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EXECUTIVE SUMMARY
 

The Government of The Gambia gives high priority to the goal of increasing
 
rice production. Considerable resources have been invested in developing the

nation's rice growing potential, a task which is complicated by the diversity
of rice growing ecologies in The Gambia.
 

To date, the bulk of rice development resources have been devoted to 
exploiting the potential for pump-irrigation. Concerning the existing
small-scale perimeters, technical problems such as poor drainage, inefficient
 
canal systems, and mismatched pump and engine units, have kept yields below 
expected levels. Problems related to input distribution and system
 
maintenance have also proved 
 difficult to solve. The Jahaly-Pacharr

pump-irrigation scheme has 
produced very good yields and has yet to experience

the technical difficulties mentioned above. However, the project was designed
as a pilot scheme for pump irrigation after completion of the proposed
bridge-barrage at Balingo. Until this barrage is constructed, more schemes

like Jahaly-Pacharr cannot be developed because the additional extraction of 
river water would push the salt interface further east, thus contaminating 
productive rice land.
 

Although the potential for rehabilitating the existing small-scale 
perimeters should not be overlooked, the potential for expanding

pump-irrigation 
 is clearly limited in the absence of the barrage.

Furthermore, it must be stressed that for much of the country, pump-irrigation 
is not an option. For most Gambian farmers, rainfed and/or tidal lands are
 
the only choices available for cultivating rice.
 

In light of these facts, it is necessary to examine the potential for 
developing the rainfed and tidal 
rice ecologies using non-pump alternatives to

rice land development. These areas form the vast majority of The Gambia's 
rice land and are the areas which show the most potential for productive
 
exploitation in the short- and medium-terms.
 

In recent years, 
 a number of pilot schemes have been launched to
 
investigate tile possibilities of exploiting the rainfed and tidal rice
 
ecologies of The Gambia. These projects and their collective experiences are
 
the subject of this study. Specifically, the study examined the range of 
local experiences with non-pump water-controlled rice production to date and 
defined the critical factors which have affected project development and
 
outcome. With this insight, planners can draw on the valuable experience of
 
ongoing projects in their efforts to diversify the rice development sector.
 

Four ongoing rice development projects have been field-testing different
 
non-pump technical designs for 2 to 5 years in The Gambia. Their development

strategies and the ecologies within which they work 
are summarized below:
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* 	Soil and Water Management Unit (Department of Agriculture)-
construction of water retention and anti-salinity dikes for 
improved water control in the transitional and rainfed rice-growing
 
areas.
 

* 	GTZ (Department of Water Resources)--construction of anti-salinity 
dikes and contour bunding for improved water control in the
 
transitional and rainfed rice-growing areas.
 

* 	Freedom From Hunger Campaign--construction of bridges, causeways, 
and footpaths to improve access for farmers to therice tidal
 
swanmps.
 

* Jahaly-Pacharr Project--construction of canals, dikes, and gates 
and improvement of natural waterways for improved water control
 
in freshwater tidal swamps.
 

Given the overall objective of the study -- to ,examine The Gambia's 
collective experience with improved rice production andtechnologies to
 
determine the implications 
of this experience for future rice development
projects -- it was important to review the project activities in the village
setting. Because of the diversity of project activities and the complexity of 
linkages between the projects, participating villages, and individual farm 
families, a case-study approach was chosen as the most appropriate for the
 
study. In collaboration with these four projects, case study villages 
were
 
selected which represented the whole range of experiences with both technical
 
designs and implementation approaches in different rice-growing ecologies. 
 A
 
two-tiered case study was adopted which combined informal survey work at the
 
village level and the collection of detailed resource allocation data at the
 
household level. The results of 
this fielk work are summarized in the main
 
report and are presented in more detail in Annexes A through D.
 

The case study analyses defined the conditions--socioeconomic and
 
environmental--present in the various 
case study villages which contributed to
 
the success or failure of the project interventions. These conditions are
 
discussed on a case by case basis in Section 5. 
An economic analysis of each
 
project is given in Section 6. In Section 7, lessons learned from individual
 
sites are brought together and considered as collective project experience of
 
the ongoing water control/riceland improvement programs. These critical
 
factors which determined the outcome of these projects are summarized below:
 

Environmental Factors
 

These are arguably the most important factors because they are in varying

degrees beyond the control of the respective projects. Furthermore, the
 
stochastic nature of these critical 
factors had far-reaching implications for
 
the 	strategies projects and farmers used in coping with risk. critical
The 

factors in this category are:
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* 	Rainfall variability. 
* 	Siltation. 
* 	Soil quality. 
* 	Saline intrusion in tida; rice-growing areas. 
* 	Unpredictable river levels. 

Design Factors of Water-Control Interventions
 

The design factors are rooted in the original project objectives and are 
based on assumptions made on several key design elements. The report
describes the implications of each of the following factors for technical 
design:
 

* 	Tolerable levels of risk. 
* 	 Construction resources.
 

Management feasibility.
 
* 	 Project costs. 

Issues of land use and land tenure
 

The case studies highlighted the fundamental impacts which the traditional
 
tenure and use patterns of village rice lands have on project outcome. The
 
following factors emerged as most critical:
 

* 	Underutilization of improved land. 
* 	 Shifting land use of improved rice lands. 
* 	 Implications of village participation in construction. 

Village Participation
 

The projects differ in their requirements for village participation in
 
rice land development. The key factors in this category are:
 

* 	 Food-for-work and cash incentives. 
* 	 Influence of village leadership. 

Compatibility of intervention and existing farming system
 

Two critical factors arose in this category:
 

* 	Household resource allocation between rice and upland crops. 
* 	Role of extension 

Section 8 considers the implications of these critical factors for future
 
rice development activities. Based on the collective experience of the

ongoing water control/riceland improvement programs, 
how can future projects
 
ensure replication of the successes and avoid the identified pitfalls? 
 The
 
overall outcome of rice development projects is influenced by the outcome of
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each of three stages of their implementation: (i)planning and design;

(ii)construction; and (iii) follow-up. The key elements which 
should be
 
incorporated into water control interventions can be summarized as follows:
 

* Rainfall variability 
* Siltation 
* Soil quality 
* Saline instrusion in tidal rice-growing areas 
* Unpredictable river levels. 

post-construction use of the land before development begins. With
 
this approach, many of the land tenure-related problems identified in

this study could be avoided. To date, none of the projects have taken
 
this measure.
 

2. 	The financial sustainability of future interventions is of primary
 
importance.
 

3. 	Consideration should be given to the trade-offs between the degree of
 
water control achieved and development costs.
 

4. 	Careful consideration should be given to incorporating sluice gates

into all water-control dikes in the rainfed rice ecology.
 

5. 	If farmers are to be expected to take responsibility for the
 
water-control structures after construction, the importance of

involving them in the project at the planning stage cannot be
 
overemphasized.
 

Construction
 

1. 	For future rice development, a key factor will be whether or not
 
village participation is solicited for construction; the terms of this
 
participation are also important.
 

2. 	Incentive payments to village laborers had a negative impact on both
 
the speed of development and the exploitation of improved land.
 

3. 	Projects requiring villages to provide all requisite unskilled labor
 
should consider providing some basic equipment (i.e., tractor,

trailer, and plow) to lessen the burden of manual labor.
 

Follow-up
 

I. Where the water regime in the rice-growing areas has been changed with
 
the construction of dikes, advising farmers on 
the 	use of the improved

land should be a vital component to the projects. To date, this has
 
received less attention in these areas than the actual construction.
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In particular, more work is needed to develop a series of water
 
management and crop husbandry packages appropriate for different
 
levels of the toposequence.
 

2. In developing water management and crop husbandry packages, 
 the
 
existing pattern of intra-household resource allocation must be taken
 
into account.
 

Multi-Disciplinary Approach to Project Development
 

The implications of 
 the critical factors for future rice development

interventions are multi-disciplinary in nature. The importance, therefore, of
multi-disciplinary 
 approach to planning and design, construction, and
 
follow-up is clear. A water-management engineer sociologist, extension

worker, economist, and agronomist should all be involved at each stage of
 
project developiient. In fact, the success of future 
development efforts is
 
contingent on this approach.
 

In Section 9, four activities were recommended as a follow-up to the Water
 
Control Studies (the first two being short-term and the others requiring

longer time frames): (1) operationalizing the use of the critical factor

checklist 
 in the four projects for future project site selection;

(2)incorporating a basic 
program of internal monitoring and evaluation into
 
the existing project structures; (3) initiating a research program on

water-control options for the freshwater tidal rice ecology; 
anJ (4) mapping

of potential development sites in the various rice-growing ecologies.
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1. RATIONALE FOR STUDY
 

The Government of The Gambia gives high priority to 
the goal of increasing

rice production. Considerable 
resources have been invested in developing the

nation's rice growing potential, a task which is complicated by the diversity

oF rice growing ecologies in The Gambia.
 

To date, the bulk of rice development resources have been devoted to
 
exploiting the potential for pump-irrigation. There are several reasons

this: i) pump-irrigated rice production has the 

for
 
highest yield potential per


hectare given its double-cropping capability; (ii) the agronomic technology
(varieties, fertilizer, 
 etc.) exists to exploit this potential; and
 
(iii) donor funding has been forthcoming because of the potentially high
economic returns. Nevertheless, experience with pump-irritation has been
 
problematic.
 

Concerning the existing small-scale perimeters, technical 
problems such as
 
poor drainage, inefficient canal systems, and mismatched pump and engine

units, have kept yields below expected levels. Problems related to input

distribution and system maintenance have 
also proved difficult to solve.
While these are important issues that must be addressed, they are not dealt
 
with in this report.1 They are the subject of a forthcoming supplementary
 
report prepared by a short-term USAID consultant.
 

The Jahaly-Pacharr pump-irrigation scheme has produced very good yields

and has yet to experience the technical difficulties mentioned above.

However, the project was designed a pilot
as 
 scheme for pump irrigation after
 
completion of the proposed bridge-barrage at Balingo. Until this barrage 
is
 
constructed, more schemes like Jahaly-Pacharr cannot be developed because the
 
additional extraction of water push the salt further
river would interface 

east, thus contaminating productive rice land.
 

Although the potential for rehabilitating the existing small-scale
 
perimeters should not be overlooked, the potential for expanding

unip-irrigation is clearly limited in the of
absence the barrage.
urthermore, it must be stressed that for much 
of the country, pump-irrigation

is not an option. 
 For the entire western half of the country, where the river
 
is saline for most of the year, pump irrigation using river water is

impossible. For most Gambian farmers, rainfed and/or tidal lands the only
are 

choices available for cultivating rice.
 

In light of these facts, it is necessary to examine the potential 
for
 
developing the rainfed and tidal 
rice ecologies using non-pump c.lternatives to
 
rice land development. These areas form the vast majority of 
The Gambia',

rice land and are the areas 
which show the most potential for productive

exploitation in the short term.
 

llt was originally intended to begin to assess alternative design and
 
organizational systems for these small-scale irrigation perimeters under these

studies. However, the shortage of local irrigation engineers available 
to

assist in the effort made the objective unrealistic in the time frame of this
 
study.
 



In recent years, a number of pilot schemes have been launched to
 
investigate the possibilities exploiting rainfed tidal
of 	 the and rice
ecologies of 
The Gambia. These projects and their collective experiences are
 
the subject of this water control study 
(WCS). Specifically, the study

examined the range of local 
experiences with non-pump water-controlled rice
 
production to date and defined the critical factors which have affected
 
project development and outcome. With this 
insight, planners can draw on the
 
valuable experience of 
ongoing project in their efforts to diversify the rice
 
development sector.
 

2. PROJECT DESCRIPTIONS
 

Four 	ongoing rice development projects have been field-testing different
 
non-pump technical designs for 2 to 5 years in The Gambia. Their development
strategies and the ecologies within which are summarizedthey 	work below: 

* Soil and Water Managemuent Unit (Department of Agriculture)-
construction of water retention and anti-salinity dikes for 
improved water control in the transitional and rainfed
 
rice-growing areas. A total of 130 hectares have been affected by

these structures.
 

* 	 GTZ (Department of Water Resources)--construction of anti
salinity dikes and contour bunding for improved water control in
 
the transitional and rainfed rice-growing areas. Since 1984,

approximately 125 ha have been placed behind dikes.
 

* Freedom From Hunger Campaign (FFHIC)--construction of bridges,
 
causeways, and footpaths on over 7,000 ha to improve access for
 
rice farmers to the tidal swamps. 2
 

* 	Jahally-Pacharr Project--construction of canals, dikes, and 
gates and improvement of natural waterways improvedfor water
 
control on approximately 700 ha of freshwater tidal swamps.
 

The organization and activities of 
these projects are presented in detail
 
in the following sections.
 

2.1 Soil and Water Managemert Unit (SWMU)
 

2.1.1 Background
 

The mandate of the SWMU is not specifically one of rice land development.
Instead, 	 more soil water
it encompasses the fundamental and conservation
 
concerns of halting soil erosion and 
sedimentation. In fulfilling this
 
mandate, the SWIIU has also played ai 
important role in developing technologies

which can greatly improve the production potential on rainfed rice land.
 

2Some of the more recently built structures serve simultaneously as access
 
ways and water retention dikes.
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Groundwork was first 
laid for the formation of the 
SWMU in 1978 under the
USAID-funded Soil and Water Management Project. 
 The 	project objectives were
to: (i) halt and reverse environmental deterioration due inadequate
to

cultivation 
methods; (ii) increase/stabilize agricultural production; 
 and
(iii) improve the institutional capability of GOTG deliver
to educational,
technical and material services in soil and water 
conservation to rural
populations. By the had
1982, SWIIU 
 been formally incorporated as a unit
within the Department of Agriculture, Gambian participants had been 
identified
and sent for long-term training, and a series of technical manuals had 
been
 
produced.
 

