmers applied the pesticides to an increasingly smal
ler proportion of the area planted to cotton with each subsequent application.
 
It is not surprising that pests are a major problem in the perimeter.
 

Konni also has the lowest use of fertilizer of all the Maggia Valley peri
meters. Using 150 kilograms of 15-15-15 per hectare and 50 kilos of urea, the
 
recommended levels of each, as a basis of comparison, Konni parcels received
 
only 20% of recommended levels of 15-15-15 and only 11% of recommended levels of
 
urea. This compares with essentially 100% of recommended levels for all the
 
other perimeters except Guidan Maggia, where farmers used about 50% as much as
 
was recommended (Briend, 1984).
 

Konni had other problems, too. Cotton was still being harvested in March,

whereas the last picking ought to be completed in late December. However, there
 
was not much left to harvest, as many flowers did not develop and many cotton
seed bolls did not open. Spacing of the cotton plants in the row were over a
 
meter apart, as compared to the recommended spacing of 40 cm. Final ly, exten
sion agents did not appear well-informed about the irrigation needs of the crops
 
being grown there.
 

The impact of all these deficiencies in cultural practices is reflected in
 
Table C-4, which details average cotton yields obtained during the 1983-84 sea
son on the various perimeters. Yields at Konni were less than one-half as much 
as yields on any of the other perimeters. All perimeters grow the same cotton 
variety, L 299-10, a variety that yields well and has a lint content of 40%.
 

Table C-4: Cotton Yields in Maggia Valley Perimeters, 1983-84
 
(Tons/Hectare)
 

Perimeter Yields/Ha. 

Konni I 1.072 (not complete) 
Ibohamane 2.80 
Guidan-Maggia 3.00 
Mouleila 2.80 
Kawara 2.563 
Tounfafi 2.242 

Source: CFDT, Niamey.
 

Konni I is a capital intensive project and it is not being utilized to its
 
utmost capacity. F4nancially, it is a liability. Management, technical staff
 
and, above all, the farmer himself need considerable help in the form of on-farm
 
training in proper cultural practices and planting methods, maintenance of the
 
irrigation system and proper water management techniques. A Project the size of
 
Konni I should be entirely operational for both seasons, Nith full use of its 
land resources; otherwise, it is not a viable entity. Ho'ever, given the 
shortage of water, it would be better to fallow the entire perimeter during the 
dry season in order to concentrate on cleaning the system, controlling weeds,
 

/.
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reducing plant diseases and insects and conserving soil fertility. A fallow
 
seasop would also allow the reservoir to accumulate water for the rainy season
 
crop. 
 Under present state of operations, this perimeter is deteriorating very

rapidly and this could very well set an example for things to come when Konni II
 
becomes operational.
 

Elsewhere in the Maggia Valley farmers working on the irrigated perimeters
 
appear to be hard-working and very knowledgeable individuals. They are totally

familiar with their environment and physical resources, both land and water.
 
Their cultural practices are timely, and they use ag-inputs and plant protection

services as recom .nded. 
Their cotton yields reflect their cultural practices,

and are good when compared to other areas in Africa.
 

C.2.b The Galmi Perimeter
 

This recently completed perimeter contains 245 hectares in diversified
 
crops consisting of onions, sorghum, maize, cowpeas and potatoes. 
This is the
 
first season the area is being cropped under irrigation. Water for the 3peri
meter is received from a nearby storage dam containing seven million w. of
 
water.
 

There are seven 
kilometers of main canals, which are concrete-lined, and
 
which contain a system of drops and gated structures. Water is reliased from
 
the secondary, concrete-lined canals into a tertiary clay-lined canal which
 
supplies water to the farm ditches via metal 
siphons approximately three c~nti
meters in diameter.
 

There are 831 people with parcels in the Galmi perimeter. Prior to the
 
development of the perimeter, the 
area was a traditional onion producing zone.
 
The plan is to grow a double crop each year, fully utilizing the perimeter

during the dry season, provided there is sufficient water in the dam. The
 
growing period for onions in this 
area is 40 days in nursery and 120 days in the
 
field to maturity. Traditional onion production in the area was 15-20 tons per

hectare prior to the perimeter. Under controlled irrigation, onion yields are
 
expected to reach 45-50 tons per hectare.
 

The siphons that deliver water into the farm ditch are 30-40 cm. above the
 
ground level. As a result, the discharge is causing the impact area in the
 
field to erode heavily. This problem can be solved by extending the siphon to
 
provide a horizontal discharge into the farm ditch.
 

C.3 Groundwater Pumoina Systems
 

The largest irrigated perimeter utilizing groundwater for irrigation is
 
found at Djiratawa in The Goulbi Maradi Valley. This perimeter was started in
 

11 Prentice (1973) reported that on the Gezira scheme in Sudan, where water is
 
scarcer than land, the notably high proportion of fallows in the rotation
 
benefits cotton yields. 
 It allows better control of pests and diseases be
cause 
of the long gap between cotton crops, and affords the opportunity to

control pre-cotton weeds wich would otherwise waste large quantities of water
 
through evapo-transpiration.
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1980 by the Maradi project. Eventually the perimeter will cover 500 hectares 
supplied by a system of small interconnected canals fed by 40 boreholes, each
 
with an electric submersible pump. Each family participatig in the perimeter
will eventually receive 3200 m. of land, inciuding 320 m. for a garden site. 

The crop calendar on the perimeter is divided into three seasons: the rainy
 
season, the cool dry season and the hot dry season. As in the Maggia Val ley

perimeters, the entire area is planted half in sorghum and half in cotton during

the rainy season. About 40% is planted to cool season vegetables and another
 
40% is planted to peanuts and hot season vegetables. The two dry season crops

overlap so it is not possible to get three crops. About 20% of the land remains 
fal low over the dry season. 

In the 1982/83 dry season, farmers planted almost 100 hectares of peanuts
 
and vegetables. During the cool vegetable growing season farmers applied an
 
average of 36 kilos of urea and 110 kilos of 15-15-15 per hectare against a 
recommended 50 and 200 kilos respectively. During the hot dry season, they

applied an average of 152 kilos of 15-15-15 versus the recommended level of 200. 

In the 1983 rainy season, farmers planted 100 hectares in sorghum and 90
 
hectares in cotton. Sorghum received an average of 79 kilos of 15-15-15 and 80
 
kilos of urea per hectare as opposed to recommended levels of 100 kilograms of 
each. Cotton received 166 kilos of 15-15-15 and 44 kilos of urea 
in contrast to 
recommended levels of 200 and 50 kilos respectively. Yields obtained on the 
1982/83 crops are summarized in Table C-5. 

Table C-5: Average Yields for Dry Season and Rainy Season
 
Crops in the Goulbi Maradi Perimeter, 1982/83
 

(tons per hectare)
 

Hectares Average
 

CroD Planted Yields 

Tomato 28 38.7
 

Peppers 14 7.5
 

Onions 3 50.4
 

Other Garden 6 n.a.
 

Peanuts 46 2.0
 

a
Sorghum 100 2.1 (1.6)
 

Cotton 90 2.0
 

A/Traditional varieties. The higher figure is for improved varieties.
 

nL 
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During the dry season of 1983/84 the area under cultivation continued to
expand as more of the perimeter became operational. Tomato production grew to
57 hectares, peppers to 22 and other vegetable crops accounted for another 20
hectares of land. 
Peanuts were planted on about 100 hectares. No yields were
available at the time of the team's 
visit to the perimeter in March.
 

Farmers in the perimeter have their own millet fields outside of it. In
the early stages of the perimeter's growth, millet competed with the irrigated
crops for labor, to the detriment of the irrigated crops. This situation has
recently turned more favorable for the irrigated crops as farmers realize their
greater potential 
in the face of uncertain rainfall. 
 Nontheless, maintenance of
canals and weeding are still problems on the perimeter. As at Konni, sedgenut
grass (Cyperus rotundus) was a problem throughout the perimeter. There were
also numerous weeds in seed along the irrigation canals.
 

Adjacent to the Djiratawa perimeter at 
Ruwana, the Maradi project is financing an experimental irrigation system t~iat shows promise as a village-level
management unit. 
 The system consists of a single tube well emptying into 50m.3
reservoir which then feeds water by gravity to a 6.5 hectare area 
surrounding
the well. 
 The system utilizes gated aluminum pipes 6" in diameter connected to
the base of the reservoir. 
The gated pipes allow water to flow uphill under
pressure from the reservoir and consequently, reduce the need for leveling. 
The
perimeter is divided into 18 equal pie-shaped parcels, each one assigned to an
individual farmer. 
The farmers work together on irrigation activities but maintain individual responsibility for their respective parcels.
 

It is still 
too early to judge the results of this experiment but the
concept is interesting. Slight modifications in design and cropping system
would eliminate the need for the costly gated pipes and could extend the area
irrigated by 50% 
or more. 
As farmers on the perimeter gain more experience with
irrigated agriculture, weeding and other cultural problems now in evidence
should improve. The size and the divisibility of the investment create the
potential 
for expanding area under irrigation at about one-half of the current
cost of medium scale perimeters. 
Given the easier management possible with
smaller perimeters USAID will 
want to monitor closely the evolution of this
 
experiment.
 

C.4 Micro-Irrigation Systems
 

There are several types of micro-irrigation systems in Niger. 
North of
Agadez in the Air Mountains, farmers produce a variety of vegetables practically
all year long using the dallou system of irrigation. This system utilizes animal power to draw water fr-
 shal low wells to irrigate small gardens.
 

In the southern 
third of the country, from Birni N'Gauri extending to and
around the Maradi region, traditional well gardening is practiced during the dry
season only, from September through April. 
 Water for the gardens is obtaird
from the dallols occurring in the region, 
or other locations where the water
table is high, using Duisette or calabash, shadouf, dallou and mechanized

methods for drawing water from shal low wells.
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C.4.a Puisette, or Calabash Systems
 

The team visited a small, irrigated garden at Boboye-Kolbou, about 30 kilo
meters north of Birni N'Gaoure. This small venture, operated entirely by women,

is supported by Africare. 
Africare finances construction of cement-lined wells
 
and fencing of the garden to protect against animals.
 

A small number of women have been growing onions in this village for over
 
30 years. 
This year, with the help of Africare, they have diversified their

cropping patterns and have greatly expanded the area under cultivation and the

number of participants. In addition to onions, they have planted tomatoes,
 
peppers, cz',bage, maize and squash. They are also shifting away from their
 
traditional onion variety toward the violet de Galmi for the export market.
 

The site at Kolbou contained 8.5 hectares of which 3.5 hectares were in
 
mango and guava trees and the remaining five hectares were devoted entirely to

vegetable growing. 
Each woman worked a plot of 360 rquare meters and shared
 
water from one of 38 wells covering the five hectares. Much of the produce was

sold to local villages. Surplus crops were dried for sale at a later date.
 

The plots are usually fertilized with manure and 15-15-15 orior to

planting. The women do not know the application rate. They receive technical
 
assistance from the Agriculture Service cf the MDR, which has a young agent

assigned to the perimeter.
 

Water to irrigate the vegetable plots is drawn by hand via a rope attached
 
to a calabash. The water is then carried to the plot and emptied onto the
 
plants. 
This year the women have tried two other methods to irrigate their
 
plots: sprinkler cans, which do not erode the ground, and earthen canals to
distribute water to their plots. 
The women were pleased with the canal system,

claiming that it used water more efficiently, saved time and increased yields.
The soils in this area are very sandy, usually to a depth of 2-3 meters. Irri
gations are conducted frequently throughout the day, especially during the hot
 
dry season.
 

The land in the gardens at Kolbou is not being utilized properly. Much

land iswasted and cultural techniques are not good. The onion crop was doinq

well, but the other crops were in poor condition. However, at the time of our
 
visit itwas nearing the end of the season and the plants were beyond their
 
prime.
 

Improvement is needed in areas of this type. 
This would encompass better

cultural practices, a uniform and timely utilization of improved inputs, an

orderly layout of garden plots and a 
more efficient water distribution system in

order to eliminate the time-cGnsuming task of carrying water from the well 
by

hand.
 

The team also visited a smal 1-holder garden area at Shindigui, near Bouza,

where Lutheran World Relief has been oroviding assistance. Since LWR construc
ted and gave to village women 10 cement-lined wells, 4.5 to 8 meters deep, the
 
number of participants has grown from 19 to 
135. The area farmed has expanded

in size from the original 4.5 ha. to a current area of 11.5 ha. All the land
 
resources in the 
area are now fully utilized, being served by 33 cement-lined
 
wells.
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The cement wells provide side-wall stability below the water table, thereby
increasing storage volume and reducing the number of wells required to irrigate
a given area of land. The wells are centrally located so they can be utilized

by four farmers. 
Each farmer draws water using a rope and calabash, and dumps
the water into a bed of millet stalks at the head of a canal. The millet stalks
 
prevent erosion. The water then flows into a system of small 
soil channels and
is diverted into basins as needed, usually by children. Many of the farmers in
this area have dug a traditional second well within their individual plots. 
The

farmers stated that they need a second well 
to compensate for a slower recharge
rate during the hot dry season, the primary onion and vegetable growing period.

Farmers usually draw water twice a day, waiting for the wells to recharge between drawing times. Plots are 
irrigated twice a week at the beginning of the
 
season and twice per day during the peak 
season.
 

The entire area of the Shindigui perimeter is well managed by the farmers.
 
Land is utilized to its maximum capacity and weeds are not seen, in other
as 
areas. 
A UNCC agent provides technical assistance as needed. He visits the
 area early in the season, measures farm plots and issues a specific fertilizer
 
package. Usually it is a 15-15-15 (total amount is unknown) and is free,
financed from a 400,000 FCFA revolving fund replenished each year via a 1,000
FCFA per member contribution. Farmers obtain yields of 15-20 tons per hectare
 
for tomatoes and 24-32 tons for onions.
 

The farmers at Shindigui have been experiencing marketing problems. 
Next
 
season they plan to begin growing garlic on a limited scale and to shift away

from tomatoes and onions.
 

Inthe Goulbi Valley outside Ilaradi, the team visited several small irri
gated systems using shadouf, dallou and small motor pumps to irrigate. All

three systems experienced similar agronomic and marketing problems.
 

C.4.b Shadouf Irrigation Systems
 

The shadouf is a traditional water-lifting device that consists of a long

pole attached to an axle wi- a calabash attached to a long rope at one end and
 a weight at the other. 
Water is lifted and deposited into a distribution canal
which carries the water to the olot to be irrigated. This system requires one
 
man to lift the water and another, usually a child, to irrigate the plots. This
system can draw water from approximately six meters. One shaduf can 
irrigate
0.2 to 0.25 hectares, depending on the size of the reservoir and the depth of the
 
well.
 

C.4.c Dallou System for Irrigation
 

Under this system, water is lifted by oxen from wells that are 4-6 metersdeep. The water is lifted in a leat,.er bag containing approximately 20 liters

of water. The bag empties into a sloping metal trough which drains into a
 
concrete reservoir. !t takes approximately 30 seconds to draw 20 
liters of
water. At the base of the reservoir an open metal pica releases water into an
irrigation channel. One individual then distributes the water to the plots.
 

V/Next season 1984, the fertilizer will be sold at the rate of 25 CFA per kg.
 

http:leat,.er
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C.4.d Small Motor Pump Systems
 

I observed only one small scale motor pumping operation on my field trip.
 
The farmer owning the pump in question had paid 250,000 CFA for it in Nigeria.
 
He did not know the rate of discharge nor the horsepower of the unit. When
 
operating, the pump discharged a steady stream of water about 7.5 cm. in dia
meter. As compared to the dallou system, this method of pumping water was
 
clearly superior as far as the time required to irrigate a given sized parcel.
 
However, the farmer is a considerable distance from a repair shop and parts
 
supplier, so unless he has enough cash on hand to travel long distances when the
 
pump breaks down, he risks losing his crop. This particular farmer was quite
 
adept at repairing his own pump and had the entire pump broken down for cleaning
 
earlier in the day when other team members stopped to interview him. By the
 
time we arrived, the pump was operating again.
 

C.4.e Agronomic Practices and Problems
 

The agronomic problems witnessed within the various micro irrigation sys
tems around Maradi were similar, perhaps because they shared the same river
 
valley and marketing area. All the farmers used 15-15-15 and organic matter to
 
fertilize their gardens, but none knew the amounts. Most irrigated once every
 
two or three days at the beginning of the dry season, progressing to twice per
 
day for lettuce and onions as the weather becomes hotter and the subsoil dryer.
 
The farmers provided their own onion and lettuce seed, the dominant crops in the
 
area, and purchased tomato and pepper seeds.
 

The soils in the area were of a sandy loam texture that is prone to disease
 
and insect problems when vegetables are grown. Inspection of carrots revealed
 
heavy nematode infestation. The only economic control of nematodes in this
 
situation would be to cultivate a catch crop of groundnuts or cereals in rota
tion with vegetables. From this point of view, the common practice of planting
 
the dryer of these soils in sorghum during the rainy season should definitely be
 
encouraged.
 

D. Agronomic Constraints on Increasina Yields Under Irrigation
 

Lrrigated agriculture in Niger faces several agronomic constraints. These
 
affect primarily production in the rice/rice and the grain/vegetable production
 
systems.
 

D.1 Water Availability
 

There are periods (May through July) when the Niger River is too low to
 
supply sufficient water to the intake structures of the pump stations for the
 
rice perimeters. This situation delays the planting of both the rainy season
 
crop (which is normally planted in July) and the subsequent dry season crop,
 
with a depressing effect on yields. In regard to the Maggia Valley schemes it
 
appears that overall water quantity, as opposed to the timing of water availa
bility, is the primary factor limiting agricultural production. Rainfal
 
largely determines how much water from the reservoirs will be needed for supple
mentary irrigation. What remains in storage then determines how much land can
 
be irrigated during the following dry season. The dry season, therefore, is the
 
period when the critical water management/distribution issues arise.
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D.2 Labor Availability
 

During the months of June to August, several agricultural o{,rations overlap. During this period farmers harvest their first rice crop, weed their traditional millet crop and plant the second crop of rice. At this time available 
family labor is not sufficient to meet the large demand for labor, 
In addition,
many farmers do not have the financial resources to hire labor. 
As a result,

farmers increase plant spacings, let some cultural practices slip and eliminate
 
others. All these factors depress yields.
 

D.3 Land Availabilit
 

To date, the most desirable and readily accessible land for irrigatior. 'rom 
surface water sources has mostly been exploited. The projected Kadaji Dam project would yield an additional 140,000 hectares of river terraces for irriga
tion. These soils are predominately sandy ard are considered marainal for irri
gated agriculture. 

There are other areas in the north and southeastern regions of Niger with
 
soils more suitable for irrigation. Water for irrigating these new areas can be
obtained from the existing dallols occurring in the ,'egions and where the water
table is high. However, many of these areas are isolated, with little exi~t'.i

infrastructure. Obtaining the capital necessary to develop them would pose a
 
significant problem.
 

D.4 On-Farm Water Management Practices
 

Water management practices are poor throughout the different irrigation

schemes, causing needless waste of a scarce resource. Efficient irrigation
demands well-timed, disciplined and coordinated work--three attrbutes whir. at
the present are not forthcoming on irrigated perimeters within Ni4,er.
 

D.5 Poor Seed Ouality
 

Rice varieties introduced some years ago are no longer pure. R-15 will

reach that state shortly. 
Many other seeds planted under irrigated con-;ilions

have a low yield potential. 
 At the present time only CFDT, the cotton organizd
tion, conducts an intensive varietal testing program and releases rew varieties 
regularly.
 

D.6 Utilization of Imoroved Inouts
 

Fertilizer is applied indiscriminately to various irrigated crops. T is
 
an inefficient practice. 
On-farm testing of different rates of fertilizer z..
plications for different crops on various soil 
textures, utilizinq different

cultural practices and irrigation conditions is needed. A similar testing pro
gram for the use of pesticides for various crops under irrigation is also Im
perative. Present plant protection activities 
are ineffective.
 

0.7 Crooping Systems/Monoculture
 

Continuous cropping of rice is causing a buildur of soil dis _ases and in
sect pests that are reducing yields and that are difficult to el iminate. 7or
two major diseases first appearing in 1982, bacterial blight and .ellow rm..tle, 
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there is no direct control other than developing resistant varieties. 
Rotation
 
of rice with a high yielding sorghum variety would break the monoculture cycle

and reduce the virulence of these diseases.
 

D.8 Climatic Conditions
 

In January and February it is too cold to plant rice. If farmers are not

able to plant in December, they must wait until March. This usually 
means 
transplanting rice plants that are too old for maximum production. 

E. Current Irriaated Acriculture Research Activities in Niger
 

E.1 Cotton
 

The Comoagnie Francaise Pour le Developpement des Fibres Textiles (CFDT), a

private French firm involved in the development of the cotton industry in Niger,
conducts research on irrigated cotton. The basic cotton 
seed is obtained from
 
research stations located in Chad, Mali, Cameroon and the 
Ivory Coast. All are

under the direction of the Institut de Recherches du Cotoi, et des Texti1 es 
Exotiques in France. Promising cotton seed strains are sent from these 
stations 
via the main office of IRCT in Montpellier. CFDT, Niger, then field tests them 
under Nigerien clhimatic conditions, utilizing irrigation. 

CFDT" conducts its cotton seed field trials at three locations in Niger:
Djiratawa, Konni 
I, and Lossa. The field trials receive the same cultural prac
tices, fertilizers and pesticides recommended to farmers. All experimental

trials are conducted during the rainy season and receive supplemantal irrigation

when needed. These field trials repeated for two years before accepting a
are 

new variety for multiplication and distribution. New varieties may last ,rom

three to five years before being replaced by a new one.
 

E.2 Lossa Irrioated Croos Research Substation
 

The Lossa station began operating in 1977 under DGRST of France with the
 
purpose of conducting research on irrigated terrace agriculture. In 1981,
GERDAT took over the station from DGRST. Reportedly, it will pass to ONAHA in 
the near future.
 

The Lossa perimeter is irrigated by electric pump from the Niger River.
 
The station covers 24 hectares divided into one hectare parcels. The experiment

station operates 16 parcels and the remaining eight are worked by four pilot

farmers with two hectares each. At present the substation realizes two croos
 
per year. 

The substation operates three research programs: introduction of new vari
eties, alternative irrigation techniques and rehabilitation of experimental 
soils.
 

E.2.a Varietal Trials
 

The station tests sorghum, wheat, maize, groundnut, cowoeas and cotton 
varieties. It has obtained experimental yields of three tons per hectare for
wheat, six tons for sorghum, four tons for maize, 3.7 tons for groundnuts in the 
shell and four tons for cotton. Cowpea yields were not available, but cowpeas
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From an operations point of view, irrigated agriculture in Niger is con
strained by several factors: poor cultural practices (plant spacing, weeding),
 
inefficient utilization of fertilizers, use of low potential seed varieties,
 
poor pest control practices, improper maintenance of irrigation systems, ineffi
cient water management practices, the lack of viable crop packages and the weak
ness of institutions responsibl. for developing and transferring new techno
logies and cultural practice information to farmers. To deal with these prob
lems, the following programs are recommended: 

1. Develop an applied/adapttve farming systems research and development
 
program for irrigated agriculture. This should include selection and field
 
testing of new high-yielding, disease-resistant varieties of major economic
 
crops and vegetables. It should provide for on-farm applied research on dif
ferent cropping patterns, including intercropping, which are of actual or poten
tial importance for limited resource farmers. This program should also provide
 
an adequate source of viable seed with periodi,, releases of new material to
 
replace varieties that have deteriorated.
 

2. Implement a program of fertilizer trials within the various irrigated
 
areas in the country that incorporates soil, plant density and water application
 
variables for important crops. These trials should be designed so as to provide

farmers with area, crop, soil and water specific recommendations for maximum
 
economical production.
 

3. Implement a plant protection program oriented toward irrigated agri
culture. This should include a program for continuously screening existing and
 
new insecticides for their effectiveness in controlling plant pests. It should
 
also provide information on pesticide preparation and use for specific crops as
 
well as the most effective methods of application. Efforts aimed at the direct
 
control of pests should be supplemented with breeding and selection programs
aimed at identifying crop varieties that are resistant to important diseases. 

±. Provide farm level training of farmers in cultural practices, use of 
insecticides, fertilizer application, irrigation techniques and water manage
ment. USAID should consider supporting a modified Benor (training and visit)

approach to extension training. This system utilizes progressive farmers to
 
communicate one simple agricultural message at a time to neighboring farmers.
 
This program would be most effective if integrated with the applied farming
 
systems research component recommended previously.
 

5. Develop ONAHA into a financially and administratively autonomous in
stitution with an -interest in making profits. Assist ONAHA to strengthen the 
technical skills of its extension agents through a serious in-service training 
program; increase the number of skilled ONAHA agents per perimeter; provide
 
management training to ONAHA perimeter directors.
 

Many other donors are actively providing assistance o irrigated agricul
ture in Niger. Some finance programs are already underway which relate to the 
above recommended actions. USAID will need to explore more fully wh&t the pro
grams intend to do and what, if any, additional support it might provide. '4ith 
so much needing to be done, full integration of donor and host government pro
grams relating to irrigated agriculture is essential. 
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THE ECONOMICS OF IRRIGATED AGRICULTURE
 
DEVELOPMENT AND PERFORMANCE IN NIGER
 

Emmy Simmons
 

A. Introduction
 

The full exploitation of land already developed for irrigated crop produc
tion in Niger could under present input-output relationships, produce about
 
'd,O00 tons of grain, 3,500 tons of cotton, 2,600 tons of potatoes, 85,000 tons
 
of onions, and 60,000 tons of other vegetables annually. Valued at 1984 prices,

this implies a potential contribution of over 16.6 billion FCFA to GOP, by

comparison to an estimated 146 billion FCFA contribution from rainfed crop pro
duction. This irrigated production would involve nearly 11,000 hectares (70
 
percent cropoed twice) by comparison to an cstimated five million hectares in
 
rainfed crops. Tables D-1 and D-2 present the bases for these estimations.
 

Actual production levels on irrigated hectares are, however, considerably

lower than anticipated. Prduction performance in the 1982 and 1983 seasons and
 
present levels of perimeter utilization indicate that Niger will realize only

26,000 tons of grain, 2,100 tons of cotton, 2,600 tons of potatoes, 73,000 tons
 
of onions, and 46,000 tons of other vegetables from about 8,000 irrigated hec
tares. This implies an addition of just under 11 billion FCFA to GOP, or a
 
realization of only two-thirds the potential (Table D-3). 
 It also implies

underutilization of established processing capacity for paddy and cotton.
 

Between 1965 and the present, Niger has directed investments of about 35
 
billion FCFA to the development of water control structures, primarily for the
 
purposes of increasing grain and cotton production on about 9,000 hectares.
 
Farmers on their own initiative annually invest an estimated 16 million FCFA in
 
structures to irrigate 3,000-4,000 hectares. Many of these structures last for
 
only one dry season production cycle. While one can assume that farmers' pri
vately-owned structures are all used to capacity in most years, the same is not
 
true of those which are constructed and managed under government ausoices. At
 
present, only abput 5,500 hectares of the 9,000 hectares which have been de
veloped by GNAHA or its predecessor agencies are in oroductive use.
 

!/"Perimeter" is used here to indicate an irrigation system designed by pro
fessional engineers with some degree of centralized water control.
 

1/ONAHA is the readily pronounceable acronym for the Office National d'Amenaqe
ments Hydro-Agricoles. A parastatal organization, it is charged with manage
ment of most perimeters.
 



Table D-1: 


Type of Perimeter 


Niger River cuvettes,

OHAIIA-managed 


Niger River terraces,

ONAIIA-managed 


"Interior" OUAlIA-managed
 
perimeters 


Maggia Valley, barrages,
OAllA-mana ged 


Goulbi-Dallol, indivi
dual, and small
 
coop enterprises 


Air gardens 


Komad!gou River
 
perimeters' 


TOTALS 

Value of Product on 
(million FCFA) 

Summary of Potential Irrigated Production from Already Developed Areas
 

Total Hectares
 
Ralny Ury- Potential Production ('000 MT)


Season Season Grain Cotton Unions Vegetables Potatoes
 

5,635 5,635 45.1
 

362 362 1.4 .... 10.9
 

1,840 1,015 2.0 2.0 20.0 10.0
 

1,143 0 1.5 1.5 

( 3 ,0 0 0 )b 3,000 (1.8) -- 60.0 30.0 -

530 260 1.1 ...... 2.6
 

500 500 1.1 -- 5.0 10.1 

10,010 10,772 52.2 3.5 85.0 61.0 2.6 

16,620 5,220 420 3,400 7,320 260
 

Sources; Areas are largely from Annex I, Table I-1, supplemented by personal communication from Ralph Royer on

the Air, and the FAO feasibility study for Komadougou development. Yields are from the 1982 SOGREAH/Berger report
 
and Royer.
 

a/Includes Konni 1, Galmi and 219, hectares of Goulbi Maradi perimeters.
 
-/Not truly irrigated, as no supplemental water is applied to cover rainfall deficits. Not, therefore, included
 
in totals.
 

£/This information is decidedly vague. The CILSS assessment noteO 500 ha. developed, but no further detail was
 
d/ iyen.

-yrices reflect farm level prices, estimated as follows: 100 FCFA/kg. grain; 120 FCFA/kg. cotton; 40 FCFA/kg.

onions; 120 FCFA/kg. all other vegetables; 100 FCFA/kg. potatoes.
 

Sorghum and millet are officially sold at 80 FCFA/kg. (the official paddy price is only 90 FCFA/kg.), but
 
open market paddy prices (which should account for most of sales) are general1y higher. No value has been added
 
for by-products, which is likely to be a significant omission.
 



0-3
 

Table D-2: Summary of Potential Rainfed Crop Production in Niger
 

Hectares Yield Output Price Total Value
 

Croo ('000) (kg/ha) ('000 MT) Per Kg. (Million FCFA)
 

Millet 3,000 
 400 1,200 75 90,000
 

Cowpeas 944 180 170 
 100 17,000
 

Sorghum 717 600 
 430 75 32,250
 

Groundnuts 140 610 85 70 
 5,950
 

Cotton 6 425 
 3 120 360
 

Maize 12 780 9 
 20 180
 

TOTALS 4,819 
 145,740
 

Sources: 
 Hectares reported for 1980 by the Ministry of Rural Development (found

in the ONAHA Report for 1982); yield levels for all but cowpeas and

sorghum, same sources; cowpeas and sorghum are 
from Ithaca International
 
(1983); values are from Ithaca International price estimates. No by
product values are included. Again, this is possibly a serious omission.
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Table D-3: Estimated Actual Irrigated Production on Utilized Area, 1982 and 1983
 

Total Hectares
 
Kalny Dry Actual Production (,'000 MT)
Type of Perimeter Season Season Grain Cotton 
 Unions Vegetables Potatoes
 

Niger River cuvettes,

ONAllA-managed 3,395 3,466 21.4 


Niger River terraces,

ONAIfA-managed -- 0.364 ...... 


"Interior" OUAllA-managed 
 b
perimeters 1,600 700 1.0 
 .9 7.6 6.2 -

Ma(gia Valley, barrages, 81
ONAHA-managed 847 65 
 0.9 1.2 -- 1.3 -


Goulbi-Dallol, indivi-

dual, small coop 3
 

c
enterprises (3,000)c 3,000 (1.8) 60.0 30.0
 

1.r <.rd. I. 530 1.1 ..... 2.6 

Komadougou River 
perimetets 500 500 1.1 -- 2.0 3.1
 

YOTALS 8.i72 8,055 25.5 2.1 6?.6 40.9 2.6
 

Value of Production
 
(million FCFA) 10,754 2,550 
 252 2,784 4,908 260
 

S-6i6res: 
 Reports from ONAHIA on Tahoua Department and Niger River production. Royer for Air, Projet Maradi Report.(nm eo ) , 1984 ."" 

All footnotes fromr. able 1 apply.
 

a/fncludes IGC hectares for Galmi coming into production in 1983.
 
b/Includes 93 tons of dry season 
groundnuts grown in the Goulbi Maradi (Djiratawa) perimeter.
 

C/Again, not true irrigation, so has not been included in totals.
 

7 
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Farmers' major cash expenses in irrigated agriculture vary according to
 
crop, as is indicated in Table D-4. They range from a few thousand FCFA per

hectare for a vegetable production enterprise which manually lifts water from a
 
series of wells, to as much as 140,000 FCFA per hectare for pump-irrigated dry
 
season rice production in the ONAHA-managed perimeters in the Niger River val
ley. By contrast, farmers' cash costs for producing rainfed grain are estimated
 
to be less than 10,000 FCFA per hectare per season.
 

Farmers' most significant single operating expense on all types of systems
 
is labor. In irrigated systems, labor use is a function of both water applica
tion technology and crop. Gross margins per day of labor invested in irrigated
 
agriculture, assuming projected yield levels, range from an estimated 800 FCFA
 
per day for irrigated cotton to 1,650-1,750 FCFA per day for irrigated sorghum

and maize. Onions appear to earn its producer between 2,500 and 3,000 FCFA per
 
day.
 

Of the irrigated crops, rice has the lowest ratio of the value of produc
tion to the amount of cash inputs. Irrigated onions and qroundnuts have the
 
highest. Looking at this ratio for all crops--both irrigated and rainfed--one
 
can estimate that farmers' financial risk is lowest for rainfed crops grown

under traditional production conditions (no fertilizer, no animal traction),
 
relatively low for irrigated onions, groundnuts and sorghum, and relatively high
 
for irrigated rice and cotton. This risk assessment helps to explain farmers'
 
priorities in production.
 



Table D-4: Costs and Returns for Rainfed and Irrigated Crops, Per lectare, By Season
 

Labor Value of Output

Days Total Output (kg) (FCFA/k ) Gross Margin
 

Cash Costs (house- Hy- By- Total Per
 
Crop/System Item FUVlA hold) Product Product Product Product Value Hectare Day
 

RAINFED
 

Millet; traditional Seed 750
 
hoe technique Tools 2,300 80 430 3,400 75 1 35,650 32,425 405
 

Marketing 175
 

Cowpeas; grown as Seed 2,400
 
intercrop with Tools 2,300 21 180 700 100 35 42,500 37,050 1,748
 
millet Marketing 750
 

Sorghum; tradi- Seed 1,125

tional 	 Tools 2,300 106 650 5,200 75 1 53,950 50,275 474
 

Marketing 250
 

Groundnuts; tra- Seed 2,400

ditional Tools 2,300 103 635 1,900 70 35 110,950 102,750 998
 

Marketing 3,500
 

IRRIGATED
 

Sorghum; furrow Seed 2,000
 
irrigation; Fertilizer 7,000 94 2,500 5,000 75 1 192,500 154,400 1,643
 
gravity system Plowing 6,000
 

Interest 600
 
ONAIIA 10,000
 
Transport 12,500
 

Cotton; furrow Seed -- 326a 2,500 -- 1?0 	 300,000 262,400 805 
irrigation; Fertilizer 11,500
 
gravity system Plowing 15,000
 

Interest 1,100
 
ONAIIA 10,000
 

a/,. Maradi in 1983 rainy season, only 258 days were actually used for cotton production, although yields were also lower
 
than assumed by SOGREAI/Berger and costs were higher. Using Maradi figures, the gross margin per labor day would be
 
709 FCFA. The SOGREAII/Berger analysis suggests an alternative method of calculation based en hiring 124 days of labor
 
for weeding and harvest. At an additional cost of 43,000 FCFA per season, this method results in a return to family

labor and management of 1,086 FCFA.
 



Table D-4: 
 Costs and Returns for Rainfed and Irrigated Crops, Per Ifectare, By Season (Continued)
 

Crop/System 


Groundnuts; 

furrow irriga-

tion; gravity 

system 


Cowpeas; furrow 

irrigation; 

gravity system 


Onions; individual 

or small coop-

mananed; manual 

lift 


Onions; basin, 

gravity system, 

NAIIA-managed 


Cash Costs 

Item F-CA 


Seed and 

other costs
 

estimated to
 
be same as for
 
irrigated
 
sorghum
 

Seed and 

other costs
 
estimated to
 
be same as for
 
irrigated
 
sorghum
 

Seed 80,000 

Fertilizer 9,500
 
Well 2,000
 
Marketing 246,000
 
Wage labor 90,000
 

Seed 80,000 

Fertilizer 9,500
 
Interest 700
 
Plowing 10,000
 
ONAHIA 10,000
 

Labor 

Days Total Output (kg) 

(house- BY-

hold) Product Product 


196 2,027 5,400 


196 1,000 3,800 


326 30,000 


326 30,000 ? 


Value of Output

(FCFA/kg) 


By-

Product Product 


70 35 


100 35 


50 ? 


30 ? 


Total 

Value 


330,890 


233,000 


1,500,000 


900,000 


Gross Margin
 
Per 

Hectare Day 

292,790 1,494 

194,900 994
 

1,072,500 3,290
 

789,800 2,423
 

b/Assumes that individual/coop delivers onions in sacks to wholesalers. 
Costs are: materials, labor for sacking, trans
port from field and are estimated to equal 615 FCFA/sack of 75 kg.
 



Table D-4: 
 Costs and Returns for Rainfed and Irrigated Crops, Per Ilectare, By Season (Continued)
 

Crop/System 


Rice; ONAHA-

managed peri-

meter; pump; 

basin irrigation; 

dry season 


Rice; ONAIA-

managed peri-

meter; pump;
basin irrigation; 
rainy season
 

Maize; furrow 

1,726
 

irrigation; ONAIIA 

perimeter 


Cash Coits 
Item F(LFA 

Labor 
Days 

(house-
hold) 

Total Output (kg) 
uy-

Product Product 

Value of Output 
(FCFA/kg) 

By-
Product Product 

Total 
Value 

Gross Margin 
Per 

Hectare Day 

Seed 
Fertilizer 
Spraying 
Wage labor 
Plowing 
Thresher 
Transport 
ONAIIA 
Interest 

4,500 
16,000 

300 
40,000 
14,000 
20,000 
9,300 

32,000 
1,500 

283 3,500 2,400 95 10 356,500 218,900 773 

Same as 
dry season 

246 3,000 2,400 95 10 309,000 171,400 696 co 

Seed 3,000 87 2,000 5,000 85 5 195,000 150,150 

Fertilizer 
Plowing 
Interest 
ONAIIA 
Threshing 
Transport 

9,250 
7,500 
1,100 

10,000 
9,000 
5,000 

Sources: Rainfed data are taken from Ithaca International, Type I, traditional farms (1983). 
 Irrigated input/output data
are mostly taken from SOGREAH/Berger (Annex 9, 1982) with the exceptibn of the groundnuts data, which was takenas far as possibie from Maradi reports. 
Rice yields and prices were also revised to be more consistent with

Bowman's (198?) results and current market prices. 
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B. Direct Costs and Returns to Irrigated Cropping Systems
 

There are three types of grain-based cropping systems currently practiced

in Niger: 

-- In the ONAHA-managed perimeters in the Niger River Valley, a rainy 
season crop of transplanted rice is followed by another during the dry 
season. 

-- The crop rotation most common in all ONAHA-managed perimeters away
from the Niger River involves a rainy season crop of sorghum and cot
ton followed by a dry season fallow or a set of mixed grain and vege
table crops.
 

-- In the Air Mountains, individuals using bullock power lift well wat:r
 
to their fields to grow a rainy season crop of millet or potatoes,

followed by a dry season crop of vegetables or wheat.
 

Jointly managed irrigation systems tend to emphasize cereal, legumes and
 
cotton production. Individually managed irrigated fields tend to concentrate on

vegetables during both seasons. The onion-onion rotation of the Galmi area is
the most extensive example of this latter system, but small gardens around most

villages and the city of Niamey also fall 
into this category.
 

To understand the major factors affecting the productivity of each of these
 
cropping systems it is useful to consider them in
more detail.
 

B.1 The Rice-Rice System
 

Of the four major grains produced under irrigation, rice involves both the

highest costs and the highest 
returns per hectare. In 1982, the SOGREAH/Berger

(1982) study team estimated that average cash production costs paid by the far
mer each season were in the range of 130,000 to 140,000 FCFA per hectare. In
 
addition, the Government of Niger provided subsidized goods and services worth
 
75,700 FCFA per hectare per season. Gross returns at the farmer level, assuming

that the farmer sold all grain productiun (estimated at 3.5 tons of paddy in the

rainy season and 4.5 tons in the dry season) as well as all rice straw (2.4 tons
 
each season), were estimated to be 844,CjO FCFA per hectare. This assumed that
 
the farmer sold part of this paddy (1,500 kg. per hectare) to the Government at
 
the controlled price of 80 FCFA per kilo and all 
the rest at the open market

price of 120 FCFA/kilo. Revenues and costs at these levels would imply a return
 
to labor and Tanagement provided by the farmer and his family of around 1,000
 
FCFA per day.
 