Field activities involving farmers 
in 	soil and water management began in
earnest 
in 	1984. Fhe SWMU adopted a two-proned strategy for introducing
conservation activities 
 in 	rural 
 areas. Firstly, in recognition of the
linkages between erosion and fertility on the uplands and sedimentation on the
topographically lower 
ricelands, the strategy calls 
for 	watershed development
with an integrated management approach. 
 Secondly, SWMU lays emphasis on
implementing projects in collaboration with village farmers 
and 	the Department
of 	Agriculture extension 
service. Village participation is required 
at 	all
stages of project implementation--from 
 planning to construction and
 
maintenance.
 

The SWHU is comprised of three sections: 
 planning, engineering, and soil
 survey. The planning 
 section works with the villagers to study their
particular problem, recommend solutions, and determine what soil survey,
agronomic, and engineering work 
is required. The engineering section surve s
the 	project site and stakes out the water 
retention dikes, anti-salinity
dikes, and contour bernis. Finally, the soil 
survey team nrovides information
to 	the engineering section 
on 	the soil characteristics of project sites. 
 This
section is also responsible for a national soil of Gambia and
survey The
honors requests for soils information from other agencies working with 
natural
 
resources.
 

2.1.2 	Water-Control Strategy 

The SW.U has tested and supervised the construction of four structuretypes used to control the flow of water on 	 rainfed rice lands and to mitigate
the 	effects of soil erosion. They are:
 

On 	lowlands: 1. water-retention dikes
 
2. anti-salinity dikes
 

On uplands: 3. contour berms
 
4. water diversions
 

Lowland Conservation
 

A total of 130 hectares have 
 been diked by water-retention and/or

anti-salinity structures.
 

Water-retention dikes 
--	 The long, narrow, flat-bottomed natural drainageways that channel rainwater surface runoff into the 
River Gambia are commonly
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utilized for -ice cultivation (see description of transitional rcelands, 
Annex E). In past years, before rainfall levels declined, the bottoms of
these drainage ways stayed wet during the growing season. Nowadays, this is 
rarely the case. Many of these areas have either been abandoned or have 
suffered a drastic decline in yields.
 

To capture runoff water, and to 
prevent erosion of top soil and nutrients,
 
the SWHIU has constructed earthen water retention structures at key locations 
across the drainage ways. The structures are designed to retain water to a
depth of between 0.5 and 1.0 meter. The outlets or spillways are broad,
vegetated floodways, graded in stable soil around ends of the
the water
 
retention dikes.
 

Anti-salinity dikes --Many of these runoff 
drairage ways flow into the 
seasonally flooded tidal swamps. In the western part of the country, salt 
water from the river often 
moves up these drainage ways, thus preventing rice 
production on land that had previously been cropped. The SW1U succeeded in 
reclaiming and protecting of areas buildingsome these by anti-salt barriers 
similar in size and construction to the water retention dikes. While keeping
salt water from moving up the drainage ways into cropped land, they also serve 
the dual-purpose of trapping runoff flowing down the drainage ways. The dikes
 
are fitted with a fixed crest concrete box drop inle* on the upstream side 
to
 
maintain an optimum water level in the upper pool (at the level of the box
rim). An outlet pipe running through the barrier is placed so as to allow 
drainage downstream but prevent salt water from flowing up 
over the rim of the
 
inlet box. Excess runoff 
 flows are passed around the ends of the barriers 
through earth spillways graded at a level above the highest tide mark.
 

There are advantages and disadvantages to the use of this type of spillway 
on the water retention and anti-salinity dikes. On the one hand,
operation of the spillway is automatic. When 

the 
the water behind the dike 

reaches the level of the spillway, it flows safely around the dike, thus
preventing 
its over-topping and destruction. On the other hand, the ricelands
 
upstream of the dike cannot be drained on demand since there is no outlet for 
the water below the level of the spillway. This effectively limits the 
control farmers have over their planting schedules. In some valleys, one or 
two heavy rainfalls is enough to fill the diked 
area to the level of the
 
spillway, with different consequences depending on the time of flooding. If

it occurs after rice 
 plants are well established, water retention is
 
beneficial because a water supply is assured after the rains have ceased. 
However, if flooding occurs at the beginning of the season, farmers cannot
 
plow the land until the water level subsides by evaporation. Flooding while
direct-seeded plants are still young can drown the 
seedlings. In areas which
 
are to be transplanted, a flood forces farmers to wait for water levels to
subside, thus lengthening the cropping season beyond the period of a
 
reasonable secure water supply. 
 An additional disadvantage is that there is
 
little margin for error in grading the spillway to the specified height. If
 
it is too high, water behind the dike can reach unacceptably high levels.
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Upland Conservation
 

In keeping with the strategy of coordinated watershed management, SWMU has 
introduced a program of upland conservation as well. Interestingly, this was
 
originally 
intended as the starting point of SWMU field operations because
 
erosion had been increasing at an alarming rate. Furthermore, without first 
introducing conservation measures on the uplands, water retention structures
 
on the topographically lower ricelands might have a detrimental impact on rice 
production. For example, by slowing down flow of
the sand-laden runoff water,

retention structures carl cause the sand to be deposited in the rice fields
rather than continuing down the watershed and into the river. Nevertheless, 
where rice is an important food crop, farmers' priorities lay in improving
their rice land and promotion of upland conservation practices has not been 
easy. To convince farmers of the utility of such practices, SWHU agreed to
assist villages with lowland conservation on condition that farmers 
participate in the construction of upland conservation structures where 
needed. Despite this strategy, progress With upland conservation is slow. 

Contour berms -- Anong the upland conservation techniques introduced by the 
Unit are the construction of contour berms and promotion of contour plowing on
farm land where the risk of soil erosion is greatest. The berms are generally
about 30 cm. high and spaced between 30 and 100 meters apart, depending on 
slope and soil condition. When constructed upstream of water retention 
structures, contour berms together with contour plowing can significantly
reduce siltation of rice fields. By shortening runoff distances, thus 
reducing runoff velocity, sand and silt is prevented from washing down from 
upland areas.
 

The effectiveness of contour berms and contour plowing in halting
siltation on the ricelands is not always immediately evident to farmers. 
There are several reasons for this. Firstly, with regards to the berms 
themselves, many are broken by paths running between villages. These paths
then become points of intense erosion. In these cases, sand and silt find 
their way to the rice fields despite the berms. Secondly, in years of good
rainfall when crops receive adequate water, the benefits of the contour berms 
and contour plowing in retaining soil moisture may not be readily apparent.
Furthermore, the farmers cultivating the uplands not usually theare same ones 
who cultivate rice, thus further widening the gap in understanding. Finally,
very little village labor is required for the construction of contour berms. 
While farmers must haul and compact soil for the construction of water 
retention and anti-salt structures, contour berms are for the most part shaped
by a tractor and plow. This means farmers are willing to tolerate this bit of
 
extra labor even if they are not convinced of its benefits.
 

Water diversions -- As part of the upland conservation program, SWIU has 
also constructed water diversions where villagers have complained of intense
 
flooding through the village. The diversions, usually in the form of a graded

channel and dike combination, or 
grassed waterway, intercept runoff water and
 
guide it safely around tie village.
 

5
 



2.1.3 Extension Approach
 

Fur a village to 
be considered for watershed development, it must submit a
 
request for assistance, through the local DOA extension worker, to 
 SWMU.
Then, before constructing any soil and water conservation structures in a
 
village, a series of meetings are held between the Unit staff and village
representatives at which local soil and 
water problems are discussed, the
 
strategy of coordinated watershed management is explained, and a plan is
 
developed for construction of the required conservation works. 
 Villagers must
 
agree to supply all requisite manual labor. 3
 

The SWINU provides the technical expertise and a tractor with disk plow and
 
trailer for loosening and transporting suitable soil for dike construction to

the site. This practice has clearly contributed to generating village

motivation to work on the project. The presence of the tractor eases the work
 
load and allows more rapid completion of the dike.
 

To facilitate implementation of the coordinated watershed management
strategy, the SWf1U is experimenting with the formation of Village Resource 
Conservation and Developm2nt Committees (VRCDCs). The goal is to give full
responsibility for the construction and maintenance of conservation 
structures
 
to VRCDCs. In cases where more than one village shares a watershed, the
VRCDCs come together to form Watershed RCDCs. Examples can be cited where 
these committees organized a labor force for the construction of ananti-slli'iity dike on one village's lana during the first season, then
 
constructed water retention structures on the other village's land 
 the
 
following year. To date, SWMU had been involved in most maintenance 
activities. The Unit returns to the site with its technical staff, tools, and 
tractor to work with the village committee.
 

The construction of water-control dikes on rainfed rice land is a new
undertaking for Gambian farmers. This has led to problems of communicating to
farmers the drastic changes which they should expect in the water regimefollowing dike construction. At some sites, either farmers did not fully
understand the advice given to them concerning modified crop husbandry (e.g.,

changing from direct seeding to transplanting to prevent drowning of rice
 
plants); or, they were not convinced that such changes were really necessary.
At at least one site (see Annex A), farmers lost a rice crop because

direct-seeded rice soon after isdrowned sowing. SWMU attempting to rectify
these communication 
problems by strengthening its post-construction extension
 
program.
 

3After the first season of construction work was completed using voluntary

village labor only, the Department of Community Development offered to provide

food-for-work to all participating villagers. SWMU had 
no objection but made
 

the
clear to villages that SWMIU had not requested this compensation.

Nevertheless, villagers participated in the 
following year's construction in
 
anticipation of additional food-For-work. As a resul: 
 of the ensuing
difficulties, SWMU made a policy decision 
 to stay clear of food-for-work
 
incentives.
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To summarize, the long-term objective of SWHU programs is to introduce 
upland and lowland soil and water conservation practices to farmers. The
Unit's strategy of integrated watershed management is unique in The Gambia. 
Since 1984, SWriU has developed technologies (water retention and anti-salinity
dikes) which can greatly improve the production potential of rainfed rice 
land. However, although the graded spillway design used by SWNU has the 
advantage of automatic operation, it does not allow drainage of the diked 
land. This limits farmer control over their planting schedules. In addition,
project experience shows that because the change in the water regime of rice 
land can be quite dramatic after dike construction, f rmers often do not
follow SWHU advice for modified crop husbandry. Whether the advice was not 
emphatic enough farmers to it, net hasor chose ignore the result sometimes 
been crop failure. As farmers gain more experience with dikes and SWIU 
strengthens its post-construction extension program, the full potential of the
 
water-control dikes can be realized.
 

2.2 GTZ/DWR Rainfed Rice Improvement Project
 

2.2.1 Background
 

In 1979, the Ministry cf Agriculture requested assistance from the German 
Agency for Technical Cooperation (GTZ) to reclaim and rehabilitate 
salt-affected tidal swamps for rice production. In response, GTZ provided 
a
 
land and water use expert in January 1983. The (.OA had been subdivided to 
form a new Iinistry of Water Resources and Environment in 1981, and all swamp
development work became the mandate of 
the Irrigation and Swamp Rehabilitation

Division of the Department of Water Resources (DWR) within the new ministry.
The GTZ expert joined that Division.
 

The DWR had already undertaken a program of swamp reclamation in four 
swamps (Pirang, Sifoe, Jibanack, and Burock) in western Gambia. Before
initiating any new schemes, it was decided to conduct a comprehensive
 
investigation on the soil/water relations in the existing 
 schemes. This
 
study, implemented during the 1983/84 rice growing season, sought to clarify:
 

tile extent to which actual and/or potentially acid sulfate soils were 
present in the schemes being studied;
 

* the impact of swamp reclamation structures (i.e., dikes and sluice 
gates) on soil acidification;
 

the impact of direct precipitation (and collected surface runoff) on 
leaching processes in the affected soils.
 

The conclusions of the study were as follows:
 

1. The reclamation schemes situated near the Western Division villages

of Pirang, Jibanack, and Burock are all comprised of actual as well 
as potentially acid sulfate soils.
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2. The reclamation of formerly mangrove-covered areas by excluding the
 
tidal influence as it has been practiced in the Jibanack and Burock 
schemes has turned the near neutral, potentially acid sulfate soil 
into 	a severely acid soil, effectively prohibiting rice cultivation.
 

3. 	 in the swamps where dikes were constructed to protect the land from 
salt water flooding, direct precipitation alone was not providing 
enough water for sufficient leaching of excess salts from the topsoil. 

4. 	 For the most part, most of the rice land in the "reclaimed" swamps 
had been abandoned by farmers. The reclamation of saline, 
tidal-influenced swamps as had been practiced by DWR had not, 
therefore, lead to any improvement. 

Consequently, the study re(.ommended that DWR abandon its program of saline
 
swamp reclamation and shift the emphasis to improving conditions in rainfed 
rice growing areas. This recommendation was fully endorsed by DWR. In
 
October 1984 GTZ agreed, at the request of DWR, to support a pilot project to
 
develop strategies for improving conditions in rice growing areas which depend
 
on direct rainfall and surface rainwater runoff for their water supply. As 
stipulated in the bilateral agreement between the Gambian and German
 
governments, DWR assigned the required support personnel 4 to work with the 
project. In addition, the Depar'.ment of Agriculture assigned an extension
 
agronomist to the project. Salaries 'or all support personnel are paid by

Gambia Government, although all claims for night allowances and transport are 
paid by project funds.
 