In fact, however, yields are 
not as high as this, and costs may be signifi
cantly greater. The Suivi-Evaluation Unit of ONAHA (ONAHA, 1983) and a study

team from the Ministries of Rural Develonment and Plan sampied rice farmers
 

"/Present price levels of about 90--95 FCFA/kilo for paddy on both official and
 
open markets would result in daily returns between 900 and 1,000 FCFA.
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during the 1982 rainy season. They both found averaqe yields of only 3.3 tons
 
per hectare and cash costs of over 200,000 FCFA per hectare. Both studies
 
evaluated all production at the 1982 official price of 80 FCFA per kilo and
 
found net revenues to be about 50,000 to 60,000 FCFA. On this basis, farmers on
 
three of the perimeters sampled actually realized negative net returns to rice
 
production, and farmers on two other perimeters received net revenueF of less
 
than 5,000 FCFA per hectare. Only on three other perimeters were farmers esti
mated to have cleared over 100,000 FCFA per hectare. Assuming that each farmer
 
on these perimeters hired hal the labor to produce this rice crop and provided

the rest from family sources, the average return per day for each family worker
 
would have been only 400 to 500 FCFA per day, barely competitive with rainfed
 
millet.
 

Given in addition that each farmer only controls 0.26 hectares of irri
gated rice production in the Niger River perimeters, the Suivi-Evaluation Unit
 
concludes that farmers must have other sources of income to survive. Their
 
estimated revenue levels indicate that farmers participating in thi- kind of
 
production enterprise are likely to realize only 2,300 FCFA per month from their
 
efforts. The Suivi-Evaluation analysts suggest--and interviews with farmers in
 
Namarigoungou confirmed--that rain-fed crop production,, livestock-raising, trade,
 
and employment of family members elsewhere are considerably more important
 
sources of income than is rice production. This is an important conclusion to
 
bear in mind when constraints to increasing rice production and interventions
 
for releasing them are discussed later.
 

B.2 The Sorghum/Cotton--Fallow Vecetable System
 

In the mid to late 1960's, GON constructed seven surface dams in the Maggia

Valley. These dams were intended to provide supplementary irrigation for cotton
 
and sorghum during the rainy season, as well as substantial irrigation for a dry
 
season vegetable crop. Three factors hr"e prevented full realization of this
 
objective in the Maggia:
 

1. Several of the dams were breached with heavy rains in 1978, reducing
 
the water-holding capacity of the reservoirs;
 

2. Siltation has occurred much faster than expected, further reducing the
 
capacity of the reservoirs and increasing overflow after a hard rain; and
 

3. Below normal rains in the Maggia during many of the past several years

have often prevented the reservoirs from filling.
 

!/By comparison to an overall average yield of 2.7 tons per hectare reported for
 
the 1982 rainy season in all Niger River Valley perimeters (p. 37)
 

!/Which seems reasonable based on the amounts of expenditure (presumably cash)
 
reported. It is probably worth checking more closely into the methodology
 
used for these surveys before widely extrapolating the results.
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During the rainy season five of the dams provided supplementary irrigation.
 

The relative allocation of land to cotton and sorghum has also changed
 
within these systems. In the five Maggia Valley surface dam systems operatimng

in 1983, farmers planted a little morethan half of the total area to sorghum.

They also put a few hectares into maize and millet. This compares with the
 
intended proportion of two-thirds cotton, one-third sorghum.
 

The half sorghum-half cotton allocation has been approved by ONAHA, as it
 
makes a sensible rotation in terms of pest control and soil fertility. Further
 
increases in sorghum at the expense of cotton are frowned uoon, however, as
 
cotton is a national priority. Moreover, the GON feels that farmers need the
 
cash income generated by cotton in order to pay for irrigation and input charges

associated with'irrigated sorghum production--sorghum being largely consumed by
 
the producing households.
 

The apparent tendency of farmers to alter the cropping mix slightly in
 
favor of sorghum is understandable. Rain-fed crop production in the Maggia has
 
been very poor. At the same time, returns to labor in irrigated sorghum produc
tion are considerably higher than for cotton or rain-fed grains. The gross

margin analysis of sorghum production at fairly high, but realistic yield levels
 
(2.5 tons per hectare) reported in Table D-4 indicates an average return per day
 
per family labor of about 1,650 FCFA. This compares to a return of just over
 
800 FCFA per day of family labor expended in irrigated cotton production (and,

notably, harvest). Moreover, the Government of Niger incurs significantly

higher subsidies per hectare of irrigated cotton than it does with sorghum.

According to SOGREAH/Berger (1982), these amount to about 153,000 FCFA per hec
tare of cotton grown (over half of which goes for pesticides and spraying) as
 
compared to 55,000 FCFA for sorghum.
 

Given the problems with reservoir capacity in all the Maggia V/'ley dam
 
perimeters, the only dry season production which takes place is recessional
 
(decru) cultivation of vegetables and grains in the reservoir floor as 
the water
 
level drops. SOGREAH/Berger estimates the value of this production to be over
 
70 percent of that realized f'rom irrigated production. From the farmers' point

of view, this is obviously important as a source of income and food, but it is
 
not irrigation per se. The Maggia surface dam systems 
can all thus be charac
terized as using a sorghum/cotton-fallow cropping system.
 

Both Konni and the Goulbi Maradi perimeters utilize a rainy season rotation
 
of cotton and sorghum, though they are not technically located in the Maggia

Valley. Neither perimeter has yet attained anything like its planned caoacity
 
and both are still in the trial-and-error stage as far as cropping systems go.

To date, sorghum yields at Konni are averaging 1.1 tons per hectare as compared
 
to well over tv,o tons per hectare in four of the five Maggia Valley schemes;
 
yields of 1.1 tons of seed cotton per hectare in Konni compare to nothing less
 
than 2.5 tons in all five Maggia-barrage systems. Results at Maradi for the
 
1983 season were midway between 1.9 tons of sorghum and 2.0 tons of cotton per
 
hectare.
 

Both the Goulbi Maradi and Konni perimeters envision the eventual estab
lishment of a dry season grain, grain legume, or vegetable crop after the sor
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ghum and cotton harvest. Since Maradi is pump-based, and the water supply seems
 
fairly reliable, a current cropping intensity of 146 should not be too difficult
 
to maintain as the system expands. The perimeter's Applied Research Unit has
 
found that groundnuts do extremely well in the hot dry season (which is not good

for vegetables), producing, under experimental conditions, as much as four tons of
 
groundnuts in the shell and 
seven tons of green hay at-a time when forage prices
 
are very high. Actual yields in the 1982/83 season were two tons of groundnuts

and 5.4 tons of hay; these provided a respectable return of nearly 1,600 FCFA
 
per day of labor invested in production. Thus, vegetables would follow sorghum

and groundnuts would follow cotton in the rotation.
 

The managers of Konni perimeters I and II have not yet found the dry 
season
 
cropping system which will match their water resources (likely to vary from year

to year according to the rainfall and accumulated storage in the reservoirs)

with their market. While no hard figures are yet available for Konni I, expe
rience accumulated during the 1983/84 dry season suggests that the emphasis

which has been placed on wheat production in this season was misplaced. Re
ported yields are lower than anticioated aod the market for unmilled wheat is
 
not as good as projected. Still on trial in the fields are cowpeas and maize.
 
But, as the agronomist on the team noted, pest damage is very likely to reduce
 
cowpea yields substantially.
 

Trials on the Goulbi Maradi perimeter also indicate that cowpeas are not
 
likely to turn out to be the most effective dry season crops, nor is maize,

which proved to be a particularly heavy water user. Moreover, currently.-avail
able varieties do not respond well to fertilizer. Yields per unit of input
 
were, in fact, low enough to convince Maradi project management to drop maize as
 
a recommended crop.
 

B.3 The Air Mountain System
 

Detailed information on costs and returns for this system were not avail
able. Qualitative reports, however, indicate that the system is highly produc
tive and profitable. A family is said to be able to subsist on the produce and
 
income from 0.5 to one hectare of irrigated land. The Air farmers' dallou
 
system of lifting water from wells is also said to be sjfficiently effective to
 
have been recommended for use elsewhere in Niger. The Canadians sponsored a
 
small project in northern Niamey Department a few years ago and there were
 
scattered efforts by CFDT some years back to encourage individuals in the Goulbi
 
Maradi area to grow irrigated cotton using the dallou system of irrigation.

There has also been a suggestion that the Air farmers could. specialize in seed
 
potato production for the rest of the Niger provided transport, storage and
 
marketing problems could be solved. However, it is unlikely that the rest of
 
the farming system practiced in the Air can be transferred either whole or in
 
part to other irrigated areas in Niger. Weather and soil conditions make the
 
wheat, millet and potato production situation there unique.
 

!/There are reports that funding was stopped after one year of activity, but
 
they could not be confirmed. It would be interesting to know the reasons for
 
the cessation of funding if, indeed, they are true.
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B.4 The Vegetable-Vegetable System
 

There are several variants on the vegetable-vegetable system. The most
 
common is the fallow-vegetable rotation, with perhaps the next most common belq

the sorghum-vegetable rotation. 
The heavier fadama soils, which are well-suitzd
 
to dry-season, irrigated-vegetable cultivation, are often too wet during the
 
rains to support anything but weeds or sorghum. Nevertheless, there are garden
 
areas around many villages and the city of Niamey which can be--and are--suc
cessfully double-cropped with vegetables on a small scale. There is one large

area near Galmi which is well-suited to an onion-onion rotation. This latter
 
system appears to have been in operation using manual methods of water-lifting

and irrigation for several decades at least. Recently, much of the area was
 
incorporated into the ONAHA-managed perimeter at Galmi, using water supplied

from a newly-constructed reservoir.
 

Under the traditional vegetable-vegetable production systems, farmers pur..

chase few inputs. The major cash expEnse appears to be the seasonal construc
tion and maintenance of an irrigation well, estimated to cost about 2,000 FCFA
 
per season. Five or more such wells are 
needed for each hectare cultivated,

depending on the water level and recharge rate per well. Farmers often hire
 
additional labor as needed for vegetable production. Women appear more likely

to use unpaid family members as additional hands on their fields, Labor can be
 
a significant expense, as manual water-lifting is very time-consuming, requiring
 
as many as 600 labor-days to grow a hectare of onions, for example. As market
 
awareness has grown among vegetable producers, and as Lutheran World Relief,

Africare and others have demonstrated cemenc-!ined permanent wells, ,any growerS

have begun to a~d other purchased inouts to their dry season vegetable produc
tion operations . Fertilizer, imoroved seeds, permanent wells, pesti ides And
 
small gasoline pumps seem to be the inputs most frequently *dded--rou:.iIy in
 
that sequence.
 

Shadouf and dallou methods of lifting water for vegetable production seem.
 
to be common in the Maradi area. However, they have not spontaneously spread to
 
other areas, such as south of Madaoua, where production is just as intense
 
during the dry season and manual water-lifting involves great expense.
 

Onions are apparently the vegetable croo produced in the greatest volume,

followed by tomatoes, large sauash, sweet potatoes, okra and hot peppers. Sweet
 
green peppers and other vegetables seem to have more limited markets, although

the Komadougou Valley producers are said to specialize successfully in dried
 
green peppers-for the Nigerian market.
 

Onions appear to have the best export potential of all vegetables at this
 
time. They have an elastic market, a large demand, are relatively iniestruc
tible in transport and are amenable, when necessary, to on-farm proce sing in
 
order to increase shelf life. Fresh tomatoes face a more limited marKet, higher
 

1/No information was obtained on wet season vegetable oroduction, altoiigh

Galmi onion producers probably use similar inputs in both seasons.
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spoilage rates in transport and a3'- more prone to diseases than onions. How
ever, the dried tomato market in Niger is good enough to induce producers to
 
produce a surplus of fresh tomatoes for drying and later sale at a substantial
 
profit. The other vegetables have more limited local markets which seem to glut
 
easily.
 

It remains to be seen whether the Galmi perimeter managed by ONAHA will,
 
when fully operational, increase yields per hectare sufficiently over "tradi
tional" systems to make this a profitable enterprise. Galmi red onions are
 
apparently capable of yielding 50 tons per hectare under good producticn condi
tions (which the perimeter should provide), although it is currently estimated
 
that normal yields are around 30 tons. At 50 tons, gross margins per hectare
 
would rise to nearly 2 million FCFA and returns per day for management and labor
 
would go from the 3,300 FCFA estimated to be realized at 30-ton yields to
 
5,800 FCFA. Moreover, it seems quite clear on the basis of anacdotal evidence
 
that onion growers can generate enough profits in one season to generate savings

for investing in more inputs and infrastructure for the next. Farmers spoke of
 
adding more land, permanent wells and general enterprise expansion.
 

A grain/vegetable-vegetable rotatior is envisioned for the terrace peri
meters along the Niger River, with the emphasis apparently on the vegetables.

Since terrace perimeters represent the major development opportunity for irri
gated agriculture along the River (projected, post-Kandadji, at around
 
110,000 hectares compared to less than 30,000 for further cuvette development),

it will be useful to closely monitor results on the Tillakeina perimeter. This
 
ONAHA-managed perimeter has just been rehabilitated (new pumps, new canals, 
new
 
layout) after having gone out of business a few years back. It is presently

experiencing its first dry-season vegetable cycle under the new system. While
 
harvests are not yet complete, both production and marketing problems have
 
already surfaced. Pests, for example, reduced okra yields to 100 kilos per

hectare, unlikely to pay the redevance , much less a profit. Other vegetables
 
were finding the Niamey markets overcrowded with the output of ir" iidual pro
ducers who have gradually established themselves on the river banks on too out
skirts of the Niamey. Since these small garden owners seem to be moving f.om a
 
hand-watering technology to the use of small pumps, it can be assumed that they

have found profit levels sufficient to try to retain their markets. Proximity
 
to Niamey gives them an advantage ovei- producers on the terraces further along
 
the River.
 

C. Farm-Level Constraints on Irriiated Production
 

Many factors prevent Niqirian farmers from attaining projected levels of
 
output on presently irrigated land. These are well laid out in publications

from those organizations mcst concerned with irrigation development (such as
 
ONAHA and Projet Maradi). They are also readily confirmed in interviews with
 
farmers and project managers all over the country. Trying to prioritize these
 

/The fee determined by ONAHA and the cooperative to be the producer's share of
 
production costs incurred by the perimeter as a whole.
 

1
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constraints according to their relative impact on production, however, is not
 
easy, since the constraints vary by crop and in their effect on farmers in
 
different types of irrigation systems. For purposes of discussion, we have
 
classified the more commonly-identified constraints according to whether they:
 

1. 	Increase costs of production, both per hectare and per unit of output;
 
2. 	Decrease the volume of production; or,
 
3. 	Shift more costs and risk from the state to farmers.
 

C.1 Factors Increasing Costs of Production
 

Those factors which increase farmers' costs of production are:
 

1. 	Poor design of the water delivery mechanism;
 
2. 	Inefficient water-lifting and application mechanisms;
 
3. 	Inefficient application of fertilizer;
 
4. 	Pest attacks necessitating frequent spraying of pesticides; and,
 
5. 	Very small plot sizes combined with tractor or animal plowing services
 

which necessitate reconstruction of water control earthworks each
 
season.
 

As a group, these constraints are important disincentives to irrigated crop
 
production because there is little an individual farmer can do to relieve them,
 
especially given the organizationai structure of most irrigation systems in
 
Niger. All he can do is pay.
 

The first factor is primarily relevant to the ONAHA-managed perimeters
 
where poor design has reduced the economic life of the perimeters. In general,
 
Genie Rural engineers or outside consultants, using minimal soil and water in
formation, have tended to design "optimal" water delivery systems of a scale
 
large enough to warrant substantial donor financing. These perimeters, de
veloped in Niger over the last 20 years, were expected to be in productive use
 
for 40 to 50 years. Yet almost all of the perimeters which are to be rehabili
tated under the IBRO/CCCE/KEW Rehabilitation Project are less than 15 years old.
 
The complete abandonment of some perimeters (Sakoira) and the poor production
 
records of others provide additional evidence of the inadequacies of system
 
design.
 

New perimeters, such as Namarigoungou, have supposedly been designed so as
 
to "learn from experience." Unfortunately, the innovations seem to address only
 
narrow technical lessons: (1) minimizing system maintenance, which has been a
 
recurrent problem, by installing more costly cement structures in more places;
 
and, (2) rectifying basic design errors evident in other perimeters (electric
 
instead of diesel pumps, drainage systems, simpler water-control structures).
 
Adequate attention is still not being directed to the problem of soil hetero
geneity as World Bank specialists noted. Moreover, even with the benefit of
 
past experience and more time to undertake the necessary technical studies,
 
several areas included in the system at the planning stages had to be eliminated
 
latur. Only 1,650 of the planned 3,000 hectares proved to be irrigable. This
 
ger.rates higher costs per hectare actually cultivated and, consequently, higher
 
costs for farmers.
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Furthermore, it seems as though few, if any, organizational lessons have
 
been learned. It is our observation that technical system designs will need
 
further adjustment to reflect farmers' economic interests and management capaci
ties if future production is to meet anticipated levels for the projected life
 
of the infrastructure. As has already been noted, returns per farmer in the
 
rice-rice systems associated with the Niger River Valley perimeters are low and
 
the costs which they are expected to cover from their production--but over which
 
they have no control--are relatively high. Given the deiign changes being made,
 
it appears as though ONAHA's solution to management difficulties--such as far
mers not contributing adequate free labor for system maintenance--is to suDsti
tute capital for labor. It is not at all clear that farmers themselves would
 
have chosen this particular alternative if allowed to choose, and if user
 
changes accurately reflected the cost of the various alternatives.
 

Inefficient water-lifting and application mechanisms increase the cost of
 
water both per hectare and per unit of output. Such inefficiencies appear to be
 
common to all types of irrigated cropping systems, though they stem from dif
ferent causes. Some are mechanical in origin, having to do Yith poor pump

maintenance, poor location of pumps vis-a-vis water supplies , unlined canals in
 
areas of sandy soils, poor levelling of fields, etc. Moreover, the inability of
 
ONAHA perimeter managers and farmers to estimate crop water requirements and to
 
measure the amount actually applied leads to excessive water applications and,
 
consequently, excessive pumping costs.
 

The inefficient application of fertilizer is perhaps the factor which most
 
affects the per unit cost of output. Farmers frequently apply amounts too small
 
to have a discernable effect on output, or apply fertilizer at inappropriate
 
times, when the growth impact is limited or nil. Farmers also tend to apply
 
fertilizers which are available on the market, rather than those which are most
 
useful for the plant. This occurs in border areas where simple sunerphosphate
 
is applied because it is readily obtainable in Nigeria--even though nitrogen
 
would provide a more cost-effective source of plant nutrients.
 

The Suivi-Evaluation Unit oF ONAYHA reports an interesting set of observa
tions on fertilizer application in the rice-rice systems along the Niger River.
 
A sample of farmers revealed that only 18 percent applied the amount of fertili
zer recommended, that is, 100 kg. of 15-15-15 and 200 kg. of urea. The modal
 
number of farmers (30 percent) applied more, 200 kg. of each. However, this
 
greater application of fertilizer produced nearly 900 kg. less rice per hectare
 
as compared to the levels attained by farmers using the recommended amount. The
 
same yield-depressing effect of the 200 kg. NPK/200 kg. urea rate was noted in
 
research plots elsewhere. Furthermore, a number of very high yields were noted
 
on fields of farmers using less than the recommended amount of fertilizer.
 
Thus, it may be too early to conclude that the recommended dose is the most
 
cost-efficient amount. Alternatively, other unidentified factors are influ
encing yields.
 

!/In the Niger River Valley, poor pump location has necessitated installation
 
of relay pumping stations to move water from the river to the perimeter.
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Pest attacks which necessitate frequent use of pesticides are another cost
increasing factor. Breeding of varieties with better disease resistance may be
 
the most cost-effective way of reducing such costs. However, better weeding and
 
more thorough and timely applications of pesticides would increase their effec
tiveness, while the numbers of applications required for effective control. The
 
team agronomist emphasizes the importance of crop-rotation systems for control
ling plant pests.
 

Certain spraying technologies may further reduce pest control costs per
 
unit of output. Tests by the Applied Research Unit in Projet Maradi, for
 
example, showed both a cost-reducing and yield-increasing effect from experi
mental use of the electrostatic sprayer on cowpeas. It used fewer batteries
 
than the ULV normally uses and resulted in a yield difference of 200 kilos
 
across the varieties of cowpeas included in the test. Unfortunately, this tech
nology is not yet widely available.
 

Reconstruction of dikes, bunds and channels destroyed in the plowing opera
tion may not add significant cash costs to the production of rice, sorghum and
 
cotton, but it must demand additional labor at a particularly busy time of the
 
year for most farmers. Planting of rainfed crops and preparation of rainy sea
son irrigated fields both start with the first rains. According to labor data
 
in Table D-5, the household labor supply is stretched to its limits at this
 
time. This implies higher-than-average opportunity costs for labor expended on
 
fields at this time.
 

(
 



Table D-5: Hypothetical Household Labor Requirements for Rice-Producing Farmers in the Niger River Valleya
 

(Person-Days of Labor)
 

Month/Task 


MAY 

Soil preparation/nursery 

Bird-scaring

Harvest 


JUNE 

Soil preparation 

Plowing 

Seeding 

Threshing 


JULY 
Ridging 
Weedin 
Fertilization 
Cleaning canals/drains 
Transplanting 

AUGUST 

Weeding 

Irrigating

Cleaning canals/drains

Fungicide application 


SEPTEMBER 

Weeding 

Irrigation 

Cleaning canals/drains 

Hlarvest 


OCTOBER 

1rrigation

Cleaning canals/drains

Harvest 

Marketing 


Total Labor 

Required 


14.3
 

81.8
 

153.2
 

52.4
 

35.1
 

33.1
 

Millet Cowpeas 


........ 


.......... 


.......... 


32.4 	 3.2 

........ 


10.8 	 10.8 

.......... 


.... 

122.0 	 8.1 

...... 

........ 

........ 


27.0 	 8.1 

...... 

........ 

........ 


.... 


...... 


........ 

10.8 16.2 


...... 


........ 

10.8 --
2.7 10.8 


C R o P
 
Rainy Season 

Sorghum "Other" 


2.4 1.6 


0.8 3.6 


0.8 -
6.0 2.1 


0.3 


4.0 2.1 

1.2 


2.0 --
1.2 


........
 

1.2 


4.6 ......
 
0.6 ....
 

Dry Season
 
Irr. Rice Mr. Rice
 

1.8 	 -

2.5
 
10.0
 

0.6 	 -
hired 	 -
.... 

15.5 

....
 
1.5 	 -
0.4-

12.0 	 -

7.5 	 -
2.0 	 -
0.4 	 -
0.1 	 -

2.5 	 -
2.0 	 -
0.4 	 -

2.0 	 -
0.4 	 -

A/The hypothetical household is that of the Type I household in the Ithaca International (1983) report. The farm
 
produces 2.7 hectares of millet/cowpeas, 0.2 hectares of sorghum, 0.1 hectares of other dryland crops and 0.25
 
ectares of irrigated rice.
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Table D-5: lypothetical Household Labor Requirements (Continued)
 

C R 0 P

Total Labor 
 Rainy Season 
 Dry Season
Month/Task Required Millet Cowpeas orghum "ther" irr. Rice irr.RTse
 

NOVEMBER 
 17.3
Bird-scaring 
 -- .... 2.5 --Harvest 
 ...... 
 3.0 10.0 --Nursery establishment 

1....
1.8
 

DECEMBER 16.3
Threshing 

Soil preparation 15.5 

0.
Plowing .7-

hired
 

JANUARY 
 13.9
Transplanting 

12.0
Fertilizing 


-_ - ..... 1.5Cleaning canals/drains 
 .......... 
 0.4 

FEBRUARY 
 10.0

Weeding 
 .. 
 7.5
Cleaning canals/drains 
 ....-


-....
Irrigation 0.4 ,
....-


--... 
 2.0
Fungicide application 

.1
 

MARCH 


.1-


Weeding 4.9
 
.2.5


Cleaning canals/drains 
 ....-

-....
Irrigation 0.4
 

...... 
 2.0
 

APRIL 2.4

Irrigation 
 .2.0
 
Cleaning canals/drains 


- . 0.4 

Required annual total 434.2 
 or a monthly average of 36 days/month; peak of 153 days/month
 
Available from family sources 
 480.0 or a monthly average of .0days/month; peak of 60 days/month
 

Source:Y 
 Monthly breakdown is based upon subjective allocation of tasks and labor times noted in Ithaca International (1983) and SOGREAH/Berger (1982). Mclntire's data for Niamey Department rouqbly cojfirms the
subjective allocation of rainfed cropping schedule by months. 
For reasons of simplicity, both rainy and
dry season rice here are assumed to require the 
same number of days, although SOGREAH/Berger (and Table
D-4, above) note the probability of spending more days on dry season rice.
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C.2 Factors Depressing the Volume of Production
 

Farmers' total volume of output is affected by:
 

1. untimely planting or transplanting;
 
2. untimely water application;
 
3. poor weeding and pest control practices; and
 
4. use of poorly adapted or unviable varieties.
 

The first of two factors are often related in practice, especially in the
 
grain-based systems using surface water sources tied to 
the arrival of the
 
rains. In the Niger River perimeters, rice is often said to be transplanted

"too late," (that is, late July) with the result that seedlings are too old,

tillering is reduced, yields suffer and the planting of the dry season crop is
 
delayed--with similar output-reducing effects. There are two apparent reasons
 
for this untimely rainy season transplanting. First, when the river flood ar
rives later than normal (as has been the case in the past two years) trans
planting must be delayed until 
there is enough water in the river to sustain the
 
crop. Secondly, farmers must plant and weed their main millet crop during this
 
same period of time. Even a summary look at the probable monthly labor require
ments in Table D-5 indicates that most households would find their labor
 
resources stretched thinly during this period. Interviews with farmers in Nama
rigoungou confirmed this labor bottleneck in July/August. Moreover, many far
mers find it hard to hire labor in order to do a timely transplanting operation

because it requires substantial amounts of cash at a time when cash resources
 
are low.
 

All of these constraining elements lead to a prolonged period of trans
planting in the rice perimeters with the result that some plots will be near
 
maturity while others are still in the grain development stage. According to
 
water distribution figures, water is pumped to the fields even 
when 95 percent

of the grain is nearly ready for harvest and should be drying out. It appears

that farmers continue to apply water at this time simply because it is there,
 
even though it is likely to reduce rather than increase yields at this stage of
 
growth.
 

The negative effects of untimely planting and watering in the Maggia Valley

surface dam perimeters are just as real, but stem from somewhat different
 
causes. 
Because none of the dams is capable of holding water throughout the dry
 
season, planting cannot start until the reservoir has captured enough water to
 
support germination. Irrigation can, of course, only continue if there is
 
replenishmint of the reservoir during the well. In 1983, crops in
season as 

both Konni and Tounfafi perimeters were reported to have s ffered from low
 
availability of water in the reservoirs at critical periods .
 

!/Konni is not in the Maggia, but it has a similar system of water supply and
 
delivery.
 

!/Cotton yields on the Tounfafi perimeter averaged 200 kilograms less than on
 
the othe, Maggia Valley perimeters, and those at Konni averaged over
 
1,000 kii,.grams less.
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Untimely land preparation also contributes to planting delays in both rice
rice and other grain-based systems. Most perimeters now use traction on
animal 

an organized, but decentralized, basis to prepare land for planting. 
 In principle, each perimeter should have one pair of oxen to 
plow every five irrigated

hectaresi. In practice, 
oxen plowing has often been less productive than

expected (three to five days/hectare, depending on the soil) with the result
that some perimeters do not have enough animal traction units to do the job when
 necessary. Moreover, health services necessary to keep the animals working

steadily are not always adequate. Whether the resulting plowing and planting

delays have had significant yield-reducing effects by comparison to other fac
tors already noted is not known.
 

Evidence on the yield-reducing effects of poor weeding and pest control

practices is largely site-specific, but some illustrations suggest the magnitude

of the potential negative impact. 
 ICRISAT (1983), for example, found that

delays in the weeding of rainfed millet reduce potential yields by nine kilos
 
per day of delay. Given the relatively low millet yields, even a week's delay
in weeding could mean a possible loss of 15 percent of total potential output.

The dramatic decline inyields due to ineffective pest control (which, to be
 
fair, may or not have been due in this instance to poor practices) is illus
trated by the 100 kg./hectare yields for okra obtained in the Tillakeina peri
meter in the 1983/84 dry season . Reasons for poor weeding and pest control
practices obviously vary, butseem most often to involve competing labor demands
 
at the farm-household 'level, lack of pesticides and overall 
poor crop manage
ment.
 

Poorly adapted varieties or unviable seeds are other apparent causes of low
yields. 
 Varieties with poor 'est resistance and intolerance to high soil tem
peratures have perhaps the most serious yield consequences for vegetable crops.

But the lack of cold-tolerant varieties of rice for dry season production and
the degeneration in seed quality associated with continued use of the 
same rice
variety appear to have greater negative effects on overall yields of rice.
 

The low potential of availabl-e maize varieties led the Maradi project

management to exclude maize from the perimeters' crop rotation until more
responsive varieties are available. It is likely that the Galmi perimeter mana
gers will come to a similar conclusion when the results of its maize and cowpea

trials are compared to those from onions. 
 An ONAHA report for Tahoua
 

!/Conversion from tractor plowing services began in 1982 under a Caisse Centrale
 
project. Some perimeters do not yet, however, have the targeted number of

animal traction units in place. ONAHA reports that demand is still greater

than supply.
 

/InMoulela and Konni observers indicated that the first weeding of irrigated

fields was often delayed a month or more.
 

I/Expected yields for irrigated okra 
are in the range of four tons per hectare
 
(PLet Fruitier Gayla, 1984).
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(Briend, "1984) suggests that millet not be planted in the Maggia perimeters

since even with irrigation and fertilizer, yields will not exceed 1.5-2.0 tons
 
per hectare.
 

Varietal tests of sorghum conducted by INRAN/ICRISAT i..the Konni perimeter

during the 1983 rainy season indicate that the generally recommended improved

variety (L 30) may not be as well adapted to irrigated production conditions as
 
1/2 MSB (Briend, 1984). Test yields of the latter variety were over two tons
 
greater than those realized with L 30. Such tests are not (.,-clusive, of
 
course, but demonstrate well the need for--and potential returns to--the identi
fication of varieties suited to the particular soil-water-temperature conditions
 
in different perimeters.
 

C.3 Factors Related To Financial Burden and Risk
 

In all the perimeters managed by ONAHA, there has.been a continuous reallo
cation of financial responsibility from the state -o the farmers in the form of
 
higher user fees and reduced subsidies. This trend is likely ;.o continue or
 
even be intensified with the perimeter rehabilitation and Societe de Develoope
ment programs. This redistribution is occuring both directly and in.directly.

TE-net effect is to shift a substantial part of the financial risk of irrigated

farming to farmers, with a consequent negative impact on production levels.
 

The first major shift involves discontinuing ONAHA tractorized land pre
paration services in favor of farrier-owned animal traction :,r~t3. Rather than 
ONAHA continuing to provide services worth 29,200 FCFA per ,ctare per season 
while charging farmers only 11,000 FCFA, the CNCA :-ow provices Farmers with 
credit to purchase animal traction units. Each co:.perati,e should have one 
animal traction unit for every five hectares of ir"iated land (that is,one 
plowing unit for every 20 plotholders in rice-rice yste;rs), but ONAHA reports 
more demand for traction units than it can supply. Aneccotal evidence indicates 
that the slowness of the animal traction plowing services is putting farmers'
 
production schedules and other investments more at risk than before, though

further factual analysis is required. Moreover, details on the recayment rates
 
for this program need to be examined in order to assess the r:unt of financial
 
burden that farmers have actually assumed in this program.
 

The recent abandonment of the credit program for fertilizer shifted an
 
additional financial burden/risk from the state tc the farm, While
 
UNCC/ONAHA still provide subsidized fertilizer supplies to c.operatives, access
 
to these supplies in the last couple of seasons has been on a cash-only basis in
 
most perimeters. As many observers feel that farm.-rs apply fertilizer at the
 
level they can afford, rather than at the levels rcommended (borne out by fieid
 
observation!; of ONAHA's Suivi-Evalution Unit), the lack of credit may have a
 
significant affect on use of fertilizer and crop yielu,. The lack of complemen
tary fertilizer may also raise the risk of realizi-g less-than-expected returns
 
to the inputs of water or labor.
 

A third shift is already in the works--both zt the or:-~tional level in
 
ONAHA and at the level of national discourse on ti:- princi>>s of the Societe de
 
Developpement following the Zinder Seminar. Itw'!l invclve the gradual asump
tion by the farmers (through cooperatives) of the ..osts of central perimeter
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management and agricultural extension services. While farmers in ONAHA peri
meters are already paying some of these costs in their redevances, SOGREAH/Ber
ger (1982) estimated that approximately 46,000 FCFA worth of services per hec
tare irrigated were not being covered in 1982. At the same time, the Government
 
of Niger intends to move toward open-market pricing of inputs, ridding itself of
 
the financial burden associated with input subsidies amounting to 14,000 FCFA
 
per hectare of irrigated rice.
 

In principle, all these changes should have the effect of making the far
mers more efficient users of expensive resources by bringing financial and
 
economic returns more into line. However, many water delivery systems in peri
meters are designed in such a way that only centralized monitoring of water use
 
is possible. No monitoring or measuring structures at sector or plot levels are
 
in place to encourage farmers to be more water efficient. Thus, the problem of
 
good farmers subsidizing poor farmers is likely to become a more important issue
 
at the perimeter level.
 

In addition, there are likely to be some second thoughts on the part of the
 
government with regard to the cropping systems followed in the Maggia and Konni
 
perimeters. Farmers in these perimeters have thp greatest personal financial
 
interest in producing relatively more sorghum than cotton, and only high current
 
subsidies and perimeter-level supervision make cotton as attractive as ic is.
 
Withdrawal of both subsidies and regulation would impl- ',he need for CFDT to pay

considerably higher s2ed cotton prices to farmers in order to maintain the pre
sent level of production.
 

D. Sectoral Choices: The Government's Options for Irriaatei Pqriculture
 

Building on this fairly lengthy description of irrigated pr'oduction systems

and constraints to increased productivity of irrigated agrirwel ...."-ar.
 
can briefly look at some of the sector level choices whicn the Government of
 
Niger is facing. Obviously, those options in which the government's and far
mers' interests are most congruent have the greatest chance of sustaining irri
gated crop production and, therefore, the greatest probability of generating the
 
expected flow of benefits over time.
 

On no perimeter to date has production proved sustainable over time without
 
substantial subsidies or additional investments in structures or equipment.

This failure has been attributed to many factors, including:
 

-- Institutional difficulties on the part of ONAHA, UNCC, RINI and the farmer 
cooperatives; lack of training, inadequate accounting at the cooperative

levels and inadequate staffing (IBRD, et al., 1984).
 

--	 Insufficient data about surface and groundwater availability; underesti
mation of potential siltation rates in the watersheds behind the Maggia

barrages; the unprofitability of rice production when yields fall below
 
2.5 tons per hectare; and failure of technical systems due to inadequate
 
repair facilities, e.g., for the pumps at Sakoira (SOGREAH/Berger, 1982).
 

Our own observations confirmed the importance of many of these factors and
 
identified several more: lack of knowledge about crop water requirements; insuf
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ficient information about soil conditions and how to deal with them through
 
water management and soil improvement measures at the perimeter level; very thin
 
management staff on very complex, centrally-managed systems; real labor shor
tages at the farm household level; and, on ONAHA-managed perimeters in particu
lar, virtually no physical or organizational mechanisms For encouraging indivi
dual farmeri to use water efficiently--while there are plenty of incentives for
 
free-riding .
 

These are all factors--and there are certainly others--which the Government
 
of Niger should consider before taking the next step in developing irrigated
 
agriculture.
 

D.1 Expanding Irrigated Surface
 

Expanding the area under irrigation seems to be the broad option currently
 
most consistent with Government priorities for increasing national food produc
tion. Six interventions could assist the Government of Niger to achieve this
 
objective:
 

1. Construction of the Kandadji Dam or other water storage structures in
 
t,. Niger River Valley;
 

2. 	further terrace development along the Niger River;
 

3. 	further cuvette development along the Niger River;
 

4. 	investing in market-expanding infrastructure which will encourage more
 
rapid private expansion of irrigated area: road construction in
 
selected areas, market information for irrigated crops, and agropro
cessing facilities;
 

5. 	provision of credit for inputs which substitute for peak season labor;
 
e.g., small pumps for private irrigation systems, more animal trac
tion; and
 

6. 	exploring possibilities for establishing tubewell perimeters in the
 
Maggia Valley, the Dallol Bosso or other areas with significant sub
surface water supplies.
 

Each of these potential interventions would relieve certain production
 
constraints at the farm level while generating othe-s. Better storage of water
 
in the upstream portion of the Niger River, for example, would permit advancing
 
the rainy season planting calendar for rice and might reduce the competition
 
with millet for labor. On the other hand, if the dam is financ.ed with user
 
fees, the level of financial risk borne by farmers would increase. This might
 
reduce current returns still further.
 

1/The one exception to this may be the strong local political leadership asso

ciated with the perimeter in Ibohamane.
 

http:financ.ed


0-25
 

Most of these potential interventions could be designed in such a way that
 
farmers would have about the 
same level of control over their irrigated crop

production activites as they do now (which is fairly minimal ir most cases).

Or, they could be designed so that farmers' control over water and complementary
 
resources would be enhanced. Terraces and cuvettes along the Niger River, for
 
example, could be deveioped for operation in smaller management units, with less
 
centralized pumping and water distribution systems. Farmers might also provide

more financial and in-kind contributions for both construction and maintenance
 
activities. This would relieve the Government's recurrent cost constraint 
some
what, as well. 
 But because terraces seem best suited to vegetable production,

the marketing constraint may severely limit profitability and would have to be
 
given careful consideration.
 

0.2 More Efficient Use of Water Already Controlled
 

The second broad ootion in the irrication sector which is ooen to the
 
Government is 
to foster more efficient use of the water already controlled.
 
Tfis approach is being promoted by the World Bank, the Caisse Centrale, and the
 
KFW as part of the proposed 11 billion FCFA Perimeter Rehabilitation Project.

Other activities that would improve the operating efficiency of existing irri
gated lands include:
 

1. A program of perimeter-specific and crop-specific fertilizer trials to
 
determine cost-effective application levels under differing soil and water con
ditions;
 

2. institutional reform at ONAHA and perhaps at UNCC, to reduce their cost
 
of providing goods and services and to facilitate assumption of these costs by
 
farmers;
 

3. emphasis on pest control measures; e.g., short-term control through

spraying interventions and longer te, 
 control through varietal selection for
 
pest/disease resistance;
 

4. varietal selection and seed multiplication to provide continuously

improved crop varieties for various soil-water conditions;
 

5. a series of measures to reduce water costs, such as more research on
 
crop water requirements-; developing extension messages and training curricula
 
on crop water needs, examining possibilities for substituting pumps for labor in
 
individually-managed irrigated areas;
 

6. a serious effort to address the issue of labor bottlenecks on the rice
 
perimeters by means other than exhortation. This could include such things as
 
exploring possibilities for broadcast seeding into flooded fields, 
use of herbi
cides, providing cash credit for hiring labor, or modifying the rainfed crop

production systems (perhaps further expansion of donkey traction);
 

1IThe team did not visit the INRAN/GERDAT substation at Lossa, the principle

site of crop/water research in Niger. Discussions with persons close to
 
operations at Lossa suggest that the substation is understaffed.
 

\1
 

\ 
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7. developing varieties and storage/processing methods which can cost
effectively reduce postharvest losses, particularly for perishable crops; and
 

8. measures which would slow the rate of infrastructural deterioration,

largely in the realm of training--for farmers on canal maintenance techniques,

and for pump operators on pump maintenance--but perhaps also in selective rein
forcement of infrastructure (more cement canal linings, for example, in sandy

areas).
 

E. Conclusions and Recommendations
 

Irrigated agriculture in Niger is remarkably productive, given its rela
tively short history. Construction and management costs are not excessively

high by West African standards. While average costs are likely to rise as more
 
difficult sites are developed and less accessible water sources are tapped,

design changes could greatly temper that rise. Repo'ted yields fi.r irrigated
 
crops are high relative to those achieved in perimeters elsewhere in the region.

The Office du Niaer in Mali, for example, rarely records average yields in
 
excess of 1.5 to 2.5 tons of paddy per hectare, while in Niger average produc
tion in the range of 2.5 to 3.5 tons is common. Normal onion yields of 30 tons
 
per hectare obtained by Galmi and Madaoua producers are good .y any standard.
 

Furthermore, there appears to have been a substantial amount of private

initiative in irrigation in Niger during the last decade or so. This reflects
 
an increasing asareness that the long-term solution to the effects of recurrent
 
droughts may well be in fuller exploitation of surface and groundwater
 
resources. 
 Even farmers regularly using irrigation for crop production, how
ever, still consider their rainfed crops--millet, sorghum, cowpeas--to be their
 
principal agricultural activities, with livestock an important complementary

enterprise. This situation is likely to continue for some 
time for two reasons:
 
first, the area of land presently under irrigation is small and likely to remain
 
limited until storage capacity on the Niger River is significantly increased or
 
tubewell technology is developed to tap underground sources; and, second, the
 
government has adopted a policy of allocating each family (with two active wor
kers) only 0.25 hectares in rice-rice dnd grain-vegetable systems and up to
 
0.75 hectares in supplementary irrigation systems (such as those in the Maggia

Valley). Neither of these levels of irrigated farming are sufficient to support
 
a family of five members, even at very high levels of productivity.
 

From a national perspective, expansion of grain-based irrigation systems

has been promoted as an attractive option for food self-sufficiency. From a
 
farmers' perspective, however, expansion of such irrigation has provided only a
 
little additional family food security but a significantly greater financial
 
risk. Individual farmers' investments in irrigation have reflected their own
 
perspectives. They have concentrated on irrigating high-value cash crops where
 
the financial reward is commensurate with the financial risks and the oppor
tunity cost of labor.
 

The Government of Niger has supported its view of irrigation by channeling
 
more than 35 billion FCFA into the establishment of irrigated perimeters pri
marily for the purpose of producing grain. Farmers have been induced to devote
 
considerable effort to irrigated grain production by the subsidized provision of
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water, management services and other inputs and the promise of a fairly reliable
 
level of output. The single crop on which farmers' and national 
interests con
verge is irrigated sorghum. It seems to have the potential to provide both
 
increased amounts of food and a relatively high value of output per unit of
 
input.
 

Capital for further expansion of irrigation infrastructure does not seem to
 
be a significantly constraining factor at the national 
levei, although financing

requirem'ants for the proposed Kandadji Dam may test this assertion. Capital at
 
the farmers' level, however, may be constraining further expansion of private
 
sector irrigation activities. More capital in the hands of farmers would pro
bably encourage investments in cement-lined wells and in small gasoline pumps,

both of which would allow the same amount of labor to farm a greater area.
 

A more important restriction on increased productivity of both national and
 
private systems, however, appears to be that of skills--that is, people with a
 
knowledge of water management techniques which will enable them to make more
 
cost-efficient use of this limited resource. This includes a knowledge of agro
nomic techniques suited to the intensive modes of production which irrigation

requires. It also includes the general administrative skills needed to facili
tate joint management of a common resource and, in some cases, a set of common
 
water delivery facilities. Thus, investments in human capital to do the
 
research, training and extension needed to realize the full potential of exis
ting financial investments in structures may be a more productive use of funds
 
than additional direct investment in infrastructure itself.
 

Such investment in skills development would be quite complementary to the
 
other types of sectoral investments which are necessary to realize the full
 
potential of irrigated agriculture in Niger; i.e., (1)the provision of inputs

for production (fertilizers, tools--both for cultivation and system mainte
nance--pesticides, herbicides, certified seeds); (2)the establishment of sup
port infrastructure (research facilities on perimeters, storage buildings,

cooperative buildings, training centers, vehicles); 
or (3)the expansion of
 
roads, market information and agro-processing facilities.
 

In sum, it is recommended here that AID adopt increased oroductivity of
 
resources used in irrigated acriculture as its sectoral objective and seek to
 
achieve this objective by:
 

1. Supporting measures to reduce operating costs, such as:
 

Training farmers and ONAHA managers alike in techniques which
 
will allow them to manage water more efficiently;
 

--	 testing modifications of present systems ,hich can give farmers 
and ONAHA managers the additional information about crop water
 
requirements and about water use which they will need to apply
 
the techniques;
 

--	 re'earch on cost-effective levels of inputs under different soil 
and water conditions; 
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--	 development of lower-tech means of system maintenance; and 

--	 developing realistic means of handing over operating functions to 
farmers (probably through training and some provision of equip
ment); 

2. 	Focussing on ways to reduce labor bottlenecks, particularly in the
 
Niger River Valley, by means such as:
 

--	 Finding less labor-intensive ways to plant the rainy season rice 
crop than transplanting; or 

--	 testing a cash loan program to permit farmers to hire labor on a 
timely basis (for either rainfed or irrigated tasks in July and 
August); or 

--	 testing an alternative crop for rainy season irrigation which has 
lower labor requirements without sacrificing overall yields (sor
ghum seems an obvious candidate); or 

--	 mounting a general farming-systems research effort fecussed on 
farmers whose cropping systems include both rainfed and irrigated 
crops; and 

3. 	Providing farmers with more choices that allow them to reduce their
 
risk and to *op a sus tainabTe farming system which includes irri
gated crop production as an important, if not principal, component.
 
Such assistance could involve:
 

Development of irrigated crop varieties which would reduce pro
duction problems and provide marketable prod'icts;
 

testing and extension of techniques which would lower farmers'
 
input costs per unit of output (probably largely through
 
agronomic means but perhaps also in the storage :-I processing
 
areas),
 

--	 credi.t; and 

--	 feeder roads and market information. 

Transfcrmation of these recommendations into AID projects would be fairly
 
straightforward. The major initial choices would depend on Mission personnel

and management preferences. The final shape would depend on Goverliment of Niger
 
institutional interests and absorptive capacity.
 

Cofinancing the Rehabilitation Project with the World Bank, Caisse Centrale
 
and KFW, for example, would enable AID to offer assistance in the area of co
operative management training. The GON has requested the FED to expand its
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training program to cover the rehabilitated perimeters, but funding restrictions
 
appear to prevent it from doing so in a way satisfactory to the other donors.
 
AID would need to explore what the other donors see as an appropriate training
 
intervention.
 

Inistitutional financing of ONAHA might be another mechanism to permit AID
 
to target assistance toward the gaps which are likely to emerge in the multi
donor rehabilitation program. Presently, the rehabilitation program seems to be
 
geared to very selective strengthening of ONAHA, though details on its content
 
are still evolving. It would seem to be worthwhile for AID to consider
 
assisting ONAHA to contract with INRAN for a program of irrigation-related
 
researc to take place on perimeters. The Applied Research Unit in the Maradi
 
project provides an excellent example of the potential for this activity. An
 
Applied Research effort at Konni is sorely needed, as is a farming systems
 
research effort along the Niger River. This latter might be made to fit with
 
ongoing Purdue research, but one wonders whether that would be wise given the
 
very different orientation and Lihe expertise that make up that team.
 

On the other hand, AID might wish to define one particular problem around
 
which it could design a whole project or provide one particular bit of support

infrastructure. Developing and testing groundwater-based perimeters as the

"next generation" of irrigation projects in the Maggia and Tarka Valleys is 
an
 
example. This would eliminate the need for so much close coordination of what
 
already promises to be a very complex undertaking. However, such an approach
 
may have the disadvantage of seeming peripheral to the main thrust of the
 
Government's irrigation interests.
 

1ISee Annex A for a brief description of the project's research program to date
 
and likely future priorities.
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Annex D-1 

Some Notes on the Applied Research Unit in the Maradi Project
 

The Applied Research Unit has recently established a Pilot Farm in the
 
Djiratawa Perimeter. It is set up similar to other plots in the perimeter and
 
covers about ten'hectares. It is used principally to test techniques and
 
varieties for use by farmers in the rest of the perimeter (now covering around
 
250 hectares and involving almost 700 farmers).
 

Much of the work has been varietal testino, but varietal trials have been
 
combined with trials on methods of seeding and seeding density, date of planting

and quantity and timing of water application.
 

Following are notes taken from a summary volume prepared by the project for
 

1983:
 

Rainy Season Cotton Trials
 

L 299-10 was tested for performance in 1981.
 

Five varieties were screened in 1982; six more in 1983.
 

Different levels of irrigation were tried in 1982/83.
 

Two herbicides (Zoriadex and Roundup) were tested in 1982.
 

Millet
 

Two varieties were performance tested in the 1983 rainy season.
 

A combined trial on irrigation and seeding density (0.8 m x 0.8 m) 
was
 
done, but the year was not reported.
 

Sorghum
 

Two varieties were tested for performance in the hot dry season, L 30 in
 
1982 and Tanout in 1983.
 

(N 
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Rainy season trials involved:
 

Ratooning,
 
five variety trials in 1981,
 
variety x date of planting,
 
variety both with and without irrigation, and
 
tests of performance x soil type using six local varieties and one
 

from Kano.
 

Maize
 

P3Kolo was tested for performance in all seasons.
 

A test of urea on P3Kolo was carried out in the cold season, 1980/81.
 

There were other tests of varieties x soil.
 

Groundnuts
 

Five varieties were tested for performance against 55-437 as a check.
 

In the hot dry season, tests were held on:
 

Variety x irrigation
 
variety x seeding density, and
 
performance with different arrangements of furrows in the plots Con

gitudinal and transversal)
 

Cowoeas
 

Miscellaneous variety performance tests.
 

Wheat
 

Only in the dry cold season:
 

Varieties x different size planches,
 
varieties on rice soils,
 
methods of seeding,
 
date of planting, and
 
density of planting.
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Rice, Flooded
 

In 1982 rainy season only, three varieties x three methods of seeding (dry, 
broadcast of pregerminated seed and transplanting).
 

Vegetables
 

Tomatoes--spacinq, varieties,
 
onions--method of planting (on the flat in beds, on 
ridges), and
 
others, but no details noted.
 

Other Themes Explored or Still on the Agenda
 

1. 	 Volumes of w ter needed for principal cultures. Water delivery to fields
 
(each 1,600 .m) is by siphon so fairly precise measurement for each plot,

each crop was possible.
 

2. 	Land preparation methods. Three methods were tested against animal trac
tion plowing as check: subsoiling with a tractor-drawn harrow; plowing

with a tractor; plowing plus subsoiling with a tractor.
 

3. 	Rotation tests. Maize after sorghum, using land preparation methods tested
 
above and two other methods of seeding the maize (1)direct, without fur
ther land preparation on top of old sorghum ridges; (2)after replowing and
 
furrowing with animal traction.
 

4. 	Organic enrichment of soil, using cowpeas as a green manure and waste mate
rial from the brewery, as well as straw.
 

5. 	Fruit trees.
 

6. 	Manufacture of compost.
 

Major Findings Which Have Been Used on Perimeters
 

1. 	 Furrows which are parallel to the canals are the most efficient in terms of 
water use. They can be more easily levelled by hand and soil differences 
can be most easily compensated for.
 

2. 	Maize in the cold dry season after sorghum doesn't pay.
 

3. 	Groundnuts in the hot dry season are very promising--and recommended.
 

4. 	 Millet, or at least varieties currently available for testing, isnot
 
promising as an irrigated crop. There are problems with the planting dates
 
and with birds. The denser planting rate and CIVT and P3Kolo gave good

yields but not high enough (defined as three to four tons per hectare).
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M. Ogler, the present Director of the Applied Research Unit, suggested the
 
following seven themes as priority areas for future research:
 

1. 	Improving methods of land preparation,
 

2. 	 improving rates of mineral fertilization,
 

3. 	improving organic matter content of soil,
 

4. 	improving water econrmy (example: reducing tomato crop water usage from
 
11,000 ml to 9,000 mJ by stopping watering sooner),
 

5. 	 variety testing, particularly on sorghum and maize. One objective involves
 
combining varieties and time of planting changes to reduce pest infestation
 
on sorghum,
 

6. 	adaptation of cropping systems to different types of soils (example has
 
been putting millet on sandy spots in higher areas), and
 

7. 	 control of plant parasites, perhaps throuqh cropping system (example is
 
removing hot peppers from cropping system for a while in order to control
 
aphids).
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VEGETABLE MARKETING IN NIGER
 

Malcolm A. Versel
 

A. Introduction
 

This report constitutes the vegetable marketing component of the Niger

irrigated Agriculture Sub-Sector Assessment. The amount of time available for
 
collecting the information on which this marketing survey is based was limited,

especially for acquiring primary data. Because of the time constraint, the
 
approach taken in this report is: (a)to identify those areas of concern to 
the
 
marketing of vegetable crops in Niger; (b)to provide as complete a perspective

of those issues as possible, and (c) to indicate areas requiring further study.
 

The role of marketing in any irrigated production scheme cannot be too
 
strongly emphasized. In the absence of established and viable marketing chan
nels, farmers have little incentive to produce beyond their own needs. Although

producing at self-sustaining levels is not in itself an unworthy objective, it
 
becomes impractical when farmers must cover costs of production in addition to
 
meeting their food requirements. Income for market sales provide cash for pur
chasing production inputs, meeting social and governmental obligations, and
 
acquiring goods and services unavailable at the farm level.
 

Irrigated farming in Niger, even at the most rudimentary technological

level, involves some degree of investment. Obtaining water typically involves
 
digging a well or acquiring a pump. In addition, farmers need seeds, soil
 
enrichers, fencing, cultivating and irrigation equipment, etc. In spite of
 
these sometimes costly investments, increasing numbers of farmers are getting

involved in some form of irrigated agriculture.
 

B. Rationale for Irriaated Agriculture in Niger
 

The individual producer seemingly has two objectives in producing irrigated
 
crops: providing food for the household and generating income.
 

B.1 The Role of Irrigated Production In SUDDlyina Food Needs
 

Irrigated crops, according to the information gathered during our visits to
 
the field, are viewed by producers as supplemental to traditional rain-fed
 
crops. The rain-fed crops, primarily grain crops, are considered to be the
 
principal source of food for the household. Because of this, farmers often give

highest priority to rain-fed crops when allocating family labor1. This some

1/Inran also gives highest priority to rainfed crops. Only a small proportion

of its research program is devoted to research on problems of irrigated crop

production.
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times delays preparation and planting ot rainy-season irrigated crops and re
duces their yields accordingly.
 

Irrigation facilitates production of fruits and vegetables and provides
 
producers and their families with varic 
 and more nutritionally complete diets
 
to the extent that they consume their production.
 

In very rough terms we estimate that producing households consume as much
 
as 30% percent of their production of most -'getablecrops. This estimate
 
should be considered as an upper limit for o:,-farm consumption of vegetable
 
crops, subject to more detailed investigation.
 

The percencage of on-farm vegetable cor.:'iotion will vary according to the
 
area planted, yields, the number of people n, the producer's household and the
 
type of crop. Onions, for example, are frequently used in sauces as a condiment
 
and hold ,p well under storage. Thus, farmers probably consume a higher percen
tage of onions than, say, squash, which they consume less frequently and in
 
smaller amounts. Other crops which farmers consume relatively more of include
 
okra, hot peppers and tomatoes, all of which may be stored in dried form, and

lettuce and carrots, which are reg-larly taken from the garden for immediate
 
consumption. Cabbages, melons and eggplants, on the other hand, appear to be
 
produced principally for market.
 

With respect to on-farm consumption of grains, one study (Keita, 1983)
 
estimated that producers consumed about 40 percint of harvested rice production.

Another study (Cullen and Waldstein, 1983) indicates that 88 percent of the 1981
 
grain harvest (all grains) for Dosso departmenr was stored for household con
sumption. These studies demonstrate considerat"e variation in how much grain is
 
consumed by producing households.
 

Part of this difference may arise from .he fact that 1981 was not a good
 
crop year, but part of it also probzbly reflects a tendency to sell a greater

proportion of the 
irrigated grain t'no, given its supplemental role in the far
ming system.
 

B.2 Irricated Crops as Revenue Producer.
 

Most farmers probably produce vegetables more for their revenue-generating
 
potential than for meeting household food n - s. In contrast to the market for

traditional cereals, the market for vegetab.-. 
has been unrestricted. This,
 
coupled with favorable prices in recent years, has encouraged many farmers to
 
begin growing vegetables.
 

Vegetable production was initiated in 'iamey area about 19551 to supply
 
the expatriate community with "Eurcoean"-type vegetables. Since then the number
 
of people consuming vegetables, esnecially Iigeriens, has increased manyfold.

This has arisen partly from the incease in urban population drid partly from
 
changes in dietary preferences. At. tne szme time, numerous smal I holder pro
ducers have begun growing vegetables. vrieed, farmers' res'ponse to the market
 
opportunities presented by vegetabe production has been 
so strong that since
 
1978 market gluts regularly occur during peak production eriods.
 

1/Personal communication, Mr. Cis% Mamado. IDR.
 

1'7
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Conditions of over-supply have created problems for producers. Prior to
 
the occurrence of redundant stocks on the market, revenue 
from the sale of

vegetables was sufficient to offset investment costs, input purchases, and other
 
costs associated with growing and marketing vegetables and still leave substan
tial profits. 
In recent years, however, even though overal I sales of vegetables

have increased, producers' profit margins have declined as production has out
stripped demand. For example, taking seasonal 
variations into consideration,

prices for onions have remained at similar levels for about seven years. riven
 
the unavailability of processing and preservation facilities, large quantities

of fresh, highly perishable produce are left to spoil ii the fields. Still, the
 
possibility of acquiring immediate cash through sales of fresh produce continues
 
to serve as a strong production incentive for most producers.
 

The remainder of this report will examine several possible solutions to
 
these and other associated problems.
 

C. Systems Employed for Marketing Outout
 

Three marketing channels are available to farmers cultivating under irriga
tion: (1)for cereals, official sales at guaranteed prices to government agen
cies or their agents; (2)for all commodities, sales to intermediaries, and
 
(3) sales directly to consumers.
 

C.1 Producer Sales in Official Markets
 

Three agencies offer producers of designated crops the option of selling

their produce at controlled prices: OPVN, which haL responsibility for pur
chasing and maintaining stocks of grains including sorghum, mil let, rice and
 
corn; SONARA, which oversees the marketing of cowpeas and groundnuts; and CFDT,

which manages cotton marketing under contract with the Nigerien government.
 

Each crop covered by these agencies has a control led producer price and a

prescribed method of marketing and payment. Except during the past two years,

official producer prices have generally been below current market prices. When
 
market prices are unfavorable, the official price serves as a floor price.
 

In most instances, the producer must be a member of a cooperative in order
 
to sell to one of these agencies. Producers deliver their Droduce to the assem
bly point designated for their cooperative. Typically, this point is in their
 
own or a nearby village, so the distance from field to delivery point ismini
mal. After the produce is cleaned, inspected and weighed, the producer is given

written confirmation of the delivery and receives a Dartial or total cash pay
ment, depending on the particular crop in question, for the value of the
 
delivery.
 

This system is subject to many external influences. In particular, market
 
prices both in Niger and Nigeria affect the amount of a given product which
 
producers offer to the purchasing agency. Sometimes, a producer may elect to
 
bypass the officially establ ished marketing channel entirely and sel1 his pro
duce to an alternative, and in some circumstances, illegal buyer.
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This marketing approach does not currently extend to vegetable production.

And while not suggesting that it should, thought should be given to 
extracting
the positive elements from this approach and applying them to private sector
 
vegetable marketing activities. These positive elements would include the organized delivery/transportation systems, the establishment of producer/consumer

networks, and, if economically feasible, the establishment of guaranteed minimum
 
(floor) prices to producers. 

C.2 Producer Sales to Intermediate Traders
 

The primary intermediaries for this channel 
are small Hausa merchants who
 
traverse the countryside exchanging goods for money, or 
vice versa. This trade
is the present-day manifestation of a generations-old tradition of commerce
 
among the Hausa people I.
 

The manner in which the trades take place isalso relatively wel 1-estab
lished. Typically, a trader is familiar with a particular product from a particular area. He knows how each crop performed during the previous growing season
 
and he is generally aware of the evolution of prices. He makes a circuit of

villages by animal-drawn cart or truck,. depending on the scale of his business.

In each vil lage he contacts producers and encourages them to sell their produce

to him. There is some limited negotiation which takes place, but prices are

gen,.rally established for a particular zone and the trades usually take place

within a certain, well-defined price range. The merchant bears the cost of all

materials including packing and wrapping, transportation, labor costs, etc.

Cash payment is made on the spot to 
the farmer. The trader continues to pur
chase produce until his capital isexhausted or the cart/truck is full. He then
 
heads for market.
 

Intermediate traders have limited impact on Prices. 
 In many instances,
they are price-takers rather than price-setters. Part of the reason for this is
that they operate in a relatively competitive environment on a comparatively

small scale. Because they have limited capital 
and cash flow, they are not able
 
to accumulate large stocks of produce. 
 If these traders could hold on to
stocks, their enterprise would most likely be more profitable because they could
wait for prices to rise before selling. 

A variant of this trading pattern finds the farmer delivering his own pro
duce to the trader, already wrapped or bundled. The farmer, of course, expects
a higher price for the additional labor whir-, he expended collecting and deliv
ering the produce. This practice is generally used by those farmers living
relatively close to concentrations of established merchants. 

The advantage to 
the farmer of entering into a trading arrangement with an
intermediary is he receives payment immediately in cash and incurs no additional
 
labor for marketing. This is especially suitable for farmers who have little or
 
no marketing expertise.
 

!/One can 
find traders from other ethnic groups (Yoruba, Tamachek) conducting

transactions throughout Niger. However, it is the Hausas who have the reputa
tion of being formidable traders.
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Many crops are handled in this manner. The principal ones are dried pep
pers and tomatoes, onions, squash and sweet potatoes. Grain crops are also
 
collected by traders, although the practice is somewhat more common in Nigeria
 
where the legislation covering grain trading is less restrictive than in Niger.
 
intermediate traders seem to prefer those crops which are better-suited for
 
travel and storage. This reduces the likelihood of having a large quantity of
 
produce spoil in transport as he moves from market to market. 

It is difficult to estimate the exact percentage of vegetable production

which is marketed through the producer-middleman network, but it probably
 
amounts to between one-half and three-quarters of all producer sales of fresh
 
and dried produce. The remainder is sold directly to the consumer by the pro
ducer or by a cooperative association of producers.
 

C.3 Producer Sales Directly to Consumers
 

The number of producers who sell directly to consumers is limited. It is
 
limited because of: (1)locational factors such as distance from markets
(2)poor market information; and (3)the lack of the kind of entrepreneurial
 
predisposition necessary to succeed in the marketplace. Producers who try to
 
sell directly to consumers place themselves in direct competition with experi
enced traders who have specialized knowledge of the market. For small quanti
ties of produce, the additional margin and the corresponding imputed wage earned
 
by selling directly may not provide the producer with adequate compensation for
 
his time. In such instances the producer does better by selling to an interme
diary.
 

Most direct sales to consumers are made by individual producers who offer
 
their produce for sale at weekly or daily markets, depending on location.
 
Prices are ne iotiated with each purchaser and are influenced by the selling
 
prices of other vendors. The producer's net profit is what remains after he
 
deducts the cost of packaging, transportation, market fees, losses due to
 
spoilage and incidental costs. Some cooperatives of producers also sell their
 
produce in common directly to consumers and divide the net orofit according to
 
the amount of produce which each producer presented for sale.
 

The crops which are most frequently sold directly to consumers by producers
 
include fresh tomatoes, peppers, cabbage, lettuce and an assortment of other
 
comparatively perishable products which must be sold soon after they are taken
 
from the fields. More durable produce including onions, squash, okra and hot
 
peppers are less frequently offered for sa~e directly to consumers by producers.
 
Direct sales are most common where producers have perishable produce and live
 
close to markets.
 

D. Market Prosoects for Major Irrioated Croos Within Niqer
 

D.1 Market Demand
 

Cereals produced under irrigation face promising growth prospects. At the
 
present time, Niger imports around 60,000 tons of rice and 100,000 tons of
 
sorghum, mostly from Nigeria through unofficial channels. This figure will more
 
than double by 1990. Given current yield levels, Niger could absorb the produc
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tion of an additional 60,000 hectares of double-cropped cereals.1
 

At the present time, the country is adding only about 1,000 hectares of
 
irrigated cropland per year. 
At the same time, dryland cereals production,

which has been increasing about in line with population growth, will grow more
 
slowly in the future since the major part of the reallocation of land from
 
peanuts to cereals has already occurred, and increased area under cultivation
 
.ather than increased yields have provided the bulk of past growth in cereals
 
production.
 

Vegetables also face promising demiand prospects in Niger. 
Many consumers
 
who now purchase fresh vegetables such as lettuce, carrots and other salad in
gredients, have acquired the taste for them only in 
recent years. Demand has
 
grown in response to high rates of urbanization, growth in urban incomes and
 
exposure to the products in markets as 
wel 1 as in the news media. As demand has

increased, supply has increased even 
faster, creating an abundance in markets
 
that depresses prices and leads to still greater consumption increases. Produc
tion continues to expand into 
new areas and, according to farmers and merchants,
 
areas which had no vegetables a few years ago now find a wide variety of produce

in local markets. Thus, in
a very real sense, the supply of vegetables is
 
creating its own demand in Niger. 
As population, urbanization, incomes and
 
vegetable production continue to grow, we can expect a continuing shift in con
sumer tastes and continued good growth in demand for fresh and dried vegetables.
 

Quantitative estimates of vegetable consumption in Niger are 
not yet

available. Available production estimates are 
very poor and contain such anoma
lies that one wonders whether they bear any relationship to reality whatsoever.
 
In addition, newly typed tables of historical data are seldom proofread, so even
 
if the data were once reasonably good, this is probably no longer true. Bearing

this in mind, Table E-1 summarizes available production data on the more impor
tant vegetable crops.
 

1IThis is not to say that production of cereals represents the most valuable use
 
of Niger's irrigated agriculture resources. Some, like sorghum, appear to
 
offer good potential. Others, such as maize appear more marginal. Rice pro
duction could be economical if maintenance and cultural practice problems now
 
plaguing irrigated perimeters were solved.
 

/"
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Table E-1: 	 Area Under Cultivation and Total Production f?r Selected
 
Vegetable Crops, 1971-1980, Republic of Niger
 

C R 0 P
 
Onions Peppers Okra Tomatoes
 

Year Area Prod. Area Prod. Area Prod. Area Prod.
 

1980 3,200 107,800 400 250 1,100 600 n.a. n.a2
 

1979 3,400 104,300 400 200 1,300 700 1,100 5,600
 
1978 2,900 78,400 400 200 2,100 1,000 1,300 9,600
 
1977 2,000 62,700 100 60 500 JO 900 7,200
 
1976 2,800 79,400 500 300 1,700 700 900 13,300
 
1975 2,600 70,800 500 200 2,800 900 900 12,000
 
1974 2,600 44,100 300 200 2,600 1,300 900 4,600
 
1973 1,700 29,000 400 200 3,000 1,600 1,600 4,100
 
1972 1,500 20,300 400 200 2,700 700 400 2,500
 
1971 2,100 36,000 900 600 3,600 1,100 300 2,700
 

Source: 	 Service de Statistiques Agricole,
 
Ministere de Developpement Rural.
 

!/Area in hectares, production in tons. It appears that these data do not
 
uniformly include all departments. When a department does not report on pro
duction, 	it is sometimes excluded from the totals.
 

I/Not available
 

Only onion production shows a clear trend, expanding at somewhere around
 
13% per year since 1971. Over a somewhat longer period, the 1962-64 average to
 
the 1979-20 average, production has grown at around 10.5% per year. Tomatoes
 
show some evidence of about a 15% annual growth rate, but the data do not seem
 
to be internally consistent. Peppers and okra show virtually no growth at all, 
essentially failing to keep up e-.1 with population growth--a highly unlikely 
event. Overall, these data lend support to the general conclusion of reasonably 
good growth in consumption of vegetables in Niger, though the accounts of far
mers and merchants provide a more solid basis for this conclusion. These growth 
rates are also broadly consistent with estimates made in a 1974 study (Chap
pelle, et al., 1974) which projected a 12-16% increase in consumption of vege
tables between 1970 and 1980.
 

In spite of the continuing growth in demand for vegetables, farmers inmany
 
of the production areas visited raised the problem of insufficient market capa
city. Producers were experiencing difficulty selling their vegetables when the
 
market was already gorged with similar products from other producers. Inter
estingly, they seemed to respond slowly and somewhat ineffectively to changing
 
market conditions. This suggests that famers continue to find the returns from
 
vegetable production to be interesting, even as prices are falling.
 

"p 
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D.2 Constraints on Internal Marketing of Vegetable Crops
 

D.2.a The Timinq of Production
 

Most vegetable producers pay little attention to what other producers are

yrowing. There is
a tendency for many of them to plant the same vegetables at
 
about the same 
time, causing a.glut in markets at h-rvest time. The highly

perishable character of most vegetables coupled with weatherthe hot that prevails during March and April when many vegetables are harvested leads to a great
amount of spoilage, both on the farm and in the marketplace when the produce

cannot be sold quickly. In some areas, entire fields go to seed or are left to
 
rot.
 

Partly the problem of seasonal 
gluts stems from the nature of the weather
 
cycle in Niger. Many vegetables will not flower during the very hot 
season.
 
During the rainy season, the high humidity and temperatures provide an excellent
 
breeding ground for diseases. Moreover, farmers are preoccupied with rainfed
 
cereal crops at this time and tend to 
view vegetable production as a sideline
 
that they take up only when the dryland crops are harvested. Finally, many of

the best dryland vegetable-producing soils are flooded until 
after the end of
 
the rains, preventing farmers from moving more quickly even if they wanted to do
 
SO.
 

Because of these f2ctors, from May, when the last of the cool-dry season
 
production is sold, to November when a few scattered vegetables begin appearing
 
on 
the market, there is virtually no domestically grown fresh produce available
 
in Niger's markets. As a result, a substantial amount of domestic demand goes
 
unmet at this time of year.
 

Within the context of Niger's environmental, ecological and climatic con
straints on year-round vegetable production, farmers could adjust their produc
tion schedules so as to extend the growing season more than they do. 
 However,

they will need improved sources of market information and more reliable markets
 
so they can safely reduce their dependence on their own cereal production.

Where these conditions exist, some farmers are beginning to produce two vegetable crops in succession--onion producers near Galmi 
being one example.
 

Improved sources of market information need to be accompanied by increased

extension efforts to inform farmers about marketing problems and educate them on

how to respond more effectively to anticipated changes in aggregate supply.

This would include research 
on planting dates and extension on staggering

planting dates to take advantage of expected market demand at time of maturity.
 

D.2.b Market Access
 

Rugged transportation conditions throughout much of Niger cause substantial
 
bruising and damage to vegetables during transport. 
This accelerates spoilage

and, along with distance to available markets, influences the kinds of
 
vegetables which producers in a given area 
can effectively market.
 

If market access 
is difficult and market capacity is relatively small,

farmers usually do better by emphasizing more durable vegetables such squash,
as 

biennial onions, garlic, thick-skinned potatoes or vegetables which may be dried
 
(tomatoes, peppers, okra). Of course, 
legumes such as cowpeas, pigeon peas,
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groundnuts or lentils may also be grown. These crops tend to store relatively
 
well, are less susceptible to damage during transport, and are readily mar
ketable since demand for them is good.
 

D.2.c Presentation and Storage of Produce
 

Except for the onion variety violet de Galmi, most varieties of vegetables
 
which farmers use do not store well in Niges hot climate. This is partly due
 
to the fact that vegetable storage is usually done in buidings which were de
signed for other purposeI. Onions, for example, are stored in huts originally
 
built for grain storage. These huts are poorly adapted to onion storage be
cause they are insufficiently ventilated and allow bruised and injured onions to
 
collect moisture and begin to spoil. Losses of 40 to 50 percent occur within
 
three to four months of picking under such circumstances. This is one reason
 
market prices rise from about 4,000 CFA per sack at the harvest to as much as
 
20,000 CFA during the rainy season.
 

This situation can be corrected. -The violet de Galmi which most farmers
 
use is a biannual variety which can be kept for up to eight months without
 
significant sLorage losses if the onion is harvested at maturity. The mature
 
onion should be stored in a dark but well-ventilated room which is relativel-y
 
dry. This reduces storage losses considerably. If stocks could be stored over
 
longer periods of time, farmers could better control market gluts, avoid sharp
 
price fluctuations and maintain a more steady supply of onions to the consumer
 
over the year.
 

Preserving vegetables is not a major activity in Niger except in isolated
 
areas such as the Komadougou Valley. What preservation is done is very rudimen
tary and of low quality.
 

The principal method currently used for preserving vegetables in Niger is
 
open-air, solar drying. This method is used for drying tomatoes, peppers, okra
 
and onions. Toma Wes and peppers are slit in half across their widest part,
 
okra is sectioned, and onions are peele' layer by layer. The vegetables are
 
then spread on straw mats or directly on the ground, and left to dry for a week
 
or so in the sun. The area where the vegetables are dried is usually protected
 
by a fence to keep away goats, sheep, cattle and chickens, but this provides no
 
protection against smaller animals and insects. The drying is requently done
 
under windy conditions so dirt and sand get mixed with the vegetables.
 

The use of low-cost screened racks or solar driers would be a qualitative
 
improvement over the vegetable-drying techniques now used and would facilitate
 

1/For a more complete discussion of onion storage problems, see "Culture et
 
Commercialisation des Ognions dans les Pays du Sahel et l'AfriQue de l'Ouest:
 
Leur Develoopement dans le Cadre des Petites Exploitations Maraicheres", by
 
J. Coudert, L. B.Thrower and J. Henry, TTC/DIP/22, CCI/FAO, 6 Avr 1981.
 

!/Presently, many onion growers harvest -.
he onion before it is fully mature,
 
with the result that the moist "heart" of the onion often rots and takes the
 
rest of the onion with it.
 

'7/V 



E-10
 

quicker and more hygienic drying. Presumably, consumers would prefer cleaner
 
vegetables as long as 
prices did not get too far out of line with vegetables
 
dried in the traditional way. Dried produce does not, however, appear to be
 
differentiated by quality at this time.
 

Onion leaves are also dried and stored. The fresh cut leaves are slightly

pounded in a mortar, rolled into fist-sized balls and dried in the open air.
 
These onion leaf balls are used as condiments in a variety of African sauces.
 
They are very easily stored in sacks and widely purchased by consumers through
out the year.
 

Nigeriens currently practice no traditional salting or brine storage, nor
 
is any canning done by traditional growers. in Maradi, an entrepreneur has
 
begun canning an assortment of fruit jams and other preserves on a small scale.
 
If this effort is successful, it might be possible to duplicate iL in other
 
towns or for other products, including vegetables.
 

D.2.d Entreoreneurial Capacity
 

One of the major constraints to assuring a regular supply of fresh and
 
dried produce in markets throughout Niger is the lack of an entrepreneurial

spirit on the part of private entrepreneurs. Many of the merchants who deal in 
vegetables have relatively limited capital, tend to specialize in ore or a few 
products, and maintain a regular trading circuit. 
Their primary objectives seem
 
to be quick turnover and maximum short-term profits. They take few risks and
 
give little attention to planning and growth. If vegetable markets are to be
 
expanded in Niger, the country's entrepreneurs will need to take greater risks.
 
This includes testing and developing markets. It will also require a relatively
 
solid basis of support from a well-capitalized commercial sector and better
 
information on 
supplies and prices within Niger and in regional markets.
 

D.2.e Three Special Cases
 

1) Air Mountain Potatoes. At present, most potatoes sold in southern Niger
 
are imported, usual ly from Nigeria. This occurs even though substantial quanti
ties of potatoes are being produced under irrigation in the Air Mountains, north
 
of Agadez. Apparently, two influences are limiting the "importing" of Air Moun
tain potatoes into southern Niger. First, the Jistance of nearly 1,000 kilome
ters makes transport costly. Second, the potato trade between Nigeria and Niger
is well-established and merchants appear to be reluctant to explore alternative 
sources of supply; that is, they are avoiding taking chances. The result is
that relatively small amounts of Air potatoes are brought south, and those only 
on an occasional basis. Better information on prices and quantities needs to be 
made available to merchants. 

2) Vegetable Production for the Petit Marche of Niamey. The Petit Marche 
is the center of the vegetable trade in the city of Niamey. This square-block
 
area in the center of town supplies both Europeans and Africans with a diverse
 
selection of vegetables provided by grower/vendors and by intermediary traders.
 
The former grow their produce in gardens scattered throughout the city along the
 
banks of the Niger River. The latter collect their offerinys in Say and other 
towns as far away as Galmi, and bring them to Niamey. There is an active demand 
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for vegetables year-round in this market. However, each year, around the end of

April, the supply of fresh vegetables in Niamey is interrupted, primarily for
 
climatic reasons.
 

The grower/vendors who operate in the Niamey market have been producing

vegetables for years. They have a relatively sophisticated cropping calendar,

schedule their planting with respect to expected market demand at time of matu
rity, and report earning a fair recompense for their labor. Their experience in 
adjusting their planting schedule to correspond to market demand over time

should be studied an6 applicable findings should be passed onto farmers in other
 
vegetable production zones of Niger.
 

3) Galmi Onion Trade. The Galmi onion trade consists of a corps of mer
chants who send collectors out to neighboring villages or receive onions di
rectly from growers who transport them into town themselves. The merchants
 
place the onions in large burlap sacks, tie "breathing caps" made of braided
 
Palm strips on 
top of the sack, then wait for trucks from Abidjan, Lome, Accra,

Cotoncu and Lagos to arrive. The onions are sold at a fixed price per sack
 
throughout the town. 
 rhe merchants must pay for collection, traiisportation,

labor for sacking and sewing the caps into the sacks, and for the caps them
selves. They perform no selection or other processing function. Their profit
 
ranges from about 250 to 750 CFA per 75 kilogram sack.
 

E. Marketing Prosoects Within Neighboring Countries
 

The countries to the south and west of Niger, particularly the coastal 
countries, present strong potential markets for Nigerien produce. 
These coun
tries have large numbers of urban consumers. With urban populations growing

throughout Africa, dietary preferences are changing and vegetable consumption

can be expected to grow accordingly Thus, vegetable demand can be expected to
 
grow at least as fast as the rate of urbanization in coastal countries.
 

The Galmi onion trade offers the greatest potential for exports of Nigerien

vegetables. ithas already established a reputation in several 
neighboring

countries and appears to have good potential for replacing onions currently

being imported into Lagos and Abidjan from Europe. 
Niger should be able to
 
deliver onions to those cities at prices below those for onions coming from
 
Spain and South Africa. There also appears to be some potential for developing

exports to other areas of Africa, and even to parts of Europe 
where especial ly

strong-flavored, long-keeping onions of the Galmi variety are inconsiderable
 
demand. Nigerien producers could possibly replace other produce, such as 
let
tuce or tomatoes, which is presently air-shipped from Europe to other African
 
coLntries. For example, the flights from France which stop in Niamey carry
Spanish and South American produce from Marsei 1les for delivery to Abidjan.
local producers could provide similar quality produce in attractive containers 

If 

at a more favorable price, Nigerien produce may be able to replace these ex-
African imports. This needs to be investigated in greater detail.
 

I/An unconfirmed report claims that onions purchased in Galmi, shipped to Abid
jan by truck, sacked in standard-sized sacks and delivered to the port 
are

sold for 130 FCFA per kilogram. This is at least 40 FCFA per kilogram more
 
tnan the lowest season producer price plus handling and transport to Abidjan.
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Developing interregional African trade in vegetables is not without its
 
risks. The distance from southern Niger, where most vegetables production takes
 
place, to the coast is between one and two thousand kilometers, depending on
 
points of origin and destination. Conditions of travel can cause substantial
 
damage to susceptible produce through bruising, poor handling, harsh road condi
tions, etc. Improved packaging and protection of produce would be required to
 
maintain quality standards for the higher-priced produce markets.
 

Customs policies and occasicnal political perturbations in neighboring

countries often disrupt otherwise orderly trade routes. Fluctuations in ex
change rates sometimes present arriers to profitable trade. If Niger becomes
 
dependent on vegetable exports. such disruptions could cause considerable econo
mic loss. Producers would need to formulate contingency plans for shipping by
 
way of alternate routes should the need arise.
 

To minimize competition with producers in the importing country, Nigerien
 
growers should differentiate their products by emphasizing and protecting the
 
strong qualities of their products. Uncontrolled sale of Galmi onion seeds by

Nigerien growers, for example, may compromise their long-run, competitive posi
tion vis-a-vis growers in other areas, as the variety becomes more widely avail
able outside of Galmi.
 

To the extent that quality is a concern of targeted consumers, some changes
 
may need to be mace in the way in which Nigerien produce is presented on the
 
market. Onions, for example, are purchased in recycled burlap sacks which may

contain iarious sizes of ungraded onions. Greater standardization and selection
 
according to size will 
be essential for developing international commerce.
 

Crops other than onions may also have considerable potential for export to

African markets. Dried vegetables such as tomatoes, okra, peppers and onion
 
balls store very well, are not susceptible to bruising during transport, bring
relatively high prices in the market, and are widely used by Africans in their 
daily food regimes. Consumer demand for garlic is also relatively high among
Africans as well as Europeans. Garlic islagronomically close to onions and 
would grow well in onion-producing areas. Furthermore, garlic is already grown

in the Air Mountains. Increased trade in garlic might have the complementary

effect of stimulating potato trade from the Air region to the south.
 