2.2.2 Water -Control Strategy
 

To data, the DWR/GTZ project has supervised construction at 11 sites, 
affecting a total of approximately 125 hectares in the Western Division . At 
these sites, the project has experimented with two technical design options 
for rainfed rice-growing environments: anti-salinity dikes and contour bunds.
 

Anti-salinity dikos -- Like SWMU, GTZ constructs earthen anti-salinity 
dikes in rainfed areas which border oil the salt-affected tidal swamps. The 
dikes protect against the intrusion of salt water while simultaneously 
trapping surface rainwater runoff upstream of the dike. 

GTZ constructs one or more sluice gates in each dike to allow farmers to 
drain excess water at will and to retain runoff water as needed. This is the
 
important difference between GTZ and SWMU structures.
 

Contour bunds -- Generally constructed upstream of anti-salt dikes, 
contour bunds serve to slow the flow of rainwater runoff. They are generally 
50 cm high and placed at 20 cm conLour intervals. Where the slope is 
relatively steep, small cement spillways with removable gates are built into 
the bunds. 

4One construction supervisor, two works supervisors, one surveyor, two
 
staffmen, one tractor driver, one driver, and one part-time draftsman.
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Before construction on a given site begins, 
a detailed topographical
 
survey 
is carried out. Emphasis is placed on recording existing plot
boundaries, other land use boundaries (e.g., forest, upland), as well 
 as
 
relative heights. The field data are then plotted, site maps prepared, andthe location of contour bunds determined. Dikes protecting the

topographically lowest areas salt are
against further intrusion sited in the

field, taking into consideration the severity of salt intrusion, the visual 
extent of flooding spring presence salt type
during tides, of crusts, of
vegetation, and farmer comments. The highest flood level is determined and 
the dike designed and leveled 90 cm above the high flood mark. The 
dike
design is standardized and 
is primarily based on FFHC experience with causeway

and footpath construction. In siting contour bunds, care 
is taken to place

them, wherever possible, on existing plot oundaries so as to avoid farmer 
conflicts (i.e., loss of land or division of plots).
 

The required discharge capacity of sluice gates is estimated using a 
slightly modified version of the Curved Number Method5 . The watershed
catchment area is derived from aerial photos in combination with the 1:50,000 
maps (without contours) or from 1:25,000 topogr ohical maps which are onlyavailable for the extreme western part of Western Division. Rainfall data are 
taken from DWR publications using a 10-year return period. The number ofstandard sluice gates constructed depends on the estimated required discharge
capacity. The standard gate was designed 
to optimize the use of available

construction materials and minimize 
water losses. Stopboards, Ahich are

inserted or removed from the sluice gate to control watr flow, are made of 
locally purchased timber.
 

2.2.3 Extension Approach
 

The GTZ strategy for project implementation has evolved as a result of
experiences 
at different sites. A formal request for technical assistance
 
must come from a village before it is considered for assistance. Project
staff members then meet with the villagers to determine the nature of theirproblem, to assess the feasibility of improving their rice swamp, and to
 
explain the division of responsibilities between villagers and 
the project in

executing construction. For its part, the village 
must agree to provide all
 
necessary labor 
for construction of anti-salinity dikes and contour bunds.

The project provides technical expertise, tools (wheel barrows, spades, and
pick axes), and pays an incentive stipend for each unit length of dike/bund
satisfactorily completed. This amounts to D125 per 25-meter length of dike or

Di5 per 10-meter length of contour bund, rates which are much lower than the
standard daily wage for unskilled laborers (D6/day). It is left to the
 
villagers to decide how to organize their work force. The project also

provides the materials, laborers and technical expertise for 
construction of
 
any sluice gates which may be required.
 

The strategy of providing cash incentives has caused some problems in
 
implementation. Concerning dike maintenance, villages with 
dikes demanded to

be paid the same incentives to repair the dikes as they were paid for the 

5 Method for estimating volume of runoff and peak rates of discharge from 
small watersheds. Curve numbers describe the average used
conditions for
 
design purposes.
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original construction. Furthermore, the primary motivation for some villages 
to request assistance with dike construction in the first place was to have 
access to these incentives. Although the villages indeed benefit .d from the 
aikes, construction was slow because only laborers who warted to work for the
 
small stipend participated; the others considered the work was too difficult 
and time consuming. This latter problem is exacerbatee by the fact that no 
machinery is provided by GTZ for dike construction.0 Although with this
 
policy, the GTZ construction team is less dependent on fuel and machinery

maintenance than the SWriU team, the task left to the villagers is far more 
arduous.
 

Following completion of the infrastructure, the extension agronomist works 
with rice farmers to ensure that full benefit is derived from the newly

developed land. Activities to date have included promotion of timely land 
preparation and planting, conducting fertilizer response trials in cooperation
with the DOA/FAO Fertilizer Project, and variety trials in collaboration with 
FFHC. 

In -esponse to the demand for early-maturing rice varieties, the GTZ/DWR 
program implemented a seed multiplication scheme during the 1986 season.
 
Through this scheme, 1 ton of registered and 3 tons of certified Peking seed 
were purchased from the Seed Multiplication Unit (DOA) at Sapu for 
distribution to farmers. The registered seed was distributed to farmers for 
further multiplication in various project villages. The farmers agreed to
 
grow the crop under SHIU supervision and return the initial quantity of seed at
 
harvest. Provision was also made to exchange any additional seed for the
 
equivalent weight of milled rice. The certified rice was distributed to 
farmers on a need basis and they were required to repay it in kind upon 
harvest. A similar scheme is to be mounted in 1987, but the terms of 
distribution have yet to be decided. 

Tne objectives of the GTZ riceland water-control program are very similar
 
to those of SWHU; namely, to halt saline intrusion into rainfed rice land and 
to control rainwater runoff for more efficient use by rice plants. There are 
two major differences, however, in the means employed to achieve these 
objectives. Firstly, GTZ constructs cement sluice gates and/or spillways into 
their dikes, thus allowing farmers to drain the diked area completely and to 
do so on demand. Secondly, although GTZ provides a cash incentive to village
 
laborers for dike construction, the project does not employ tractors and disc
 
plows. This makes the work more difficult and time-consuming.
 

2.3 Freedom From Hunger Campaign
 

2.3.1 Background
 

The Gambian FFHC, a nember of FAO's FFHC/Action for Development, was
 
founded in 1969. At present, the Gambian FFHC receives technical and
 
budgetary assistance from German Agro Action, a NGO in the Federal Republic of 

6 A tractor was used to haul equipment and materials for sluice gate
 
construction, but not in the actual construction of the dikes and bunds.
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Germany, through a cooperative agreement which began in 1975. While the FFHC 
has been involved with many aspects of agricultural development (such as
 
village seed store construction and the organization of village cereal banks),
 
it is FFHC's rice development activities, contained in its Food Security
 
Program (FSP), that are the primary focus of this report.
 

Before discussing the components of the FSP, it is important to define the
 
program's underlying goals. The FSP was primarily launched as a food aid 
program to alleviate short-term food shortages. Rather than simply

distributing the food aid, however, it was decided to adopt a strategy of 
"food-for-work"--food in exchange for labor on self-help village development
 
projects. What finally emerged was a rice land development project. As a 
labor-intensive project, it served as a vehicle for distributing food-for-work 
incentives, thus improving the short-term food situation. In addition, the 
project could improve village rice production potential. The evolution of the 
rice land development activities of the FSP is ciscussed in the following 
paragraphs. 

Between 1978 and 1981, FFHC implemented the Farafenni/Beretto land
 
reclamation project as a pilot for small-scale infrastructural development on
 
Gambian ricelands. Dikes and bunds were constructed to prevent salt water
 
intrusion and to impound rainwater runoff on productive rice land. Some of
 
the soils nearest the dikes have become acidic (through the process described 
in Annex E). Moreover, the soils in the project area were already highly
saline and the period required for available rainwater to effectively leach 
out the salt has been longer than expected. This project, which was highly
labor intensive with low capital expenditure, was the first of its kind in The 
Gambia. FFHC gained valuable experience from this project as well as from 
experiments with causeway construction in the Jarra Toniataba swamp. 

2.3.2 Water-Control Strategy
 

Armed with this experience, FFHC introduced the FSP. The primary 
objective of this program is not one of water control, but rather to improve 
access to tidal swamp land by constructing networks of causeways, footpaths,
 
and bridges. Rice land in the tidal swamp areas is generally very far from
 
the villages, forcing the women to struggle through mud and often dangerously

deep water to reach them. The FFHC infrastructure reduces walking time and 
also makes the walk safer. Construction work began in 1980 in the Bureng, 
Sutukung, and Jassong swamps (LRD). The program has since expanded to 53 
villages in which the construction of nearly 500,000 meters of 
causeways/footpaths and 15,600 meters of bridges has been completed. Some of 
the more recent construction has been in the transitional rice ecology8 

where causeways and footpaths are constructed on the contours and serve the 
dual purpose of access ways and water retention dikes.
 

7Any number of projects could have been selected fu.- implementation on a
 
food-for-work basis, but they had to be labor intensive Dy design in order to 
provide a vehicle for food aid distribution.
 

8 This ecology is referred to as "upland" in all FFHC reports.
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2.3.3 Extension Approach
 

As previously explained, the FSP 
has adopted a strategy of "food-for-work"
 
for constructing riceland infrastructural improvements. In the early days of
 
the project, laborers were compensated on a time-worked basis. However, since
 
it rapidly became clear that work progressed very slowly with this system, the
 
paymnunts were changed to a piece-work basis. Work groups now receive 100 kg
 
of milled rice,8 liters of cooking oil, and D120.00 in cash for every

25-meter length of completed causeway. Foremen are selected from among the
 
laborers and at higher as reward their
paid a rate a for additional
 
supervisory responsibilities. Apart from food-for-work payments, FFHC
 
tractors and trailors are used during construction and the requisite technical
 
expertise is provided.
 

The primary objective of the FSP is to achieve self-sufficiency in rice
 
production at the household level. FFHC estimates that roughly 1,000 sq. m.
 
of rice land per person must be cultivated to meet consumption needs.9 The
 
size of the area to be developed in a given village is determined by

calculating its total rice needs. Before embarking on any construction, FFHC
 
obtains an agreement from local leaders that all improved lands will be
 
re-distributed among village households according to their size. This
 
strategy is intended to guarantee each household the land it needs to become
 
rice self-sufficient and ensure an equitable distribution of project benefits.
 

Between 1980 and 1985, the FFHC/FSP succeeded in improving large areas of
 
tidal swamp land through their food-for-work strategy. Nevertheless, several
 
problems arose that needed to be addressed. Among the most important were
 
(1) unfulfilled plans for equitable redistribution of improved land to
 
villagers; (2) regular requests for payments for maintenance of
 
infrastructure, although this should have 
 been a village responsibility;

(3) under utilization of improved lands; and (4) village requests for rice
 
land improvements made only For the sake of food-for-work payments. Rather
 
than beginning any new projects, the FSP decided to use the 1986 season for a
 
"consolidation phase" designed to these problems
deal with in exiscing project
 
sites.
 

The land distribution issue has been a difficult one to overcome. The
 
traditional land tenure system is based on historically determined
 
usufructuary rights. Within this system, any compound which clears virgin
 
land is entitled to perpetual use rights over that land. New families wishing
 
to settle in an established village must either borrow land from the original
 

8This ecology is referred to as "upland" in all FFHC reports.
 

9Assumptions: ef all food grains consumed per person/annum, 50% is rice.
 

Consumption per person/annum = 85 kg milled rice 
Reserves for seed and charities = 15 kg " 

Annual rice needs/person TO kg " 

At 60% milling rate, 100 kg milled rice = 167 kg paddy.
 
1,000 sq. m. rice land yields approx. 167 kg (1.7 t/ha).
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settlers or clear as yet unclaimed land. With growing population pressure, 
opportunities for clearing new land are becoming increasingly rare. If land

is borrowed, it is often on a year-to-year basis and must be returned upon 
request. Land may, however, be lent for much longer periods of time and may 
even be retained from one generation to another. In such cases, determining 
use rights to the land in question becomes less clear. Rights to the use of
land which has been left fallow for many years also cause conflict. Despite 
agreements with FFHC, founding families have been reluctant to relinquish

their land holdings for redistribution, particularly after they have been
 
improved with causeways and bridges. Court cases, concerning both lands under
 
continuous cultivation and virgin or long--term fallow lands, upheld the use 
rights of founding families, notwithstanding any agreements they had made with 
FFHC. FFHC hs since institutionalized an approach to project land allocation
 
which has been formally sanctioned by GOTG. The conditions of FFHC 
participation in riceland development in a given village are first explained
arid discussed with the village elders. If the elders agree to an equitable
redistribution of improved land upon project completion, they sign a contract 
to this effect which is filed with the District Commissioner's office. This
 
is a binding legal document in which founding families release primary
 
usufructuary rights over improved land and, in cases of dispute, agree to 
abide by the decision of the Divisional Magistrate.
 

The problem of ensuring maintenance of project infrastructure was also 
addressed during the 1986 consclidation program. Throughout the early years 
of implementation, Village Project Committees had been organized as a 
mechanism through which FFHC could hand over improved project land, ensure its 
proper use, and see to the maintenance of the causeways, footpaths, and 
bridges. These committees have been effective to varying degrees. One reason 
is that some were organized only after infrastructural work had either begun 
or been completed. The 1986 consolidation program sought to strengthen the 
village committees and institutionalize a system of project maintenance. A 
series of meetings were held between FFHC staff and elders from project
villages to solicit suggestions on how to hand over responsibility for the 
project to the village or village committee. A system of infrastructural 
maintenance was proposed whereby 10% of all fnod-for-work payments would be 
paid by the project into a village maintenance fund instead of to the 
participants directly. To sustain the fund, farmers would pay a small portion
of each year's harvest. When needed, the committee would organize the
 
necessary maintenance work, using the fund to finance material and labor.
 