Niger produces most of these products across a wide area of the country.

To promote and develop exports of Nigerien products, merchants would have to
 
identify markets, establish assembly points and shipping deoots, contact impor
ters and arrange regular shipments. It is not clear whether Nigerien merchants
 
have the entrepreneurial skills and market discipline necessary to develop ex
port markets. If they do, the question arises to why they have not done more
as 

to develop these markets on their own. The reasons may be economic and, thus,

merchants may need additional incentives to encourage entry into the export
 

Y/Personal communication, Mr. Walter Firestone, Team Agonomist.
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trade. USAID needs to acquire a more thorough understanding of the commercial
 
circumstances facing Nigerien merchants before embarking on an export promotion
 
program.
 

Itdoes not seem prudent to consider markets outside of Africa at this
 
time. Several enterprises in other African countries which have depended on

exporting to Europe, notably BUD/Senegal, have gone bankrupt. SONIPRIM, a para
statal in Niger responsible for vegetable exports, also went bankrupt. 
Sharp

competition and price fluctuations make the European vegetable market quite

volatile. 
It isunlikely that Nigerien producers could compete effectively with

Spanish, Argentinian, Brazilian and Israeli growers on 
European markets. By way

of illustration, tomatoes were being sold in wholesale markets in Paris in

January, 1984, for 60 CFA per kilogram, a price lower than tomatoes produced

and sold locally in Niamey.
 

SONIPRIM has recently been reconstituted as a private venture. It is cur
rently exporting green beans to Europe. The beans are 
selected according to

size and quality by the growers, packed into six kilogram cartons which say
"Produce of Niger," and air-shipped to Europe. SONIPRIM has secured contracts
 
with European importers for 600 tons of green beans. If this operation is
 
successful, it may be replicated for other vegetable crops. 
However, without

the kind of close supervision provided by SONIPRIM, it is unlikely that the

European export market will prove viable on a large scale.
 

F. Summary and Conclusions
 

The individual producer has two objectives in producing irrigated crops,

(1)to provide food for the household, and (2)to provide a source of revenue.

Producers who grow irrigated crops benefit from more nutritionally balanced and
 
varied diets. Farmers tend to regard irrigated crops as supplemental to tradi
tional rain-fed crops. This leads to delays in planting which reduce yields of
 
certain irrigated crops.
 

On-farm consumption of vegetables varies according to the quantity and type

of vegetable produced and the number of people in the household. Other factors,

such as market demand, market price, and availability of other foods to the

household may also affect how much food the grower keeps for personal 
use. On
farm consumption of produce from irrigated fields is estimated at not greater

than 30 percent for any vegetable crop. 

Irrigated crops also are grown as a source of revenue. A greater propor
tion of irrigated grain crops are sold as compared to rain-fed cereals. Vege
table production is largely oriented towards the market. 
Profit margins have
 
been declining in recent years.
 

As production of vegetables is expanding, markets are becoming saturated,

particularly during peak periods. 
 Insufficient processing and preservation al
ternatives exist. As a result, large quantities of perishable produce spoil

either in the marketplace or in the fields. 

A/Personal communication from Mr. Greppi, FED agronomist work-ing with the Tila
keina vegetable cooperative.
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Farmers use 
three separate channels to dispose of their irrigated produc
tion. 
They may sell cereals at controlled prices to government marketing agencies. 
Producers may sell both grains and vegetables to professional marketing
intermediaries. Producers also may sell 
produce directly to consumers in local
 
markets.
 

In the official system, governmental agencies organize transportation and
delivery networks between producer and consumers, and producers benefit from
guaranteed prices. These advantages might be adapted to vegetable marketing
circumstances, but there is 
not at present a marketing agency for vegetables.
 

Some private-sector traders collect produce directly from producers at the
village level. Growers negotiate a price with the trader and receive immediate
cash for any produce sold. This marketing channel is widely used by the far
mers.
 

Between one-half and three-quarters of all produce sales take place through
intermediate traders. These aretraders usually small-scale operators who have
little impact on prices. 
They possess limited amounts of capital, are unable to
accumulate and hold large stocks, and are oriented towards short-term profit
taking. In this 
system, the traders assume the risk of marketing the produce.
 

Few producers sell directly to consumers. Poor market access, lack of
information on 
current market needs and prices and entrepreneurial ability all

limit the number of producers who find it advantageous to sell directly to
 consumers. Moreover, competition is high and producers must directly assume the
 
costs and risks of marketing.
 

Although demand for vegetables is good and growing, poor market information

contributes to poor production decisions. 
 Farmers' marketing strategies are
inflexible and do not identify alternative market outlets. As a result, market

gluts arise periodically during the growing season.
 

Only a small percentage of vegetable producers schedule planting with an
 eye on market supplies at harvest time. 
These producers seein to be concentrated
in Niamey. Increased extension education might help farmers develop and operate

better production schedules.
 

Nigerien producers have iimited choices for storing or preserving vege
tables. Current storage techniques utilize buildings that were riot designed for
storage of vegetables. Preservation is limited to open-air drying. 
This typically results in a lowi-quality product which has accumulations of dust, insects
and other debris. 
Improved, low-cost hygienic drying techniques would increase

the quality of dried vegetables offered for sale. 
We do not yet know the extent
 
to which this kind of quality is a consumer concern.
 

With respect to export markets for Nigerien produce, the countries to the
south and west of Niger, particularly the coastal regions, present strong market
potential. These countries have large numbers of urban 
consumers which typically consume a higher proportion of vegetables than the nonurban population.
As population increases, vegetable demand should continue to expand. 
The large

urban centers along the coast are expected to remain viable markets for many
 
years to come.
 

\J ./ 
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Onion trade seems to offer the greatest export potential for Nigerien
 
growers. 
The Galmi onion variety has favorable flavor and storage characteris
tics and seems to be well-accepted in a number of African markets. Other crop

selections with export potential include garlic, sweet potatoes and dried vege
tables such as tomatoes, okra and peppers. These crops benefit from broad-based
 
consumer demand and frequent use in traditional African food preparations.
 

Nigerien producers may be able to substitute for vegetable imports from
 
outside Africa if they can supply produce of equal quality at cheaper prices.

Freight costs from Niger would certainly be lower than those of European sup
pliers. However, numerous failures of businesses involved in exports of high

quality and highly perishable produce dictates careful study of the extent to
 
which Nigerien producers and traders can satisfy this market before any action
 
is taken.
 

Technologically sophisticated food processing facilities do not seem appro
priate for Niger's vegetable industry at the present stage of development. Be
fore advanced technologies are introduced, extension programs have to be
 
strengthened, cultural practices need to be improved and production should be
 
more carefully planned. More trained personnel and research to 
identify crop

varieties which can 
withstand the country's climatic stress are also needed.
 

Because of the limited vegetable marketing opportunities currently avail
able to growers, it is recommended that vegetable production be balanced by

grain crop production on irrigated lands. Limiting the supply of vegetables can
 
help stabilize prices. The income from the higher valued vegetables can then be
 
used to cover costs of irrigation for all irrigated crops.
 

Niger has the capacity for producing high-quality, high-value vegetable
 
crops. However, techniques used by Nigerien growers need to be perfected, both
 
in terms of the nature and quality of their inputs and the post-harvest pro
cessing of their vegetables. This can only be done with an increased training
 
and extension effort.
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ANNEX F
 

INSTITUTIONAL AND SOCIAL ISSUES
 
RELATED TO IRRIGATED AGRICULTURE
 

IN NIGER
 

Theresa Ware
 

A. Introduction and Recommendations
 

A.1 Background
 

The purpose of this report is to highlight some of the institutional and
 
social issues related to irrigated aciculture in Niger. The focus is farmer
 
groups, includi'ng cooperatives, technical services support from the government
 
and the institutional structure within which irrigated crop production takes
 
place.
 

Interviews were conducted in Niamey, Tillabery, Namaregoungou, Sakoira,
 
Birni N'Goure, Kolbou, Maradi, Djiratawa, Ruwana, Bouza Sumarana, Chindigui and
 
Konni I between March 8-26 with various levels of civil servants and farmers.
 
The results support the thesis set forth by Thomson (1982) and reiterated in the
 
USAID/Niger SIP (1983) that the Government of Niger is organized along highly

centralized lines of bureaucratic authority. Despite a number of rhetorical
 
changes, notably the recommendations of the national seminar at Zinder in 1982,
 
Niger's basic institutional structure remains a hiahly centralized, directive,
 
statist system. The rhetoric on increased mass participation from the bottom up
 
reveals a contradiction in terms.
 

The nature of the government's structure is important here. Farmers are
 
being called upon to assume full responsibility for managing irrigated crop

production. Yet, so far, they have been excluded from the process of the trans
fer of technical information and the benefits of ongoing research.
 

This report attempts to address some of the problems confronting both the
 
farmer and those institutions with responsbilities for the delivery of services
 
to farmers.
 

A.2 Recommendations
 

A.2.a USAID/Niger should assess its institutional capacity to effectively moni
tor an irrigation activity which may very well overlap with ongoing APS activi
ties. This raises the question of the most effective utilization of USAID
 
management resources.
 

A.2.b At least some farmers in cooperatives should be orovided with perimeter
 
level technical training.
 

1. A minimum three-month survey of organizational structures at the farmer
 
level should precede development of the training program. This survey should
 
determine the roles, functions and daily tasks to be performed by farmers in the
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management of perimeters. It should be conducted by two people skilled in
 
organizational management rather than by cooperative specialists. 
 They should
 
examine every task which will have to be performed with full knowledqe of what
 
farmers are currently capable of doing. 
 Cooperative specialists will not neces
sarily know how to provide this type of organizational management information.

This survey should include an examination of the incentive structure, the
 
authority/decision-making structure, perceived rewards and benefiUs for partici
pation and other factors which will be part of the organizational structure in
 
which farmers will operate.
 

2. Someone skilled in developing training modules and in conducting

training activities should have responsibility for designina the farmer training

program. Peace Corps trainers represent a possibility. There are also two
 
people who have experience in conducting training in the Sahel within a partici
patory framework: Lee Jennings and Pirrett Countryman. Both are based in the

Washington, D. C., area and have excellent French. 
 Both have considerable
 
experience in training in French-speaking countries.
 

3. USAID should discuss with FED/ONAHA their proposal for the development

of human resources in the cooperatives along the Niger River and in Tahoua
 
region. That project includes an interesting component for teaching by video
 
and audi-visual methods. That may be of interest to 
the APS project. It may

prove possible to revise and/or expand the design more alonq the lines of a
 
participatory rather than directive model.
 

A.2.c ONAHA mid-level infrastructure and mise en valeur technicians need short
term perimeter level training in water management techniques. These should be
 
designed and implemented as intensive--maximum two months per session--"hands
on" workshops.
 

A.2.d 
 USAID should examine the AID-funded Water Manaoement Synthesis II1 pro
ject's "hands-on"" experimentation in particioatory irrigation management

designed by Cornell University. Cornell is one of the three WMS II partici
pating universities. Its approach may have relevance for a training program

designed for farmer cooperatives.
 

A.2.e USAID should also examine the WMS II Colorado State University Diagnostic

Needs Survey to determine its relevance for use in a training design for mid
level ONAHA technicians. If the diagnostic survey is relevant from a technical.
 
point of view, USAID should consider the possibility for using funds from the
 
Sahel Regional Program for upgrading the French language capability of appro
priate WMS 1I persrnnel.
 

1IThe WMS II project, funded and assisted by AID/W through the Consortium for
 
Internationl Development, involves three universities: Utah State, Colorado
 
State and Cornell. It provides services for imorovinq the design and ooera
tion of existing and future irrigation projects. It also orovides guidance to
 
USAID for selectinq and implementing development options and investment 
stra
teqies.
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A.2.f USAID should provide INRAN with researchers havinq an orientation toward
 
irrigated crop research in order to alleviate short-term staffing problems. The
 
long-range needs of INRAN in this area should receive equal attention.
 

A.2.g INRAN needs to conduct more farm-level research on perimeters. It needs
 
to establish a feedback loop between farmers on the perimeters and the research
 
stations.
 

A.2.h The MDR should develop an effective methodology for incorporating water
 
management and other irrigation techniques into its extension program. Possibi
lities for doing this should be explored with the APS consultant, Vicki Shoen,
 
now completing a three-month study of the country's extension service. The
 
Mission needs to identify both short-range and long-range needs for a reorienta
tion of the extension service.
 

A.2.i The Mission should identify at least two people trained and experienced
 
in extension methodology to conduct short-term training workshops (maximum of
 
two months) for extension agents. This should also be explored with Vicki
 
Schoen.
 

A.2.j Swill-d trainers should begin conducting Lossa-like workshops at frequent
 
intervals in order to begin to break down communications barriers between far
mers and line agencies responsbile for delivering services to irrigated peri
meters. These workshops should be conducted in a nondirective framework for the
 
benefit of both high-level and 1ic civil Given the absence of
X vel servants. 

nondirective communication inside the bureaucracy, it would. be advisable to
 
place a trainer in the Agriculture Service of the MDR two years prior to the
 
beginning of the workshop in order to lay the groundwork for the workshops and
 
to coordinate their execution.
 

B. Niaer's Institutional Structure
 

One of the core characteristics of the Weberian Model of bureaucracy--of
 
which the Niger governmert is an example--is predictability of roles, functions
 
and outcomes. The highly centralized and directive structure assures order,
 
maintains control and the retention, as well as the consolidation, of power by
 
the regime. Behavioral outcomes are, by and large, predictable. However,
 
shifting increasingly toward greater mass participation from the bottom up
 
through decentralized organizationa*l structures imtlies some loss of control.
 
Actionable outcomes of a vitalized and informed rural population can neither be
 
predicted nor totally controlled. Therein lies the contradiction.
 

The desirability of mass particioation is official policy. in reality,
 
however, participation has most frequently meant little more than mobilizing
 
farmers for specific tasks; e.g., purchasing crops and collecting loan install
ments or user charges. There is a vast difference between mass participation in
 
order to mobilize people for specific tasks and mass oarticipation to empower
 
peovle to increase their own control over their lives. There is no indication,
 
based on the nature of mass participation to date in Niger, that the latter is
 
what the State has in mind. It seems quite unlikely that a government concerned
 
with maintaining order and remaining in power is going to ,ace in any meaning
ful sense the bureaucratic reorientation required to make mazs participation
 
from the bottom up a reality.
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The Socite de Developpement stresses the need to "change peasant mentali
ties and motivations." The objective of the Soci'te is to elicit the voluntary
 
and active particioation of the population in national development. The Socie
ties are to provide the population with the possibility for managing its own
 
affairs and for assuming responsibility for local level implementation of
 
development activities. Just how this will be brought about is not yet clear.
 

Before discussing local level participation at a more meaningful level, we
 
need to provide the setting for irrigation development in Niger.
 

B.1 GON Services for Irrigated Agriculture
 

The GON regards irrigated agriculture as critical for protecting itself
 
against poor rainfall and drought. By expanding irrigated production, it hopes
 
to increase the nation's production of staple cereals such as rice and sorqhum,
 
vegetable crops, cotton and fodder for livestock. Realizing this policy at
 
bureaucratic levels of execution involves a number of agencies and institutions.
 

Prior to 1978 the Union Nigerienn2 de Credit et de Cooperation (UNCC) had
 
primary responsibility for irrigation development in Niger. Under the authority
 
of the Ministry of Rural Development, UNCC planned and monitored irrigation
 
development through its technical, extension and marketing divisions.
 

In December, 1979, the Office National des Amenacemerts Hydro-Aqricole
 
(ONAHA) was created to assume responsibility for irrigation activities. ONAHA
 
is a parastatal under the authority of the Ministry of Rural Development charged
 
with essentially two responsibilities:
 

--	 To assure the development of hydro-agricultural infrastructure on behalf 
of the GON, and 

--	 To assure the management and maintenance of this infrastructure by pro
viding training and extension services to farmers in liaison with the 
UNCC. 

On the irrigated perimeters UNCC shares with ONAHA the responsibility for
 
organizing farmers into cooperatives for purchasing inputs and marketing cereals
 
and other commodities.
 

The Institut National de Recherches Aaronomiaues du Niaer (INRAN) is
 
responsible for research on irrigated croos through its hydro-agricultural divi
sions located in Maradi, Kolo and Tillabery.
 

The role of Eaux et Forets in irrigated agriculture was not examined for
 
this report.
 

B.1.a UNCC and Cooperatives
 

The UNCC, created in 1962 as an instrument of rural development, was estab
lished to provide administrative support to a network of small farmer groups
 
which were successors to the colonial precooperatives. After 1965 these groups,
 
already called cooperatives, were converted into voluntary membership groups to
 
be locally managed. In fact, however, they continued to be controlled by dele

gates appointed by the UNCC director in Niamey.
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During the 1970's the UNCC role broadened to include the marketing of food

grains and other cash crops. Its 
role as a major supplier of agricultural

equipment grew significantly during this period and so 
did its staff of accoun
tants. Nonetheless, UNCC has continued to have difficulty in providing the
timely delivery of agricultural inputs to farmers. There is also a problem with
 
availability of improved seeds.
 

The one activity which did not grow, but rather became increasingly less

significant during this period, was cooperative education. 
 It has been stated
that this lessening of the importance of cooperative eduiation was due to the
 
adoption by UNCC leadership of a new cooperative statute which provided greater
 
autonomy to small farmer cooperatives.
 

The cooperatives are 
supposed to play a major role in the development of

the Socite de Developoement. As currently constituted, however, cooperatives
 
are more form (they have an 
elected body of officials) than substance. They

remain the virtual 
creation of the State, subject to ever-changing decrees and
regulations which govern their role and function and which determine the bound
aries of their decision-making authority. 
The decrees and regulations passed in
May, 1979, retain centralized UNCC control 
over the cooperatives. They specify

the exact content of their rules and establish a standard set of procedures,

such as the use 
of UNCC accounting forms, which the cooperatives are required to
 
follow. Cooperatives in Nicer are still 
very weak structures with little inter
nal dynamic of their own 
to generate and sustain self-actualization.
 

Given 
the nature of cooperatives in Niger, several recommendations
 
concerning irrigation management emerged from the Seminaire National Sur la

Strategie d'Intervention en Milieu Rural held 
in Zinder in November, 1982. The
 one recommendation of partTcilar relevance here is the one which called for the

transfer of 
a number of functions 
on irrigation schemes to the cooperatives in
 
an "immediate" timeframe:
 

les operations ci-dessous soient immediatement et r'ellement transferees
 
aux organismes paysans aoris sensibilisation et concertation;
 

- qestion des intrants agricoles (engrais, semences, qaz-oil, etc.)...; 

- orvertures et gestion de 13 ligne de credit devant financer les charges

de culture et autres activit's lies a 'exploitation, sauf pour les
 
cooperatives disposant d'un fonds de roulement proore;
 

- les operations culturales autres que le labour;
 

- la gestion du tour d'eau; 

- l'entretien primaire de linfrastructure; 

- le calcul et le recouvrement des redevances; 

"/Ordnance 78-19, October 12, 1978.
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- la commercialisation de leur recolte; 

- que chaque cooperative cr-e un fonds de solidarite cooperative pour la
 
prise en charge de l'exoneration a accorder oar l'assembl'e generale en
 
cas de necessaires recolte liee a tine calamit (Zinder, 1922).
 

Another recommendation urges ONAHA to "accelerate the process of self
management of the cultivation of irrigation schemes." Itwas also recommended
 
that the chef du perimetre on each scheme, who is now an ONAHA employee, should
 
instead be employed by the cooperative itself and thereby made responsible to
 
farmers rather than to the bureaucracy.
 

A host of problems emerge from these recommendations, the most critical of
 
which is the lack of an effective learning/teaching model in this country to
 
prepare farmers to assume the responsibilities outlined in the recommendations.
 
Neither ONAHA nor the agencies providing supportirg services (UNCC, INRAN, Agri
culture Extension) has the capability to set in motion and sustain over time the
 
required learning process. Even if each service did possess the 
resources
 
needed to develop such a capability, the structure of the bureaucracy provides

little incentive to cooperate and to coordinate programs and services so that
 
limited resources c-n be used more effectively. Technical ministries and agen
cies continue to corrol their staffs vertically.
 

B.l.b Extension and Farmer Traininq: The Agriculture Service
 

This control of stairs in a vertical manner is very evident in the Agricul
ture Service. Extension in Niger is the responsibilicy of the agriculture ser
vice of the Ministry of Rural Development. in a nutshell, it is a very top
down, hierarchical and one-way communications model with little feedback and
 
adaptation to regional variations in climate, soil or production practices.
 

The "fiches techniques" developed by INRAN are passed on to the agriculture

service as "givens" and then disseminated by acents techniques (who do not
 
necessaril, understand what they are to disseminate) to farmer particioants in
 
the farmer tratiing centers (the CPTs and CFJA). The full responsibility for
 
dissemination of the "themes techniques" in these packages rests on the backs of
 
these farmer participants who have been simoly told whal to do and then turned
 
loose at the end of the training period with no follow-up support. The exten
sion system is very theme-oriented and techniques are communicated in a direc
tive "teaching" environment rather than in a participatory learning environment.
 

At this point in time, the agriculture service does not have a viable
 
extension service. At the national level there is currently no one filling the
 
position of head of extension. Agents are too few--one for every forty vil
lages--and poorly motivated. They have no official means of transportation and
 
no control over resources which could be accessible to them, such as 
vehicles
 
for field trips. These vehicles may be commandeered at whim by a superior.

There is also little relationshij between what extension -gents have been taught

and the tasks they are asked to carry out.
 

ONAHA is aware of this lack of extension to the farmer in an environment
 
calling for increased participation and responsibility for management of
 
resources on perimeter parcels. As a result, it has developed a proposal to
 
train cooperative members in improved irrigation techniques at the perimeter
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level. This proposal is under consideration by the FED.
 

USAID, under the Agriculture Production Support project, has commissinned a
three-month study of the extension system in Niger. 
The study, which is almost
completed, points out the need for an extension methodology in Niger (Schoen,

1984). What is sorely missing, in addition to 
adequate and appropriately
trained stiff and an extension methodology, is a capability for training people
who have the responsibility for training farmers. 
 There is also the need for an
effective learning model 
as the framework within which both extension) staff and
farmers can 
begin to acquire inproved skills and new knowledge in a participa
tory learning environment.
 

B.1.c INRAN and Irrication Research
 

The staffing and training problems which plague the Agriculture Service are
equally present at INRAN. INRAN was 
created in 1975 to orient agronomic a,:d
botanical research more toward food production than had been the case under its
French dominated predecessor, IRAT. INRAN is considered an autonomous research
agency under the authority of the Ministry of Higher Education and Researcm. It
has the dual task of developing improved varieties and providing foundation seed
stocks for the agricultural service. 
The most critical constraints to carrying
out these two mandates are the lack of enough appropriately trained staff and
the lack of an effective mechanism by which small farmers can be involved in the
research prucess, either in 
terms of information exchange at the technical 
level
 
or in terms of actual on-farm trials.
 

In addition to these two constraints, line agency links to the agriculture
service and to ONAiA are virtually nonexistent in the everyday working serse of
performance-oriented linkages (there is 
a liaison cellule responsible for dissemination of the "fiche technioue." INRAN's relationship or linkages wit, the
agriculture service are 
such that ongoing efforts in new varieties researc' are
not effectively communicated to aqricultural agents, much less to the farm,-.
Farm-level concerns, such as 
comoaratie yield results between traditional
(broadcast) and other methods of direct seeding and transplanting of rice cn
perimeters in the Niger River Valley, do not get addressed because there 
are no
workable links forged between ONAHA, INRAN and the farmer. 
A part of the problem here is that research rewards at 
INRAN continue to be more oriented towards
rain-fed agricultural crops than toward irrigated agriculture.
 

INRAN has designed a proposal for irrigation researc to be carried out on
the Los3a perimeter. The proposal, presented at tht 
March 12-21, 1984, INRAN
Conference in Maradi, focusses specifically on water use; however, there is no
description of who will conduct this research or how'ONAHA, the Agriculture

Services or the farmer will 
be involved.
 

Given evolving policy of the GON on irrigation as a means of increasi~g
food production in the country, the nation's research institute should be 
-n the
process of developing a capability for the effective dissemination and sharing
of research information on irrigated crops. 
 Of equal importance, INRAN s..u.ld
be developing feedback loops for monitoring the farm application of research
 
findings.
 

INRAN has a long-range need for researchers trained not only in the r'levent technical areas specific to irrigation, but also in how to disseminate
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their findings in an effective manner. In the short term, it needs intensive
 
training courses in both technical areas and in the training of trainers for
 
technical areas. These should be conducted at the field level by outside
 
technical assistants.
 

USAID/Niger is aware of iNRAN's technical staffing problems as well as its
 
lack of an organizational mechanism to conduct on-farm research. It has
 
addressed this in the NOD project by contracting a technical assistant to work
 
with INRAN through a counterpart. The NOD contract expired last January and
 
INRAN has not been able to replace this person. The bodies are simply not yet
 
available. One of the ways in which INRAN's staffing problems could be
 
addressed in the short run would be for USAID to fund directly an irrigated
 
crops agronomist to work under the auspices of ONAHA in a way similar to what
 
it has done with the NOD.
 

B.1.d ONAHA
 

On ONAHA-managed perimeters we found a lack of appropriate training for
 
ONAHA technicians and a lack of experience on irrigated perimeters. Senior and
 
mid-level technical staff consist of civil servants detached primarily from the
 
Ministry of Rural Development and line agencies for specific periods of time,
 
generally for two-year assignments.
 

ONAHA currently has no authority or veto over who is assigned or reassigned
 
to its technical staff. Persons are moved according to overall staff needs of
 
the MDR, in both irrigated and dryland subsectors. Thus, civil servants who
 
become knowledgeable on perimeters could be reassigned zo the dryland agricul
tural subsector after a oeriod of two to five years. ONAHA senior staff view
 
this assignment system as very positive -nd part of how one moves up in the MDR.
 
These frequent reasssignments do not, ho.ever, facilitate continuity of produc
tion activities on the perimeters. Ass.,qnment to ONAHA does carry with it cer
tain benefits, such as supplemental par, because the tasks to be performed are
 
considered by the MDR to be mcri-'_z ianding than those in the dryland subsector.
 

By and large, mid-level staff are trained at Kolo. Unfortunately, Kolo has
 
no specific core curriculum in irrigation or water management, though there is
 
general introductory material within the Genie Rural infrastructure framework.
 
Training at Kolo tends to take place in a directive manner. Kolo graduates are
 
generally employed by the government, and in the case of ONAHA, are detailed
 
from the MDR to ONAHA.
 

ONAHA's technical staff breaks down into the following categories:
 

(a) Senior Level/Infrastructure
 

Ingenieur de l'equipment rural
 
Ingenieur de travail rural
 
Technicien supericur hydro et equipment rural
 

i/The MDR will soon put into effect a new ruling which will assign civil ser

vants to ONAHA for five years instead of the current two years.
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(b) Senior Level/Mise en Valeur
 

Ingenieur agronome
 
Ingenieur de techniques agricoles
 

(c) Mid-Level Infrastructure
 

Technicien du genie rural
 
Conducteur des travaux
 
Agent technique du genie rural
 

(d) Mid-Level/Mise en Valeur
 

Agent technique de l'agriculture
 
Moniteur de l'agriculture
 

The encadreurs agricoles are the lowest level employees, and to date have
 
been mostly contract employees. According to O;AHA officials, it is this level
 
which is currently being cut back. ONAHA will eventually be completely staffed
 
by civil servants.
 

The ONAHA technicians which we found on the perimeters were young and inex
perienced. Some were just out of Kolo and others recently moved from the dry
land sector to their first perimeter. All needed training in water management

and techniques for effectively communicating with farmers. The director of the

Konni I perimeter stated that his biggest worry was getting farmers to follow
 
the ONAHA calendar. 
Again, the tone and basic attitude is directive rather than
 
participatory.
 

Training is clearly a critical need on the perimeters. Yet unless the
 
movement of civil servants in and out of the irrigation subsector is reduced, it

will be difficult to avoid a constant decapitalization of the investment in
 
human resources necessary to build a staff trained specifically for irrigation

development. In effect, the only human resources cadre which is permanent on
 
the perimeters are the farmers. Consequently, they should be nrinciple

focus for training programs. An investment in training farmers will be in
 
keeping with the Zinder recommendations and has potential for long-term payoff

provided a number of technical and research issues are simultaneously addressed.
 

B.2 -Coordination Mechanisms Between Research, Extension and Training
 

The organizational problem of coordinating limited resources to meet farmer*
 
needs will not automatically be solved through long-term or short-term develop
ment of a staff capability in irrigated crop research and extension. The prob
lem of forging real organizational links between 1NRAN, ONAHA and the MDR exten
sion service should be addressed through what Korten and Uphoff refer to as
 
"bureaucratic reorientation," or the process by which vertical and one-way com
munications begin to move 
in horizontal and two-way directions. This reorienta
tion is by no means a quick or simole task. Itwill require breaking down
 
barriers between groups of people who have been trained, more precisely

socialized, to communicate in a vertical manner.
 

What is needed are coordinating mechanisms. The exact forms these mech
anisms will 
take can only be determined following closer descriptive analyses of
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each participating institution (this would include the cooperatives) from an
 
organizational point of - . Such an analysis should include the nature of its
 
bureaucracy, its performance criteria, recruitment and tenuring policies, pro
motion and upward mobility, incentive structures, mandated authority and the
 
responsibility and limits thereof, mechanisms for carrying out line responsibi
lities (internal and external) and client-constituent accountability. The
 
analysis should also identify possible points for promoting effective coordina
tion with other institutions charged with execution responsibilities under irri
gated agriculture.
 

The Mission has some experience in attempting to build coordinating mecha
nisms to mesh the implementing acitvities of different agencies under its NDD
 
project. In addition, the Lossa I and II workshops brought civil servants of
 
various line agencies together over several days to identify problems and work
 
through collaborative solutions. These seminars received positive recognition
 
from other major donors. One problem noted at the Lossa seminars was an uncon
scious resistance to working in a nondirective environment. The participants
 
tended to wait for guidance rathEr than move on their own in a problem-solving
 
framework. This process of changing organizational personalities is a very slow
 
one with tangible results being obtained only over a long period of time.
 

Irrigation schemes in other oarts of che world are faced with the same
 
coordinating problem. In Thailand, the Royal Irrigation Department, a virtually
 
autonomous body within the Ministry of Agriculture, is responsible for building
 
dams and constructing main canals in irrigation systems. To achieve project
 
purposes in the case of Lam Nam OON, the project called for coordinating mecha
nisms that would bring together, in a manner unusual for Thailand, the Royal
 
Irrigation Department and other elements of the Ministry of Aqriculture with
 
other ministries. Coordination and cooperation were oarticularly difficult in
 
this case because the rewards of the irrigation department lay in construction,
 
not in fostering farmer organization or coordination.
 

In Pakistan, the Federal Agriculture Department established a water manage
ment cell to help coordinate the project. It also created on-farm water manage
ment directorates in provincial agricultural departments.
 

In Korea, an irrigation project was managed by the Agricultural Development
 
Corporation branch of the Ministry of Agriculture and Fisheries. There was very
 
close coordination through the county government at the lowest level, as well as
 
at the apex. This coordination included infrastructure, research and extension
 
services (AID, 1983).
 

The point being stressed here is the need for an organizational mechanism
 
capable of facilitating the coordination of activities and services to be
 
delivered to farmers. Th'is enables limited resources to be used more effec
tively for irrigated crop production. Attention must be ,iid to the design or
 
creation of a coordinating mechanism which does not stifle whatever capacity
 
line agencies may have to perform their jobs. Thus, the mechanism snould do
 
more than facilitate and execute. It should also have a "training for organiza
tion" component.
 

Having isolated critical training issues and problems in AID irrigation
 
development projects in the develooing world, the final report on AID's Exneri
ence in irrigation makes the following observation:
 

, \
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If training is proposed, it will probably be training for the organiza
tion's staff, primarily in building better infrastructure and secon
darily, for better management of the entity itself. Only then, if
 
ever, is consideration given to training for farmers, and it is most
 
likely to be in the agronomic aspects.
 

Training for organization is rare.
 

B.3 The Private Sector
 

We cannot assume that the private sector is capable of servicing and
 
repairing equipment. Informed decisions by USAID about a possible role for the
 
private sector in irrigated agriculture will be possible after USAID completes

its analysis study of the private sector.
 

C. Farmers and Irriqation
 

C.1 Organization Within the Perimeter
 

Farmers on the irrigated perimeters are currently organized into Grouoement
 
Mutualiste Procressive (GMP). 
 The GMP is the smallest unit on the perimeter.

Frrners are represented by a president, treasurer and a secretary-general. The
 
government is represented by one encadreur. 
 This group of four is called a
 
Comite de Gestion for the perimeter. It is at this level that basic tasks are
 
assigned and scheduling for water distribution is determined. As outlined
 
earlier, farmers through their Comite de Gestion of the Cooperative will be
 
.xpected to assume full responsibility-7or the following:
 

1) Technical Asoects:
 

a) 'Monitor the quality of clearing and plowing
 
b) Determine all other tasks judged necessary for correct clearing and
 

plowing
 

2) 
Water Manaqement. Determine a calendar of water distribution and moni

tor the established program of distribution
 

3) Maintenance of Infrastructure:
 

a) Clearing weeds and debris from all canals
 
b) Monitoring for needed repairs
 

4) Management and Administration:
 

a) Management of agricultural inouts: distribution of inputs, moni
toring applications and ordering and managing the stock
 

b) Establishing an accounting system and stewardship of funds
 
c) Marketing
 

Clearly, a qreat. deal of training will be required to prepare farmers to
 
assume these responsibilities. 
At this point in time there is not much evidence
 
that farmers on large perimeters are assuming much responsibility. We observed,

for examrple, at Konni I the presence of weeds and debris in the tertiary and
 

C,
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field canals which seriously reduce the efficiency of water delivery. The lack
 
of maintenance of canals is one of the key problems on the Konni perimeter and
 
the Comite de Gestion did not seem to have the authority necessary to get far
mers onto their canals for cleaning.
 

The relationship between farmers and this Comit' de Gestion needs close
 
examinatior. It is assumed that the farmers sitt'ny on the Comitd represent the
 
sentiments of farmers making up the cell groups. They may not. UNCC needs to
 
pay attention to assure that appointed farmers represent traditional authority
 
so that they may enjoy the esteem and confidence of the community. There should
 
be a mapping of traditional authority structures onto this "modern" Comitg idea.

As a general rule, they will then command the necessary respect and farmers will 
accept their decisions and rules.
 

C-.2 Labor Competition and Management
 

Despite some responses by farmers that they have experienced no serious
 
problems of labor shortages betv.'n dryland and rrigateJ cu~tivatlcn, particu
larly ii ,une-July for ricP cultivation, the problem does exist. During this 
period, farmers must harve,,.aid thresh rice from the dry season planting, pre
pare the rice nurseries for the riny srason and assume the planting tasks on
 
traditional rain-fed fields. There Is a labor cunstraint during this period

which manifests itself on the irrigated parcels.
 

Labor which can be mobilized collectively for traditional fields cannot be 
comman-icd on irrigated plots. The key ingredient in determining whether labor 
will or will not be available for working on irrigated fields is cash. A head 
of household or village notable can command thruugh traditional expressions of
 
community-oriented service the collective labor of members of the community.
The consensus o- the community is that the labor provided will have a collective 
benefit--if inuividual crop yields are low, there is always the security of the 
col lective granaries. There is no such attitude concerning the production from
 
irrigated cultivation. These crops are perceived as strictly individual under
taku gs, the proceeds of which will not be collectivized. The same farmer who
 
will lend extra labor for traditional cultivation tasks will only lend labor on 
irrigated fields if he is paid. 

Farmers at Namaregoungou who use day laborers stated that they pay 500 FCFA
 
per day plus two meals for critical tasks such as transplanting of rice seed
lings. If there is no money to pay for this labor, the work is delayed because
 
preference goes to the traditional fields.
 

The question of whether or not farmers would devote more time to their 
irrigated parcels if they had larger parcels has been raised and needs further 
examination. The ouestion is raised because it seems to have possibilities for
 
a net gain in cereals for the farmer and for the government. The possibility of 
such a change in production practices would have tremendous impact on the social 
attitudes of farmers concerning the use of labor. Keep in mind, however, that 
some perimeters such as Namaregoungou cannot expand the amount of surface an
 
individual farmer has without eliminating other farmers from the perimeter.
 

The lack of maintenance of canals on the perimeters may arise in part from 
the seasonal labor shortage. It also could be due, in part, to a lack of legi
timacy on the part of the Comit de Gestion. If farmers do not acceot the
 

v-i 
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authority emanating from the ComitY, they will ignore calls for tasks to be
 
performed. At Konni I we were informed that farmers are given three warnings

by the Comiti if they refuse or forget to show up for assistance with specific

tasks. The fourth time they are removed from the perimeter. How enforceable
 
this will be remains to be seen.
 

C.3 Incentives for Farmer Participation
 

On the full water control perimeters we found a fairly high level of farmer
 
participation because: (1) increasingly low crop yields of millet and sorghum on
 
traditional rain-fed fields tend to make food requirements a high priority; and
 
(2) generating income, in part to purchase qrains, is a high priority. Farmers
 
expressed satisfaction with perimeter parcels because it increased security
 
against bad rainfall years and drought. Poor rainfall in the northern zone of
 
the Niger River basin has increased demands of farmers on the right bank for
 
parcels on the Namaregoungou perimeter.
 

The question of payment for water was raised at Konni I where farmers
 
already pay a redevance of 12,375 FCFA per .75 hectares to help defray ONAHA
 
administrative costs and costs of the infrastructure. This year farmers will be
 
asked to pay an additional 5 FCFA per cubic meter of water used on their parcel.

We heard no negative responses concerning this upcoming payment. A number of
 
farmers stated that it is only fair that after five years they should be asked
 
to pay something for use of water.
 

C.4 Land Tenure and Distribution
 

Law 60-28 of May, 1960, and August, 1962, decree 69-149 of October, 1969,
 
and additional regulations from 1968 to 1972 set the basic conditions for the
 
management of irrigated perimeters. They stipulate that land improved for irri
gation belongs to the State, but is to be allocated among family units. Indivi
dual contracts for farmers have been drawn Up to provide them with security of
 
land tenure. Allocation of parcel size seems to vary from perimeter to peri
meter. At Konni, distribution is based on size of family, with each parcel being

0.75 hectares. Families with a larger number of active workers have the possibi
lity of obtaining additional parcels. At Namaregoungou parcel size was as small
 
as .20 hectares per family, with no possibility for obtaining additional par
cels.
 

The extent to which there is dissatisfaction with the way in which land has
 
been distributed on the perimeters was not discernible during site visits. We
 
were particularly concerned with finding out how women felt at Konni I about
 
land redistribution. We had been informed by a GON official in Niamey that
 
women at Konni I were "not very hapoy at having lost their traditional fields"
 
when the government aoorooriated the land for irrigated development. Several
 
women at Konni I who cultivated the land before the government develooed the
 
scheme responded that the land belonged primarily to the villagers at Terrassa
 
Gouni and Gadandougo Mongou before it was developed for irrigation. After the
 
census was comoleted and the villaqers were informed of what would take Dlace
 
concerning the land, each oerson who had traditional fields received a .7/5 hec
tare parcel. All persons who had some rights to the land before were eligible
 
for parcels. According to the director of Konni I perimeter, this includes some
 
civil servants. One of the farmers interviewed, a former soldier, oointed out
 
that there are some heads of household who have between 3 and A hectares.
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T. Keita (1982) has also pointed out that eligibility for parcels of land
 
developed for irrigation is open to farmers who had land before the development.
 
She uses the example of women in the Saye perimeter who are entitled to parcels
 
if they held land prior to the development of the perimeter.
 

C.5 Equipment Reoair and Maintenance
 

Repair and maintenance of primary irrigation infrastructure, according to
 
an ONAHA field official, will remain the responsibility of ONAHA even after
 
farmers have assumed responsibility for all other maintenance tasks and func
tions. On the other hand, the team leader for this assessment was told by the
 
Director of the Niamey Regional Office of ONAHA that farmers would be respon
sible for hiring services to repair the pumps. This is a matter which needs
 
further clarification in soecific detail, going from the simplest infrastructure
 
maintenance tasks to the most complex in order to lay out exactly what tasks
 
have to be performed, by whom, with what tools and at what cost.
 

D. Micro-Irriqation
 

Although official policy does not call for placing emphasis on micro-irri
gation projects, these systems cover 3,000-5,000 hectares of land and include
 
irrigated gardens and orchards constructed and managed by farme-s under their
 
own initiative. A common characteristic of these micro systems their
 
reliance on low energy and highly-adapted technology in water and infrastruc
ture. Farmers cultivate another 20,000 hectares using flood recession tech
niques, but we do not consider this to constitute irrigation since it does not
 
really include management of water as much as management of land.
 

Given the Club/CILSS call for increased food self-sufficiency in the Sahel
 
and the need for governments to mobilize their efforts in this area, I feel that
 
the USAID fccus should be on suooortinq the government's capability to resoond
 
.o its citizen/farmers when the demand for support to irrigated cultivation
 
increases. This will require the strengthening of a number of government insti
tutions.
 

I would, however, be in favor of infrastructure support to micro systems
 
only if concomitant attention is focused on the agronomic needs and marketing
 
constraints of these systems.
 

E. Conclusions
 

Our field observations and analysis of other donor activity in the irriga
tion subsector suggest that there is greater need for improving the performance

of what already exists rather than for expanding the area under cultivation. 

Fa-mers cultivating on the full water control gravity-flow systemn such as 
the Namareqouncou and the Konni I Derimeters, those using groundwater systems 
such as at Djiratawa and Ruwana, those using the shallow well system a: a7 
Chindigui and Sumarana share a set of common oroblems: 

- Lack of agronomic suoort in the form of farm-level research through exten
sion in cropping techniques;
 

- lack of adequate technical information; and 
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-
lack of any clearly perceived need to vitalize existing cooperative struc
tures beyond their mandated functions.
 

Bureaucratic agencies or institutions such as the Agriculture Service,
 

ONAHA and INRAN also share a set of common problems:
 

- They are understaffed at appropriate technical levels;
 

- existing staff is not appropriately or adequately trained;
 

- there is no effective learning model in the country by which new informa
tion, techniques and knowledge can be disseminated, assimilated, reacted to
 
and refined;
 

- research has no real link to what is happening on the farm; and
 

- there are no coordinating mechanisms to facilitate linkages among services
 
and between the services and the farmers.
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ANNEX G 

ENVIRONMENTAL REVIEW OF IRRIGATION IN NIGER
 

Michael Gould
 

A. Introduction
 

USAID/Niamey has initiated a review of the irrigation sector in Niger. An
 
important component of this review is the assessmpn' of the impact of irrigation

projects on the environment. This technical anrex describes, specific to Niger,

these environmental impacts. Since time consti'aints do not permit a comprehen
sive, in-depth assessment, only major issues are identified. Impacts on the
 
socio-economic environment are addressed elsewhere.
 

This annex organizes the impacts on the environment into three major
 
groups: water resources, soils and public health. The reader should be aware
 
that there are numerous interrelationships between the three groups. For exam
ple, water is a primary irnput to irrigation. It is applied to the soil and the

resulting runoff and percolation returns a portion of the water to surface and
 
groundwater sources. The quantity and quality of the water has been affected by

the soil and other agricultural factors (agricultural chemicals, physical de
sign, etc.). The resulting changes in water quantity and quality directly im
pact on public health when the same water supply is used for human consumption.
 

B. Water Resources
 

B.1 Surface Water Quantity
 

The quantity of available water directly affects irrigation efficiency and
 
feasibility. The best reference concerning the quantity of water available for
 
irrigation in Niger is Etude du Plan de DevelopDoement de ]'Utilisation des Res
sources en Eau du Niger (SOGREAH/BGRM, 1981). The water balance estimates for
 
surface waters made by that study indicate that the present situation is satis
factory. The city of Niamey has experienced some shortages during particularly

dry periods (for example, June 1974) but the ten-day low flow during a ten-year
 
recurring drought year should be sufficient to provide water to Niamey and to
 
existing perimeters. Shortages are the result of insufficient storage and the
 
placement of pumping stations.
 

The other major use of surface water is in the Ader Doutchi-Maggia area.
 
Sufficient water is available for current needs, but the storage capacity of the
 
existing reservoirs has been severely reduced due to siltation. If surface
 
water storage infrastructure could be rehabilitated and additional storage pro
vided, then land already dedicated to irrigation could be made more productive
 
and additional land put under cultivation.
 

Surface water is also seasonally available in the Dallols (Bosso and
 
Maouri) and in the Goulbis (Gabi and Maradi) near Maradi. This resource is not
 
significantly used due to the need for investment in storage. There has been
 
some discussion of the development of Lake Madarounfa. However, a decision was
 
made to concentrate on groundwater development in the Maradi area. In the Air
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region some use is made of small catchments to provide water for garden irriga
tion. Table G-1 has been taken from the SOGREAH/BRGM study. It summarizes the
 
total volume of surface water resources in Niger.
 

To plan irrigation projects, one also needs to understand the dynamic na
ture of the resource; for example, the minimum flow of water available under dry
 
year conditions. The SOGREAH/BRGM study also examined that factor and concluded
 
that planned irrigation development in the Niger Val ley and the Ader Doutchi-

Maggia region would not be constrained due to a lack of water. (This assumes
 
that infrastructure investments for storage, canals, pumping stations, etc. will
 
be made.)
 

B.2 Groundwater Quantity
 

Many major cities (Dosso, Tahoui , Maradi, Agadez, Zinder and Diffa) depend
 
on groundwater for water suoply. With the exception of Agadez, these cities
 
experience water shortages due to inadequate pumping capacity during periods

when water table levels are low. The best general sources of information on
 
groundwater are the two BRGM studies, Cartes de Planification oour lExDloita
tion des Eaux Souterraines de l'Afrioue Sahelienne and Atlas des Eaux Souter
raines du Niaer. 

The three most important aquifers are the Quaternary Al luvium, Continental 
Terminal and the Continertal Intercalaire. Other minor water sources are found
 
in Precambrian bedrock, sedimentary formations of the Cretaceous Jurassic
 
periods, and various epochs of the Tertiary period (Paleocene--Pliocene). For
tunately, areas under consideration for agricultural development are located
 
near the major aquifers.
 

Major quaternary alluvial deoosits are located at Da Ilols Bosso and %Macuri,

in the Tarka and Maggia valleys, in the Air mountains, and in the southeastern
 
corner of Niger, near Lake Chad. The Continental Terminal underlays most of the
 
southern portion of Niger. It is near the surface and therefore exoloitable in
 
the region extending southwest of Tahoua to the Niger River. It underlies the
 
Maggia and Tarka valleys. The Continental Intercalaire underlies the Continen
tal Terminal and emerges in the region east of the Continental Terminal. It
 
extends to the east as far as Zinder, but remains south of Agadez. Characteris
tics of these three formations are described in Table G-2.
 

7' 
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TABLE G-1: Surface Water Resource
 

Volume des ressources 
moyennes annuelles en 

Nor de la zone Nor des fleuves, koris, etc. eau superficieale (M.m3) 
A laval i aximum 

des bassins utilisable 

Fleuve Niger 	 Niger A Niamey (31 500 4.m3)
 
et affluents 	 Affluents volalques (1 440 M.m3) 35 200 35 200
 
rive droire 	 Affluents b~ninois (3 200 '.m3) 

Niger a Gaya (35 300 M.m3) 

Affluents rive 
auche du Niger 	 nigiigeable
 

Las Dallols 	 Dallcl Bosso (4 a 5 H.m.3) 
Dallol Maouri (4 a 5 M.m3) 10 10 

Zourourou 67 101
 
,der Doutchi- Badeguicheri 37 37
 
..aggia Maggia 55 118
 

159 256
 

Goulbis Gabi 	 Goulbi Gabi
 
et Maradi 	 Goulbi Maradi 226 226 

Zinder et
 
Koramas 	 13 13 

Lac Tchad at Komadougou Yobg entrant au Niger 
Komadougou Yob (apport au lac Tchad : 200 M.m3) 555 555 

Zone nord du
 
lac Tchad 	 aggligeable
 

Air 	 Ensemble des 5coulements a ]'aval 250
 
Ensemble des dcoulements avec une
 
utilisation sur tout le bassin 420
 

Grands ergs 	 0 0
 

Djado 	 ndg lige-abI -


Total des ressources sans le fleuve Niger 	 1 210 1 480
 

Total des ressources avec le fleuve Niger 	 36 400 36 700 
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Table G-2: Typical Aquifer Characteristics
 

Quat. Alluvium Cont. Term Cont. Intercalaire 

Thickness (meters) 10 - 30 30 - 75 25 - 40 

Depth from surface (meters) 3 - 15 1 - 40 2 - 10 

Specific Capacity* 20 - 40 1 - 10 5 - 15 

Typical Capacity** 3 - 5 2 - 15 1 - 10 

Transmissivity*** - 0.1 - 1 5 - 10 

*Cubic meters per hour per meter of drawdown
 

"*Well d scharge (liters per second)
 
***In 10F square meters per second
 

The SOGREAH/BRGM study general ly considers all 
three major aquifers rel i
able sources 
of good quality water for water supply. In some areas, such as

Air mountains, the volume available may restrict the scale of agricultural de-

the
 

velopment. The Continental Intercalaire and Terminal aquifers are also noted as

occasional sources of artesian water (water flowing to ground surface, due to

being under pressure in a confined aquifer). The feasibility of using ground
water for agricultural development should be determined on 
a case-by-case basis

because aquifer characteristics will change, depending on the location.
 

B.3 Water Quality
 

There is r'-latively little water quality information available. Table G-3
presents a typical water analysis for the Niger River. The water is low in 
dissolved solids (salinity). Other data have indicated that the conductivity
varies between 26-52 micromhos/cm. This suggests a dissolved solids concentra
tion between 20 and 40 mg/liter. The water has a relatively low sodium content
 
and can be described as a calcium bicarbonate-predominate water. This reflects
 
the geochemical environment of the upstream basin. 
The water is in contact with
 
weathered Precambrian and Cambrian bedrock and sandstone formations. These
 
geological environments generally produce water of low mineral 
content.
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The groundwater of the major aquifers of Niger has similar characteristics,

though subsurface waters around Diffa, Birma and Dallol Maouri can have some
 
salt. The BRGM information on general water quality information contained in
 
the annex of the SOGREAH/BRGM study is summarized in Table G-4, below:
 

Table G-4: Aquifer Water Quality 

Quaternary Continental Continental 
Alluvium Terminal Intercalaire 

Classification C1 - Si C2 - S C1 - S1/C2 - S2 

Total dissolved solids 130 mg/l 300 mg/l 150 mg/l 

BRGM used the irrigation water suitability diagram developed by the USDA.
 
It is based on the relationship observed between sodium content and conductivity

to indicate suitability of water relative to crops. 
 The diagram is presented

here as Figure 1, and the interpretation in French is shown as Table G-5.
 

The general conclusion at this point is that water quality is 
not a con
straint to irrigation development. No information on boron, arsenic, heavy

metals or trace substances was obtained. Based on 
the general characteristics
 
of this type of water, it would be surprising to encounter a major problem

involving these substances.
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FIGURE 1: IRRIGATION SUITABILITY DIAGRAM
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TABLE G-5: Irrigation Water Quality Classification
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B.4 Water Resources Summary
 

Information indicates that water resources, both in terms of quantity and
 
quality, are potentially available to support increased agricultural develop
ment. 
In the Maggia, Tarka and Niger river valleys, surface water appears to be
 
the most economical source. 
However, one should also consider the operational

problems and loss of storage capacity already experienced in reservoirs in the
 
Maggia due to siltation. The problem is severe. When all factors are ci1
sidered, groundwater exploitation may actually be the more economical. 
 In the
 
Niger River Val ley where storage is not required, surface water is indicated.

Construction of low head dams may be used to augment storage during the dry
 
season.
 

The aquifers available to support irrigation projects are moderately pro
ductive. Very large tube wells are not indicated because the aquifers are not
 
very thick and have low to medium specific capacities. A more efficient scheme

would involve numerous lower capacity tube wells spaced so as to maximize pro
duction with minimal interference.
 

Another'factor which may make groundwater exploitation more attractive thar
 
surface water use is the ability to temporarily "mine" the groundwater resource 
during drought periods. If carefully managed, water can be provided during the 
dry periods and the aquifer will be drawn down on the short run. Recharge will
replen4 sh most of the water. If the drought has not extended over many years,
 
water demand can be reduced during the relatively wet years, and the "loan"
 
repaid. Careful management and well monitoring are 
reouired if the resource is
 
to be used efficiently in this mode.
 

Any tube well development to support irrigation will need to be carefully
considered. Although the resource is available in the areas where irrigation is
planned, it will need to be evaluated on a case-by-case basis. 

The water quality of the surface water and the groundwater is good and is 
not - constraint to irrigation development. 

C. Soils
 

Irrigation affects soils. The most serious potential problems related to
 
irrigation are waterlogging, salinization and alkalization.
 

C.1 Waterlogging and Drainage
 

Waterlogging occurs when water saturates the plant root zone. 
This may be
 
caused by natural events (floods) or may result from ooor natural drainage. The
 
pores between soil particles become saturated with water, reducing oxygen trans
fer to the plant. The upper layers of the soil may become devoid of oxygen
 
(anaerobic) if substantial organic matter is present.
 

Waterlogging related to poor drainage does not seem to be 
a prcblem in
Niger. In general, Niger's soils are well-drained. This has been confirmed by

Mr. Zylstra from the International Institure for Land Reclamation and Improve
ment of Wageningen, Holland, here recently on mission for FED. 
 Subsurface
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drains are not normally required. Surface drainage for the medium to large

irrigation projects is provided in order to 
remove excess water from precipita
tion.
 

C.2 Salinization
 

Salinization is related to pc r drainage and high water tables. 
 If the
 
upper soil layers become saturated due to poor drainage and/or capillary rise
 
from a high water table, evaporation may cause salts to concentrate at the soil
 
surface. The severity of the problem is directly proportional to the initial
 
salinity of the irrigation water. In brief, the three most important factors
 
which result in salinization are:
 

High water table
 
High water salinity
 
Poor drainage
 

The soils of Niger generally are well-drained. The salinity of both the
 
groundwater and surface water is low in most instances. 
 The water table is only
 
observed to 
be relatively high in the Quaternary Alluvial formations. Even in

the areas of high water tables, salinization has not been observed as a signifi
cant problem. This is because the water salinity is usually low and capillary

rise is reduced in sandy soil as compared to loamy clays. Although it is not
 
generally a problem, salinization potential should nonetheless be considered at
 
each site because soils are heterogeneous.
 

C.3 Alkalization
 

Alkalization is caused by excessive sodium (more correctly, an 
elevated
 
sodium/calcium plus magnesium ratio) concentrations in the soil. Sodium ions
 
cause clay particles to deflocculate, rendering the soil impermeable. Very high

bicarbonate or carbonate concentrations can cause the same effect by precipita
ting calcium and magnesium ions, which increases the relative concentration of
 
sodium.
 

The waters of Niger are generally low in sodium, as wall as other consti
tuents. Therefore, the probability of problems with alkalization is low. It
 
has been reported that some soils have a naturally high sodium content. Because
 
of this, each site should be evaluated.
 

C.4 Soil Erosion
 

Erosion can potentially occur wherever the natural environment has been
 
disturbed. The construction and operation of irrigation perimeters may cause

soil erosion problems of both short and long term types. The mitigative measure
 
is to utilize construction and operation methods which minimize situations con
ducive to erosion.
 

C.5 Soil Summary
 

The potential for soil-related environmental problems is low. The soils
 
are generally well-drained and low in sodium content. The surface and ground
water are 
low in salinity and sodium; therefore, the probability of salinization
 
or alkalization is low. The soils are heterogeneous and some isolated soil
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problems have occurred. Therefore, any agricultural development project, parti
cularly >rrigation, should determine the characteristics of the soil and water
 
at each location.
 

D. Public Health
 

Irrigation alters the hydraulic regime. Many diseases are water related;
 
therfore, irrigation activities can potentially change the public health situa
tion.
 

Another public health issue is related to the use of agricultural chemicals
 
(pesticides, herbicides and fertilizers). Pesticides can cause water quality

problems due to untrophication, and public health problems due methemoglobico 

nemia. IMethemoglobinemia affects infants and is related to ingestion of water
 
high in nitrates.
 

D.1 irrigation-Related Diseases
 

irrigation increases the available aquatic habitat. TII-
 dreas covered with
 
waier are usually quiescent and provide good habitats for mosquitoes and snails.
 
Therefore, it is expected that malaria morbidity will 
increase with irrigation.

This is usuaily observed during the dry season in areas which normally would not
 
have _,t-'.ding water. Adequate public health control measures should be put in
 
place if malaria is to be suppressed. Another mitigative measure is to design
 
canars to minimize standing water.
 

Schistosomiasis is a parasitic disease which depends on 
the existence of a
 
snail (ryyically of the Bulinus genus) to serve as a host during part of its
 
life-cycle. T.1e BulInis snail is an 
aquatic type which prefers quiescent
 
water% If the snail 
is present in the area, irrigation activities will usually
 
caus. :ts oopulation to increase and the incidence of schistosomiasis will tend
 
to in.crease if the disease is also initially present. 
 The snails prefer habi
tats which are 
shallow, high in organic content, with moderate light penetration
 
and which conttain aquatic vegetation.
 

Effective countermeasures to reduce snail population are:
 

- Molluscicides
 
- Soecial canal physical designs (high velocity designs)


.4ucation (don't urinate or bathe in the water)
 
- Canal linings
 
- Canal weed cleaning
 
- Reduce access by using fences
 

All uf .hese medsures can be effective if schistosomiasis is present.
 

The primary questinn, specific to this assessment of irrrigation in Niger,
 
is whether schistosomiasis is a potential (or actual) problem in the irrigated
 
areas. An expert on scnisosomiasis (Dr. Emile Malek) is scheduled to visit
 
Niger during May 1984 to make an assessment. He is much better qualified to
 
address thIs issue.
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D.2 Fertilizers
 

Fertilizers can contaminate surface waters if applied in excess and then
 
the drainage water is returned to the watercourse. Fertilizers can also con
taminate the groundwater with nitrates (either directly or as oxidation proan 

duct of urea or ammonia), if applied in excess and the physical situation is
 
appropriate.
 

The team agronomist has indicated that fertilizer use is limited both in
 
terms of extent and dosage; also, very little water is returned as drainage to
 
the river, most of it percolates to the groundwater table. Therefore, the pro
bability of problems, present or future, with entrophication and high ground
water nitrate is low. if fertilizer use is substantially increased, then proper
 
application practices should be employed and groundwater quality monitored.
 

D.3 Pesticides
 

Modern agriculture requires the control of insects, weeds and disease.
 
Agricultural chemicals are one of the options available to suppress pests. Un
fortunately, these products can have very negative imoacts on the environment if
 
used improperly. As irrigated agriculture becomes more widespread in Niger, the
 
probability of deleterious side effects will increase.
 

Proper use of pesticides requires speciali--d training in their storage,
 
transport and application. Extension training must be provided to farmers and
 
measures taken to ensure c-m-liance. in Niger, the Scrvice de la Protection des
 
Vegetaux provides some of this assistance. Training is also provided by ONAHA.
 
Any future irrigation activity should demonstrate that prooer instruction will
 
be provided to the farmer's and that supervision is effective.
 

The present situation in Niger indicates that oesticide use is relatively

low. These chemicals are costly and farmers can only purchase what is neces
sary. Pesticides in use are malathion, parathion, endosulfan, DOT and hexachlo
rocyclohexane (HCH or Lindane). These are all insecticides. No significant use
 
of herbicides is reoorted. DOT and HCH are chlorinated hydrocarbons and can be
 
expected to persist in the environment. Therefore, the concern of their use is
 
related to food chain (bioaccumulation) effects and worker safety. Endosulfan
 
is a sulfur-containing chlorinated hydrocarbon. It also persists in the envi
ronment but does not bioaccumulate through the food chain. it is of moderate
 
toxicity.
 

Malathion is an organophosphate which is very toxic to insects but of low
 
toxicity to mammals. It is superior to parathion, which is highly toxic to
 
mammals as well. Therefore, malathion is much safer with respect to worker
 
safety.
 

In brief, pesticide use in Niger is relatively low. As use increases,
 
extension education must focus on 
proper management of pesticides. Fortunately,

there are economic as well as environmental reasons to use pesticides effi
ciently with minimum waste.
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PROGRAM AND PROJECT POSSIBILITIES
 

Emmy Simmons
 

USAID/Niamey requested this analytical review of the irrigated agricultural
 
situation in order to:
 

1. 	provide the basis for the formulation of a Mission irrioation stra

2. 	explore the feasibility of a USAID-funded intervention (through
 
articulation and analysis of several possible options); and
 

3. 	identify information and oersonnel needs for further development of
 
the selected options.
 

In this section, we draw on the review and analyses presented in earlier
 
sections of this report and focus on the articulation and analysis of several
 
possible options for program and project intervention. The organization of this
 
section follows that suggested in the team's collective scope of work:
 

A. 	five-year multiourpose project,
 
B. 	two to three year pilot activities,
 
C. 	single-purpose project,
 
D. 	single perimeter model activity,
 
E. 	downstream linkages, and
 
F. do nothing.
 

This discussion addresses information needs for developing the ideas
 

presented into fundable projects.
 

A. 	Five-Year Multiouroose Project
 

There are five government institutions with which AID could work on solving
 
various st's of irrigation-related problems: ONAHA, the Ministry of Rural
 
Development, Genie Rural, the deoartment-level administration and the Ministry
 
of Higher Education. in addition, AID could work with a PVO on a multifaceted
 
program of irrigated agricultural develooment.
 

The 	team reconends ONAHA for three reasons:
 

1) ONAHA is charged with making sure that irrigation systems are pro
ductive. This is coincident with our view of where the greatest 
problems in the sector lie. 

2) Even though the GON sees a reduced role for ONAHA, the functions which 
ONAHA now performs will have to be done by some agency for some time. 
The farmers' coooeratives will, in our view, be unable to perform them 
in the next two or three years. 
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3) Given its structure, ONAHA seems a logical organization to house and
 
counterpart the different kinds of technical assistance which we 
feel
 
will be needed to pursue different project purposes.
 

ONAHA is now under the Ministry of Rural Development and, although the team
 
feels that it would be useful to nudge ONAHA into a more autonomous pos 4 ticn,

the Ministry of Rural Development is likely to retain its overseeing role. But

in order to focus on irrigation problems in the depth we feel is needed, it 
seems wiser to work with the smaller (ONAHA), rather than the more diffu .e 
(MDR), organization.
 

Genie Rural is now charged with designing and supervising construction of
 
irrigated perimeters. It is likely to continue to play an important rol ti 
these domains in years to come. There are problems with system design which do
 
affect the productivity and sustainability of the systems and which could
 
perhaps be addressed by working closely with Genie Rural. It i:; the team's 
view, however, that institution-building within Genie Rural wou:d be a fairly
 
narrow kind of intervention. In particular, it would miss the inkinc of
 
solutions in both engineering and agronomic spheres, something '.hich can be done
 
by working with ONAHA.
 

Focussing on irrigation development in a Department (Niamey, for exa.:ie),

might be a good way to address the problem of helping farmers to manage both
 
rainfed and irrigated farming enterprises more productively. But the Governm2nt 
of Niger views irrigation more from the national perspective. Working at the
Department level is likely to result in a fragmented and frustrating entry into 
the sector as a whole.
 

The Ministry of Higher Education offers some good possibilities fo" ..
v.rkinq 
on research under INRAN. However, lower level agricultural training fai,- under 
the MDR and the Ministry of Higher Education does not seem to orrfer positive
leadership in linking these two things. Research traininq couldand efforts be 
launched just as--if not more--effectively through other interv-i ons discussed
 
below.
 

PVO's at this point do not offer a lot of scope as they see"m to oe pretty
well booked up for the size of their staff already. AID's experiences with Tara

and Africare are relevant, and Mission personnel already understand the C:;btems 
better than we do. But it isour impression that, unless a very small ir -ven
tion is all that is envisioned by AID, PVO's are neither interested in, nor
capable of, expanding their activities in this a,-ea.
 

A.1 Arauments in Favor of A Multifaceted Project with ONAHA
 

a. ONAHA is a semi-autonomous aaency with a clear organ4,ational mindate,

already on its way to cer-tain kinds of needed reforms (such as reduc
tions in personnel). It is likely to be endowed with certain needed
caoital support from the IBRD/CCCE/KFW Rehabilitatio,. Project. 

b. ONAHA has several technical divisions, each with cleat ly defined areas 
c, i"ocus. This would permit several different types -f complementary 
project efforts (training, research, pilot perimeter ;'edesic, for
 
example) to get underway at the same time. It has orly one .. r.cLor
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General and one accounting section. This would simplify AID's project
 
management tasks considerably, especially as the accounting section -is
 
also due to get technical assistance under the Rehabilitation Project.
 

c. Two policy-related factors:
 

1) 	Tt would be nice to be near the center of action/information as
 
the Kandaji Dam (or some smaller alternatives) comes closer to
 
being an absolute must for further expansion of river-based irri
gation.
 

2) 	A single pot of money identified as ONAHA's for a few years might
 
give the Mission a good (ifnot major) role in the dialogue vis
a-vis the larger policy questions (on redevances, crop prices,
 
farmer responsibilities) which are going to be debated in the
 
irrigation sector. These issues will be important in rainfed
 
agricultural development as well.
 

c. 	Although thorouqhaoinq reform of this Particular organization is not
 
high on the World Bank's Iist of priority parastatals to reform, it is
 
generally agreed that ONAHA needs more reform.
 

A.2 	Arguments Aaainst
 

a. 	The current thinking on the future role of ONAHA is extremely fuzzy.
 
The talk is of "withering away" along with UNCC. But conversations
 
with farmers and with perimeter managers about their futures did not
 
engender a great deal of confidence that this would or could happen in
 
the near future.
 

b. 	ONAHA personnel seem to like beina oart of the MDR with minimal long
term resoonsibil iities for sector develooment and performance and maxi
mal opportunity to advance their careers by moving in and out of
 
ONAHA. However, continual personnel changes increase costs and neces
sitate constant training and retraining of staff. It also reduces the
 
staff's commitment to building up ONAHA's reputation for reliable
 
service.
 

c. 	Other donors are tinkering at the edges with the organizational ques
tions of ONAHA. This might prove difficult to live with.
 

d. 	AID would have a very difficult time findinq the riaht kind of dynamic
 
technical assistance for such a project; i.e., staff which are senior,
 
organizationally astute, technically excellent, and fluent in French.
 

A.3 	 Implementation Considerations
 

Assuming that the Mission weighs these factors and orovisionally decides
 
that 	the advantages outweigh the disadvantages, it would then have to decide,
 
more 	or less at the same time:
 

a. Which specific ourposes could be pursued in an instituion-building
 
project. Some suggestions are:
 

\,
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- perimeter maintenance and management training for farmers, 
- irrigated crop research on several perimeters, perhaps in 

collaboration with INRAN, 
- tubeweli exploration, perhaps in collaboration with Genie Rural or 

OFEDES, 
- seed production, especially vegetables, perhaps in Kourtere or along
 

lines established inAID's seed multiplication efforts with small
 
contract growers,
 

b. 	 how to fit within the rultidonor Rehabilitation Project, and
 

c. 	 actual mectianisms for accomplishing its objectives (technical assis
tance in ONAHA itself vs. technical assistance in the organizations
 
with which ONAHA is contracting.
 

The Mission should make a solid commitment to this option before taking the
 
next logical step--doing a thorough institutional analysis of ONAHA and infor
mally exploring the possibilities for a gradual change to the kind of autonomous
 
agency we think is probably most likely to work in the lonq-run. If the Mission
 
were unable to make this commitment, it would probably be wisest to back into
 
organizational discussions at ONAHA while pursuing the possibilities of projects
 
along other lines as described below.
 

B. Two to Three Year Pilot Activities
 

Several potentially exciting pilot opportunities have presented themselves:
 

1. 	Trying rainy season sorchum on a rice perimeter,
 

2. 	 designing and testing animal traction eouicment which could be used
 
for perimeter construction and maintenance,
 

3. 	 development of a farmer-constructed terrace or cuvette perimeter along 
the Niger River with smal I pumps (i.e., transferring the Bakel model 
to Niger), 

4. 	 a cash credit orogram--in the rice perimeters to facilitate labor
 
hiring at the bottleneck period; everywhere for the purchase of unde
fined inputs from undefined sources; on selected perimeters, for spe
cified purposes (e.g., well and pump improvement), and
 

5. 	 a pilot effort aimed at develooinq tubewell technology as a replace
ment for surface dams in the Maqqia Valley.
 

One could do a bundle of pilot projects (say, through the MDR) or one could
 
pick them up one at a time, perhaps linking them with another ongoing effort or
 
contractor.
 

B.1 	 Arquments in Favor of Pilot Activities
 

a. 	These would all be ways of getting one's feet wet without taking the
 
plunge, although the tubewell project could be close to immersion.
 

\ 4 
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b. 	The animal traction component in particular would be nicely related to
 
the FE/ED effort being tacked on to the NDD project.
 

c. 	The farmer-constructed perimeter experiment could build on AID's
 
positive experiences elsewhere in the Sahel. Itwould demonstrate a
 
management alternative to the large-scale classic design still being
 
actively followed inNiger. An additional point in favor of this
 
particular pilot project is that it was suggested by ONAHA.
 

d. 	The tubewell pilot project would probably take longer than three years
 
but, again, it would provide a demonstration for what is presently a
 
"technology gap" in Niger.
 

e. 	The cash credit pilot program would address what is clearly a critical
 

problem and would be relatively light to administer.
 

B.2 	Arguments Against
 

a. 	 A package of pilot projects like these would imply horrendous coordi
nation problems with the Government. Several ministries and depart
mental entities would be involved. ,
 

b. 	 Given the attention that the Government is devoting to centrally
organized perimeters, they may see pilot projects as being unnecessary
 
or simply too small to bother with. Support might be thin.
 

C. 	 Such pilot projects would require recruitment of several creative
 
people. These are always hard to find (on the other hand, Hausa or
 
Zarma spePking ability might be more imoortant than French and might
 
be easer to learn).
 

d. 	The projects might fail. They might demonstrate what not to do. Then
 
AID would be back to where it started and not have anything but "les
sons learned" to show.
 

B.3 	 Implementation Considerations
 

Developing these pilot ideas to an intermediate step might be most effec
tively done by calling on in-country expertise. Have the Purdue team check out
 
the possibility of a rainy-season sorghum cycle on the irrigated perimeters.
 
Cajole Tara into trying it out with advice from ICRISAT. As the Rehabilitation
 
Project gets its groundwater study in the Maggia underway, arrange to have the
 
Mission engineer work with them in a couple of areas to get a better handle on
 
the data. Entice some people from the Bakel Project here on an exchange basis;
 
some of your NDD staff could visit there. The forthcoming FE/ED consultant will
 
also 	be a logical choice.
 

C. Single-Purpose Project
 

The "Example Options" paper prepared by the Mission suggests three types of
 
single-purpose projects and we have added a fourth:
 

1. Research
 
2. Water management
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3. Animal traction use
 
4. The research-extension-training link
 

Each 	of these project possibilities is discussed separately.
 

C.1 	 Research
 

There is little doubt that one could develop a useful research project
 
focussing on irrigated grains and horticultural crops. It could be funded
 
directly with INRAN or it culd be financed through ONAHA. If it were funded
 
with 	INRAN, technical assistance would be provided to work in the technical
 
divisions of INRAN as regular staff. Such a project would probably have to
 
involve some long-term training of Nigeriens as INRAN would be unlikely to want
 
a program staffed only with expatriates for very long. Moreover, it is
 
important that irrigation research become more institutionalized in INRAN than
 
it is now. If e.research activity were to be funded through ONAHA, INRAN could
 
still execute the field-level research, but ONAHA would be able to contribute
 
more strongly to the definition of the rese&rch problems. ONAHA would then be
 
willing to give better perimeter level support; e.g., providing aide-encadreurs
 
for data recording, pest observations, water.monitoring, etc.
 

A third option, that ONAHA develop its own research staff and conduct its
 
own studies, is not recommended for further consideration. It is contrary to
 
the direction in which ONAHA personnel numbers are moving and is not likely to
 
be as professionally sustained as it would be if NRAN were involved.
 

C.i.a Arguments in Favor of A Research Project
 

I) AID is already involved in cereals research. 
ongoing efforts with INRAN to get quickly on 

It could simply expand 
the ground. 

2) Perimeter level research would generate the knowledge base which is 
absolutely essential to boosting agricultural productivity on all 
irrigated fields. 

3) AID has a comparative advantage in finding researchers who are wel 1 
qualified. 

4) A research project could be easily scaled to match AID's funding 
availabilities. 

5) 	 It would fill a real gap in the Rehabilitation Project.
 

C.l.b Arguments Aqainst
 

1) 	Oh, no, not more studies!
 

2) 	 Research is probably peripheral, in the Government's view of
 
irrigation development, to other things This might well put AID on a
 
back bench in crucial irrigation-relate, ialogue.
 

3) 	Research always takes time. Results may not be terribly exciting for
 
a few years. The Maradi Project's Applied Research Unit, however, has
 
quite nicely demonstrated the short-term payoffs that could come from
 

\\
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such a unit. Perhaps the desperate need for some viable crop

recommendations such as at Konni, would also help here.
 

4) 	Research efforts would require a substantial amount of technical
 
assistance in the short term. 
Given that the pool of Nigeriens who
 
can go into research in the next few years is limited, this may put

pressure on training programs with equal or greater priority (such as
 
for rainfed cereals research).
 

C.2 	 Water Management
 

"Water management" per se is a fairly broad topic and more likely to be the
 
outcome of several projects rather than a goal attained in one. However, it is

possible to think of a single project dealing with water management in some
 
particular way. 
For example, one could quite readily formulate a useful project

in Niger on traini;,q in water management and another on on-farm systems for
 
water management.
 

Such 	a training project could involve several components, such as:
 

a. 	Development of a water management curriculum to be added as a
 
specialization in Kolo; training of trainers in this curriculum.
 

b. 	Development and testing of training materials to be used at the
 
cooperative level for farmer training.
 

c. 
A more in-depth course for farmers attending maraichage CPT's.
 

An on-farm systems for water management project could involve:
 

a. 	A testing program for measuring devices which can be used by farmers
 
to monitor their water use.
 

b. 	A training program for farmers/cooperatives in water management
 
techniques.
 

c. 	An experimental research program with INRAN on water economy and crop
 
water requirements.
 

d. 	An ONAHA-wide monitoring and on-the-job-training program for ONAHA
 
personnel in on-farm water use.
 

C.2.a Arquments in Favor of a Project Focussed on Water Management
 

1) 4ater management is a fundamental problem on all perimeters, both
 
jointly and individually managed.
 

2) 	AID has a ready contractor in Water Management Synthesis II.
 

3) 
AID could be the first Africa project sponsor associated with the
 
newly-formed International Institute of Water Management in Sri Lanka.
 

/ 
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C.2.b Arguments Against
 

1) 	Until sufficient irrigated crop research is done on perimeters,

training courses will be full of generalities and may not improve the
 
situation all that much.
 

2) 	Organizationally, trying to address "water management" could get very

diffuse, unless organizational linkages were carefully established in
 
the design phase.
 

3) 	 Still, the obvious counterparts are likely to be scattered.
 

C.3 	Animal Traction Use
 

A pilot animal traction effort has already been discussed above. As the
 
subject of a project on its own, it is likely to remain fairly small unless,
 
when the Caisse gets around to evaluating its animal traction project next year,

it finds a need for some activity we have not considered. Some possible

activities might include: forage crop development, feeding rations for traction
 
animals, modified yoke and other equipment design to better fit the irrigation
 
situation.
 

C.4 	A Research-Extension-Training Project
 

Several on the team have suggested that AID could usefully focus on the
"research-extension-training" link in irrigation. 
This implies, perhaps,
 
focussed efforts in each of the areas, coordinated by an overall liaison effort.
 
One could envision this involving ONAHA, UNCC, INRAN, and perhaps Kolo as well
 
as a cooperative on perimeters. This approach would have all the advantages and
 
disadvantages of the indiv'dual efforts already noted (treating "water manage
ment" more or less as extension). In addition, it will have considerable 
organizational complexity at a time when UNCC is supposed to be disappearing. 

Given the relatively limited knowledge base vis a vis applied research in 
irrigated agriculture, AID should be leery of moving too quickly toward an
 
integrated program. A planned series of single-purpose projects, focussing

initiallyon applied research, second on training, and last on extension
 
reorganizati'in and management would probably be a wise inital approach. After
 
all that is underway, one could talk about liaison in more concrete terms. By

that time, maybe the UNCC's future will have been worked out.
 

0. Single-Perimeter Model Activity
 

The Konni perimeter is perhaps the best example of a possibility along

these lines. Others have been suggested as well: rehabilitation of Sakoira, a
 
terrace perimeter just north of Tillabery which has been out of business since
 
1978; Firqoun, which AID has previously supported through the Entente Fund; and
 
there still might be some unfunded oerimeters in the Rehabilitation Project

package.
 

In addition, one could define a type ol "ideal oroblem oerimeter" that one
 
might wish to take on in order to maximize lessons learned--.and then look around
 
to see if one exi-sts. A rice-rice perimeter on the point of collapse due to a
 
centralized system of diesel pumping, perhaps scheduled for rehabilitation but
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not yet funded, preferably with fairly heterogeneous soils and sociable farmers
 
might be such a choice.
 

D.1 	 The Konni Option
 

Take it over and make it work.
 

D.1.a Arguments in Favor
 

1) 	Konni is easy to get to, evacuate produce from, and visit for
 
supervisory purposes. Smuggled inputs from Nigeria should be
 
available.
 

2) 	the physical layout does not, at first glance, look too bad. As a
 
gravity system, recurrent costs should be low.
 

3) 	The sunk cost is already quite heavy, so marginal new investments
 
should yield good rates of return.
 

4) 	The farmers in the perimeters who are from thc villages to the north
 
side of the irrigated area are reportedly ,ery interested in making a
 
go of farming in the perimeter.
 

5) 	As an experimental site, it offers many advantages: very

heterogeneous soils, population, and crops.
 

6) 	The Government of Niger, which is paying the interest on the loan from
 
Kuwait used to construct the infrastructure, is very interested in
 
getting some help on making the perimeter viable.
 

7) 	 Itwould provide AID with a very rapid startup in irrigation.
 

8) 	 Itwould, given GON interest and the visibility of the effort,

definitely give AID a major seat at the irrigation policy dialogue.
 

D.1.b Arguments Aaainst
 

1) 	No feasibility study is in hand. There is some question about the
 
long-term capacity of the dams to provide enough watt- and to deliver
 
it through a very long canal system with excessive loss.
 

2) 	Many of the people assigned parcels in Konni I are not strictly

farmers. They are, rather, traders and townspeople. There is some
 
evidence that this has caused social conflicts and perhaps the less
than-impressive production record.
 

3) To date, there has been a bad crop choice for the perimeter. But
 
there is little information upon which to quickly prescribe a better
 
one. The time required to do the basic investigation needed will put
 
additional pressure on AID in a highly visible situation.
 

4) 	The perimeters are understaffed, especially with agricultural skills.
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5) A certain amount of additional infrastructure is still needed. This 
may require a substantial capital investment (e.g., for access roads 
to a couple of villages which were apparently cut off during construc
tion of the perimeter). 

6) Konni is very close to Nigeria. Labor costs will be high. It will 
also be very difficult for the Government to control 
duce from the perimeters should it wish to do so. 

the sale of pro

7) It is high risk--politically and operationally. 

D.2 The Sakoira Option
 

This is not :'ecommended. The original perimeter was an outright gift for
 
which the villaIers took little responsibility. The level of perimeter utiliza
tion was never very high. The original pumping station and probably the peri
meter are now too far away from the riverbank to be rehabilitated. Any activity
in Sakoira would have to start from scratch as far as physical development goes.
In addition, an extremely oassive attitude on the part of the people would 
present a major obstacle.
 

D.3 The "Ideal Problem Perimeter"
 

Whether such a perimeter exists is not known. However, finding an "ideal
 
problem perimeter" such as described above would offer:
 

a. A good chance for demonstration of alternatives.
 
b. A responsible way to get major experience in irrigation.
 
c. A seat at the table in the policy dialogue.
 

These would have to be weighed Igainst the possibility of failure, the
 
difficulties of rultidonor coordination, and the difficulties of interacting
 
with ONAHA on a one-perimeter basis.
 

If AID feels that the Government will c-ontinue to pressure it to take on 
Konni (and AID does not feel up to it), it might be worthwhile to hire two 
people for six weeks each to visit it and other perimeters already known. This 
would mean digging over some'of the SOGREAH/Berger ground, but it is probably
the only way to get a comprehensive handle on the options from a management 
point of view. The two people, armed with a blanket Ordre de Mission, a car and 
six weeks' time, should be an irrigation. ungineer and a manager" with substan
tial agricultural knowledge who can speak in project terms. They could be asked 
to report on problems in each perimeter, who is planning to do what about them,
and to suggest what AID could specifically accomplish by taking a more active 
interest in each one.
 