Institutionalizing the proposed maintenance system proved difficult as 
project villages were used to being fully compensated for maintenance work in 
the past. Nevertheless, FFHC is attempting to eliminate dependence on the 
project for execution of repair work by dealing with the issue before
 
construction begins. At some of the newer project sites, FFHC has worked with
 
villagers to organize maintenance via a system of farmer payments to a
 
maintenance fund used to purchase materials and iire any akilled labor which 
may be required. A committee elected by the village is responsible for

managing the fund. This maintenance strategy, though not yet widely tested 
has shown promise for adoption in future project sites. The problem still
 
remains, however, of securing the maintenance at existing sites.
 

Despite FFHC's policy of basing the area to be developed on the calculated
 
consumption needs of the village, about 40% of the total developed area is 
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left uncultivated. All the reasons for 
 this occurrence are not clear. 
However, the assumption FFHC's is that aunderlying policy household's

subsistence strategy is to grow all rice needed for consumption. This may not

always be the case. In the FFHC project area, women are almost entirely
responsible for rice production. Since they must earn for
also cash other
 
household needs (e.g., clothing for themselves and their children), women
allocate some of tneir labor 
 to gardening or other cash-generating

enterprises. Almost male cash animal
no labor, or traction resources are 
allocated to rice production. Therefore, although calculatedthe rice

consumption needs may be accurate, and despite the availability of improved
rice land, farmers' subsistence strategies may weigh in favor of rice
 
purchases to meet part of their consumption needs.
 

The final problem to be addressed during the consolidation phase--project
requests made primarily to benefit from food-for-work paymtents--is a majorcause of underutilization of project 
land. If villages were interested only

in incentive paymients, the hectarage of rice land opened up as a result of thework was coinpletL'ly unrelated to village needs for expanded rice cultivation. 
This problem can only be overcome through careful pre-project sensitization
 
and frank communication between village participants and project staff.
 

2.3.4 Support Programs
 

With the provision of imroroved access to existing rice land--and in some 
cases the opening up of new lands--the need for a support program to promote
improved crop husbandry became apparent. To meet these needs, FFHC launched a 
Production Research Program and a Women's Agricultural Program. 

The Production Research 
 Program evolved from an emergency rice seed

multiplication scheme implemented by FFHC/FSP following 1983 drought.the 
During that season, there was a near-total rice harvest failure in most
Gambian rice growing areas and it was clear that no seed, of either local orimproved varieties, would be available for the 1984 rainy season. In 
collaboration with the Department of Agriculture, the FSP mounted seedmultiplication a

scheme on pump and tidal irrigated land in late 1983/early
1984. As a result, 248.6 tons of rainfed rice seed were 
purchased by FFHC and
distributed to 11,300 farmers. An additional 380 tons of seed was acquired in
 
areas of the MacCarthy Island Division (MID) where a harvest 
 had been
 
obtained. FFHC provided milled rice or cash in exchange for the seed, then
distributed it to 
over 7000 more tidal rice farmers. This seed multiplication

scheme has continued, though on a much smaller scale, with 33 tons of seed 
purchased by FFHC in 1987.
 

Presently, the Prcduction Research Program focuses on developing 
farmer
 
recommendations for tidal and 
rainfed environments through multi-locational
on-farm trials. This program has sought to identify varieties that are high
yielding, early maturing, drought resistant, and salt tolerant. In the
freshwater tidal zone, experiments with double and ratoon cropping have also 
been carried out. Both sets of trials have produced promising results.

Double cropping trials have consistently shown yield levels of 2 tons/ha and
 
above for the dry season crop while ratoon trials (natural regrowth from theprevious crop without additional seed) yielded 0.8-1.8 t/ha. These results
 
support double cropping and ratooning as economically viable strategies for 
increasing the cropping intensity in the freshwater tidal 
zone.
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The objectives of the Women's Agricultural Program (WAP) are to increase
 
rice production by promoting improved varieties and husbandry techniques;

introduce time/labor saving technologies for rice cultivation; support
 
income-generating activities during the 
 dry season; and provide training
 
related to WAP activities. Specific program activities include:
 

1. Rice seed multiplication scheme implemented with village women's groups;
 

2. Small-scale mechanization program to introduce sickles and 
hand-operated threshers to women; and to train women to sow in rows 
with a donkey and seeder; 

3. Blacksmith training program to produce known and prototype tools, and 
repair agricultural equipment such as threshers and seeders; 

4. Garden program to ex)and the income-earning capacity of women during 
the dry season and to improve nutritinnal balance in family foods; 

5. Experimentation with credit for individual women or women's groups for
 

items ranging from watering cans to an outboard engine. 

The Women's Agricultural Program is operating in 35 of tile 53 FFHC villages.
 

To summarize, FFHC's rice land development project is designed to improve 
access to tioal swamp land through the construction of causeways, footpaths, 
and bridges. (Some of the more recently build structures serve simultaneously
 
as access ways and water retention dikes). In the long-run, this trategy 
develops village potential for increased rice production by opening up rice
 
land which was either completely inaccessible or difficult to access. FFHC 
also lays emphasis on the distribution of food-for-work incentives as a means 
to alleviate short-term shortages of food in the rural areas. FFHC has been 
confronting important probl2rns during the 1986 consolidation phase, namely (1)
unfulfilled plans for equitable redistribution of improved land to villagers; 
(2) regular requests for pa.ynents for maintenance of infrastructure, although
this should have been a village responsibility; (3) under utilization of 
improved lands; and (4) village requests for rice land improvements made only
for tile sake of food-for-work payments. 

2.4 Jahaly Pacharr Project - Tidal Irrigation Component I0
 

2.4.1 Background
 

The Jahaly Pacharr Smallholder Project was originally designed as a pilot 
scheme for future rice land development to be implemented upon completion of 

lOThe non-pump irrigated component is refered to by the project as "Improved 
Rainfed" development, encompassing areas which are purely rainfed and areas 
which are tidally irrigated. In this report, "improved rainfed" refers theto 
entire Jahaly 
irrigated" and 

Pacharr non-pump irrigated 
"purely rainfed" are used to 

program. The terms 
distinguish different 

"tidally 
types of 

land within the "improved rainfed" areas. 
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an anti-salinity barrage across 
the Gambia River. While pump-irrigation is an 
important component of the project, it is also the only rice development
project in The Gambia which has attempted t' increase production potential in 
freshwater tidal swamps through improved water-control. This study is chiefly

concerned 
 with the project's experience with tidal irrigation. It is 
difficult, however, to consider the tidal irrigation component without placing
it in the context of the entire project because: (1) prcject resources are 
shared between the pump- and tidal-irrigation programs; and (2) many farmers
participating in the project are involved in both the pump- and 
tidal-irrigation programs. following paragraphs briefThe give a history of
rice cultivation in the 
 project area and a detailed discussion of the
 
tidal-irrigation schieme. Where relevant, linkages between the tidal- and 
pump-irrigation programs are discussed. 

The Jahaly aid Pacharr swamps are situated on the south bank of the river
in the Macarthy Island Division, with the Sapu Agricultural Station located
between tne two swamps. Both swamps were already major rice growing areas 
before the inception of the Jhaly Pacharr Project. 

The Jahaly swamp measures about 1,230 ha. In the early 1950s, the
Colonial Development Corporation (CDC) selected the swamp for a mechanizedrice development scheme and obtained a 50-year lease for the required land 
(through the Ministry of Agriculture) from the surrounding villages. The CDCconstructed tidal flood protection embankments, a sluice gate in the Jahaly
Bolong, some improvements to the main creeks, and a road around the scheme,
all of which were still partially effective before the Jahaly Pacharr Project
began. When the CDC scheme failed and was abandoned in 1958, the land wassublet by the DOA to women from villages which had traditional rights to this 
area. Rice was cultivated as it had been before CDC albeit with a modified 
water regime. The tidal effect was largely eliminated by the gate, and only
the creeks and very low-lying areas were flooded during the dry season. The
 
rest of the swamp dried out completely. In the rainy season, the flood 
protection embankments served to trap rainwater, but surface runoff from theadjacent uplands used drain through thewhich to Jahaly Bolong was channeled 
around the swamp by the CDC road. 

As such infrastructural improvements had not been made in the Pacharr 
swamp, its natural hydrological regime still existed when the Jahaly Pacharr 
Project began. High flowed into out thetides freely and of Pacharr swamp,
with about 175 of its total 990 ha remaining wet year-round. During the rainy
season high tide water as well as direct rainfall and surface runoff flooded
the catchment area, creating deeper flooding than was the case in the Jahaly 
swamp.
 

Between 
 1966 and 1980 three pump-irrigated rice development
projects--Taiwanese, World Bank, and People's Republic of China--constructed
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small perimeters (average size of less than 10 ha) in MID and URD. During 
that time, some of these schemes were constructed in the Jahally and Pacharr 
swamps.
 

At the onset of the Project, approximately 710 ha and 455 ha of
 
rainfed/tidal rice were being cultivated 
in the Jahaly dnd Pacharr swamps

respectively. An additional 175 ha of pump irrigated rice (140 ha in Jahaly,

35 ha in Pacharr) was also being grown.
 

Two studies (by L. Berger and Euroconsult) completed in 1978 and 1980
 
respectively, considered the feasibility of developing 2000 of rice land
ha 

for pump-irrigation. However, previous studies had established that, given

existing river flow rates, enough fresh water could be drawn from the river to 
support only limited areas of new double-cropped pump-irrigation. If too much 
was developed, the salt water interface would further east,
move having a
 
detrimental effect on existing downstream rice cultivation. As no definite 
date had been set for the completion of the barrage, the pump-irrigation
component of the project was conservatively confined to 400 ha. However, 
recognizing the potential for increasing rice production in large areas of 
tidal and rainfed swamps along the river, the project design included an 
improved rainfed component with an improved water control and distribution 
sys tern. 

2.4.2 Water-Control Strategy
 

Following the preparation of the final project appraisal by IFAD, and its 
subsequent approval for multi-donor financing (IFAD, ADF, and Dutch and German
 
Governments) in December 1981, the Jahaly Pacharr Project was launched. The 
proposed and actual areas developed under the project are summarized in Table
 
2.1.
 

Construction began on the pump-irrigated perimeters in 1982 and the first 
crop was planted in the 1984 dry season on 265 ha. The remaining 295 ha were 
completed and land distributed in time for the 1984 wet season. 

The Improved Rainfed component of the Project was originally designed for 
tidally-irrigated as well as purely rainfed rice lands. The objectives were 
to improve water control--without the use of pumps--in swamps which were 
subject to alternately excessive or inadequate flooding from upland runoff 
and/or tides. With an eratic water regime, farmers were limited to 
low-yielding varieties which could survive these conditions. Furthermore, in 
years of low rainfall and low river levels, the risk of total crop failure was 
high. To alleviate these constraints, the project incorporated several
 
infrastructural improvements:
 

liThe total area finally developed for pump-irrigation is 560 ha, i.e.,
 
greater than the proposed 400 ha. Investigations following the original

project feasibility study estimated that a larger area could be pump-irrigated
 
without adversely affecting the movement of the salt front.
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- - - -- - - - - ----------------------

Table 2.1.
 

Jahaly Pacharr Project
 

Proposed and Actual Areas Developed
 

r------- ------------
-------------------- -------------------- ----------------------I

JAHALY SWAP PACHARR SWAWE TOTAL DEVELOPMENT
 

I---------------------------------- --------------------
----------------------I
 

Type of Development Proposed k-tual Proposed Actual Proposed Actual 
(hal (ha) (ha) (ha) (ha) (ha) 

--------.---------------------------------------------------------------- I
 
Pump-:rrigatel 

(double--ropp,- ) 250 440 120 120 370 560 (21 

- --p-- - - - - - -- - - - - - - -
ImptoveJ Rainfc-, [1 1	 -- -- ------ -- --- -- ---------- -------- ---------- ------------I 

Tidol--si ngle-roppe-1 	 82 371 453 

lidI -- 'J uble-croppea 	 76 188 264Purely rainfel 	 9 90 99
 

Total improved Rainfe' 170 167 780 649 950 816 
L ---------------------------I . .... ... --... ..................... 


[Il 	The classification of th actual Improved Rainfed areas into single-cropped tidal, 
double-croppte , alnl purely rainfed cannot be finalized until all land has been 
fully lovelop.e:. lih figures presented in this table are based the project'son 


experience through the 19b7 Ary season.
 
121 Invostigation: followiny the original project feasibility study estimated that a larger 

area could be pump-irrigated without aaversely utfrectlng fhe movement of the salt 
front. 
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1. Levees and interceptor drains to control upland runoff and to prevent
 
uncontrolled flooding from the river;
 

2. Combined flap and sluice gates to control drainage to the river at
 

low tide and water intake at high tide;
 

3. Bunding to conserve rainfall;
 

4. Deepening and clearing of bolons to improve drainage; and
 

5. Causeways for better access.
 

The major infrastructure in the improved rainfed (dikes, main
areas 

canals, main roads, and inlet structures) were constructed in 1983 by a
contractor (Balfour Beatty). 
 All subsequent land development including
 
construction of field canals, field roads, and land 
levelling began in 1984
 
under the supervision of the Project Management Unit (PMU).
 

Extensive land levelling, using a bulldozer, scraper box and land plane,
 
was 
required to attain the precision necessary for effective water control.
 
Priority was initially given to the sections of the Pacharr swamp 
where

farmers' pressure 
on the land was the most acute. Land levelling was phased
 
to minimize the time when equipment disrupted rice cultivation. During the
 
first season, 
land in the priority area was roughly levelled to a tolerance of
 
+/- 15 cm. this was an improvement over the pre-project situation, permitting
cultivation, but still leaving irregularities within the plots. A second
 
levelling reduced the tolerance within 7 cm.
to Finally, the work plan calls
 
for relevelling each area after the first cropping season to correct any level
 
irregularities caused by soil settlement. By employing this strategy, a large

area was roughly improved at an early stage, and the finer planing, which took
 
longer, was implemented gradually on smaller tracts of land ,t 
a time.
 

The total improved rainfed area ultimately developed under the project is
 
less than was originally envisaged. This is because the first years of
 
project experience determined that improving much of the purely rainfed area
 
was not feasible. Only 
in years with a good quantity and distribution of
 
rainfall did the purely rainfed areas produce acceptable yields. Since 1986,
 
no further land development work has been done in the purely rainfed areas
 
because the high investment costs did not seem ustified. Essentially, these
 
areas are higher than + 1.3 m Gambia Datum (GD). 1
 

The project found that all areas below + 
1.3 m GD could be
 
tidally-irrigated in the rainy season, while areas below + 1.0 m GD could be 
tidally-irrigated in both the dry and rainy seasons. With respect to
 

12AIl meter heights are given as either above or below (+ or -) the 
established Gambia Datum. 
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the entire "improved rainfed" area, the project reached the following
 
conclusions: 13
 

-- 20-25% of the area is out of reach of tidal irrigation (higher than 
+ 1.3 m GD) and is therefore purely rainfed; 

-- 50% of the area can be single-cropped with tidal water in the rainy 
season (between + 1.0 and + 1.3 m GD); 

-- 25-30% can be double-cropped with tidal water (below + 1.0 m GD). 

Some of the percentages may need to be adjusted, however, as empirical data on
 
tide levels for all project improved rainfed areas will not be available until
 
all land has been fully developed.
 

2.4.3 Extension Approach
 

Tne organization and management of all project operations is the
 
responsibility of the PMU. 
 As discussed earlier, the Unit undertakes all land
 
develooment (land levelling, etc). In addition, it controls all seasonal
 
field operations of the project. These include: pre-season land preparation

(plowinig and harrowing) of all project plots; planning and implementation of
 
the pump and tidal irrigation schedules; maintenance of all project structures
 
and equipment down to the secondary canal level (farmers are required to
 
maintain the tertiary canals and their individual plot bunds); and procuring

production inputs which are distributed to farmers through special cooperative

societies set up for project marketing transactions. Fertilizer and seed
 
loans are issued to farmers hrough these cooperatives and, upon harvest,

farmers sell back a portion of 
their rice to repay the loan. Water charges

and land preparation fees levied on all farmers in the pump and tidal
 
irrigation areas are also paid at harvest.
 

For such a complex irrigation system to function efficiently, it is
 
essential that farmers strictly adhere to the water distribution and cropping

schedules dEtermined by the PMU. This is sometimes difficult, however,
 
particularly in the rainy season when men are trying to allocate their labor
 
between project plots and their upland cereal/groundnut fields, and women are
 
shifting between project plots and their own non-project rice fields. The
 
project has already been faced with the problem of getting farmers to their
 
plots on time and this is likely to continue as a problem in the future. 14
 

The distribution of project lands to the local farmers (after the
 
completion of the infrastructural works) has been a controversial issue since
 
the onset of the project. In the Jahaly swamp, the old CDC lease to the area
 
was reinstated and all farmers were required to relinquish their land to the
 
project. As there was no such for the Pacharr
lease swamp, a
 

13The following percentages are taken from "Assessment of Possibilities for
 
8
Tidal Irrigation Along the Gambia River," Euroconsult, August 1986, p. .
 

14The high producer price for groundnuts in 1986 undoubtedly accentuated 
the
 
conflicting labor demands between upland field and project plots.
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similar agreement had to be negotiated between the project and the leaders of 
all villages with land tenure rights in the swamp. At that time, farmers were
 
reassured that the land would be returned to them in an improved state upon 
completion of the construction. It is not clear, however, how farmers
 
interpreted this commitment. Apparently it was not clear to all farmers that 
they would not necessarily receive the same parcels of land which they had 
cultivated before the project. When the time came for project land to be 
allocated to surrounding villages, there were indeed conflicts between the 
traditional land holding families, long-term borro..lers of the land, and new
 
farmers who were interested in acquiring some of the improved land.
 

Two Land Allocation Committees--one for each swamp--were organized to 
assist the project in distributing the land. Each committee is comprised of 
seven women and six men who are the elected representatives of the local 
farming villages. The committees were faced with a monumental task since the 
interests of both the original and new tillers had to be balanced. 
Nevertheless, the committees have succeeded in distributing all pump-irrigated
plots and the improved rainfed plots thus far completed. Sixty-eight villages 
have been allocated land in the two swamps: 44 villages of original tillers, 
24 newcomers to the swamps. Despite these positive accomplishments, each
 
committee had a few influential members who favored the villages they

represented. Moreover, some project land has shifted from one household to
 
another, further distorting the intended distribution structure. 15
 

Project plots, particularly pump-irrigated plots, are in high demand among
 
local farmers and those who are fortunate to have plots have a vested interest 
in keeping them. This being the case, any threat to a farmer's use rights to 
project plots is taken quite seriously by farmers. In an attempt to ensure 
that farmers conform to the operation schedule of the project, a system of 
sanctions has been institutionalized by the PHU. Any farmer defaulting on 
loan repayment can be evicted and his plot reallocated. Because of the high 
premium placed on these plots, farmers have a strong incentive to repay loans 
and to do so on time. Thlis sanction has clearly played a key role in 
maintaining the near-lO0% loan repayment rate for the pump-irrigated plots.
Furthermore, farmers who do not adhere to the project's cropping schedule or 
do not maintain their canals also run the risk of eviction from their plots.
 

While these sanctions have had a strong impact in the pump-irrigated 
areas, their effects have been less apparent in the tidal and purely ra*nfed 
areas. Whereas in the pump-irrigated areas, the project has essentially 
eliminated all risk tc production failure,i6 the tidal and purely rainfed 
areas are not as secure. Before the project, farmers cultivating these areas 
would have made resource allocation decisions which took these risk factors
 

15Women are the registered holders of nearly all project plots. This does
 
not, however, mean that women control the plots or the produce harvested from
 
them. Examples of the different systems of plot allocation within households
 
are presented in Annex D of this report.
 

16 Assuming that the present high standard of pump operation and general 
system maintenance continues.
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into account. With the project, all farmers in the tidal areas are required 
to take a loan for land preparation and water charges despite the fact that 
some plots may fail. Apparently, farmers have been willing to risk losing 
their plots because loan repayment levels for the tidal plots have been
 
relatively low. Since the majority of the tidal plots have only rainy-season
cropping potential, *armers seem to be weighing two alternatives: cultivating
non-project rice fields with no loans (albeit with a more erratic water 
regime) versus loan-bearing project tidal areas with its improved though not
 
risk-free water contro..
 

The Jahaly-Pacharr Project, designed as pilot scheme,a is the only
project currently experimenting with technologies for tidal water control in 
The Gambia. As is expected in a pilot program, the experience has not been 
free of problems, particularly when dealing with the extreme technical 
complexities of tidal engineering. The lessons learned will undoubtedly
influence any future tidal irrigation interventions.
 

3. STUDY MIETHODOLOGY 

In Section 2, the history, strategy, and experience of the four 
water-control projects 
 involved in this study were presented. Given the
overall objective of the study--to define the critical factors which have to
date affected project development and outcome--it was important to review 
project activities in the village 
setting. In choosing a methodology to
 
accomplish this, many factors had to be considered, the most important of 
which are discussed in the following paragraphs.
 

Diversity of project activities. From the project descriptions, it is
 
clear that experience with water-controlled rice production is extremely
diverse. Underlying all projects is the contribution of each to improving the 
production capability of village riceland. Yet each project worked with

different sets of environmental conditions and had different objectives as to
the riceland improvement strategies chosen. The objectives ranged from water 
control in the transitional and rainfed zones (SWIIU and GTZ/)WR), to 
freshwater tidal control (Jahaly-Pacharr), to improved access in the tidal 
swamps (FFHC). Within each project, however, 
there was little variabili in
 
the environmental setting or improvement strategy employed.
 

Typ e of information required by the projects. Through their own 
experiences, the projects were convinced of the positive impact their

technical interventions had had in their project areas. What was required was 
a more in-depth understanding of the critical factors which theaffected

development and outcome of the projects. This meant choosing a study method 
which would facilitate the collection of information on the complex linkages
between the project, the participating villages and individual farm families.
 
To be able to piece together these linkages, both qualitative and quantitative
 
information was required.
 

22
 



Time and resources available for the study. The study time frame was very
 
short--one year in which to complete all field work, data analysis, and
 
write-up. Furthermore, all field data collection had to 
 be done on a
 
part-time basis by enumerators who could not be expected to move very far from
 
their respective village posts.
 

Given the types of information needed and the limited availability of
 
staff for formal data collection, a case-study approach was chosen as the most

appropriate for the Water-Control Studies (WCS). This approach allowed the
 
study team to take an in-depth look at a few key project sites and to clearly

identify critical factors affecting project outcome. Whilst a larger,
 
randomly selected sample would have permitted statistical inference, many of
 
the more qualitative discoveries would have been overlooked. Furthermore,
 
since the variability in environmental setting and improvement strategy within
 
projects is.minimal, carefully selected case study sites could provide each
 
project with in-depth information which could subsequently be verified for
 
other project sites. The case-study methodology was also compatible with the
 
time frame of the study.
 

For each of the four rice development projects, one or two project sites
 
most closely representing the range of experiences to date were chosen for
 
in-depth study. The following criteria were used in selecting the case study
 
villages:
 

1. 	 Ecological representation of respective project sites;
 

2. 	 Technical representation of respective project structures;
 

3. 	 Level of village participation at project site vis-a-vis general
 
project experiences with local participation; and
 

4. 
 Proximity of case-study site to available data collection enumerators.
 

In each case study village, the overall farming system was studied so 
as
 
to define the context within which the projects worked. Within the farming
 
system, particular emphasis was placed on the rice subsystem and its evolution
 
over time. Linkages between the rice and upland crop subsector were also
 
examined, both qualitatively and quantitatively.
 

Within each of the selected project villages, a survey of all compound
 
heads was conducted to determine for each household: i) its relative size
 
(using the number of adult farmers as an indicator of size); (ii) its animal
 
traction capability; and (iii) the location of its rice fields relative to the
 
project area (i.e., inside and/or outside the project area). Based on the
 
results of Lhis survey, two typical households in each village were chosen for
 
intensive study to illustrate the interaction of key farming system variables
 
at the household level, such as: (1) the effect of the project on individual
 
households (in terms benefits or losses incurred);
of accrued (2) resource
 
allocation and outputs to rice fields within and outside the project area; and
 
(3) 	key linkages within each household (in terms of resource allocation)

between the rice and upland crop subsystems. Data was collected for the
 
entire 1986-87 cropping season.
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The following section 
gives a brief synopsis of the villages selected as
 
case studies in the project areas. Then, 
in Section 5, the factors which
emerged from the case study villages as having an effect project
on 

development and outcome are discussed.
 

4. THE CASE STUDY VILLAGES
 

Table 4.1 lists the case study villages selected for each project as well
 
as the riceland improvement strategy employed village.
in each Their
 
locations are mapped inFigure 4.1.
 

SWMIU case study villages
 

While SWfIU infrastructural works encompass land improvements on upland

soils as well as rice land, the criteria used to select the study
case

villages, Beeta and Sintet, 
were based solely on SWrMIU's experience with rice

land development. Nevertheless, as coordinated watershed management is an
important component of SWMU's program strategy, the evolution of the upland

conservation works 
in the case study villages added another dimension to the
 
farming system descriptions.
 

In both villages, the rice growing areas typical of
are the narrow
drainage ways in the Fonis which 
receive moisture only from direct rainfall or
surface rainwater runoff. Although the Beeta drainage way is somewhat unique

in that it flows south into a tributary of the Koulinba River in Casamance,
its physical characteristics are similar to those 
draining into the Gambia
River. SWMU has constructed water retention dikes inboth watersheds.
 

GTZ Case Study Villages
 

Bulock and Bwiam were selected to represent GTZ experience to date with
 
structures designed to protect rainfed ricelands 
from further salt intrusion
and with contour bunds to control surface runoff water. 
 The rice growing
 
areas of both villages are 
 typical of those found throughout the Foni
Districts of 
Western Division and of areas improved by GTZ. Infrastructural
 
developments in Bulock are located 
at both ends of the watershed. At the
 
lower end of the watershed, GTZ constructed anti-salinity dikes (one with and
 
one without sluice 
gates) as well as water retaining contour bunds at the
higher part of the drainage way. In Bwiam, a large anti-salinity dike with a
triple sluice gate was constructed near of water
the limit salt intrusion.

Contour bunds were also surveyed and constructed behind the dike.
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Figure 4. 1 LOCATION OF CASE STUDY VILLAGES 
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Table 4.1.
 