E. Downstream Linkages
 

Four possible downstream linkages present themselves as potentially viable 
options for program involvement:
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1) Marketing and Processing Irrigated Crops
 
2) Monitoring Groundwater Resources
 
3) Health Problems
 
4) Access Roads
 

E.1 Marketing/Processing of Irrigated Crops
 

The activities that suggest themselves in this area include identifying and
 
developing export markets for onions and dried vegetables, improved solar drying
 
technology, and grading onions and dried vegetables for export. AID should be
 
careful in this area, however, lest its involvement imply direct public sector
 
entry into marketing which, at this time, can only be negative.


I
 
Agroprocessing development probably has the most unknowns about it. How

ever, it seems to promise significant returns if it will assist current private

irrigators to expand production levels and permit more entrants. Vegetable
 
processing from individual producers (or cooperatives) would promote the
 
greatest income effect and avert what looks like a strong possibility of a
 
devastating market glut in some vegetable products in the fairly near future.
 
AID could finance the technicians to do the marketing and feasibility studies,
 
fund a pilot project on solar drying techniques in Niger, and then provid,!
 
project financing to cooperatives which demonstrate an interest in exploiting
 
available markets. This might be the area where it would be worth calling in a
 
high-priced business expert through the Private Enterprise Bureau (PRE) and
 
getting some commercial-level advice--someone from the World Trade Institute or
 
from a private corporation like Hanover Foods (which has worked with small-scale
 
producers in Latin America to produce broccoli which is then frozen for the
 
Norther American market). Onion is obviously the crop to begin with in Niger.
 

If AID finances weekly cereal price reporting under the ADSG as planned, it
 
might be possible to add two or three vegetables to the list of prices reported.
 

E.2 Monitorina Groundwater Resources
 

This project would interest the Direction des Ressources en Eaux of the
 
Ministry of Hydrology and Environment. It now has in place over 60 piozometers
 
for monitoring groundwater levels. It is seeking financing for establishing
 
baseline data and obtaining measurements in May and January of each year. More
 
need to be added. Recent experience with the establishment of over 4,000 wells
 
in Niger has revealed that the Atlas of Subterranean Waters contains many
 
errors. Groundwater resource monitoring would need to be carefully linked with
 
the groundwater studies proposed under the Rehabilitation Project and with
 
FAO/UNDP, FP,', and FED studies currently underway in various parts of the
 
country.
 

E.3 Health Problems
 

Preliminary indications suggest that irrigated agricultire does not present
 
great health problems in Niger. This question will be examined more clearly by
 
a subsequent team.
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E.4 Access Roads
 

Access roads in the Maggia and Dal lol Bosso could be a real opportunity,
 
especially if complemented by a strong PVO effort in the direction of cement
lined wells and horticultural extension in the same area. Public works con
struction of these roads, using PL 480 red sorghum, might also be an option to
 
explore. Maggia Valley interviews indicated that dry season migration to
 
Nigeria has been cut back and people are hurting for dry season jobs. As long
 
as rainfal ls are not terrific and there are not substantial food surpluses, the
 
Pl. 180 sorghum couldn't hurt. Simply paying people for labor might also be
 
acceptable, trying for the most labor-intensive means of construction as pos
sible.
 

F. Ooing Nothing
 

This option has little to recommend it. Irrigation is obviously important
 
in Niger and there are problems to be solved.
 

As close as one would want to Come to doinq nothing is mounting a cour "of
 
small studies (a la Ray Norman and perhaps one farming systems research ef; .t
 
in the Niger River Valley, say, with Purdue participation or overseeing) and
 
modifying follow-on phases of current projects to more explicitly address some
 
aspect of irrigation. The NOD Project, for example, could develop a dry season
 
fadama curriculum to use in the F'oposed mobile CPT's, or modify the FE/ED
 
component to include animal traction eauipment for irrigated agriculture. AID
 
could also address some of the Kolo curriculum concerns regarding irrigated

agriculture via the APS project without greatly increasing the weight of the
 
project.
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TERMS OF REFERENCE FOR NIGER
 
VEGETABLE MARKETING STUDY
 

The scope of work for this study included development of the terms of
 
reference for a more detailed study of the feasibility of vegetable and high
value crop production, processing, storage and marketing in potential irrigated

perimeters. At the present time, however, given the magnitude of expansion in
 
vegetable production envisioned by the GON, the marketing issue is clearly of
 
paramount concern. Niger's own market for processed vegetables, apart from
 
dried vegetables, is quite limited. Even if it were not, the high cost of can
ning and packaging materials in Niger and the high cost of transport would
 
almost certainly render domestic canning and canned export operations highly
 
uneconomic.
 

The real long-term comparative advantage of Niger with respect to vegetable
 
production lies in developing and expanding fresh onion and dried vegetable

markets. Niger already has an indigenous drying technGlogy and established markets
 
for these products that p-cvide a solid foundation for development. Before
 
moving in the direction oi new products, markets for these more traditional
 
exports should be more completely explored. For this reason, thi; annex pro
vides the erms of reference for a more narrowly focussed vegetable marketing
 
study than triat indicated in the scope of work. Once the information from this
 
proposed study is available, the mission will be in a better position to define
 
more narrowly the production, storage and processing issues related to those
 
crops that require further study.
 

1. Production
 

Production of vegetables in Niger, especially onions, has proved to be
 
quite profitibl for Niger's farmers. Production of onions and tomatoes has
 
grown at 12-15/ over the past ten years and this level of expansion can probably

continue without special measures. However, Niger is now in the process of
 
greatly expanding the amount of irrigated area devoted to dry season vegetable

production. Available evidence suggests that unless Niger finds new markets,
 
the planned expansion of area under production :,iay cause serious problcms for
 
marketing the increased output.
 

Demand for fresh onions and for dried onions, tomatoes, okra and peppers in
 
the coastal countries of Africa is good relative to current levels of production

in Niger. However, the current depth of these markets is not known. The extent
 
of market acceptance o7 dried vegetables in coastal markets remains a major

question mark. So does the possibility for expanding existing markets by better
 
timing of the production and distribution of fresh and dried vegetables or by

exporting to countries outside of Africa from coastal ports.
 

Dried vegetable products fit very well into traditional African consumption
 
patterns, but we do not know the extent to which national production in these
 
countries is able to satisfy demand. We also have no idea of the extent to
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which improved drying techniques and better quality products might command a
 
price premium for, or expand consumption of, Nigerien-produced dried vegetables.
 

With recent advances in aceptic packaging, it may be possible for Niger to
 
overcome hardships imposed on more traditional forms of processirg vegetables by

long land transportation networks and a poorly developed domestic packaging and
 
canning industry. While the prognosis for economic exports of tomato juice,
 
tomato paste and other non-dried products aimed at African markets is not good,
 
it nonetheless merits a closer look before concluding such exports cannot be
 
competitive in African coastal markets.
 

2. Objective
 

To assess the potential for marketing fresh and dried vegetables of various
 
quality and to identify current demand for mass-consumed, processed vegetable

products in regional markets in the coastal countries of West and Central
 
Africa.
 

3. Approach
 

The study will need to assess the supply and demand for fresh and dried
 
vegetables over the course of a typical year, including seasonal 
availabilities,
 
or the lack thereof, in coastal African countries. It should also assess,
 
though with somewhat lower priority, existing market demand for tomato Paste,
 
tomato juice and other mass-consumed, processed vegetable Products. The study

should limit itself to onions, tomatoes, peppers, garlic, okra and other vege
tables which could be grown under irrigation in Niger.
 

This study will require a review of available data on vegetable prices,

marketing and trade by a marketing researcher familiar with vegetable oroduction
 
in Niger. 
 It should begin with a brief review of available literature on vege.
table marketing in West Africa, followed by a ten-day field trip to interview
 
merchants and traders located along the entire southern border of Niger. 
 It
 
will reouire visits to major markets in coastal countries for discussions with
 
transporters, wholesalers, retailers and consumers to get 
some idea of the cur
rent sources of supply, seasonal variation, price elasticity of demand, market
 
acceptance for specific dried vegetables and the potential for the further
 
development of dried vey:-able markets. 
 Ideally, the marketing researcher would
 
be able to visit Ministry of Agriculture officials knowledgeable about vegetable


"production 
and marketing in their respective countries. From them he/she could
 
obtain available quantitative data on oroduction and marketing of the vegetables

concerned, information on current government plans for national production and
 
marketing programs related to them, and their perspective for potential Nigerien
 
sales in their country.
 

To the extent that the market for a oarticular vegetable apoears oromising,
 
the study should identify import requirements and restrictions and local distri
bution networks into which Nigerien exports might be integrdted. It should
 
focus on large cities in CFA zone countries, Nigeria and other countries with 
a
 
hard currency. These would include Abidjan, Lome, Cotonou, Lagos, Ibadan,
 
Douala and Libreville.
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Because of the likelihood that an outsider asking questions might arouse
 
suspicions, the USAID Mission or Niger Embassy in each country should inform
 
national governmerts of the objectives of the study and should, where necessary,
 
obtdin the necessary clearances prior to the arrival in that country of the
 
mart:- t researchers. 

4. 	Specific Outputs and Terms of Reference
 

a. 	Thc market researcher will visit major exporting points in southern
 
Nigr'r and obtain the following information:
 

1. 	Origin of foreign buyers dnd destination of final sales to the
 
extent known to Nigerien market intermediaries.
 

2. 	Seasonal price fluctuations for wholesale quantities of fresh
 
onions and dried tomatoes, peppers, onions, onion by-products,
 
okra and other pr)ducts which are exported in substantial
 
amounts.
 

3. 	Some estimate of quantities which are exported, broken down by
 
month, to the extent possible.
 

4. 	7r;portant qualitative factors which buyers take into considera
tion in negotiating sale prices. Provide an indication of the
 
impact of such factors on the final sale price.
 

5. 	Ary information traders might have on the relative importance of
 
Nigerien products in meeting market demand in the destination
 
countries.
 

b. The :0arket researcher will visit major regional markets in Abidjan,
 
Lome, Cotonou, Lagos, Ibadan, Douala and Libreville and gather the
 
foliowing information:
 

a. 	Identify the specific fresh and dried vegetable products found in
 
each regional market that can potentially be supplied by Niger
 
and note the common origin of each. This list should include at
 
least fresh and dried onions, peppers, okra and garlic and dried
 
tomatoes and tomato powder and should include products that are
 
nly seasonally available, as well as those which are found in
 

the market at the time of the survey.
 

b. 	Gather or develop seasonal orice and sales estimates for each
 
'oduct.
 

c. 	Assess the potential for further development of dried vegetable
 
markets in these countries, especially during those periods when
 
fresh products arE scarce in local markets.
 

0. 	Identify those factors which consumers consider to be important
 
determinants of the quality of dried vegetables and the value
 
they attach to those characteristics.
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e. 	Estimate the total amount of onion 
imports into each country,

noting country of origin, season of activity and CIF prices paid.
 

f. 	Where the market potential for Nigerien exports seems promising,
 
identify import requirements, restrictions and taxes and
 
marketing networks in which Nigerien exports could trade.
 

g. 	In each country visited, assess th2 existing demand for processed

vegetable products such 
as tomato paste, tomato juice and other
 
mass-consumed vegetables and vegetable products.
 

5. 	Period of Service
 

The 	contractor shall 
spend three weeks in Niger reviewing available litera
ture, carrying out the Niger portion of field work and making final 
preparations

for visits to coastal countries. He/she is authorized to spend up to ten

working days in each country visited, to the extent warranted by the information
 
being gathered. Following completion of the country visits, the contractor will
 
return to Niamey for two weeks to prepare the final report and discuss the.
 
results with USAID.
 

6. 	Reports
 

The contractor will prepare a report of his findings for each country

visited to be included as an annex to a synthesis report. The synthesis report

will include a five-page executive summary. All 
reports must be submitted to
 
USAID for review four days prior to departure in order to leave time for neces
sary discussion and revision. The contractor will 
submit five copies of the

synthesis report and two 
copies of the country annexes in final form prior to
 
departure from Niger.
 



ANNEX J
 

IMPACT OF IRRIGATED AGRICULTURE
 
ON PUBLIC HFALTH IN NIGER WITH SPECIAL
 

REFERENCE TO SCHISTOSOMIASIS
 

Emile A. Malek
 

Table of Contents
 

Paae
 

A. 	Schistosomiasis As a Public Health Problem 
 J-1
 

B. 	Control of Schistosomiasis 
 J-2
 
1. 	Environmental Sanitation 
 J-2
 
2. 	Prevention of Contact with Invested Water 
 J-2
 
3. Chemotherapeutic Treatment of Infected Individuals 
 J-3
 
4. 	Control of the Snail Hosts 
 -J-3
 

C. Schistosomiasis and Its Snail Hosts in Niger 	 J-4
 
1. 	Prevalence of the Disease 
 J-4
 
2. 	The Snail Intermediate Hosts 
 J-5
 
3. Control of Schistosomiasis in Niger 	 J-6
 

D. 	Examination of Some Irrigation Schemes and Water Sources
 
in Niger 
 J-6
 
1. Irrigation Schemes 	 J-6
 

a. 	Libore 
 J-7 
b. Tillabery 	 J-7
 
c. Konni 1 	 J-8
 
d. 	Ga 1mi J-8 
e. 	Kawara 
 J-9 
f. Djiratawa 	 J-9
 
g. Ibohamane 	 J-9
 

2. 	Other Freshwater Bodies 
 J-9
 
a. 	Reservoir at Tera 
 J-9
 
b. 	Lake Madarounfa 
 J-9
 
c. Dogondutchi 	 j-10

d. 	Dosso 
 J-10
 

E. Summary and Recommendations 	 J-10
 
1. Establishment of a Central Authority 	 3-In
 
2. 	Collaboration 
 J-11
 
3. Improving Existing Irrigation Schemes 	 J-11
 
4. New Irrigation Schemes 	 J-12
 
5. 	Cropping Systems 
 J-13
 



ANNEX J
 

IMPACT OF IRRIGATED AGRICULTURE ON PUBLIC HEALTH IN NIGER
 
WITH SPECIAL REFERENCE TO SCHISTOSOMIASIS
 

Emile A. Malek
 

A. Schistosomiasis As A Public Health Problem
 

Schistosomiasis (or bilharziasis) is one of the most important public
 
health problems of the tropics and subtrooics. As a cause of morbidity, it is
 
probably outranked only by tuberculosis and malaria. Conservative estimates
 
place the number of infected indivicuals in the world at 200 million.
 

The life cycle of the parasites, called schistosomes, involves an interme
diate host, a snail, in which a part of the life cycle is completed. Such
 
snails are common in many freshwater bodies, natural and man-made. Eggs of the
 
parasites leave the human body with the excreta, urine or feces, depending on
 
the kind of schistosome. The eggs of the parasites hitch in the water and the
 
larva that comes out infects a particular kind of snail, which differs according
 
to the type of the schistosome, whether urinary or intestinal. Development of
 
the larvae inside the snail takes place in about a month, and the new larvae
 
which come out of the snail every day, swim in the water. If they encounter the
 
human body, they mature and produce eggs which can be retained in all the organs
 
of the body and which leave the body with the excreta.
 

Schistosomiasis is a chronic, insidious disease. Its symptoms are fre
quently masked by thise of other conditions. Eggs have been found in almost all
 
the tissues of the body. Damage is cumulative and, unless the initial exposure
 
is unusually severe, symptoms of the disease emerge slowly. The intensity of
 
infection is extremely variable. In most endemic areas, cases are diagnosed
 
only incidentally when the individual seeks medical attention for some other
 
complaint. Consequently, many cases go unrecognized and the disease is rarely
 
established as a cause of death. In the urinary form of the disease, hematuria
 
(blood in the urine) is usually an obvious symptom, and is not considered
 
serious by many young children who experience it.
 

Urinary schistosomiasis is now regarded as a pathologic and chronic disease
 
which has many clinical manifestations in the genital and urinary tract. For
 
example, thickening and dilation of the ureters, the kidneys, and the urinary
 
bladder are among the complications. Also, cancer of the bladder is now asso
ciated with urinary schistosomiasis in many endemic areas of Africa and the
 
Middle East. Because of its chronic nature, schistosomiasis saps the energy of
 
the individual, reduces his resistance, renders him orone to attack by other
 
infections and lowers his productivity. These deleterious effects are difficult
 
to evaluate, but, as a whole, they reoresent a social and economic burden of
 
great importance. It results in a reduction in the capacity of the infected
 
person to contribute to the local and national economy. For this reason, schis
tosomiasis tends to hampe, an economy to a greater extent than do the mere
 
highly publicized and greatly feared diseases.
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Due to the fact that precautions are not usually takeo nor contrnl measures
 
instituted during the early phases, most soil and water-resource development pro
jects in endemic areas cause the spread of schistosomiasis.
 

In rare instances, however, careful planning in the initial stages of
 
schemes, coupled with suitable agricultural methods and strict water'management

during the operational phase, have reduced the extent of the snail habitats aid
 
lowered the prevalence of the disease. The snails that serve as the interme
diate hosts for schistosomiasis are most apt to thrive in irrigation schemes ard
 
drainage systems that have been poorly designed, constructed and maintained.
 
Therefore, in all endemic areas of schistosomiasis special attention must be
 
given to designing, constructing and maintaining systems which provide for com
plete control of the water, and easy and efficient maintenance. Improper wate,"
 
management and primitive methods of water use in irrigation schemes located in
 
schistosomiasis areas inevitably produce conditions that encourage snails. For
tunately, practical and effective methods for improving these condtions and for,

reducing the transmission of schistosomiasis have been found in some areas.
 

B. Control of Schistosomiasis
 

With our present knowledge, the objective for the control of schistosomia.is
 
is the reduction of transmission to a low level so that the disease ceases to be
 
a problem of public health significance. Eradication is not possible except in
 
a very few cases, such as small islands where the disease is endemic. There are
 
several approaches for control and each is intended to break the life cycle of
 
the parasite at some point.
 

B.1 Environmental Sanitation
 

The practice of strict measures to prevent water pollution would orevcnt
 
the infection of the snail intermediate hosts. However, in most vil':ages wheyre

schistosomiasis is endemic, facilities for the disposal of human excreta 
are
 
completely absent or inadequate. Even when latrines are provided, thty are
 
frequently not used. Defecation and uriration often take place near 'rigation
 
canals and other bodies of water. These environmental conditions are :-espu"
sible for the transmission of schistosomiases and other filth-borne dlseas s.
 
it is believed that the ultimate solution for the control of these diseases must
 
be based on improved sanitation, including the provision and use of adequate
 
water supplies and facilities for the disposal of human excreta. However, the
 
development and acceptance of effective environmental sanitation depends on ma,:,
 
cultural factors which lie outside the fields of preventive medicine and public

health. Although it may take several generations for these habits to change,

health education is of some help.
 

B.2 Prevention of Contact with Infested Water
 

In supplying irrication water to arid areas, primary consideration is given
 
to providing adequate cuantities of water which is of satisfactory q',1 ity for
 
crops. Often little thought is given during the olanning and coistri.:ti-n of an
 
irrigation scheme to the fact that canals not only serve as a source *:f water
 
for crops, but also for bathing and for domestic uses. It has been repeatedly

recommended that safe washing and bathing facilities be provided. In a few
 
areas, such as Venezuela and St. Lucia where they have been built and accepted
 

http:schistosomia.is
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by the people, these facilities have considerably reduced exposure. However,

though farmers' exposure in irrigated areas can sometimes be reduced, it is
 
difficult to eliminate. This is especially true of areas where small, hand
cultivated holdings are primarily devoted to subsistence farming.
 

B.3 Chemotherapeutic rreatment of Infected Individuals
 

Chemotherapeutic treatment, especially of the young age groups which are
 
intensely infected, would stop the supply of eggs in the excreta to the snails'
 
habitats. Fortunately at present there are recently discovered effective drugs

for all species of the schistosomes. Metrifonate (Bilarcil) is a cheap drug

which is effective against urinary schistosomiasis. Praziquantel (Biltricide)
 
and Oltipraz are effective against urinary and intestinal schistosomiasis, and
 
have little or no side effects. There is a general agreement at present that
 
chemotherapy, combined ,"h some other measures, is 
a useful way to control
 
schistosomiasis.
 

B.4 Control of the Snail Hosts
 

The two general methods available for control of the snail intermediate
 
hosts are elimination of snail habitats through engineering design and modifica
tion of the ecology and through the use of molluscicides to kill the snails.
 
Since snail habitats vary considerably from one endemic area to another, each
 
should be considered separately when it comes to the choice of the best methods
 
to be utilized.
 

Engineering and ecolocical control of the snail hosts involve changing the
 
ecology of the water in wh.,. they live so that it no
1 longer offers a suitable
 
habitat for the snails. Public health engineers, with the aid of biologists,

have developed methods for modifying snail habitats in natural and man-made
 
endemic foci of transmission of the disease. For irrigation schemes there are
 
suitable measures for modifying snail habitats in reservoirs and in irrigation

canals and drains. Advantages of modifying the snail habitat include the use of
 
local labor and materials; under certain conditions increased agricultural pro
duction through utilizaLi3i of wastelonj, imoroved irrigation and improved agri
cultural methods; control of filth-borne and arthropod-transmitted diseases such
 
as malaria and filariasis; and reduction of the area 
in which it is necessary to
 
use molluscicides on residual snail colonies.
 

Chemical control of snails involves the use of certain chemical compounds

which have been found to be lethal to the snails in the laboratory and under
 
field conditions. Although there are a number of synthetic chemical mollusci
cides which are effective against snails, there is only one at present which is
 
availab on the market--Bayluscide (riclosamide) which is produced by Bayer in
 
Germany.. The molluscicide has to be applied twice or three times a year in
 
habitats with flowing water, because the snails that usually escape, or are
 
introduced later, can repopulate 
a habitat within a few months. This has led
 
to the trial of various types of "focal control," where attempts are made to
 
confine the control effort to limited areas where the snails are abundant, and
 

!/Yurimin, produced in Japan, and Frescon, manufactured by Shell in England, are
 
no longer available on the market.
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where transmission of the disease is taking place. Focal control should consi
derably reduce che cost of the control operation.
 

With regard to snail control, the development of molluscicides of plant
 
origin and the biological control of snails are now being investigated. A num
ber of natural plants which are found in several endemic areas possess mollusci
cidal properties. Extracts from these plants should be cheaper than synthetic
 
chemical molluscicides, and their use will save foreign currency. There are
 
also a number of enemies, predators and competitors of the snails which serve as
 
intermediate hosts of the schistosomes. Among these predators and competitors
 
are other snails. Studies are beino carried out to find out if snails of non
medical or veterinary importance can ,e used under field conditions to reduce or
 
eliminate snails of medical importance.
 

C. Schistosomiasis and Its Snail Hosts in Niger
 

C.1 Prevalence of the Disease
 

Gaud (1955) noted prevalence rates for urinary schistosomiasi' of 40% and
 
60% in Zinder and adjacent areas and a rate of 33% at Tanout. D( :hiens (1951) 
stated that there are foci of infection in Dori, Zinder, Tillabery, Niamey, Fada 
N'Gourma, Dosso, Birni N'Konni and in N'Guigmi. The latter is an important 
focus in the litoral zone of Lake Chad. Chamorin (1965) found eggs of Schisto
soma hamatobium causing urinary schistosomiasis in 45% of 13,857 urine examina
tions made in 1964 in the Tillabery Cercle; 68% of the persons infected were
 
school children from 6 to 12 years of age. in the Magaria Cercle, 21% of 1,008 
urine samples were found to be positive and at Tessaoua, the proportion was 25%
 
of 1,174 individuals. Of 1,420 urine samples taken from nomad people, 11% were 
positive. In 1966, the same author found 50% of 10,107 samples at Say, 9% of
 
6,276 samples at Ouallam, 18% of 3,612 samples at Ilagaria, and 11% of 3,920 
s,. <les at Matameye to be positive. In 1967, he found 7% of 7,532 at Oual lam,
 
28% of 9,664 at Gaya, 46 of 3,040 at N'Guigmi and 14% of 3,700 at Diffa were 
also positive.
 

During the 1970's and 1980's, other prevalence data were obtained by inves
tigators at O.C.C.G.E. (Oroanization de Coordination et de Coooeration Dour la 
Lutte Contre les Grandes Endemies). Near Til labery, ou and Sel lin (19-7-5 
found o 170 children (5 to 19 years of age) at Sakoyra to be infected; 55% 
of 102 children (5 to 14 years of age) at Namari goungou; 36% of 118 children (5 
to 19 years of age) and 31% of 140 individuals of all ages at Sarakoire; 20% of 
65 children (5 to 19 years of age) and 14% of 151 of all ages at Diomana; 80% of 
116 children (5 to 19 years of age) and 65% of 156 of all ages at Fainale; 78% of 
72 children (5 to 19 years of age) and 69% of 94 individuals of all ages at In 
Ates. Prevalence rates between 1%and 91% were found at the following villages 
in the Gotheye area: Zaria Koira, Kakassi, Ziguida, 1lakoire, Bandio, Safatane,
 
Leleye and Kossogo.
 

Sellin et al. (1983) conducted a survey at Libore irrigation scheme and
 
recorded the following infection rates: 89% of 217 children (10 to 14 years of 
age) an6 62% of 1,766 individuals of all ages at villages close to the rice 
fields (Kouldu-koura, Tiendifarou, Tonko Bangou and Mallele). Vil lages between 
1.5 and 5 km. from the rice fields (Bangoubanda, Libore, Zarma Koroze) had 79%
 
of children (10 to 14 years of age) and 57% of 1,238 individuals of all ages who 
were infected. Villages at more than 5 km. from the rice fields (Sorey, Garbal, 
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Gonzare, Kogourou) showed infection rates of 46% of 127 children (10 to 14 years
 
of age) and 23% of 966 individuals of all ages. These same authors (1982)
 
conducted a survey for prevalence of the disease at the site of the projected
 
Kandadji dam and found children 4 to 17 years of age in 15 villages to be 24% to
 
94% infected. Similar results were found by Assane and Rey (1982) at N'Dounga,
 
Drayna and Bantoure near Niamey and by Hamissou and Mouchet (1982, at Bangaria.
 

Bretagne (1984) conducted a survey for schistosomiasis in the village of
 
Niezegoure, a village situated close to a rice irrigation scheme near Niamey.
 
He found high prevalences in all age groups, especially among children. Boys 5
 
to 14 years of age were all infected (28 out of 28; 100%), as were 36 out of 41
 
girls in the same age group. There were 13"infected out of 23 individuals over
 
40 years of age. The overall infection rate in the village was 77%. It is of
 
interest to note that in tiis village the infection with schistosomiasis was
 
very intense (500 eggs per 10 ml. of urine on average). In the same study
 
Bretagne found a village far from the rice perimeter and all other water bodies
 
almost free of the infection (6 infected of 170 examined and all six cases
 
admitted they had travelled to the Niger River).
 

The annual report of the Ministry of. Public Health and Social Affairs does
 
not include detailed information about urinary schistosomiasis. The 1982 report
 
notes that 12,950 cases were diagnosed in hospitals., As in 1981, about half of
 
these cases (6,057) were from Niamey. Other localities include the Departments
 
of Agadez (860); Diffa (703); Dosso (1,226); Maradi (1,610); Tahoua (1,510) and
 
Zinder (984).
 

For 1982 through '984, examination of the laboratory records a: The clinic
 
of Soudan Interior Mi--ion (SIM) at Galmi showed the presence of urinary schis
tosomiasis in that part of the country as well. These were cases which came to
 
the clinic for other ailments and not for schistosomiasis. There was also a
 
high prevalence of malaria.
 

No estimates have been made of the total number of individuals infected
 
with urinary schistosomiasis in Niger. However, Dr. Alpha Cisse (oersonal com
munication) puts that number at about 300,000 individuals. I think that this is
 
probably an underestimation.
 

There are no reports in the iterature about the endemicity of intestinal
 
schistosomiasis in Niger. The snail inTermediate host, Biomohalaria pfeifferi
 
was found once, infected with cercariae- (Gretillat, 1974). The investigators
 
at O.C.C.G.E. found B. pfeifferi in the area of Gaya. They have also just found
 
infection with Schistosoma mansoni by examination of the feces of individuals in
 
the Gaya region. It is of interest to n&-e that there are a few irrigated
 
schemes in that region.
 

C.2 The Snail Intermediate Hosts
 

Bulinus (Physoosis) globosus, Bulinus (Physosis) jousseaumei and Bulinus
 
(Bulinus) truncatus rohlfsi are effective transmitters of urinary schistosomia
sis. Th-se snail intermediate hosts have been reported in different parts of
 

!/The larva of the parasite as they come out of the snail.
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Niger. B. (Ph.) alobosus was reported from east of Maradi, Yatawa, Takieta and
 
Tapoa (W3ight, W. H., 1973; Sellin and Mouchet, personal communication). B.
 
(Ph.) jousseaumei was found in Gotheye and Torodi (Sellin, personal communica
tion; Tager-Kagan, 1977; Sel in et al., 1980). The latter species is probably
 
synonymous with B. (Ph.) globosus. Bulinus truncatus rohlfsi was reported from
 
Zinder, Valley du fleuve, Kokoro, Dogondoutchi, Gaya, 3alleyara, In Ates, Tilla
bery, Gotheye, Timia, Bangario, Say, Tahoua and Filingue (Gretillat, 1974; Sel
lin et al., 1976; 1980; Mouchet, personal communication).
 

Bulinus (Bulinus) seneqalensis is also an intarmediate host for urinary
bilharziasis, but is restricted to temporary water bodies, especially ponds 
which may have water for a few months every year. It has been found at Gungass,

Vallee du fleuve. Dosso, Filingue area, east of Dogondoutchi, Tahoua area, Gal
mi, Madaoua, Maradi, Aguie, Takieta and Zinder. ('right, C.A., 1959; Mouchet, 
personal communication). A closely related species, Bulinus forskalii, is not 
an intermediate host for urinary schistosomiasis, but is often confused with it. 
it has been found in Lake Chad, Zinder, Vallee du fleuve, Kokoro, Tillabery,
Gotheye, Torodi, and Say (Wright, W.H., 1973; Gretillat, 1974; Sellin et al., 
1980, 1982).
 

Other snail surveys were also conducted in Niger. In the area of Kofouno,
 
Sellin and Simonkovich (1976) reoorted Bulinus truncatus rohlfsi in ponds at
 
Anzou and Terme and Bulinus seneqalensis at Kofouno and Zibane. In the area of
 
Gotheye and Til abery, Se!lin and Roux (1975) found Bulinus truncatus rohlfsi at 
2endiou, Ziguida, Zara Koyra, Dargol, Tillabery, Sakoira, PNamarigoungou, Famale 
and In Ates, and Bulinus jousseaurnei at Zara Koira, Leley, Illokoyre Leno, 
3afartane, Kosogho, Sakoira, Namarigoungou, Famale and Diomana. 

A snail survey was also conducted by Sellin et al. (1932) at the site of 
the future Kandadji dam, where they found Bulinus truncatus rohlfsi at Koutcu
gou. Yassane, Firgoun, Ayorou, Sanauile, Ayorou Goungou Koyre and Famale and
 
,ulinus alobosus at the same places except at Ayorou.
 

Although no cases of intestinal schistosomiasis due to Schistosoma mansoni
 
have been reported, its snail intermediate host, Biomuhaaria ofeifferi has been 
reported by Gretil lat (197d) and Tager-Kagan (1977). Dr. F. Mouchet of
 
O.C.C.G.E. recently found Biomohalaria ofeifferi at four sites in the region of 
Gaya in the Dal ol Foga: Sabon Birni, Bengou, Kowara and Bara (Mouchet, per
,onal communication). 

C.3 Control of Schistosomiasis in Niaer
 

At oresent, no national program exists for the control of schistosomiasis
 
in Nioer. There is no awareness of the magnitude of the disease of the country.
 

D. Examinatio; of Some Irrication Schemes and Water Sources in Niaer 

D.1 Irrination Schemes
 

The consultant made field trips to several irrigated perimeters in N'ger.
 
The relevant findinos are noted below.
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D.I.a Libore 

This is a 250-hectare rice irrigation scheme using water pumped from the
 
Niger River. The primary and secondary canals are lined with concrete, while
 
the tertiary are earthen canals.
 

Aquatic Vegetation: In the secondary and tertiary canals there is 
a heavy

growth of water lilies, Nymphaea spp. and Ceratophyl lum sp. The water lilies
 
are anchored in a thick layer of mud on the bottom. There is also mud on 
the
 
concrete sides of the canals.
 

Snails: In the secondary and tertiary canals the following species were
 
found in abundance, in association with the aquatic vegetation.
 

- Bulinus (Physoosis) globosus
 

- Bulinus (Bulinus) truncatus rohlfsi
 

- Bulinus (Bulinus) forskalii
 

The first two species are recognized intermediate hosts of urinary schisto
somiasis. The snails collected were, however, found negative for the schisto
soma when they were examined in the laboratory.
 

Human-water contact: 
 At the time of the visit, women were washing clothes
 
and children were bathing and swimming in the secondary canals, very near to
 
where the snails were col lected.
 

Other observations: Seepage was very noticeable from rice fields to neigh
boring land producing swamp areas suitable for snail 
and mosquito larvae breed
ing. There are one or two villages near the irrigation scheme and other villages 
at a distance. The researchers at O.C.C.G.E found high prevalence rates of
urinary schistosomiasis among the population in the villages near the scheme,
especially among children.
 

D.l.b Tillabery
 

This is mainly an irrigated rice scheme, similar to the 
one at Libore. The
 
water is pumped from the Niger River and the primary and secondary canals are
 
lined with concrete, while the tertiary are eartnlen canals.
 

Aquatic vegetation: The aquatic vegetation is scarce 
in the secondary and
 
tertiary canals, while the primary canals 
are devoid of any vegetation. How
ever, silt covers the sides and bottom of all canals. There is a considerable
 
amount of debris in the tertiary canals, includinq paper, branches of trees and
 
leaves.
 

Snails: The secondary canals have some species of operculate snails, and
 
the intermediate snail hostF are rare. in the tertiary canals, however, the
 
following species were found in large numbers:
 

- Bulinus (Physopsis) alobosus
 

- Bulinus (Bulinus) truncatus rohlfsi
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Bulinus (Bulinus) forskalii, which is not a host, was also found in
 
moderate numbers.
 

Human-water contact: Washing clothes, bathing and swimming by both
 
children and adults was observed.
 

Other observations: Seepage from rice fields was noticeable. High
 
prevalences of urinary schistosomiasis were reported from three villages near
 
Tillabery: Sakoira, Namarigoungou and Sarakoire.
 

D.1.c Konni I
 

This irrigation scheme contains about 1,360 hectares, growing cotton and
 
wheat. It is irrigated with water from a reservoir behind Tierassa dam. The
 
reservoir had water, and it is usually ful 1 between the end of August and Octo
ber. Primary and secondary canals are concrete-lined, while the tertiary ones
 
are not.
 

AQuatic vegetation: None of the canals had vegetation, but the secondary 
ones had debris. The reservoir had vegetation. 

Snails: None of the canals had snails, but in the Tierassa reservoir Buli
nus (Bulinus) truncatus rohlfsi was found on the plants and on rocks at the
 
banks. Both plants and the rocks are covered with a thick layer of periphyton,
 
mainly green algae. The water is fast in the primary canals, and the secondary
 
and tertiary canals are usually left dry. This is probably the reason why they
 
do not harbor snails.
 

Human-water contacts: Bathing, swimming and washing are common at the
 
reservoir. No human activities were observed at the primary canal because the
 
banks are steeo, nor at the secondary and tertiary canals because they are left
 
dry.
 

The Zanqo Dam and reservoir: This reservoir is a suoolement to the reser
voir behind Tierassa for irrigation of Konni I scheme. The reservoir behind
 
Zango Dam has water in May, and like the reservoir at Tierassa, is full from the
 
end of August through October.
 

Only one shell of Bulinus truncatus rohlfsi was found, but probably more
 
occur at different seasons of the year. Rocks are covered with algae. Seepage
 
was noted at the beginning of the main canal from the reservoir. This encour
ages breeding of snails and mosquito larvae. The main canal is lined with 
concrete; it is very clean and no snails were found. There were human activi
ties at the reservoir. 

D.l.d Galmi 

The perimeter contains 262 hectares, irrigated from a reservoir. It grows
 
mainly onions. The reservoir had water in May, and it usually fills UD between
 
the end of August through October. The Galmi is a tributary of the Magia.
 

Aquatic veoetation: There was no aquatic vegetation in the reservoir or in
 
the canals. 
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Snails: C'linus truncatus rohlfsi occur in large numbers in the reservoir
 
and on rocks near the edge of the water. The snails were especially abundant at
 
the beginning of the main canal, on debris and on the concrete lining.
 

Other observations: The reservoir and the irrigation scheme are not far
 
from the SIM clinic and many of the cases at the clinic have activities at the
 
reservoir and the canals.
 

D.l.e Kawara
 

This is about 52 hectares, but the reservoir and the canals were all dry.
 
It has been operating for about 18 years. No snail shells were found. There is
 
only a well, which the people were using.
 

D.l.f Djiratawa
 

This irrigation scheme is in the Goulbi Valley, about 15 km. south of
 
Maradi. Eventually, it will cover about 500 hectares. The scheme is irrigated
 
with pumped subterranean water, and the canals are narrow and shallow and lined
 
with concrete.
 

Aquatic veqetation: None, but there is a thick layer of algae on the con

crete banks.
 

Snails: No snails of any kind were found.
 

Human-water contact: No individuals were using the canals, which are nar
row and contacts are not possible or convenient. Probably also no transmission
 
of schistosomiasis takes place in this scheme.
 

D.1.g Ibohamane
 

This irrigation scheme is near Tahoua and contains about 750 hectares. The
 
reservoir behind the dam was completely dry, as were the canals. The canals are
 
lined with rocks, with little concrete in between. No snail shells were found
 
in the reservoir or in the canals.
 

D.2 Other Freshwater Bodies
 

D.2.a Reservoir at Tera
 

This is a large reservoir behind a dam that is not used for irrigation.
 
Only one snail, Bulins (PhysoDsis) globosus was found on the rocks of the dam
 
near the water edge. Probably more are found in other seasons. The human-water
 
contact is tremendous at this reservoir. No information is known about the
 
prevalence of urinary schistosomiasis in the area.
 

D.2.b Lake Madarounfa
 

This is about 20 km. south of I'laradi, near the border with Nigeria. In two 
parts of the lake there was a heavy growth of water lilies, Nymohaea spp., but 



J-10
 

no snails of any kind were found. The human-water contact is very considerable
 
at this lake, as well. There is no information about the prevalence of urinary
 
schistosomiasis in the area.
 

D.2.c Dogondoutchi
 

In a pond formed by a natural spring east of Dogondoutchi, there is a heavy

growth of aquatic vegetation and considerable human activity. Only Bulinus
 
(Bulinus) forskalii was found and this is not a host for urinary schistosomia
sis.
 

D.2.d Dosso
 

No aquatic vegetation, but considerable debris, including palm leaves, is
 
present in a pond about 35 km. east of Dosso. Only Bulinus (Bulinus) forskalii
 
was 
found in large numbers, and it is not a host for urinary schistosomiasis.
 
However, the habitat looks ideal for other bulinid snails which are hosts of
 
Schistosoma haematobium. It is likely that the snails are present, though they
 
were not encountered.
 

E. Summary and Recommendations
 

Surveys carried out in different parts of Niger and included in mimeo
graphdd reports by O.C.C.G.E. show that urinary schistosomiasis is far more 
widespread and prevalent than has been thought. Field trips to rice irrigation
schemes at Libore and Tillabery, where water is pumoed from the Niger River, 
indicate that both snails and the infection in humans are common. Examination
 
of irrigation schemes in the Maggia val ley near Birni N'konni and at Galmi
 
indicated presence of the snail 
intermediate hosts of urinary schistosomiasis.
 
Laboratory records at the Clinic of the Soudan Interior Mission (SIM) near Galmi
 
indicated many cases of urinary schistosomiasis in patients who have come for
 
other ailments. This suggests that prevalences would be high if epidemiological
 
surveys were carried out in the various villages near the irrigation schemes.
 
Laboratory records at the same clinic also showed a high prevalence of malaria.
 
The snail intermediate host for intestinal schistosomiasis, Schistosoma mansoni,
 
is found in one area, that of Gaya, and the infection has just been diagnosed
 
among inhabitants of some villages in the area. Thus, in Niger there seems to
 
be a clear impact of surface water irrigation schemes on prevalence of both
 
schistosomiasis and malaria.
 

The following recommendations are therefo-e made to deal with the situation.
 