Summary of Case Study Villages for Water-Contol Studies
 

Project Case Study Village Improvement Strategy
 

SWIU 	 Beeta Runoff water retention
 
Sintet Runoff water retention
 

GTZ Bulock Anti-salinity dikes
 
Bwiam Anti-salinity dikes and
 

contour bunding
 

FFHC Dankunku Access causeways/
 
bridges
 

Jahally-Pacharr 	 Faraba Tidal 
water control
 

FFHC case study village
 

FFHC has rice development projects in over sixty villages spread
 
throughout much of the Lower River Division (LRD), North B3nk Division (NBD),

and MID. Project sites vary considerably in size and are located in both
 
fresh and saline swamps. Therefore, the objective was not to choose one
 
village which represented all project villages, but one which could provide

insights 
into the type of site with most potential for future replication.

Dankunku was chosen because its rice fields are located in a very large and 
as
 
yet underutilized swamp. Although salt-affected, the swamp has a relatively

long fresh water 
period. The selt-water interface is downstream of Dankunku
 
for more than six months of the year, leaving a long growing season with the
 
potential for ratoon or even double cropping.
 

Jahaly-Pacharr Project case study village
 

In selecting a case study village in the Jahaly-Pacharr Project area,

several key factors unique to this project were taken into account. 
 Firstly,
 
as the study was to focus on the tidal irrigation component of the project,

the selected village had to have plots in this area. Secondly, most of the
 
tidal irrigation plots were not completely developed by the start of the
 
study. At that time, only one unit was scheduled to be levelled twice (as
 
required by project specifications) in time for the 1986 rainy season.
 
Project officials wanted the case study village to have plots in the completed

tidal area so as to examine the maximum effects of the project's til
 
irrigation component. Faraba was 
chosen because it met these criteria. ' 
In addition, Faraba had project pump-irrigated plots, providing the 
opportunity to look at variations in farmer resource allocation between pump 
and tidally irrigated plots.
 

17After case study data collection began in Faraba, the levelling 
schedule
 
for the 
tidal plots was modified. In actual fact, the project unit containing

Faraba's tidal plots 	was not levelled for the second time until the
after 1986
 
rainy season.
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Having briefly reviewed the characteristics of the case study villages,
 
Section 5 discusses the key factors which had a direct bearing on the outcome
 
of the project in each village.
 

5. FACTORS AFFECTING PROJECT DEVELOPMENT AND OUTCOME IN CASE-STUDY VILLAGES
 

The principal objective of the Water-Control Studies was to determine
 
which critical factors have lead 
 to the success or failure of non-pump

water-cont-olled rice development interventions in The Gambia. To fulfill
 
this objective, case study villages were selected 
in each project area.

In-depth investigations of the farming system in general, the rice subsector 
in particular, and the effects of the project at syLhe,,, wer'e carried 
out in each village during the 1986-87 farming season. Detailed resource
 
allocation data collected in case-study households within those villages
contriouteu further insight into these variables. Through these studies, key 
factors which affected project development and outVome were identified. This

section summarizes the findings for each village.' 0 Then, in Section 7, the
collective experiences of all projects are brought together to examine the 
implications of identified critical factors for 
the design of future project
 
interventions.
 

The factors which emerged from the case studies fall into several
 
categories. Some factors, though critical the outcome of the
to project, were

natural events which could not have been controlled. Others were related to 
the technical design/construction of the project structures themselves. Still

others concerned the village participants and/or their interaction with the 
projects. The 
factors are presented below as they manifested themselves in
 
each village.
 

5.1 SWrU Case Study Villages
 

Beeta and Sintet, both in Western Division, were selected as the SWMU case
 
study villages. SWI.U had completed structures in both villages in 1985 giving

each village one year's experience with the project before the study was
case 

conducted. In addition, new water retention dikes were constructed in 1986 
and were used for the first time during the study period.
 

Beeta
 

Beeta is a small Jola village located ir the Foni Brefet District. Its 
rice-growing area (see map, Figure A-l, Annex A), totalling approximately 20
 
hectares, lies at the source of a narrow drainage way for which direct

rainfall and surface runoff are the only sources of moisture. As is true for
 
many villages in the Fonis, rice cultivation patterns have radically changed

with the marked reduction in rainfall levels. Beeta farmers have a history of
 

18 The complete case study analyses are presented in Annexes A through D of 
this report. In this chapter, only those elements of the case studies which 
are essential to understanding the rationale for identifying each key
development factor are presented. 
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attempting to improve their deteriorating rice land. Having abandoned their
 
fields to drought in the early 1970s, they agreed to return to the rice land
and test an early-maturing rice variety introduced 
to them by the Department
 
of Agriculture. The use of animal traction for 
seeding began at that time in
 
an attempt to establish the crop as quickly as possible. 
 Nevertheless, yields
 
were erratic at best. The villagers tried to build water retention dikes on

their own 
and, when they failed, contacted the Area Council for technical
 
advice. One dike was constructed 
as a result. Still dissatisfied, Beeta
farmers sought 
assistance from SWHU, which assisted with the construction of
 
two water retention dikes 
in 1985 and two in 1986. The total diked area is
 
approximately 12 hectares.
 

The following factors were identified as having influenced the development
 
and outcome of the SWMIU program in Beeta:
 

1. Risk of rainfall variability - During the 1985 rice growing season,
 
the first year that the SWM structures were in place, farmers 
reported an excellent harvest. Water remained ponded behind the
 
dikes through much of that season, only drying out after the
 
rice plants had fully matured. In 1986, at no time was standing

water visible behind 
the dikes and yields were disappointingly

low; 

19 
the average yield of case study households in the project
 

area was 94 kg/ha. Although total rainfall recorded -or the
 
season was 644 mm, the distribution was very irregular.
 

Farmers had apparently considered the risk to 
 be much
 
reduced, if not eliminated as a result of the dikes. In
anticipation of yields on project fields equal 
to those of 1985,
 
farmers planted even larger areas than they had 
in that year.

When the dikes did not fill as expected, suppressing weed
 
growth, many farmers could not effectively weed the planted
 
areas. As 
a result, many fields were abandoned mid-season and
 
produced no grain. On the other 
hand, had the dikes filled,

weed growth would have been suppressed, and yields on the

improved land might have been closer to 
its productive potential.
 

2. Production resource allocation to 
improved rice land vis-a-vis 
control of produce - Women are the primary cultivators of ricein Beeta. All rice fields in the case 
study households were
 
grown for family consumption, meaning that the had no
women 

control over the produce. Furthermore, the resource allocation
 
data of the case study households showed that, apart from female
labor, the only input allocated to rice production was animal
 
traction for planting, amounting to less than 8% of total animal

traction time in these households. No fields were allocated
 
chemical fertilizer and only one field benefited from hired
 

women not
labor. Since do control the produce, nor the
 
allocation of animal traction 
time and fertilizer, any use of
 

19Those fields of case study household 1 classified as lowland rice fields.
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these inputs on the improved rice land must come from the men of
 
the households. Women had little motivation to allocate cash
 
resources for acquiring these inputs since they had no control
 
over the rice they produced.
 

3. 	 Land tenure status of improved rice land - Much of Beeta's rice land
 
is "owned" by one large family--that of the village alkalo (case

study household 1). Before dike construction, many of this
 
household's fields were lent out to other village Families.
 
After dike construction, although borrowers still had access to
 
some land, the total area cultivated by them was less than in
 
previous years, particularly in those areas directly benefited
 
by the dikes. The additional area planted by some farmers
 
(described above) was in many cases land which was reclaimed
 
from borrowers.
 

4. 	 Siltation - The rice growing area is bisected by a road from the
 
village that leads to Casamance. For years, this road has
 
essentially acted as an erosion gully. Where the road passes
 
through the rice area, sand deposits are deep and these plots
 
are not suitable for rice cultivation. By constructing a series
 
of contour berms on the uplands, SWMU tried to divert some of 
the rainwater runoff away from the road. They also advised the 
women not 	 to plant in that area until the village was willing to 
adopt more radical upland conservation measures entailing either
 
diverting the road or buildinu a permanent dike across it.
 
Women who planted in this area despite SWMU's advice had their
 
plants buried in sand and experienced total crop failure.
 

5. 	Motivation of villagers - The spirit of community cooperation in Beeta 
was very strong. Villagers demonstrated a keen interest in the 
project and completed diKe construction with village labor 
provided on a totally voluntary basis. However, SWMU provided
the use of a tractor which greatly simplified the work. Farmers
 
stated that construction would have progre ssed at a much slower
 
rate and enthusiasm dwindled had the tractor not been available.
 

6. 	Availability of appropriate seed varieties - Much of the village's

rice seed had been lost to years of crop failure. In 1985, SWMU
 
initiated a seed loan program in Beeta whereby women were
 
supplied with short-duration seed at the beginning of the season
 
contingent on an agreement to repay the loan in kind upon

harvest. (The repayment rate was 100%.)
 

7. Insect damage - Many rice fields were lost to an infestation of
 
grasshoppers. Had the necessary chemicals and sprayers been
 
available, some of this rice may have been saved.
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Sintet
 

Sintet (in Foni Jarrol) is actually comprised of four separate hamlets,

all of which recognize a single alkalo. The Sintet rice-growing aea (see

map, Figure A-2, Annex A) is located mainly along the floor of a narrow
 
rainwater runoff drainage way (similar 
to that of Beeta) which flows into the
Bintang Bolong. In addition, there is a narrow strip of rice fields running

parallel to the Bolon, much of which is salt-affected. The two areas total

about 108 ha. Unlike in Beeta, the use of animal traction for seeding rice
 
fields is not common.
 

The key factors identified in the SWMU case study at Sintet which had
 
direct bearing on the outcome of the project are as follows:
 

1. 	Construction supervision - The technical design of the first Sintet
 
dike, constructed in 1985, was relatively simple. It was a
 
solid dike with a wide grass spillway around its western end.
 
Dikes 2 and 3 were somewhat more complex and were not

constructed according to design specifications. Dike 2 was not
 
extended 
as far south as was called for in the design. As a
result, 
more water was channeled into Dike 3 than the structure
 
could hold. It broke 
several times during the growing season
 
causing serious damage to the rice crop. Many 
fields behind
 
this dike had to be replanted.
 

2. Extension follow-up -
A serious gap in communication occurred between
 
the project and Sintet farmers concerning post-construction crop

husbandry. After the construction of Dikes 2 and 3, SWMU
 
explained the expected changes in the water regime of the rice
fields. SWIiU warned farmers that they should transplant their
 
rice instead of direct seeding to prevent drowning of the young

plants. 	 Farmers did not heed this 
advice and, as predicted,
 
many plots were destroyed. Having to replant many of the
 
affected fields resulted in yield levels far below expectation.
 

3. Design of the dike - None of the dikes in Sintet were equipped with
 
sluice gates. Had gates been in place, farmers would have been
 
able to drain the flooded areas, thus mitigating the problem

discussed above (factor 2).
 

4. Understanding of pre-project land tenure situation 
- New anti
salinity dikes and water retention structures were being

constructed at the close of the case study period. Some of the

laborers were from surrounding villages and were participating

in dike construction in anticipation of being allocated land
 
there. Apparently, one section of the newly improved land was
 
unclaimed and could thus be distributed among those
participating in dike construction. Should this impression
 
prove false and the rightful land holder refuses to redistribute
 
his land, the project will be faced with a serious crisis.
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However, the district chief confirmed that there is indeed some
 
unclaimed land and the laborers are 
confident that this land
will be equitably distributed. Whatever the outcome, 
 the
 
potential for a land tenure dispute could easily be 
averted

the land tenure status of project-affected 

if
 
rice lands was
 

clearly understood before project initiation.
 

5. Motivation of villagers -
The villagers initially demonstrated a keen
 
interest in the on
project by working construction despite the
 
lack of compensation. 
 A village watershed management committee
 
had been organized and, under the dynamic leadership of its
 
chairman, village participation was strong.
 

6. Food-for-work -
Farmers completed the construction of Dike 1 on 
a
 
completely voluntary basis--without compensation. However, the
 
Department of Community Development (DCD) approached SWMU after
 
the an to
fact with offer compensate all construction

participants with retroactive food-for-work. SWMU accepted theoffer but informed the villagers that it was from DCD and not 
SWMU. Despite that disclaimer, when the time came to construct 
Dike 2, many workers volunteered only in anticipation of
 
add'tional food aid. When the compensation was no longer

available, SWMU had to re-motivate farmers to work on a purely

self-help basis.
 

7. Resource allocation to improved rice land - As in Beeta, all rice
 
fields in the case study households were grown for family

consumption, meaning that the women had control
no over the
 
produce. No fields 
in these households were allocated animal
traction or chemical fertilizer 
and only one field benefited
 
from hired labor. Women had little motivation to allocate cash
 
resources for acquiring these inputs since they had control
no 

over the rice they produced.
 

5.2 GTZ/DWR Case Study Villages
 

The two GTZ/DWR case study villages, Bulock and Bwiam, are relatively

large with populations of approximately 1200 and 1600 respectively. 
They were
chosen to 
 represent GTZ experience to date with anti-salinity dikes and
 
contour bunding. Dobong, 
a small village near Bwiam, has a rice-growing area
 
very similar to not yet
that of Bwiam, but has constructed dikes. It served
 
as a without-project comparison for Bwiam.
 

Bulock
 

The Bulock watershed is a long, narrow drainage way which channels water
 
irto the brackish Bulock Bolon. The village's riceland (see map, Figure B-1,
Annex B), all rainfed, is scattered along the length of this drainage way and

contains some salt-affected areas at the downstream end.
 