1. Establishment of a Central Authority
 

The Government of Miger should establish a strong, central inter-agency
 
authority for planning, constructing and administering irrigation schemes
 
and other water resource projects. This authority or commission should have
 
broad deleqated powers under the law and should not be directly responsible
 
to the usual administrative agencies. The commission should consist of and
 
require cooperation between irrigation, agriculture and public health agen
cies. The present Genie Rural and ONV4 could serve as the nucleus for this
 
commission, but there should be representation of the public health authori
ties on the commission. The decisions of the commission should be based 
on
 
advice received from experts in the usually constituted departments of the
 

"\ 
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government or from technical assistance provided by international agencies
 
such as the World Health Organization, the Food and Agricultural Organiza
tion, the UNOP and others.
 

The commission shculd control all aspects of irrigated schemes, includ
ing establishment of water-use practices, control of the voiume of water 
used on each farm, improvement and maintenance of the distribution system 
and enforcement of sanitary and vector control measures. It should be able 
to forbid agricultural practices known to encourage the transmission of 
disease. Such activities should increase crop yields, raise the standard of 
living and improve the health of people using the perimeters. With regard 
to new irrigation developments, the basic environmental sanitation and
 
snail and mosquito larvae control measures should be carefully planned and 
"built into" each project from the very outset. 

Within the commissior, the health agencies should be responsible for
 
preparing budget estimates and statements of justification for the recom
mended public health measures for water resource projects. The commission
 
should be responsible for reviewing the final plans for all water and land 
resource projects to make sure that the various interests such as irriga
tion, agriculture and public health have been properly considered. Similar 
interagency commissions have been operating wel I in the Sudan, Zair: and 
Zimbabwe.
 

2. Collaboration
 

USAID should collaborate with the Niger Ministry of Health and with 
O.C.C.G.E. about matters dealing with epidemiology and control of schisto
somiasis. The personnel at O.C.C.G.E. who are seconded from O.P.S.T.O.M. 
(Paris), are very familiar with the schistosomiasis problem in Niger. One 
or two oersons from the Ministry of Health should associate with O.C.C.G.E. 
to observe surveil lance methods, snail sampling and snail identification 
techniques and diagnosis of the infection in humans.
 

USAID/Niger and the Niger iinistry of Health should also col laborate 
with USAID/Cameroon and the USAID Schistosomiasis Research Center in
 
Yaounde. The latter center should be operating toward the end of the year.
 
Third country training in Yaounde can be provided to one or two persons,
 
preferably biologists, from the Ministry of Health in Niamey. Graduate
 
training for one or two persons from the Ministry of Health can be arranged
 
through USAID/Niger, USAID/Cameroon and the Schistosomiasis Research Center
 
in Yaounde.
 

3. Imorovinq Existing Irrigation Schemes
 

a) In existing irrigation schemes, proper maintenance of canals is
 
important, and this includes the removal o-f 
 silt and aquatic vegetation.
 
Silting in irrigation canals reduces water velocities and encourages the
 
growth of aquatic weeds. These conditions, in turn, create suitable
 
snail and mosquito larvae habitats. The prevention, reduction or
 
cioaning of the deposited silt in canals not only ensures the proper
 
functioning of an irrigation scheme, but also helps to control snail and
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mosquito larvae. The design of distribution systems should keep most of
 
the sediment that enters the canals in suspension so it can be carried
 
through to the fields.
 

Removal of silt and aquatic and bank vegetation can be done
 
mechanical ly by dredging and scraping, or manual ly by pul Iing and cut
ting. This should be done. regularly. This job can be assigned to the
 
cooperatives in the existing irrigation schemes in Niger. The use of
 
chemical herbicides against canal vegetation should be avoided because
 
some of these may be toxic to crops.
 

b) In addition to clearance of weeds and mud in irrigation canals,
 
twice or three times a year applications of the molluscicide Bayluscide
 
(niclosamide) is also recommended. Both a powdered formulation and an
 
emulsifiable concentrate are available. The molluscicide operation will 
cost about $5,000 per application for a scheme of 250 hectares.
 

c) An L-shaped screen to serve as a mechanical barrier should be
 
installed at the beginninVgpf the main canal to hold back debris to 
which snails are attached.-'
 

d) Seepage from canals or fields should be avoided.
 

e) To control snails in reservoirs, the design of the reservoirs 
should avoid bays at the margins whenever possible. Also, removal of 
weeds and debris discourage snail breeding. Small reservoirs may be 
fenced to prevent human access, and in this way prevent transmission.
 
However, where access to the reservoir is necessary, providing a water
 
supply take-off below the dam reduces the need for contact with the main 
body of water. This is recommended by the World Health Organization
 
(1965).
 

f) Primary health care should provide chemotherapeutic treatment for
 
infected individuals in the community, especially children. Fortu
nately, drugs with few or no side effects are now available. 

g) Health education about the ravages of schistosomiasis and malaria
 
should be strengthened. Emphasis should be placed on advising the
 
people not to pollute the water with their excreta. 

•4. New Irrication Schemes
 

a) Where irrigation water is pumped from a river, the pump should he
 
at least three meters aw*ay from the bank to reduce the chance if pumping
 
in snails. The pump should also be provided with a strainer to hold
 
back all debris to which snails may be attached. A mechanical barrier,
 
as described for the existing schemes, should be instal led at the begin
ning of the main canal to hold back any debris which escapes the action 
of the strainer on the pump. 

-I/As recommended by Malek (1962) for irrigation schemes operated by pumps from
 
the Nile in the Sudan.
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b) Canals should be constructed with grades that ensure nonsilting;

i.e. with high velocities. Where the flow is sluggish or where canals 
are used for night storage, conditions favor the establishment of snail
 
colonies.
 

c) Distribution systems should be designed so that whole sectors may

be isolated in order that secondary and tertiary canals may be dried out 
periodically as a snail control measure. This procedure is actually

being practiced in Konni I, and may be the reason why no snails were 
found in the canals of this irrigation scheme.
 

d) Attempts should be made to screen settlers of new irrigation 
schemes. Urine examinations should be conducted and if individuals are 
found infected, they should be treated. 

e) Siting of new villages -should be carefully planned. The villages 
should be situated, as much as possible, far from the irrigation scheme.
 
Water for human consumption should be supplied through wells.
 

5. Cropping Systems
 

Double cropping with rice requires more water in the canals and fields 
than alternating crops. Therefore, rice cultivation followed by cotton or 
*any other crop that demands less water than rice is probably unfavorable 
for establishment of snail colonies and mosquito larvae breeding. This 
should be encouraged. 
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ASSESSMENT OF THE ENGl7EERING
 

ASPECTS OF !RRiGAT!ON D NIGER
 

A. SUMM1ARY 

The following assessment of the engineering aspects of irrigated agriculture
 

in Niger can be summarized as follows:
 

A.1 Design and Construction Costs
 

The costs of designing and constructing most types of irrigation systems in
 

Niger are very high by Sahelian standards and are among the most expensive
 

world-wide. These high costs, combined with the low productivity of most
 

existing systems, have curtailed the financing and development of new
 

irrigation systems.
 

Most studies and resulting designs of larger irrigation systems are produced
 

by a few European engineering fi-s financed by external donors. This is not
 

particularly competitive nor cost-conscious and probably results in higher
 

costs and more expensive than necessary designs. However, economies in study
 

and design costs would probably be unwise; if anything, study and design
 

should be improved in large as well as in small systems by more fieldwork and
 

informed analysis which may increase these costs.
 

Some savings may be attainable by simplifying overall system designs. There
 

is tendency towards overdesign (i.e. larger structures, I _ vy reinforcement,
 

redundancies, etc.) which is an understandable reaction to and guarantee
 

against uncertainties in construction, management and maintenance.
 

Substantial savings (10-15%) in construction costs can be achieved by giving
 

parcel holders responsibility for completing tertiary and quartenary works and
 

final leveling and bunding. This will, however, lengthen -,.e construction
 

time and require assistance to, and management of, the farners' work.
 

High construction costs are also to a large extent a result of limited
 

competition among the small number of construction contractors capable of
 

irrigation works. Only three or four European contractors in Niger have the
 

technically skilled personnel and type of equipment required for the
 

topographLc and hydraulic precision and timely completion of e:,tensive
 

irrigation works.
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On the ozher hand, the uncertainty of national budgeting and donor financing
 

contributes to high costs since contractors must absorb the overhead of
 

maintaining axpensive technical personnel and equipment while awaiting project
 

and contract approvals. Associated'cost factors are the difficult
 

transportation links to land-locked Niier and the risks of political
 

instability.
 

Force account construction by the government irrigation agency ONAHA would
 

probably not result in significant cost savings in most cases, unless ONAIk
 

could become a truly autonomous, independently managed state-owned company.
 

Although such a change is not current government policy, ONAHA can be
 

strengthened to serve the vital role cf the intermediaL- "umbrella" technical
 

assistance and contracting agency for irrigation development.
 

There appears to be considerable scope for, and potential cost savings in,
 

developing the capability of local contractors to construct (and, in certain
 

cases, help design) irrigation works. This includes farmer organizations,
 

private Jobbers (e.g. pump mechanics, ;ell diggers and oxen drivers), and
 

small companies with heavier equipment.
 

A.2 Water Sources
 

The continuing severe reduction in the duration of the flood stages of the
 

Niger River, as well as all other watercourses in the country, is necessitating
 

the modification and redesign of many pumping systems and wate: supply
 

channels.
 

The difference between the pumping system heights and the elevations of the
 

lower river stages often exceeds suction head limitations, requiring a change

over to 'ertical axis, submerged systems. Re-excavating channels and the
 

purchase of additional piping has been a particular burden for smallholders
 

with vegetable gardens along the river banks.
 

In small watersheds, the sporadic, heavy rainfalls and consequent "flash"
 

flood streamflow cause heavy erosion and sediment transport. This shortens
 

the lives of infrastructure (i.e. dams) due to siltation and requires larger
 

works to contain, control and route floods. Therefore, gravity systems fed by
 

reservoirs in upstream catchments do not appear cost effective.
 

11( 
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The shallow, alluvial aquifers, and some deeper phreatic wi±ter tables and
 

confined formations in certain regions have considerable potential f:r
 

irrigation water supply for smaller-sized systems. Large diameter, nand-dug
 

wells can easily tap many of these supplies, although yields at shd..lower
 

(5-6m) well depths limit system design.
 

Stabilized shallow wells with casing and, in streambeds, with capping is a
 

proven, cost-effective intervention. Little is known about the design and
 

performance of small.pumps with shallow wells; this requires investigation.
 

Higher-yielding tubewells with submerged, multi-staged pumps may be a
 

technically feasible next step for larger systems.
 

A.3 Water Supply and Management
 

Pumpsets are seldom reasonably matched to their operating head and discharge
 

conditions, hence pumping efficiencies are low from the outset. Thoughtful
 

design and rational procurement of pumping systems is a rarity.
 

Endemic to almost all motorpump systems, large and small, are poor placement,
 

careless operating practises, inconsistent maintenance and/or lack of spare
 

parts. The large variety of motor and pump types exacerbates this situation
 

and seriously hampers the transfer of technology.
 

Electric pumping is much less costly for either the larger systems located
 

within several. kilometers of a high-voltage line, or for smaller systems which
 

can be linked to v central generator.
 

Small motorpumps can be cost-effective in irrigating high-value market
 

gardens. However, human-powered (i.e. diaphram and foot) pumps and animal
 

traction water-lifters are less technically demanding and less costly
 

intermediate technologies, although they do not appear to be used.
 

The potential for windpumps appears limited by low average windspeeds. High
 

capital costs still limit the applicability of solar pumping, although testing
 

and trials of new systems should continue.
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The design and condition of canals is important but does not appear to be a
 

major operational difficulty or inefficiency in most systems with two
 

important exceptions: canals deteriorate rapidly when operations are
 

constrained by other factors; and, at the parcel level, head ditches and
 

furrows are seldom well-maintained.
 

In all sizes and types of systems, the greatest source of inefficiency and
 

waste is over-irrigation at the farm level: in rice perimeters, many farmers
 

transplant late, and others irrigate with available water even when the crop
 

is mature, both causing large increases in water use; in mixed-crop systems
 

with permeable soils, water is applied less frequently but in large amounrs,
 

resulting in high, deep percolation losses; and, even in small gardens,
 

application rates were found to be twice that required.
 

A.4 Institutions and Support
 

The Nigerien institutions involved with irrigation engineering are young,
 

somewhat disaggregated, and not well developed. The government instituLions
 

are the MD's "Genie Rural" Department, and semi-autonomous ONAHLk. PrivIte 

enterprises consist primarily of several European engineering firms,
 

construction contractors, and equipment dealers as well as a few Nigeriet:
 

jobbers and small contractors. Several private voluntary organizations a::e
 

also sources of technical services. Finally, and most critically, are the
 

farmer organizations.
 

The "Genie Rural" is apparently charged with technical control of feasibility

level study and design and construction contracts, as well as general
 

supervision of ONAHA. It is a ministerial department with a relatively small
 

staff of engineers and technicians which is technically responsible for all
 

rural construction and equipment.
 

ONAHA has, in five years, grown into a large semi-autonomous, state-run
 

service agency for irrigation design, construction, management, and
 

production. Due to budgetary support costs and questions of cost-effective

ness, its mandate has just been revised and limited to maintenance of
 

public-financed systems and technical assistance to their farmer
 

organizations. However, in the medium-term ONAILk will continue as the state's
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irrigation construction agency. ONAHA's organization will be streamlined
 

accordingly.
 

The responsibilities for irrigation development within the 'MRD are divided
 

between the Genie Rural and ONAHA. This seems to be a somewhat diffuse
 

institutional arrangement. It appears to create operational difficulties
 

between two disparate administrative units, to disaggregate the mass of
 

technical knowledge, and to complicate interactions with other government
 

departments as well as with donors. One clearly focused, pre-eminent and
 

autonomous institution would probably be more effective and responsive.
 

There is certainly a need for a major upgrading of the limited irrigation
 

know-how at all levels within the 'fRD. Concise, tailored, intensive training
 

could provide this: irrigation design, efficiency, and scheduling for
 

engineers and managers; basic hydraulics and crop requirements for mid-level
 

technicians; and, fundamentals of crop water use for extension agents.
 

Another important informational need is specific technical feedback from
 

research units.
 

The establishment of a governmental "career track" in irrigation would help to
 

concentrate and build on the existing manpower base through promotional
 

incentive. The M.D reassignment system tends to dilute existing irrigation
 

experience in that rewarding reassignments are usually diagonal, i.e. to move
 

up, personnel often move to another unit or project. Formation of an
 

irrigation "corps" along the lines of U.S. organizations would focus a
 

specialized cadre on the subsector.
 

The technical staffs of the Ministry of Hydraulic and OFEDES which are, inter
 

alia, responsible for groundwater resources should also be included in
 

irrigation development. As surface water sources continue to be limited by
 

drought and their potential more completely exploited, groundwater becomes an
 

increasingly attractive source for irrigation supply. Yet, all government
 

technical assistance seems to be directed at surface water irrigation supply.
 

Supporting services for irrigation are as yet ur.derdeveloped in the Nigerien
 

private sector. A wide range of construction, maintenance, and supply services
 

'dD
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could be provided cost-effective through contracts with small enterprises,
 

private jobbers, and even farmer organizations. Technical control and
 

equipment credits or rental (possibly from ONAiA), as well as specific
 

training, would be necessary.
 

Farmers and farmer organizations are the end-users and, consequently, most
 

directly responsible for saving water and application efficiency. Of primary
 

importance are clear, monetary and organizational incentives for conservative
 

water use, and a culturally-tailored, widespread, and frequently repeated
 

training program in on-farm water management. This is a critical necessity as
 

the farmer organizations are moved toward autonomy.
 

Private voluntary organizations and, to a minor extent, the Agriculture
 

Extension Service appear to be the only institutions providing any technical
 

assistance for smaller, private irrigation systems. These systemi would
 

profit from more informed technical guidance, particularly in pump selection
 

and crop water requirements. The institutional possibilities for assistance
 

need examination.
 

/

I: 
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B. DESIGN A rD CONSTRUCTION COSTS
 

The costs of constructing irrigation systems in the Sahel are variable, but
 

consistently high. A recent FAO/OMVS report gives an average 1933 cost of
 

W13,000/ha (i.e. per net cultivaile irectare) for West Africa compared with
 

comparable costs of t8,500/ha for the Near East, t6300/ha for Latin America,
 

and t4,500/ha for the Far East. The 1975-1980 cost inflator for irrigation
 

development in West Africa is about 30% 'per annum over twice that of other
 

regions of the world. Athough these development costs can be e:tremely
 

variable, the averages aud trends are significant. As pointed out by the
 

World Bank and the CILSS, high cosvs are currently a serious limitation in the
 

expansion of irrigated agriculture an the Sahel.
 

The costs of irrigation development in Niger are 'ixtremely high even by
 

Sahelian standsrds. The current Cenie Rural planning figure is tl3,000/ha and
 

ONAHA's 1982 estimite is t12,000/ha for development of an irrigated perimeter
 

with total water control in the Niger Valley. Recent "hard" costs include the
 

260ha system at Toula completed in 1980 at over lO,O00/ha and the 220ha
 

perimeter at Firgoun completed (partially by force account) in 1982 for only
 

slightly less. Gravity-fed systems with associated dams, reservoirs, and
 

supply canals zan cost even more: the recently-comoleted 500ha system in
 

Galmi cost approximately tl,700/ha. By comparison, Upper Volta's ONBtI
 

estimated 1983 costs at about :9000/ha for systems with pumps and tubwell and
 

t4500/ha for gravity-fed systems with small dams for systems no larger than
 

100ha. Unit costs in Mali and Senegal vary widely but only exceptionally
 

surpassed tlO,000/ha during the last year.
 

Unit costs can, of course, also be much lower for simple less-intensive
 

irrigation systems. Improving "floating' rice or recessional sorghum
 

cultivation with flood control earthworks cost about t8,000ha and small
 

(l-3ha) improved gardens with motorpumps usually cost less than t3000/ha.
 

The composition of these costs and the factors contributing to their inflation
 

will be discussed below.
 

"TI)~
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B.1 System Design
 

The design of the systems themselves influences cost of development. For the
 

purposes of this analysis the following table breaks down the total costs into
 

approximate percentages which can be attributed to each of the major
 

components of different categories of irrigation systems.
 

Total Water Improved Water
 
Control Control
 

Study, Surveys, Designs,
 
Plans, etc. 15% 5%
 

Water Supply: 	 ?umps 10%
 
Wells - 10% 60%
 
Dams 40%
 

Major Canal Network 	 30-40% 10-20%
 

Parcels: Ditches, Bunding,
 
Leveling 15% 10%
 

Flood Protection 	 15% 5%
 

rirst, and toremost, the most critical element in system design is the
 

technical study design and control process itself. This generally accounts
 

for orly 5-15% part of the total costs. It is, however, vital in order to
 

produce a worknable system. Since so many irrigation system designs throughout
 

the Sahel are inappropriate , and some even technically unfeasible, major 

economics in the design process would probably be self-defeating. These costs 

;7 well increase, if that's what it takes to improve the present system 

designb. 

_st experience indicates that irrigation systems are too often designed in
 

ignorance of Lhe existing natural and agricultural milieu. This occurs almost
 

as Frequently in small, privately-developed system design, as in larger, more
 

organized, state or donor-financed ones. The only difference is that smaller,
 

lower-investment systems can usually be modified (or dropped) more rapidly to
 

compensate for design flaws. Ignorance of the physical and human dimensions
 

of an irrigation intervention at a particular rural site is found as often in
 

officeq in Europe as in those of the host-country's own capital city. Examples
 

are r-te: zroblematic !oils, misjudged flood levels, cut-off access ways, etc.
 

441)i 
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The solution is fieldwork; interdisciplinary fieldwork, when possible, but
 

more and better fieldwork to understand the situation and learn from what
 

exists and what's been tried. Increases in overall study design costs which
 

will lead to better understanding should result in a less expensive, more
 

workable irrigation system.
 

The cost of the water supply infrastructure is a highly variable portion of
 

the total cost of a system and depends on whether dam construction is
 

involved. Also, the proportional cost for the water supply hardware is larger
 

in the smaller systems. Water supply is the most fundamental component of a
 

system and the cost is relatively fixed. The capital costs of pumps are
 

generally less of an issue than their operating costs. But as noted in the
 

SOGREAH- 3II Rehabilitation Study, motors and pumps are often poorly matched
 

to their operating (head and discharge) conditions resulting in far less than
 

optimal efficiencies. Electric pumps are one solution to this due to their
 

operational flexibility. However, at off-grid, small systems diesel motor

pumps will continue to be the prevalent technology. The choice of pumpset is
 

usually based on availability or donor procurement procedures rather than on
 

operating conditions and performance needs.
 

In the case of water supply from a gravity system, construction of the dam and
 

delivery canal are usually the major costs in the system. For instance, at
 

the Konni and Galmi developments, over 50% of the capital cost is attributable
 

to dam and canal construction. Since the life of the dams limited by high
 

rates of siltation and the costs of such large-scale infrastructure are so
 

high, a more economic alternative might be pumping from tube wells. This is
 

discussed under Water Sources.
 

The other large component of total cost is the major canal system. In systems
 

with full water control, this is inevitably carefully constructed on compacted
 

fill and lined with concrete slabs. This lining may not be necessary in areas
 

with heavier soils or laterites. A less-e.Coensive, less-durable lining may
 

also suffice. But, the important distribution and measurement functions and
 

the problematical maintenance of primary and secondary canal networks
 

precludes significant economies in this part of the system. If anything, the
 

observed need for measuring weirs and flumes could increase the proportional
 

/; 
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cost of these networks. Still, the size and complexity of these networks
 

often appears to be an unnecessary substitution of capital infrastructure for
 

management and labor.
 

The costs of irrigation works can be most directly and effectively reduced at
 

the level of the individual parcels. Farmers who can find the labor necessary
 

to cultivate and harvest an irrigated parcel (especially one cropped in rice)
 

should also be able to mobilize the labor required initially to layout that
 

parcel. Leveling the parcels, building bunds, digging head ditches and
 

installing low-cost turn-outs do not require a construction contractor.
 

Simple demonstrations, basic topographical control (i.e. vertical levels) and
 

appropriate tools would enable farmers to develop their parcels on their own.
 

The amount of work required is estimated at 200-300 person-days. Furthermore,
 

farmer participation in the initial construction would increase a sense of
 

ownership and maintenance responsibility, which nay yield dividends i.n future
 

savings on operating and rehabilitation costs.
 

Construction by farmers does however require close and conscientious technical
 

assistance. Surveying and staking are critically important. Also, due to the
 

disaggregation of the work and loss of direct conzractual control the final
 

completion of the irrigation system, and consequent initial production will be
 

delayed. However, the savings in development costs, estimated at t1000-2500/
 

ha, and the gains in farmer involvement appear well worthwhile. Farmer
 

participation has been proposed for the AID-financed OLVS/IDP perimeter
 

construction based on the experience of SONADER in Mauritania. The SOGREAH-


LBII Rehabilitation Study for Niger also proposes farmer participation.
 

B.2 Construction Contracting
 

Most of the larger irrigation schemes in Niger have been designed and
 

constructed by a small number of French companies. SATOM and SCET are two
 

well-known consulting engineering firms responsible for the design of a large
 

number of irrigation systems in Niger as well as throughout frica. SOGREAH
 

is in fact one of the consulting engineers for the large IDA-financed
 

rehabilitation project.
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Contracts for the construction of irrigation systems in Niger have usually
 

been awarded to one or more of three French construction companies, Dragages,
 

SATOM and Jean Lefevre. These companies often subcontract to smaller Nigerien
 

firms for various smaller portions of the work. these three large
 

construction contractors have both the high-priced engineering staff and
 

costly earthmoving equipment necessary to plan, execute and control the large
 

and precision civil and earthworks required by any but the smallest (i.e. less
 

than 5 ha) irrigation systems.
 

Few, if any, Nigerien building contractors have this capital and (:apability.
 

A considerable amount of earthmoving is usually necessary for the construction
 

of the major canal network and drains, flood protection dikes and channels,
 

and preliminary leveling, even in relatively minor irrigation systems. Per
 

unit of area, this work requires substantial energy inputs, for the most part
 

motorized, due to the limitations and low productivity of labor and animal
 

traction in the Sahel. More critically, this type of work requires a
 

considerable degree of technical field control in design, layout and leveling
 

to ensure efficient use of the critical resource, water. Only in small
 

irrigatad gardens and at selected exceptional sites are these inputs
 

unnecessary.
 

The small number of contractors who possess the requisite technical experience,
 

personnel and equipment, has led to limited competition for such work, and
 

hence, higher contract costs. On the other hand, the higher contracting costs
 

are also a product of the uncertainty, irregularity and delays in both Nigerien
 

and donor government plans and financing. For this reason, contractors must
 

often support heavy overhead costs to keep high-value personnel and equipment
 

in place often under difficult conditions in expectation of future work.
 

Realistic, medium-term planning of specific projects and donor-government
 

guarantees and perhaps even retainers, may be a way of moderating these risks
 

for the contractor and resulting costs to the project.
 

However, the underlying problem remains the lack of a local technical
 

capability
 

to construct (nevertheless, design) irrigation works. This has led both the
 

Nigerien government and donors to create and strengthen the parastatal, ONAHA,
 

as the state's implementor and manager of irrigation works. This would, it
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was thought, lower costs, ensure a reliable design and construction capability,
 

and develop competent national personnel. Therefore, ONAHA has become, in
 

part, a government engineering and construction company with a substantial
 

staff and equipment pool. So far, based upon th-7 ONAHA-executed works at
 

Namar!-Goungou and Firgoun, this has not resulted in significant reductions in
 

costs and has increased the charge to the national budget.
 

Although ONAIAA's relative youth (five years) may be a Large cause for its
 

inefficiency and non-competitiveness, it is doubtful that a large state
 

construction institution can ever be competitive in real terms with private
 

contractors, except in the riskiest, most financially unattractive
 

circumstances. Recent experience in Mali is indicative: the unit
 

construction costs for earthmoving quoted by the Malian rural works
 

parastatal, OTER, for a recent project were the same as those quoted by two
 

private contractors. Although OTER has completed a number of irrigation works
 

it is not considered to be particularly cost-effective in its operations.
 

A surer way to increase local capabilities, and competition would probably be
 

to develop or strengthen small Nigerien construction contractors. These small
 

contractors (some of whom have already done subcontracting for the larger
 

French firms in irrigation work) are, generally, most capable in small
 

building construction. With adequate incentives, experience with and access
 

to heavy equipment (through rental or purchase arrangements) and technical
 

assistance and control, some of these contractors could become capable and
 

cost-effective in irrigation wotk. Technical control is, however, critical;
 

it is the role which a technically-strengthen ONAHA could most appropriately
 

and effectively fulfill. This is further discussed under Institutions and
 

Support.
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C. 	 WATER SOURCES
 

There are basically three major types of water sources used for irrigation in
 

Niger:
 

- The Niger R-jer and its major tributaries from which water can be
 

diverted during flood stages, or (increasingly more cccn) pumped
 

year-round ifte an irrigation system;
 

- Small watersheds and intermittant streams whose runoff can be trapped or
 

collected in depressions or small dams, to provide water for recessional,
 

gravity-fed, and/or pumping systems; and,
 

Groundwater in both shallow -illuviums and several deeper aquifers, found
 

primarily in ancient river valley formations, from whch water is pumped
 

to surface systems.
 

Each type of watac source has different constraints for irrigation. A more
 

detailed description of each type of source follows.
 

C.1 	 Niger River Valley
 

A 550 kn-long reach of the Niger River runs NW-SE through the western corner
 
9
 

of the country. The watershed within :Tiger covers 485,000 km-. There is an
 

additional 700,000 km of ancient watershed surrounding the "dallols" or
 

fossil riverbeds in the Niger River Basin north and west of the river. The
 

flow entering this section of the river arises from the drainage of basins and
 

the discharge rom the interior delta (macmha) and lake region in Mali.
 

a) 	Topography
 

Within Niger, the river valley can be subdivided.into three topographically
 

distinct ezilons:
 

(1) 	From the Malian border southeast through Niaiaey for approximately 300 kim,
 

the valley alluviums extend several kilometers wide. The river has a
 

slope of about .00012-15.
 

(2) 	Southeast of Niamey the river runs between sandstone cliffs for about 100
 

km. Here thc river has little slope but changes course several times
 

(this is called the "W"). The valley is narrow and enclosed in this
 

section; and,
 

(3) 	From the "W" to the Nigerien border, about 130 km, the valley again
 

widens to about 4 km ,ith a very slight river slope of only about .00008.
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Examining the first section northwest of Losso, the valley is made up of a
 

large several kilometer-wide floodplain through which wanders the riverbed
 

itself, often with several branches. Ir this plain there are many levels of
 

alluvial terraces formed by the river's meander. This plain is also cut
 

divided by ancient bedrocks, newer outcroppings and former dunes which yield a
 

considerable micro-relief and delimit elongated basins between them. The
 

soils in these basins are generally hydromorphic cljy;, which are well-suited
 

to rice cropping.
 

The floodplain is often bordered by wide colluvial terraces which lead up to
 

short cliffs marking the Continental Terminal. These terraces are densely
 

incised with drainage ravines. These soils are shallow and highly mineralized
 

from their parent rock and contain large deposits o: eolian sands. They are
 

not suited to irrigation, and are responsible for difriculties encountered at
 

four existing perimeters (Sakoira, Tillakeina, Tillabery and Lossa). However,
 

the edges of the floodolain also contains older, lower colluviums, high
 

alluvial terraces and river banks which are not flooded and are composed of
 

well-drained sandy, silty clays. These are well-suited for small irrigated
 

polders with mixed crops. The southeastermost section of the river runs
 

through a wide, sedimentary valley of approximately 400 km-.. -iutary,
 

seasonal streams contribute significantly to the river's flow in this valley
 

and annual rainfall attains 1000 mm. This permits rice cropping through the
 

cold dry season (October to May).
 

The soils in the floodplain of this valley are generally hydromorphic and
 

clayey and'well-suited to rice. However, the edges of the flood plains are
 

composei of terraces and slopes made up of sandy-silty alluvial arid colluviai
 

soils. These formations are generally good aquifers with significant yields
 

at shallow depths (+ 3m).
 

\ / 
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b) Hydrology
 

The hydrology of the Niger River is relatively well-known. The river's regime
 

is shown by the hydrograph on the following page. It is characterized by a
 

gap between the high river stage in February and the rainy season in June to
 

October. The flows of the river from April to July fall to at least a tenth
 

of the mean annual flow. The river is lowest in June. A ORSTOI-SOFRELEC
 

study indicated a 50-year, 10-day average low-stage flow of l6m3/s at
 

Niamey. The lowest daily flow recorded at Niamey was o.6m3Is on July 4,
 

1974.
 

Since 1971 there have been particularly severe series of low river stages due
 

to several factors. The first is the low annual rainfalls of the last decade,
 

a trend which may be transitory or cyclical. Second is a physical anomaly of
 

the river basin which is probably due to an evolution of the hydrological
 

regime in the lake basin in Mali causing a wore rapid drainage of this basin,
 

and consequently more precipitous changes in downstream flows. Finally,
 

outtakes due to human development upstream has no doubt altered the river's
 

reg:me although the impacts of these actions are not precisely known.
 

Therefore, hydrologic studies based on data from the years prior to 1970
 

should be used with caution since they do not reflect the tendency of
 

accentuated river stages. In fact, it would probably be more realistic to
 

consider the average 10-day low-stage flows of 1973-74: 6m3 Is at Niamey.
 

More recent hydrologic data indicates that 1983-84 river stages have even
 

lower flows. Assuming that consumption for human ind.strial and human needs
 

will reach lm3/s in 1990, and that the flow downstream of Niamey must remain
 

several m3/s, one realizes that at approximately 1 m3/s needed for 500ha
 

of irrigation little flow remains for agriculture upstream from Niamey without
 

storage.
 

A major purpose of the proposed dam at Kandadji will be to store water in both
 

to augment the flew at low river stages and supply irrigation for an
 

additional 140 000ha downstream (110 O00ha of terrace land for mixed cropping
 

and 30 O00ha of flood zones for rice crops).
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c) Irrigation 

Three systems *-f traditional agriculture are practised in the river valley: 

- rainfed cultivation of millet and sorghum on the eroded, sandy terraces 

bordering the valley; 

- long-stemmed or "flcating'" rice cultivation which is planted with the 

rains in the riverbe? and flocded as the river rises; and 

- vegetable gardening (primarily onions, sweet potatoes, manioc, etc.) 

during the cold season on the river banks and watered by hand.
 

Since 1953, a number of lirge, modern irrigation systems have been built in
 

the valley. A cropping calendar of these systems and its relationship with
 

rainfall and river stages is shown on the following page.
 

All along both banks cl the river small vegetable gardens are cultivated from
 

November to April during the higher rive': stages. Well-developed sites are
 

found at Say, Gotheye, Gaya and Niamey. These gardens are located on the
 

river banks and alluvial and erosion teriaces which are not flooded during
 

high river stages and peak flows in January-February.
 

The soils are -hallow, sandy-silty colluviums with varying proportions of
 

clay, and sometimes rock;. They generally have high infiltration rates and
 

low water storaye capacities.
 

Water is generaly'v br,ught to these gardens by a channel or series of channels
 

which are dug, oten rooperatively, from the flood zones at a depth below the
 

high river stage. Water Ls lifted i-l.5m out of these channels with buckets
 

or c-Labashes and poured U'to either a small basin or another canal which
 

feeds a small, rudimentary system.of canals. Flcws in these systems are on
 

the order of 0.5-1.5 i/s or less. Tndividual gardens seldom exceed 300m2.
 

The reduced duration and accelerated recession of the flood stages of the
 

Niger in the pa~t 3 years (1981-83) has caused severe water supply problems
 

for these gardens. Dua to the rapid flood recession, the water supply
 

channels empty eve~ai weeks before the end of 
the crop cycle. The large
 

amounts of labor necessary to deepen the supply channels, and the cost 
of
 

motorpumping ar often beyond the means ot the farmers or the returns from
 

some of the cro-s. Yet large number of i-3HP gasuline- and diesel-fueled
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centrifugal pumps are now in use along the river. Several problems have been
 

noted with these new pumping operations. The small earthen canals are rapidly
 

scoured by the higher velocities of the pumped water; erosion and consequently
 

leakage were widely evident. Pump and intake handling and placement are also
 

poor, resulting in heavy wear and shortening life of pumping equipment.
 

Two major types of modern irrigation systems have been established in the
 

Niger river valley. The first, and most numerous type, is located in the
 

clayey, gleysols of the basins or former channels in the riverine flocd
 

plains. These are generally not larger than 500ha (200ha average) and, being
 

part of a riverine flood zone, have an elongated form with an accented micro

relief. The principle of these systems is to enclose a topographically and
 

pedologically suitable area with a flood protection dike with large capacity
 

intake and drainage structures and a water control system. At present, 20
 

such systems cover about 6,000ha, of which 3,900ha are actunlly under
 

irrigation.
 

There are three levels of water control in these systems:
 

- Simple flooding: Perimeter dikes with intake and drainage 

structures and channels; controlled flooding from a river depth of 

l.7m into the interior; diked terraces flooded to a depth of 20-70cm; 

and gravity drainage. 

- Controlled flooding: As above, with water supply and drainage 

ensured by a central pumping system connected with the river. 

- Controlled submersion: As above, with leveling and complete supply 

and drainage canal systems; water depths are controlled to 10-20 cm. 

A second type of irrigated perimeter is on the colluvial terraces along the
 

edges of the river valley. These perimeters are small, less than 100ha, and
 

are not numerous (7 perimeters totaling 550ha). They are comparable to the
 

small" irrigated perimeters finaaced by AID in Bakel, Senegal. The soils at
 

these sites are similar to those well-drained, sandy, transported and eroded
 

materials described previously under vegetable gardens.
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Since these sites are located at the valley's edge outside of the flooded zone
 

large flood protection dikes are not necessary, but pumping is. Lifts range
 

from 5-10m. The irrigation system is generally composed of a network of
 

canals at least partly lined with rock or concre..e (usually in poor condition)
 

from which parcels are watered in furrows. Cropping is mixed: cereals,
 

vegetables, fruits, etc.
 

C.2 Watursheds and Intermittant Streams
 

Ader-Doutchi-Maggia:
 

Most watershed catchment systems are found in the Ader Doutchi Maggia. This
 

region is in the center of Niger, between isohyetes 850mm and 550mm, and
 

covers about a million hectares. Although slopes are relatively gentle in the
 

region the topography is marked by three large valleys (Keita, Badeguicheri,
 

and Maggia) up to 2km wide which are drained by well-eroded seasonal stream
 

beds, which can be as deep as 10Om below the surface of the surrounding
 

plateaus. The sides of the valleys are steep cuts over which large quantities
 

of runoff fall, often causing flash floods.
 

Although the soils of the plateaus are generally poor ferrugineous sands, the
 

soils in the valley bottoms and stream beds are deep, sandy-silty clay
 

alluviums of considerable agricultural importance.
 

The rate of erosion is high; the runoff is heavy and abrupt and carries large
 

amounts of sediment. For example, erosion in the watershed above Ibohamane
 

can be estimated at approximately 2250 tons/ha/year. The extreme variations
 

in the intensity of rainfall in the region makes correlation- between rainfall
 

and runoff difficult. Annual flood flows are likewise highly variable with
 

extreme peaks.
 

Part of this large volume of runoff can however be collected by earthen dams.
 

Seven dams were constructed in the late 1960s. These are earth-filled,
 
3


several meters high, with volumes varying from 250,000 to 6,000,000 m
 

Water is supplied to the irrigation systems (15 to 450ha) directly downstream
 

by way
 

(N 
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of a central gate and delivery canals. Several large dams at Konni and at
 

Galmi were completed recently. These are characterized by bigger reservoirs,
 

long delivery canals, and much larger irrigation systems (500-2500ha).
 

Sorghum and cotton are generally cultivated in these irrigation systems,
 

although vegetable crops are also prevalent (at Galmi, the predominant crop is
 

onions).
 

The catchment systems have several drawbacks which in many cases caused severe
 

limitations or abandonment. Due to the high rates of erosion in the
 

watersheds, sedimentation in the reservoirs is heavy, rapidly reducing the
 

storage capacity and water supply. Most of these dams lose half their
 

capacity in 10-15 years due to siltation. The high intensity rainfall in the
 

region also causes flash flooding which is difficult to route out of the
 

system; three dams have been severely damaged by floods. In order to design
 

for these flood flow conditions, costs are exceedingly high.
 

An indigenous, simple type of water catchment is also practised in this
 

region. in the flatter parts of the stream beds (slopes of .001), farmers dig
 

small bunds and ditches to hold and distribute water after the rains. As the
 

surface water dries up, the crops (sorghum and cotton) are later watered from
 

small wells du- to the shallow alluvial water table in order to bring the
 

crops to maturity. Intense rainstorms, and consequent heavy runoff and
 

flooding late in the season, frequently destroy these small catchments which
 

are located in the flood zones.
 

a) The "Goulbi" Valleys
 

The three valleys of Maradi, Kaba and Tarka are all part of the same hydro

graphic system which has developed in an arc around Maradi. These valleys are
 

2-8km wide, but receive heavy runoff which causes 4lash flooding down the
 

watercourses. Studies were conducted in the 1960s on the possibility of a
 

catchment system with downstream irrigation. These studies indicated that the
 

extremely high and rapid flood stages would cause difficult design problems
 

and very high costs. Groundwater appears to be a better source of water
 

supply in these valleys as discussed later.
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b) 	The Komadougou
 

This river has its source in the Jos highlands of Nigeria, delimits the border
 

between Niger and Nigeria for a distance of 150km, and drains into Lake Chad.
 

The river is intermittent with an average flow of 9.5m /s during 5-6 months
 

of the year. Several large depressions along the river bed store large
 

quantities of water throughout the year.
 

Since the 1960s two types of irrigation systems have been developed in the
 

Komadougou. The first consists of gated dikes across various arms of the
 

river which retain water for flooded rice cultivation within the diked area.
 

Rice cropping has diminished due to the severe reduction in flows over the
 

last few years. These basins also provide a supply of water for winter
 

vegetables and wheat during the dry season. These crops are cultivated on the
 

river terraces; water is lifted up from the marshes or reservoirs with chadouf
 

or small (1-2HF) motor-pump.
 

The Kamadougou's flow is affected by upstream dams in Nigeria. Exploitation
 

of the surface waters in the river is apparently a bilateral problem which is
 

still under discussion.
 

c) 	Other
 

Seasonal, and sometimes perennial, water supplies are available in natural
 

basins (or marshes) found in many valleys. These include the marshes of
 

Goure-Maine-Soroa, the Korama basin and Lake Chad. Recession cultivation is
 

practised widely in these areas, but chadoufs and small motorpumps are also
 

utilized for garden irrigation on the banks.
 