The key factors affecting project outcome in Bulock 
are outlined below.
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1. Management of sluice gate - The anti-salinity dike constructed toward
 
the lower end of the watershed, was equipped with two sluice 
gates. They were opened after the first heavy rains to allow 
the runoff water to flush the salt deposits of previous years
from the newly protected soils. The gates were then closed to 
keep the 	salt out as well as to trap the runoff. However,

standing water did not remain behind the dike long enough for 
all women to realize good yields. Because the decline in the 
water level behind the dike was so sudden, some women believe
 
their rice failed because the sluice gate was opened without 
authorization. To date, no provisions have been made by the
 
villagers 	to ensure the timely opening, closing, and 
maintenance
 
of the sluice gate. 

2. Village expectations for post-construction rice land distribution 
-

Work began in earnest on the first anti-salinity dike as large

numbers of villagers turned out to clear trees and stumps from 
the dike 	site. Both land owners, land users, and landless
 
farmers participated enthusiastically. This enthusiasm was 
short-lived, however. The work 
force had 	assumed that after the

completion of the construction, all rice land affected by the
 
dike would be redistributed to all participating workers. The
 
people were informed that the project had no mandate to
 
redistribute land and with this news, less than one third of the 
original work force turned out to complete the clearing. Even 
fewer participated in the construction. 

3. 	 Cash incentive - Those villagers who did eventually participate in the
 
construction worked primarily to 
earn wages, not out of interest
 
in rice land development. Had GTZ not paid a cash incentive, it
 
seems apparent that the anti-salinity dikes would not have been 
completed. On the other hand, the situation was different with 
the construction of contour bunds at the top of the watershed.
This area is owned by a very cohesive ward within the village. 
Construction was done with a community spirit although the
 
standard project cash incentives were given to these laborers 
as
 
well.
 

4. Technical design of structures - The design of one of the anti
salinity dikes was inappropriate. This dike ran parallel to a 
saline waterway and was meant to protect the narrow band of rice
 
fields behind it from further salt intrusion. But the dike was
 
not equipped with a sluice gate. Consequently, there was no
 
outlet for the first runoff water into which salt deposits from
 
previous years had been dissolved. The discouraging citcome was
 
that the dike had actually made the situation worse. Whereas 
before the dike was in place, all runoff water would carry
 
residual salt deposits away, the dike allowed brackish water 
to
 
remain standing on the soils. When women realized 
the problem,

they broke a channel through the dike but could not prevent a 
near total failure of the rice crop.
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5. 	 Timing of construction - Construction of the contour bunds on the 
upper watershed started late in dry season and thethe 	 rains came before the structures could be completed. The site became 
inaccessible either because of cultivation or mud and the

construction team not in to build thecould move intended 
spillways. Consequently, the three bunds constructed without 
the spillways washed out. 

6. Availability of appropriatu 
seed varieties - Without GTZ assistance 
in procuring early-maturing Peking seed, only medium- and
 
long-duration varieties would have been 
available 	for planting.
These would not have reached maturity given the rainfall levels 
of 1986-87.
 

7. Input availability to individual farmers -
Of all the fields

cultivated by the Bulock case study households, one stands out 
as having the best yield. This had access tofield 	 animal 
traction for planting and weeding, allowing the farmer to be 
more timely with husbandry operations than any of the other 
farmers. (This field was in fact the only Bulock case studyfield on which animal traction was used for any operation other 
than planting.) As in Beeta and Sintet, women in the Bulock 
case study households had no control over the produce from their 
rice fields as all fields were grown for family consumption.
For this 	 reason, in Bulock as well, women had no incentive to 
allocate cash for acquiring production inputs for rice fields.
 

8. 	Soil quality - The soils of the upper watershed are very sandy and any
impounded water percolates into the soil and under the dikes.The improvements to the land provided by water-retention
 
structures was limited.
 

Bwiam
 

Unlike the Bulock watershed which is long and narrow, that of Bwiam is 
relatively short and wide (see map, Figure B-2, B).
Annex Consequently, the
interface 	 between productive rice land and the salt-affected barren flats is 
also much wider than that of Bulock. Women have traditionally built small
 
bunds on their rice plots to keep the salt out as well 
as to trap runoff water.
 

The key factors affecting project outcome in Bwiam were as follows:
 

I. 	Environmental variability - At the stage when much of the area was
 
planted and the seed had germinated, Bwiam was hit by the

heaviest rain in living memory. Runoff water rushing through

the drainage way over-topped the present Banjul-Soma road and
 
part of it was washed out. The flood also destroyed a bridge
before finally over-topping and breaking the GTZ anti-salinity

dike. All of the planted rice was washed away and deep pools of
 
water were left in the flood's wake. Farmers replanted some of
 
the fields; others were transplanted and the remainder were
 
abandoned.
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2. 	 Design parameters of structures - To keep required labor to an
 
acceptable level, the structure was not designed for 
maximum
 
flood levels. The larger dike would indeed have required much
 
more labor for construction. On the other hand, the
 
consequences of the crop losses experienced by farmers were
 
far-reaching.
 

3. 	 Maintenance cf structures - After the dike was destroyed by the flood,
 
it was difficult to mobilize the village labor force again to
 
repair the damage. At that stage, almost no borruwers were
 
willing to participate in rebuilding the dike.
 

4. 	 Farmers' risk management strategies - The project's extension
 
agronomist spent considerable time convincing farmers plant
to

early so as to improve the chances of adequate moisture at the
 
end of the growing season. Ironically, those farmers who failed
 
to heed this advice, choosing to wait until the rains became
 
more regular, did better in 1986. Farmers who planted early had
 
to begin anew when the disastrous flood washed away their new
 
seedlings. Late planters were unaffected by the flood. This
 
factor is directly linked to the risk implications of the
 
selected dike design parameters.
 

5. 	 Resource allocation to improved rice land - The system of resource
 
allocation in Bwiam/Dobong was nearly identical that
to 

described 	for Beeta, Sintet, and Bulock. 
 In the case study
 
households, few production resources, apart from female 
labor,
 
were allocated to rice. Male household members control the
 
allocation of animal traction and fertilizer. Since the women
 
had no control over the produce from the rice fields, they had
 
no incentive to allocate cash resources to acquire these inputs.
 

6. Land 	tenure status of project-affected land - Bwiam's rice growing
 
area is actually shared with a neighboring village, Santangba.

This small village has a limited number of farmers and Bwiam
 
borrows much of their land. Dike construction began at Bwiam's
 
side of the rice land and Santangba farmers assisted
 
throughout. But when the dike reached the point where its
 
additional length would affect only Santangba's rice land, the
 
Bwiam laborers stopped assisting in the work. Santangba let it
 
be known that if Bwiam did not help in the construction of their 
dike, none of the improved land would be lent to them. The
Bwiam laborers returned to the work site and stayed through the 
completion of the dike.
 

7. Availability of appropriate seed varieties 
- Some women in Dobong had
 
very low yields or total crop failure because only traditional
 
medium- or long-duration rice varieties were available to them.
 
In Bwiam, the project provided early-maturing Peking seed to
 
farmers.
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5.3 FFHC 	Case Study Village
 

Dankunku
 

The tidal swamp of the Niamina Dankunku District of MID is a vast expanse

of land alternating between fresh and saline flooding during the course of a
 
year. The village of Dankunku has its rice fields in this swamp (see map,

Figure C-l, Annex C). Although the swamp was once fresh year round, much of
 
the area on the fringes of the tide's lateral reach is now lost to 
salt.
 

The village has a long history of infrastructural development to improve
 
access to the swamp area. A series 
of access roads and causeways were
 
constructed between 1935 and 1945 under the strict supervision of the 
chief
 
and with technical assistance from the Colonial Development Office at
 
Georgetown. 
 The Taiwarese Rice Mission introduced double-cropped pump

irrigation i,:t',the area 
in 1966. However, these perimeters were the first
 
casualty of salt water intrusion, and were abandoned after only one year. 
 The
 
rice lands closest to the river, where freshwater tides completely flush out
 
salt deposits left during the dry season, 
are now the most productive rice
 
lands in the village.
 

Several factors were 
 identified through the case study investigations

which had direct bearing on the outcome of the 
FFHC project in Dankunku. They
 
are described below.
 

1. Influence of village leader - The chief of Dankunku was 
instrumental
 
in seeking assistance from FFHC. Having visited existing
an

FFHC site at Bureng, he was highly impressed not only with the 
infrastructural works, but also with the food-for-work

incentives offered by the project. Once initiated, the chief 
was also 	influential in seeing the work through to completion.
 

2. Food-for-work incentives 
- In the early stages of the Dankunku
 
construction 
work, when incentives were paid on a time-worked
 
basis, progress was very slow. 
 This was 	partly because of the
 
poor turnout of laborers willing to accept the low pay and
 
partly because there was no added incentive for working
 
quickly. When FFHC changed its payment system from time work 
to

piece work, the work pace quickened. Had there not been
 
incentives for village workers participating in the construction
 
work, it seems clear that the would not have
work 	 been
 
completed. On the other hand, it is equally clear that the work
 
was more efficiently done as a result of these payments.
 

3. 	 Understanding of pre-project rice land use and labor availability
before project initiation - The project improved more hectarage 
with infrastructural works than the village has thus Far 
utilized. Because the village labor force was willing to work
 
for as long as incentive payments were available, the area they

opened up was unrelated to their needs for additional land.
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4. Saline intrusion - As has been the case in Dankunku for many years,
 
rice fields further away from the river are adversely affected
by salt. Although the project cannot influence the situation, 
it still affects the outcome of the project in that crops may 
fail despite improved access. 

5. Seed varieties available -
Most of the seed varieties available in
 
Dankunku are of 4-5 month duration have been used
and for
 
generations. Those sections of the rice-growing area closest to

the river benefit from fresh water tidal flooding for more than
 
half of the year. if women were interested, ratoon or even 
double cropping could be practiced if shorter duration varieties
 
were introduced.
 

5.4 Jahaly-Pacharr Case Study Village
 

Over sixty villages have land in the Jahaly-Pacharr Project area. Some
 
villages are among the original tillers of the land while others are new to
the swamp and even to rice cultivation itself. Nevertheless, the original
tillers were illocated all the pump-irrigated plots and a large proportion of 
the "imprrveJ rainfed" areas. 

Farabi 

The Faraba farmers, being among the original tillers of the Pacharr swamp,
 
were allocated both pump-irrigated and improved rainfed plots by the project.
 

Several key factors emerged as affecting the outcome of the tidal
 
irrigation component of the project. They are described below.
 

1. Method of production credit allocation 
- All plots in the project
 
pump, tidal, and rainfed areas are tractor plowed before each 
season and farmers are charged for this service upon harvest.
 
Since farmers do not have a choice as to whether or not to take 
a loan for land preparation, important decisions of resource 
allocation are essentially being decided for them by the 
project. The only choice left to the farmer is whether to 
cultivate with a loan or not cultivate at all. Nevertheless,
the project is faced with farmers who make a third 
choice--to
 
cultivate with a loan and refuse to repay.
 

2. Technical efficiency of water distribution system - This factor is
 
closely related to the previous and subsequent factors. The

tidal irrigation scheme, with its sophisticated infrastructure,
 
has reduced the risk involved in rice production. But risk has
 
not been eliminated in the tidal irrigation areas as it 
essentially has been in the puh'p areas. Therefore, farmers are
continuously balancing their res;,,rce allocations to take this 
fact into account. Choices between traditional rice and project
tidal rice involve the trade offs in yield versus the loan 
repayment required for project land. 
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3. Competition for resources between project and traditional farming 
-

The project requires farmers to keep to a very regimented

schedule for project rice production. During the dry season,
 
when there is little competition for their labor, this schedule
 
does not appear to cause serious conflicts. The rainy season
 
crop, however, competes directly with traditional upland cereal
 
and swamp rice cultivation for resources, particularly labor.
 
In light of factors 1 and 2, female rice farmers often gave

higher priority to their traditional ("tesito") tidal and
 
rainfed rice fields. Although they, like the project tidal
 
plots, have an element of risk, they do not have a loan attached
 
to them and are the women's own source of income.
 

This section has highlighted those factors which influenced project

development and outcome in the case study villages. After presenting the
economic analysis of each project in the following section, the collective 
experiences of all projects are compiled into a set of critical factors which 
will likely affect the outcome of future projects.
 

6. ECONOMIC ANALYSES20
 

The objective of the following cost-benefit analyses is to assess the
 
economic returns 
 to investment in riceland development for the different
 
projects considered in this study. Having highlighted in Section 5 the
 
factors which have affected program development and outcome in the case study

village,, the economic 
analyses of each project will provide an additional
 
factor which government policy makers and donors can use in defining 
a
 
feasible rice development strategy. A separate analysis has been undertaken,

using a standardized format, for each of the following projects:
 

- Soil and Water Management Unit (SWM1U) - Water-Controlled Rice 

Production
 

- GTZ/DWR Rainfed Rice Improvement - Water-Controlled Rice Production
 

-
Freedom From Hunger Campaign (FFHC) Swamp Rice Development
 
Improved Access
 

Although the standardized format facilitates comparison of cost and returns,
 
it must be stressed that each 
project addresses the production constraints of
 
a particular ecology. Each must therefore be 
considered on its own merits,
 
not as a possible alternative for another. For Jahally-Pacharr, the
 
cost-benefit analysis carried out by Euroconsult on 
behalf of the Ministry of
 
Agriculture is used.
 