C.3 Groundwater
 

There have been a number of hydro-geological surveys of Niger over the last 30
 

years. An "atlas" of groundwater resources was published in 1978. The
 

Ministry oi Hydraulics has records on about 1000 wells, although a large
 

number of recent wells, many financed by PVOs are not as yet indexed.
 

Supplementary studies are still necessary for a better idea of the potential
 

of those aquifers which have limited recharge.
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a) 	 Alluvial Aquifers-

Substantial quantities of groundwater are found in the deep alluviums of most
 

of the dry, ancient river valleys in Niger. Many of these valleys are
 

variousiy called "dallols", "goulbis", or "koris" depending on the nature of
 

their seasonal flooding. The soils in these valleys are often fertile, but
 

the small intermittant water flows and the totpography do not favor surface
 

water collection. Most of these valleys contain some type of small, irrigated
 

development supplied by shallow large-bore wells.
 

b) 	Dallols:
 

The dallols are ancient riverbeds in the form of 2-30 km wide, sediment

filled valleys, generally running in a north-south direction and empLying into
 

the Niger River Valley. Their soils are generally poor, sandy, and heavily
 

leached. However, they also contain a series of basins with heavier soils
 

which become marshes in the rainy season. (A few deeper basins are
 

permanently saturated). Somewhat more fertile colluvial deposits are found on
 

their sideslopes.
 

Stream flows from runoff are relatively small, diffuse, and mostly localized
 

in the northern upstream reaches. The groundwater resources are substantial
 

and are recharged by several large continental formations as well as by local
 

infiltration of rainfall and runoff. The groundwater available in the
 

alluviums of the dallols is estimated to be about 1500 i/s in the northern
 

reaches to the 7000 1/s in the south (FAO-UNDP). This is suffic'.ent for
 

small-scale developments in the north and, where the soil quality permits,
 

larger irrigation development in the south. The most ideal sites for
 

irrigation are, of course, the basins, due to the heavier soils and proximity
 

to groundwater (several meters).
 

Traditional irrigation consists of recession cropping and watering small
 

gardens from the marshes with calabashes. Crops include sweet potatoes, corn
 

and vegetables. Several PVO's are supporting projects to top the shallow
 

aquifers with concrete-cased, large-bore wells with yields of about 1 i/s
 

serving individual, small l/4-1/3HP gardens. There is considerable physical
 

potential for expansion of irrigation systems within the dallols.
 

' ' 4) 
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c) Ader Doutchi Maggia
 

This region is also described under Watersheds. This series of valleys has
 

alluvial aquifers which are recharged by runoff from the surrounding hills.
 

These aquifers 6-20m thick, an,* in areas where the valleys' slopes exceed
 

about 1%, they are often cut and drained by erosion ravines. in areas with
 

bedrock gypsum deposits, the groundwater may contain 500-1000 mg/! of salt.
 

Well yields vary from 1 1/s to as much as 6 i/s at pumping depths less than
 

10m.
 

Traditionally, there has been widespread use of the groundwater for the
 

irrigation of onions during the cold dry season. Water is drawn from shallow
 

wells and distributed by small ditches into l0-20m" border strips. Several
 

PVO projects in the area are involved with casing and improving these wells.
 

The 	SOGREAH-LBiI Study recomnends exploitation of these shallow aquifers as an
 

economically interesting investment: a 15m deep well yielding 5 /s could
 

irrigate about l.7ha. A hydrological investigation of the valleys to quantify
 

the groundwater resources will probably be a part of the IDA project.
 

d) 	Goulbis
 

The goulbis are riverbeds with intermittent, seasonal flows with numerous
 

pockets of permanent surface water. Their shallow aquifers are recharged both
 

by runoff and continental formations which they cut. Groundwater levels are
 

from 2m to lm from the surface. Heavy streamiflows and flash floods during
 

heaw rainfall are a problem. Their soils are very heterogeneous, variously
 

hydromorphic and consist of recent alluvial deposits with good agronomic
 

potential.
 

There is a considerable number of traditional market gardens irrigated from
 

shallow wells in the goulbis. A number of studies and projects have been
 

undertaken as well. The BIRD-CCCE Maradi productivity project has developed
 

500ha irrigated from tubewells. BRGM has completed a favorable study of the
 

goulbi at Tarka. PVO's are also assisting market garden developments with
 

improved wells.
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e) Korama Basin
 

The shallow aquifers in the basin are sand formations recharged by runoff and
 

are frequently exposed on the surface in the form of marshes. 
 Their thickness
 

varies from l0-2Om with annual l-2m fluctuations in depth. Well yields are
 

good: 2-5 1/s.
 

The basin has good agronomic potential. The area around marshes is cultivated
 

by recessional cropping and by small gardens watered with chadoufs and shallow
 

(2m) wells. The basin appears to offer a good mix of water, land and labor
 

resources for continued development of suall group irrigation systems with
 

motorpumps.
 

f) Others
 

Shallow alluvial aquifers are found in several other valleys. The,aquifer in
 

the Goure-Maine-Soroa is a 20-3Om thick sand formation with good yields on the
 

order of 2-3 1/s; ACDI is financing 6 pilot perimeters in the Diffa
 

Department. in the Agadez-Irhazer region, there are about lO00ha of small
 

gardens irrigated fromthe Kori (stream) beds with large, deeper wells and
 

animal-traction systems; both FED and CWS have improved about 500 wells.
 

Localized, shallow aquifers are 
also found in the valleys of the right-bank
 

tributaries of the Niger and in the Komadougou Valley.
 

C.4 Deep Aquifers
 

These aquifers will only be briefly noted:
 

- The Continental Terminal of the Dogondoutchi syncline contains a sand
 

formatior under pressure which is drained into the dallols.
 

- The Hamadien Continental is a sandstone formation which extends
 

throughtout most of Niger to a depth of 
several hundred meters. It is an
 

immense reservoir, widely tapped by both tube and large bore wells with
 

only negligable effect, and is artesian throughout large portions of the
 

valleys discussed above with yields up to 2 1/s/m.
 

- The pliocerie formation of Manga drains into the region around Diffa.
 

- The sandstone formations of Agadez and Irhazer is being studied and
 

appears to have interesting potential.
 

- The sandstone formation or Bilma is also a substantial water resource.
 

C. 
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D. WATER SUPPLY AND MILNAGENT 

All irrigation systems consist of some method of tapping water at its source 

and conveying it to plants. This generally requires some energy input to move 

or lift the water, as well as infrastructure tc stoce, convey, and distribute 

it. These inputs represent expensive operational and. capital investments in 

water, and often yield surprisingly high unit costs for water. Water then 

becomes another high-value input, like labor, fevtilizers, pesticides, etc. 

and as ..h any investment, the goal is to use as little of the input as 

possible for the greatest possible effect. 

In irrication systems, the optimum efficiency is the minimum amount of water 

supplied to the system that will ensure the requisite soil moisture for the 

root zot:e of the pcrticular crop. The system from the water source to the 

plant r~o has three major sections: the supply mechanism (pumping or 

gravity-fed), the conveyance network (canals and pipes), and the method of 

application (basins, furrows, sprinklers, etc.). The following discussion 

examines the efficiencies of each of these parts of the system. 

D-1 Pumpin z 

As rl!ier stages and water levels decrease, pumping from both surface and 

grouid water sources becomes increasingly important. Most existing pumping 

syst2ms in Niger have poor inefficiencies, with high rates of costs) of energy 

per unit of water delivered. The various causes of poor efficiency can be 

grouped *o three major categories: 

- Many pumps and motors are not matched to the physical conditions. Each 

pump operates most efficiently at a particular combinations of lift and 

flo-- _rd motors at particular combinations or load and speed. These pump 

and iaotor characteristics are seldom well-matched to the operating 

conditions in the field. Furthermore, the characteristics provided by 

2unp and motor manufacturers are often different from those under field 

conditions. 

- Pumps, motors, and associated piping are often poorly set-up. Pumps out 

ot level or incorrectly fastened, motors unshaded or unventilated, and 

p:ing crimped or leaking are all onerous operating conditions which lower 

efficiencies. / 
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Most importantly, pumping systems are seldom operated and maintained with
 

requisite care. This results in a whole range of operating problems. The
 

most critical: pump washer and gasket replacements, motor tune-ups,
 

cleaning intake basins, and renewing pipe joints and fittings.
 

a) 	Motorized Pumping
 

A comprehensive diagnostic of the types and condition of larger pumpsets in
 

seventeen perimeters along the Niger River was undertaken in the SOGREAH-LBII
 

Study:
 

1. 	Most pumpsets operating were outside of their optimal technical
 

conditions. Intake and discharge levels were poorly defined. Pumpsets
 

were adjusted or displaced to suit physical circumstances rather than
 

optimal operating conditions. Of 23 pumpsets (diesel or electric), 15 had
 

operating times in excess of the average maximum recommended for the
 

particular pump or motor; some could be overhauled but most were in need
 

of replacement.
 

2. 	At five perimeters with electric motors, power averages (excluding
 

extremes) varied widely from about 300 to 800 kwn/hr/yr. Assuming
 

generous average total head of 5 m and an annual water requirement of
 
3
 

28000 m energy needs should not exceed 300-400 kwh/ha/yr at normal
 

pumping efficiencies. For diesel powered pumping systems rates of fuel
 

consumption were equally variable (100-300 I/ha/an). The figures are only
 

indicative since the date base is highly uncertain and the cropping
 

condition variable.
 

3. 	Most operationai problems are "classic" results of a lack of iaintenance,
 

especially of spare parts stocks.
 

4. 	Most intake canals and bassins were silted up, vegetated poorly located
 

and often too high for adequate provision of water during low river
 

spaces, re-surveys and considerable dredging.
 

There is also a substantial savings to be gained by replacing diesel motors
 

with electric where possible. A comparison of pumping systems at two
 

comparable perimeters Toula and Saga indicates operating costs of about
 

8,000 CFA/ha for an electric system and 22,000 CFA/ha for a diesel system.
 

The substantial savings in both operating and maintenance costs would enable
 

the high cost of installing a line (2.50 millon CFA/km) at a perimeter, such
 

as the 125-ha Karagorou, to be paid off in less than 10 years.
 

V 
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The size of pumping stations or economies of scale appear to have little
 

significant effect on overall costs of the system. Costs are so dependent on
 

the efficiency of pump operations that the size of the station should be a
 

function of the operational set-up, rather than of savings in capital
 

investment. At larger perimeters, several smaller pumping stations, each the
 

direct operational and miaintLenance responsibility of an autonomous farmer
 

group or cooperative, would no doubt result in more accountability and better
 

operations.
 

Little information is available on smaller pumping systems for gardens along
 

the rivers, marshes or shallow wells. These portable motor-pumps are small,
 

horizontal-axis centrifugal pumps powered by 1.5-5HP diesel motors. They
 

range in cost from t300-i000. Several issues pertinent to the use of these
 

pumpsets are discussed below.
 

First, the private motorpump systems observed in use appear to suffer from
 

many of the same operating problems as those discussed above at larger state

developed perimeters. The mocorpumos are purchased based on price and
 

availability, rather than being chosen t6 meet specific operating ccnditions.
 

Furthermore, these operating conditions usually vary widely, as is the case
 

along most rivers in Niger where the total pumping head may double.
 

Therefore, many operate at highly inefficient combinations of head and
 

discharge. Operating procedures and maintenance are generally also
 

rudimentary; crimped and leaking piping, dirty air filters and silty intakes
 

abound. There is obviously a greater private incentive to keep these pumpsets
 

operating, so many of these pumpsets are kept running in a condition at which
 

a state-financed pump would be abandoned. Furthermore, and perhaps most
 

important, most private operations observed are only on high value market
 

gardens and crops.
 

A second issue is the operational limits of these horizontal axis centrifugal
 

pumps. In Niger such pumps should have a theoretical maximum net positive
 

suction head of about 8 meters. In practise, due to the often harsh operating
 

conditions it is probably unwise to exceed 6 meters. This poses operational
 

constraints especially where the water source is shallow wells, few of which
 

provide sufficient yields at that level for a motorpump. A 2HP motorpump
 

would have discharge of about 12 1/s at a lift of 6m; even the best yielding
 

2)'(
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6m-deep wells in the Ader Doutchi yield only a quarter of this. The sites
 

with shallow-well yields comensurate with this type of pumping system are only
 

found in a few locations in the M[aggia and other former river beds.
 

Therefore, widespread use these inexpensive motorpumps (i.e. to avoid the need
 

of more expensive vertical-axis or submerged system) would proabably require
 

investment in deep, larger-diameter, step-type wells in order to lower the
 

pump and increase yield (even in the most permeable alluviums). A more
 

technically-sound solution would seem to be tubwells with submersible pumps.
 

The IDA Rehabilitation project will finance an investigation of this
 

alternative.
 

A final issue involves the labor saved with small motorpumps. This can be
 

summarized as follows:
 

Water Labor Labor Cost of PumDing
 
CroD Reauiremen. Hand Waterinz Pumo 6m @ 3 CFA/m3
 

3
Wheat 13 500 m 920 days 80 days 48 750 CFA
 
Peppers 1.6 150 1060 160 58 775
 
Onions 9 700 640 95 25 000
 

This shows that for these high-value crops, the cost of small motorpump is
 

operation equivalent to a daily labor cost cf only 50-70 FCFA, and explains
 

the profitability and proliferation of motorpump use for small gardens along
 

the Niger and Komadougou rivers.
 

b) 	Non-motorized oumming
 

Several methods of water lifting or pumping are possible in Niger. Numerous
 

recent reports (Vink, 82; Morris-Norman, 83; Claude, 83) have described in
 

detail these methods of waterlifting for small-scale, artisanal irrigation.
 

These methods and their characteristics can be summarized in the following
 

table:
 

Method Cost Water Power Discharge Head Irrivated Area
 

$ HP 	 1/s m
 

Hand-hauled 10 .03 1/2-1 1-3 Small gardens of
 
container appro::. 200 m2
 

Chadouf: 25 .04 1-1 1/2 2-3 Vegetable gardens & 
balance-beam wheat over appro:c.

2 
5000 m

Dalou: 200 .08 .8-1.2 3-10 	 Gardens of approx.
 
5000m2
 

Animal-Drawn 


Chain-disc pump 800 .2 3-4 1/s 3-5 1-2 ha.
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More detail on these methods can be readily found in the above referenced
 

reports. This discussion concerns itself with the major constraints and
 

possible developments of these methods.
 

In each of the water lifting methods listed above the capacity of the "system"
 

and, hence the area it can irrigate is limited by the amount of power which
 

can be generated by humans and animals. However, the capacity of these
 

systems is further reduced by the mechanical efficiency of transfering of that
 

power. For instance, the use of a simple lever arm, the chadouf, almost
 

doubles the working power of a human in lifting water any given height. The
 

same amount of human energy can lift more water (or use deeper source) and
 

consequently, can be irrigate more area. The chadouf lever-arm system is
 

mechanically about twice as efficient as a basic rope and bucket. However,
 

this increased efficiency is usually only obtained for an increase in capital
 

cost (i.e. the construction of the chadouf).
 

Likewise, there are several other types of human-powered pumping systems which
 

are even more mechanically efficient and can further increase capacity, and.
 

hence, irrigated area (at a cost). For instance, several types of
 

foot-operated, plunger pumps are effective for low-lift (2m) situations.
 

Large capacity rubber-diaphram pumps (e.g. the East African "Bumi" pump) have
 

capacities of up to 4 I/s and a maximum lift of 1m. The costs of these pumps
 

can vary from t20-150. Similarly there are more mechanically efficient
 

systems than the dalou for useing animal power. The most well-known are chain
 

and bucket, or chain and disk "flow" pumps which are capable of discharges of
 

4-6 1/s at lifts of 3-5m. The cost of these pumps is several hundred dollars.
 

There appears to be considerable scope for testing and trials of these types
 

of pumps, as an intermediate alternative to more expensive, and technically
 

onerous motorized pumpsets.
 

Pumping power could also be provided by solar and wind energy in Niger.
 

Unfortunately, the limits on the scope and time for this assessment did not
 

enable an investigation of these options. There is a mission-financed
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windpump (Dempster?) near Maradi which is apparently operational. The wind
 

speed data obtained from the meteorological service in the Niamey area is not,
 

however, encouraging:
 

Velocity Percent of Recordings
 
0-2 mph 55%
 
2-10 mph 36%
 

10-14 mph 6%
 
14-30 mph 3%
 

Efficient multi-vained metal windpumps cost several thousand dollars and would
 

probably not be cost-effective for these low.windspeeds; minimum cut-in
 

windspeeds are on the order of 5 mph. Even less-expensive, "artisinal" sail

type windmill would not, az first glance, appear to be effective. For
 

example, calculating power from the equation, P - KAV 3 and assuming a sail
 

Ur 2
windpump with a characteristic of K - 7 x 10- 6 and A - . 

II(10) = 312.14, the power at a wind speed of 5 mph would only be P = 

7 x 106 (312.14)(5) 3 .27 HP. 

At current prices, geaarating this much power by a 7hoto-voltaic solar system
 

would cost about 3000. Clearly, an even less cost-effective possibility.
 

ONERSOL conducts testing programs of photovoltaic power systems. These
 

programs should be supported and followed, for their results could identify
 

less-costly more efficient solar systems appropriate for irrigation supply.
 

Windpu aping also warrants further investigation to determine its feasibility
 

in selected locales. Certainly, as a first step technical information and
 

pumping records should be obtained from all existing windpumps in the
 

country. If these are favorable, a next step would be the purchase and
 

testing of several African-manufactured systems: the Arusha-type and VITA
 

sail windmills and the Kenyan Bob Harris multi-vaned windmill.
 

c) Wells and intakes
 

A final, but important, point in this discussion of pumping systems is the
 

capacity of the wells and intakes associated with the systems. Much of the
 

efforts in assistance to small., garden irrigated development has been directed
 

toward improving traditional wells. This usually consists simply of
 

stabilizing the sides of the wells with reinforced concrete casings. These
 

appear to be cost-effective improvements and, of course, should continue.
 

. U2
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On the other hand, little or no effort is being made to improve well yields
 

and actual pump intake conditions. Several possibilities come to mind:
 

larger-bore, step wells with interior pumping platforms; radial pipe shafts
 

extenditig out from shallow wells; catchment aprons with large storage pits;
 

and subterranean dams and catchment galleries. These all appear to have
 

limited applications at specific sites in Niger and may be cost-effective by
 

increasing system capacities (well yields) with no increase in operating
 

costs. 
These techniques are worthy of trial in the PVO well-improvement
 

activities.
 

D.2 Application
 

At the field level, the efficiency of water use can be ascertained by the
 

ratio the 
amount of water used by a crop and the amount of water delivered to
 

the field. While the latter is relatively easy to measure with water control
 

structures (weirs, flumes, special gates, etc.), the former can be an
 

exceedingly complex study of the particular soil, plant root structures and
 

transpiration rates. This discussion is limited to an examination of selected
 

crop water requirements in comparison to the application rates observed in
 

selected systems and the inefficiencies associated with them.
 

a) Rice
 

The major requirements for a crop of rice during the wet season In the Niger
 

River valley have been estimated in the SOGREAH-LBII stury and in several
 

other references to be less than 10 000 m3ha including conveyance losses.
 

ONAHA's 1982 Annual Report shows that at Toula, one of the more intensely
 

managed and more productive perimeters (9-10 T/ha of paddy annually),
 

approximately 1560 0m 3/ha of water was applied. This is a very low
 

application efficiency of about 60%.
 

The same ONAHA report on Koutoukale notes that at the 210ha perimeter full
 

pumping was prolonged from the 100 days scheduled to 131 days in order to
 

ensure water for these large number of farmers (30%) who were late
 

transplanting and whose crop was maturing at a later date. This represented
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an additional operating cost of about 2 million CFA. 
 Of eleven perimeters
 

surveyed on the date after which pumping should have ceased (i.e. crop
 

maturity) nine of the perimeters had 60-80% of the parcels still requiring
 

irrigation.
 

b) Cotton
 

3
At the 1300-ha Konni I perimeter, ONAHA records show 1947464 m of water
 

delivered during the month of November for 418-ha of 
cotton nearing maturity.
 

This averages 4659 m3/ha. The crop requirement during this period can be
 

2 6 8
estimated from the "A" pan evaporation Epan = m. Assuming a Kpan - .70 and
 

a K c .65 then the crop water requirement would be
 

ET - Kc Kp ET pan - 121 mm or 1210 m3 /ha.
 

This is comparable to the SOGREAH estimate of 1100 m 
3
/ha and therefore
 

yields a field irrigation efficiency of only 26%, low by any standard (average
 

values are 50-60%).
 

c) Onion
 

At a small well-irrigated garden in the Dallol Bosso, a farmer was observed in
 

April applying 2-281 bucketsfulls on a 1.5 x 1.5m basin each day, or the
 

equivalent of 24mm on a developing (+ 60 day old) crop of onions. The crop
 

water requirement can be estimated from the following:
 

ETpan = 12.8, Kpan = .65, Kc - 1.1 and, therefore ET - 9.2
 

This farmer was lifting and applying directly well over two times the quantity
 

required by the crop.
 

Examples of excessive water application rates abound. Even in the
 

water-starved Air region, the GTZ found that potato and wheat crops were
 

receiving 60Z and 30% respectively more water than necessary. This and those
 

examples described above are indicative of the over-irrigation and
 

consequently low efficiencies of water use prevalent at all different levels
 

and types of irrigation systems in Niger. There appears to be a fundamental
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lack of understanding of crop water requirements at the field level which
 

results in exhorbitant over-use of the critical (and expensive) resource.
 

This should be a fundamental consideration in formulating an assistance
 

strategy for irrigated agriculture.
 

D.3 Conveyance
 

Conveyance loss is the difference between the quantity of water put into a
 

system at the supply and the quantity actually delivered by that system to the
 

soil. Conveyance efficiency is therefore the percentage of the water supplied
 

to the system which is actually delivered by the system. Conveyance losses
 

generally consist of the water lost in canals due to leaks or seepage in
 

surfaces, evaporation of the water and use, and also includes water leakage in
 

pipes.
 

Conveyance losses are generally less critical in Niger than pumping problems
 

and application inefficiencies. These losses are an important factor in the
 

larger systems with longer and more numerous canal runs. This includes many
 

of the perimeters in the Niger River valley, especially the systems on
 

lighter-soils of the terraces, and the gravity-fed systems where supply canals
 

are lengthy and interior car.l networks extensive. For example the extra

ordinarily long 15-km long supply canal at Konni has high losses in
 

evaporation, seepage and "pirate" use even though it is relatively new and
 

concrete lined. The SOGREAH-LBII Study recommends considerable cleaning and,
 

in some cases, reshaping and sealing of the canals in the 17 perimeters
 

diagnosed. The need for reshaping and sealing canals is widespread in most
 

older irrigatioa systems in Niger. Regular canal maintenance, cleaning and
 

patching as necessary, are the critical problems in large conveyance systems.
 

A major aspect of the design of conveyance networks in larger perimeters which
 

is often overlooked is its operational feasibility vis-a-vis the farmer
 

organizations. Canal systems are usually laid out to minimize design
 

complexities and construction costs, based upon the physical factors of
 

topography, types of cropping, and desired parcel sizes. A factor which
 

should influence the layout of a canal system is the size of the managerial or
 

organizational units of water use. In many cases, such a design would result
 

in breaking down larger perimeters into a number of smaller systems and
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"sub-primary" canals. An apparent example of this approach is found in
 

Senegal on the 550ha SAED perimeter of N'Dombo Thiago, which is divided into
 

50-60ha autonomous units. This is ten years old and is considered to be
 

relativ=ly successful, albeit with considerable French technical assistance.
 

It surprising, but perhaps indicative, that the very thorough SOGREAH-LBII
 

Study does not even consider this possibility in its recommendations. It is
 

an approach which warrants study.
 

In the smaller irrigation systems in Niger, the major issue does not appear to
 

be maintenance. The intensive labor on these works and the rudimentary nature
 

of the canals usually ensures constant re-working of the system by hand.
 

Rather, there are major conveyance losses in these rudimentary canal systems
 

due to seepage. These systems are often on more permeable, sandy soils and,
 

due to the low level of investment in them, are not lined. This is an
 

especially critical problem in low-capacity systems with lower flow rates
 

where seepage is a relatively greater portion of the slow flow in the canals.
 

For Instance, the GTZ found canals losses as high as 20% of the water supplied
 

in some "Dalou" animal-lifting systems in the Air. Therefore, efficiencies
 

and water use could be substantially improved in the smaller systems by the
 

introduction of low-cost techniques of canal lining. Little investigation has
 

been done in Niger apparently on the possibilities of low-cost surface sealing
 

and lining. This is a small investment which could payoff in substaatial
 

water savings.
 

r INSTITUTIONS AIM SUPPORT 

Competent technical organizations, both public and private at the national and
 

local levels, are a sine qua non of irrigated agricultural development. Such
 

organizations are evident in all countries with widespread irrigated
 

agricultural development. in the United States, the combination of the
 

Federal Bureau of Land Reclamation, Agricultural Research Stations, local
 

water management or irrigation districts, and private farm equipment dealers
 

was a driving force behind the rapid expansion of irrigated agriculture over
 

the last several decades. India is known for its heavy government involvement
 

in, and strong agricultural equipment industry support of, irrigation
 

development. Egypt has a special Ministry of Irrigation. All of these are
 

organizations made up of trained and experienced irrigation engineers and
 

technicians.
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In Niger, The Autonomous Office National des Amenagements Hydro-agricoles,
 

(ONAHA) was created in 1979 with the encouragement of the donors specifically
 

to be the lead organization in the accelerated development of irrigated
 

agriculture. The Genie Rural (Department of Rural Engineering) retains
 

technical planning and control responsibilities. The Institut Pratique du
 

Developpement Rural (1PDR) is the supporting institution which gives basic
 

training in agricultural/rural engineering. The Nigerien private sector
 

includes several large French engineering and construction firms (SATOM, SCET,
 

Dragages, and SATOM) as well as several foreign-affiliated equipment
 

A few small Nigerien
dealerships (CAMICO, Metal Niger, Petyssac, etc.). 


enterprises are presently involved in irrigation works, and then as sub

contractors. Last, but not at all least, small "Jobbers" and farmers groups
 

also provide low-level, yet valuable technical support services to irrigated
 

development.
 

El ONAHA and Genie Rural
 

ONAHA was created by the Nigerien Government several years ago to 1) develp
 

new areas for irrigated agriculture and 2) manage and promote agricultural
 

production in all state-developed irrigation systems in collaboration with
 

local cooperatives. At its inception ONARA inherited management
 

responsibilities for about 6500 ha of irrigated areas (most systems are on the
 

order of several hundred hectares, but some are over a thousand) and the plans
 

for the development of several thousands of hectares of new systems.
 

Most recently, due to budgetary pressures and ONAHA's lack of crst-effective

ness in the construction and management of irrigation systems, a modification
 

of ONAHA's role was recommended. 
This was confirmed at a Ministerial-level
 

meeting in February, 1984: ONAHA would be streamlined and its role limited to
 

first, ensuring the maintenance of irrigation systems and providing technical
 

assistance to far-mer organizations and, for the medium-term, developing with
 

private contractors of new irrigation systems. ONAHA, however, is and will
 

probably continue to be Niger's pre-eminent irrigation institution.
 

Organizational charts for ONAiIA's central office and its regional office at
 

Tahoua, as well as a generalized scheme of its interaction with the co-


The new directive cited above
operatives, are found on the following pages. 


, / 
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will probably not substantially alter the structure of the organization, yet
 

it will considerably reduce the amount of personnel and material in many
 

operational services.
 

In 1982, ONAHA's professional staff included of five graduate engineers
 

(apprcximate BSc equivalent) at the central office; one of whom was at the
 

regional office at rahoua, and three engineer technicians, one of whom was. in
 

a regional office. ONAHA's central office was also assisted by four expatriot
 

advisors, whom are graduate engineers.
 

Whereas, ONAHA is charged with implementation and management, the Genie Rural
 

(Rural Engineering Division) of the MaD is responsible for the initial studies
 

and plans (most of which are completed by expatriate firms) as well as
 

technical oversight of ONAA's activities. Genie Rural's staff includes
 

several graduate engineers, one of whom who has received specialized training
 

in irrigation. The ONAHA-Genie Rural relationship is difficult and somewhat
 

contentious. Due to the division of responsibilities, ONAHA's staff feels,
 

with some justification, that despite their experience, and proximity to the
 

problems of irrigation in the field, they are cut off from the study and
 

planning of irrigation development.
 

In the field, ONAHA generally provides a "Chef de Perimetre" at each state

financed irrigation system. The present organizational set-up at the
 

perimeter-level is illustrated by the schema on the following page. Although
 

the size of ONAHA's field staff will be substantially reduced, there will
 

continue to be the Government's man, in the form of an ONAHA "Responsable/
 

Conseiller", at each perimeter in which the State has a significant financial
 

stake.
 

The professional level of various "Chefs de Perimetre" varies widely: At the
 

new 2500ha Konni system, the chief was an "Ingenieur-Agronome" with a
 

technical diploma from a regional agricultural college, while at the 260ha
 

Toula system along the river the chief was an "Ingenieur d'Agriculture"
 

graduated from the National Agricultural School IPDR at Kolo. Smaller
 

systems, such as those in the Ader-Dcuchi-Maggia, are overseen by agricultural
 

or extension agents. Several larger irrigated perimeters have expatriate
 

engineers financed by the concerned donor organization.
 

J)
,I.~ 

V 



0. M.4 . A. 	 Enii 'uaeitj~ 

!I ra; c tion 

Aminitrjtion 	 ropoyraphi 

SrieSnrvicr
 

Puraaunnel E0HaAMpr 	 :AR o=cti 

L~fflptddo Ii 	 L 

rrvicu ~~~~ izvc-tic.1 )ZIO IHL 

Suroi cc 	 t) C I 

Agricoa
 



O.U.A.B.A.IIUXTION 

DIIIZCTJOII B 

Gk14iUiULE 

GIOHfLLE OF 

Nac~toc 

tion 

AdIniotra- Saotlon 

A Irno m 

F vi~loa do 

jPic tr o d. 

Piorductionl Sstato 

tr 

Ir-fratruc

3orv c !Tr 

ivibion~ 

v~u r 

do 

Di zrti,uP ri- 4tr. 

ORtCAHIGL;N)E dje It DIRIWTION RkWiiO.LL4 UP TAiIOU4 !:&WAuiL 
uliwl ?t&QkO1 



K-4 0
 

STPD-.JVa= 0' Vg- ZKT rVES A.*H.*A. 

Niveau I OiArLie -[ic Copct-

Directeuv lu Peri.Wre 

Ad)joi~n" (ientullcls) 

a.Aents ~ 

Bureau 

?4r,.b~s 

:Prisident, Sict_,irc J 
rsoerCcni1hI 

C.isiis.u 

:breauzc es aux 

9, j 
U Represcr~rants. de. 

Lcadrement ON;kH), 

- I Bureau du CD 
---------- - - - - - - Bureaux des 1I F cdrent OvJiA 

I--------~peeurPee:I::div. I_____ 

-

16 

**************J 

I 

Bfcdl~ureau 

Ipaysans 

PRCMC7:j WIT.1 

?r~sidert, s~crctair 

5d~ilguis dt 

tous :!s exploitancr 

U IfI garde des edt;X 

4 paysara tec.1i 

ciens 



K-41
 

Few of the Nigerien engineers who work for ONA- or the Genie Rural are
 

irrigation specialists. Many have general public or rural works engineering
 

backgrounds with no graduate or specialized coursework in irrigation. The
 

lack of practical irrigation training and experience at all levels in ONAHA's 

present technical staff severely limits its ability to carry out even its 

newly streamlined responsibilities (i.e. ensuring maintenance and providing 

technical assistance). Very little "technical" advice can be -rovided by 

staff who do not know how to determine crop water requirements or irrigation 

efficiencies. A list of technical training topics is found on the next page. 
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Irrigation Training Topics;
 

Soil, Water, Plant Relationships:
 
- Potential evapotranspiration
 

ETP - 0.0075 x RS x TO F
 
/2
 

RS- KS x RA x SI

I/ 2
RS KT xRA r TD


Methods for estimating KT
 

- Crop Evapotranspiration
 
ET (crop) - ETP x KC
 
KC values using FAD methods
 

Yield response to water 
Climatic suitabliit? - nean temperature requirementa givert by FAD 
FAD crop yield reduction factors for crop growth cycle and each 
growth stage 
Water --fertility interaction, general relationship for sevaral 
crops, data plotting 

- Water available per meter of soil for various soil 
textures
 
- General soil tension reLationsnips, bars and atmo.pheres
 
- Soil parameters
 

Infiltration Rates
 
Bulk Density
 
Field Capacity
 
Root Depth
 

Irrigation Methods:
 
- Irrigation efficiencies
 

BHP required - I/s x TDH (in m)
 
76 E
 

Water Measurements:
 
- Volumetric
 

- Float method
 
- Orifice plate
 
- Weirs
 

Triangular
 
Rectangular
 
Trapezoidal
 

- Meaauring flumes 
Parshal 
Trapezodial 

Water Conveyance:
 
- Energy and Criction losses
 
- 4anning's formula for open channel 
and full pipe flow
 

Soil Conservation SWater Patestin: 
- Terrace spacing and siooes 
- Terrace storage capacities 
- Use of runoff ca increase ivailable moisture (water harvesting) 
- Contour furrows 

Precinitation 1 runoff relationshis: 
- Drainagt areas of ireams In area 
- Rainfall data 
- Estimation of peak flow and runoff volumes 
- Runoff as percentage of precipitacion. 
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This lack of irri:ation savy could probably be remedied within the short to
 

medium term by two straightforward measures. The first is practical training;
 

specially crafted engineering programs for the various professional levels
 

could be set up in Niger, possibly in conjunction with the IPDR at Kolo.
 

Genie Rural and ONAHA staff could attend sessions during off-seasons for
 

several a4:ternuons during the work week. The sessions would combine review of
 

the basic principles of water management and irrigation with the direct
 

application of these principles to resolve the types of problems typical in
 

Niger.
 

The second measure to be taken concerns career incentives. As it now stands,
 

the technical staff of the MRD is reassigned every couple of years to
 

different positions in different programs, projects, or departments (including
 

ONAHA) within the Ministry. For instance, an ONAHA staffer or "Chef de
 

Perimetre" could be reassigned to a position within the Ministry working with
 

a credit program or in the field with a cereals project. There is a strong
 

incentive for the staff to be mobile since visibility and movement are usually
 

the best politics Oor a promotion. This diagonal reassignment dilutes the
 

irrigation experience within the .D. To hold competent staff and to increase
 

experience in this critical specialty the HD might well set up a special
 

career track in irrigation. Special bonuses or "primes de tecnicita" could be
 

awarded to select technical staff who guarantee to specialize in irrigation.
 

Cost-effective irrigation development will depend on support services by
 

well-trained and motivated technical personnel.
 

Another and perhaps more fundamental issue is ,he most effective role for
 

ONAHA in the development of irrigated agriculture in Niger. Granted, as
 

discussed earlier, the record of ONAHA's performance to date has not been
 

good. On the other hand, at its inception OUAILA was given the heavy burden of
 

a large number and wide range of poorly managed, inefficient and expensive
 

irrigation developments. The recent GON decision to streamline ONAIL and to
 

extract it from management appears to have been sound. The SOGREAH-LBI Study
 

proposes to strengthen and use ONAHA for all but the most technically complex
 

design-and execution of rehabilitation works. However, this will be a medium
 

term initiative since all indications are (and the GON agrees) that state

managed construction is generally not less costly than private.
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A more interesting role for ONAHA is as the GON's preeminent irrigation
 

institution which serves an autonomous general contractor or umbrella
 

organization under which smaller private construction firms could work.
 

OHANA could be the general contractor for studies, designs, procurement,
 

and construction for irrigation systems throughoutt Niger. All the information
 

and experience with irrigation development might be best consolidated in
 

ONAHA. It would then be able to provide knowledgeable technical advice and
 

assistance as well as contracting services to all types of irrigation
 

development, large and small. This, of course, may imply a small reduction in
 

the Genie Rural's responsibility for irrigation.
 

E.2 Private Sector
 

A detailed examination of the-private sector involvement in irrigation
 

development is beyond the scope of this assessment. Fortunately, this
 

involvement in the engineering aspects of irrigation is so small that several
 

key issues are app, .,t in even a brief overview.
 

Private sector activity in irrigation engineering can be catagorized into four
 

groups: large construction contractors, equipment suppliers, private jobbers,
 

and farmer groups. Large tecnnical design firms are also involved, but these
 

were iiscussed earlier under Design and Construction Costs.
 

The several large construction contractors were also discussed in the section
 

on Capital Costs. As noted in that section, only large European firms
 

presently have the necessary capabilities in technical control and heav/
 

equipment to build larger irrigation systems. The issue is to transfer or
 

develop these capabilities in the smaller private Nigerien firms. Nigerien
 

contractors are only involved in a subsidiary, sub-contractual capacity in
 

irrigation development. Few presently have the experience or equipment
 

necessary for irrigation work. The challenge is to direct their efforts
 

towards irrigation works, chrough incentives and assistance.
 

Less is known about equipment supply and private small "jobbers". There
 

certainly appears to be an obvious need for a more responsive system to
 

provide spare parts. A major portion of smaller pumping equipment and of
 

,i
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spare parts comes from neighboring Nigeria, and, in several cases, from Togo.
 

In the Komadougou area, most small pumps were purchased in Nigeria. CAMICO in
 

Niamey stocks, sells and repairs pumping equipment, as do a number of
 

European-affiliated firms. Generally, for small pumping equipment service and
 

assistance "apras vente" is almost unheard of.
 

Work by small jobbers is particularly widespread throughout the irrigation
 

subsector. They are the private, usually self-employed, well-diggers, masons,
 

mechanics, metalworkers, and even oxen drivers who provide invaluable services
 

for the constructon and maintenance of irrigation systems. They are highly
 

mobile, resourceful, and generally accept whatever work can be found. Severvl
 

projects have been directed at developing these skilled entrepreneurs,
 

especially in mechanics, well-digging and metalworking, although only the LIR
 

and a French volunteers' project have focused on the support of irrigation
 

development. This informal system of hands-on technicians warrants further
 

investlgation and, possibly, assistance and incorporation into irrigation
 

development planning. Few irrigation project documents even mention this
 

valuable and helpful human resource.
 

Finally, and often least considered in engineering analyses, are the farmers
 

and their organizations. Since farmers are the end users of irrigation works,
 

their involvemenc in design and operations engineering is vital. As the GON
 

implements its recent policy of m-king irrigation systems autonomous and
 

farmer groups totally responsible, the technical burden on farmers will
 

increase.
 

An evaluation conducted several years ago for the de..entralization of state

controlled (SAED) irrigation perimeters in Se:.rgal is illustrative. The
 

evaluation defined and seperated out the significant tasks which are necessary
 

to run a typical perimeter. (e.g. transplanting, i:ri.ation rotation, etc.).
 

These tasks were then arranged in a matrix with the different "actors" at the
 

perimeter (primarily the director, production/extension agents, and farmers)
 

and their respective decision-making responsibilities. Of some 40 decisions,
 

26 were made at the director-level and ot.y I was made at the farm level.
 

After decentralization, 12 decisions would be made at the farm level. The
 

decision-making responsibi1itis at the intermediate production/extension
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level also more than doubled by decentralization. 1f farmers and their
 

organizations are to become self-supporting, chey too will need tailored
 

training programs and incentives in water management.
 

As the farmer organizations become increasingly autonomous, they have to be
 

responsible for a greater range of tasks:
 

- Irrigated cropping practises
 

- Requirement and timing of 
water applications 

- Organization of water use rotations 

- Apportioning the flows in canals 

- Measurement of flow times 

- Cleaning and sealing canals 

- Fuel and lubricant (or power) purchase and metering 

- Pump operation and maintenance.
 

There does not appear, at this time, to be any programs in action or planned
 

to accelerate the trainin- of farmers in the execution of these tasks.
 

Motivation does not replace formation. Carefully crafted intensive training
 

programs in water management are imperative for successful irrigation
 

development.
 

A final note is pertinent to the responsibilities of farmer organizations.
 

Farmers can and should be encouraged to provide a number of irrigation support
 

services to one another on a fee or barter basis. For instance, 0,1-1A's plans
 

call for only one in several farmers to own/operate animal traction equipment;
 

plowing serviices will be "rented" by the others. Along the K:madougou, many
 

farmers rent out motorpumps, in order to share the costs and utilize 
excess
 

pumping capacity. Farmer groups could also organize and mobil._ze themselves
 

to provide maintenance services, such as canal cleaning and small-scale 

leveling and earthwork, under contract to each ocher, to cooperatives or to 

ONAHA. The service capabilities of the non-formalized rural sector need to be 

encouraged ta develop and grown.
 