In common with all analytical tools, cost-benefit analysis has
 
limitations. 
 It depends heavily on the accuracy of the information used and

the validity of the assumptions made. In order to be realistic, analysis has
 

20The economic analyses were prepared by Petra Mueller-Glodde and Duncan
 
Boughton.
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been conducted for the range of cost levels and production increases that a
 
project might experience. These are discussed in detail below. 
 A further
limitation is the 	 valuaticn project and
strictly economic of costs benefits
 
used in the analyses. These may not accurately reflect the value government
 
or donors attach to increased food production security in rural areas, or the
 
local sustainability of project designs. It should also 
be 	pointed out that

social implications of the projects, 
and their income distribution effects
 
have not been considered in this analysis.
 

61 Estimation of Project Costs
 

For each project, three types of costs are incurred. These are:
 

- initial land development costs;
 
- recurrent costs of maintaining structures; and
 
- incremental costs of rice production.
 

The first two types are discussed below and the third will be considered
 
together with the estimation of project benefits.
 

Initial land development costs
 

In all three project cases, the total riceland area brought under
 
development in a given year 
is made up of a number of smaller schemes that
 
vary in size. For example, in the case of SWMU a total 
of 89 hectares was
 
improved during 1986 in 14 schemes. Unfortunately, it is not possible for any

of the projects, at present, to calculate development costs on a per scheme
 
basis. Only the total costs 
in a given year can be determined. Rather than

opting for the "model scheme" approach, which would be hypothetical, the

cost-benefit analyses have been carried out on 
a per hectare basis.
 

The average development costs per hectare are determined for each 
project
 
by summing all development costs incurred during 1986, divided by the total
 
area improved in the same period. These include
costs technical assistance,

national staff, office costs, vehicles, fuel, equipment, construction

materials, and village labor. A detailed breakdown for each project appears
in Annex F and a summary in the tables economic analysis 6.1 6.3. Foreign

exchange costs, such as technical assistance, are converted into dalasis at
 
the average exchange 
rate during 1986, following the floatation of the dalasi
 
in January. 21 Vehicles and fuel are costed free of import duty and tax.
 

Because villagers can derive income from activities such as vegetable

gardening or house building during the dry season, when 
land development takes
 
place, the opportunity cost of labor used in construction must be included in

the economic analysis. This is estimated to be D2.50 per man-day, 45% of the
 
average daily wage during the growing season when income earning activities
 
are more abundant and the demand for laborers is high.
 

21 	1 US Dollar = D6.50
 

1 Pound Sterling = D9.45
 
1 DMI 	 = D3.00
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Table 6.1
 

ECONOMIC ANALYSIS OF WATERCONITROLLED RICE PRODIUCTIN-
SOIL iNDWTER 1MxC[ET UNIT (SWtl) 

YEAR 2 3 4 5 6. 7. 8 9 .10 
INCREMENTfAL RICE OUTPUT 

ICR. YIELD/Ii (ton/ha) SCENPRIO 1 0.50 1.00 I.jo 1.90 1.90 1.90 1.90 1.90 1.90 1.90 
ICR. YIELD/tin (ton/ha) SCENARIO 2 0.50 1.00 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 
ICR. YIELD/IHl (ton/haJ SCENlARIO 3 0.50 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90, 0.90 

[ l 1029.00 1140.00 1202. Cr 1278.00 1348.00 1346.00 1345.00 1341.00 .. 1333.00/TO 1337.00 


TOTAL INC. INCOME/Ila SCENA'RIO 1 515.00 1140.00 1803.00 2428.00 2561.00 2557.00 2556.00 2548.00 2540.00 2533.00 
TOTL INC. INCXOIE/Ha SCEMRIO 2 515.00 1140.00 1683.00 1789.00 1887.00 1884.00 1883.00 1877.00 1872.00 186.00 
TOTAL INC. INCW/EIa SCENARIO 3 515.00 1026.00 1082.00 1150.00 1213.00 1211.00 1211.00 1207.00 1203.00 1200.00 
INCRE TAL PRODUCTII(I C1STS/Ila (I.P.C.) 

LABOR 371.00 371.00 371.00 371.00 371.00 371.00 371.00 371.00 371.00 371.00
 
SEED 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
 

TOTAL INCREMENTAL PRODUCTION £OSTS/Ha 395.00 395.00 395.00 395.00 395.00 395.00 395.00 395.00 395.00 39.00
 
PROJECT COSTS/Ila
 
TECH fSSISTAICE (T.A.) 2805.00
 
OFFICE COSTS 90.00
 
STAFF COSTS 369.0
 
VEHICLES 911.00
 
TRACTOR 406.00
 
TRUCK 0.00
 
FLrL 192.00
 

UnZSTRUJ1T!91 rATERIMLS 0.00 
VILLAGC LL.R 470.00 

1.0 1I1. PROJECT COSTS (T.P.C. 5353.00 

1.v (.P.'. WI1H PAID vILLFiGE L;+O-D 4883.00 
3.0 T.P.C. WITIRJT T.A. 2548.00 
4.0 T.P.C. WITH DECRfESING OIVEIF.D (D.O.2 3125.00 
5.0 T.P.C. WITH D.O. AWITIOUT T.A. 1722.00 

Mlf1INTICE COSTS/Ha 0.00 188.0 94.00 94.00 94.00 94.00 94.00 94.00 94.00 94.00 
MA1NhEINVNCE WITHl D.O. COSTS/Ila 0.00 110.00 55.00 55.00 55.D0 55.00 55.00 55.00 55.00 55.00 

10YEARS 

2.0 T.P.C. WITH T.P.C. WITH D.0. 
1.0 T.P,C. PAYED VILLAGE LADOR 3.0 T.P.C. WITIIIUT T.fA. 4.0 T.P.C. WITH D.O. WITHOUT A.A?1D T. 

NPV @ 15% 1 2305.97 2714.6b 4745.10 4434.67 5654.67 
NPV @ 15% 2 408.55 817.24 2847.68 2537.24 3757.24
 
NP @ 15% 3 -1890.68 -1481.98 548.45 238.02 1458.02
 

IRR I 26% 299 54% 46% 78% 
IRR 2 17% 20% 42% 36% 65% 
IRA 3 3% 5% 21% 17% 39% 
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Table 6.2 

ECONOMIC ANIPLYSIS OFWATER - LOJ:RILLED RICE PRODUCTION 
GTZ/DWR RAJI'FED RICE IMlROVEMLNI PROJECT 

YEAR 1 2 3 4 5 6 7 B 9 10 
INCREMENTAL RICE OUTPUT 

ICR. 
ICR. 
ICR. 

YIELD/HP (ton/ha) SCENARIOI1 
YIELD/IA (ton/ha) SCENARIO 2 
YIELD/HA (ton/ha) SCENARIO 3 

0.50 
0.50 
0.50 

1.00 
1.00 
0.90 

1.50 
1.40 
0.90 

1.90 
1.40 
0.90 

1.90 
1.4u 
0.90 

1.90 
1.40 
0.90 

1.90 
1.40 
0.90 

1.90 
1.40 
0.90 

1.90 
1.40 
0.90 

1.90 
1.40 
0.90 

D ./TON 102.00 1140.00 1202.00 1278.00 1348.00 1346.00 1345.00 1341.00 1337.00 1333,00 

TOTAL INC. 
TOTAL INC. 
TOTA INC. 

lIOME/Ha SCENARIO I 
INCOME/Ha SCE)ARIO 2 
INCDW/Ha SCENARIO 3 

515.00 
515.00 
515.00 

1140.00 
2140.00 
1026.00 

1803.00 
1683.00 
1082.00 

2428.00 
1789.00 
1150.00 

2562.00 
1887.00 
1213.00 

2557.00 
1884.00 
1211.00 

2556.00 
1883.00 
1211.00 

254B.00 
1877.00 
1207.00 

2540.00 
I872.00 
1203.00 

223.00 
IB66.00 
1200.00 

INCREMENTAL PRODUCTIO COSIS/Ila (1,P.C.I 

L90. 
SEED 

371.00 
24.00 

371.00 
24.00 

371.00 
24.00 

371.(0 
24.00 

371.00 
24.00 

371.00 
24.00 

371.00 
24.00 

371.00 
24.00 

371.00 
24.00 

371.00 
24.00 

TOTAL INCREMIENTAL PRODUCTION COSTS/Ila 395.00 395.00 395.00 395. 00 235,00 395.00 395.00 395.00 395.00 395.00 
PROJECT COSTS/Ha 
TECH ASSISTANCE (T.Af.) 3184.00 
OFFICE COSTS 64.00 
STAFF COSTS 460.00 
VEHICLES 694.00 
TRACTOR 127.00 
TPUCK 98.00 
FUEL 155.0 
EGUIPMENT 216.00
 
COISTRUCTION YATERIALS 253.00
 
VILLAGE LABOR 
 275.00
 

1.0 TOTAL PROJECT COSTS (T.P.C.) 5526.00 

E.U I. .L. WIlri I-AII' VILLAUL LAUh 5579.00 
3.0 T.P.C. WITHOUT TA. 
 2342.00
 
4.0 T.P.C, WIlH DECPEASING OVERHE-nD 389.00(D.C.) 

5.0 1.P.C. WITH D.O. I WITHOUT T.A. I297.00 

MAINTENANCE COSTS/Ha 0.00 153.00 77.00 77.00 
 77.00 77.00 77.00 77.00 77.00 77.00MflINTEfaCE WITH D.0. COSTS/Ha 0.00 92.00 46.00 46.00 46.00 46.00 46.00 46.00 46.00 46.00 

10 ER
 

1.0 r.P.C. 
 2.0 T.P.C. WITH 3.0 T.P.C. WInIOUT r.1. 4.0 I.P.C. WITH D.D. 
 5.0 T.P.C. WITH D.0
 
PmYED VII.L!IGE LAPOR AND WITHOUT T.A. 

NI'V @ 15% 1 .3.60 2 3.59 5008.78 
 4"336.2 5720.55
NOV 1 15% 2 ,3'.Z.. 17 3110.95 
 2428.78 
 023.13IJPV @15% 3 -19S6.3G -,0o' u5 811.73 139.56 1523.'2 
IRR I Z%'5 . y 41#X 
 79.
1112 IIX 
 17% 47% 
 349 67%

IRR 3 3% 2% 25% 16% 40% 
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Tarle 6.3 

ECMOC~i A-NAL.YSISOF SWMP RICE DEIPE~tFNI 

(IPYRU'ED PCCESS) 
FREEFDOFRIM HUGER Cfl IGN (I(M I 

YE1R 	 1 2 3 4 5 6 7 8 9 10 

INCR.E1£NTAlL RICE OUTPIT 
ICI?. YIELD/rn (ton/hal SCENARIO 1 0.-0 1.00 1.-0 1.90 1.90 1.30 1.90 1.90 1.30 1. 0 
ICR. YIEU/M (ton/hal SCF-2IIRIO 2 0.0 - 1.00 1.0 .40 1.0 I.%0 1. 1.40 ,00iO 1. w 
ICR. YIED/Hq Itoniha( SC)JRIU 3 0.50 0.90 0.90 0.90 0.70 0.90 0.90 0.9Q0 0.00 0.90 

0 /T0I 10.00 1140.00 I.02.0 1278.00 38. DO 13,%6.0 1345.00 1341.00 137.00 1333.00 

TOTqL INC. INCC"Eia SCENRI0 I 515.00 1140.00 1303.00 242.00 2 61.00 257.00 2556.00 548.00 240.00 2< 3.00 
ITOiL INC. NCr iEHa SEUF2RIU 2 51...0 1140.-)0 16L3, 1789.00 18.,30 1884.00 1 83.3,0 1877.00 1872.00 1566.00 
1IPL INC. lNCCL 3 51t. w) 102-0.0 18K. 00 11 0. 00 12!2.00 1211.00 1211.00 1207.00 1203.00 1200.30M.Ita ECENARIO 

VPRIA T1(*I FROMTOT'L INC. INCGI);la .KENJ1TIO 3 

TOT;,^.INC. I ", (-!C0.1 464..20 922.3J 974.0 10 ... -10 1:?. 'O To0'.:3 107).3) ICS. 3 10 .00 IC0.) co 
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The impact on project economic returns of potential reductions in per

hectare overhead costs as a result of experience gained in the pilot phase, or
 
higher village labor 
 costs (for example where financial incentives are
 
provided), is assessed through sensitivity analysis which is discussed in
 
Section 6.3.
 

Maintenance costs
 

The structures put in place during land development, which have an
 
expected life of at least ten years, will 
require periodic maintenance. For

the first year, after construction, during which time any defects are most

likely to become apparent, a provision of 10% of key cost items (staff,

vehicles, tractor, 
truck, fuel) is made. For the succeeding years, allowance
 
is made for a- average annual maintenance cost of 5%.
 

6.2 Estimation of Project Benefits and Incremental Costs of Rice Production
 

Project benefits
 

Project benefits are determined by the quantity of additional rice
 
produced as a result of land development and its economic value. The increase

in rice oroduction is determined by the 
yield gain per hectare and the area
 
over which it is obtained. These parameters will be discussed in turn.
Because any benefits of improved food security as 
a result of the reduction of
 
risks associated with rainfed rice production (drought stress in particular)
 
are difficult to assess, no attempt has been made to value it in this analysis.
 

The experience of the projects 
shows that an expansin of the area
 
cultivated is to be expected following land development.- Although the
 
projects have not sought to measure 
the area cultivated before construction,

their staffs consider an assumption that 75% of the area improved 
was
 
cultivated before, and 100% afterwards, to be reasonable and representative.
 

Reliable data on yields per hectare before 
 land development is not
 
available, although 
crop cuts were taken from case study household fields in 
both improved and unimproved areas in 1986 (see Annexes A - D). In order to
offset this weakness in the data base, economic returns for each project have
 
been determined over a range of per hectare 
yield gains or increments. The
 
best 
estimate of yield per hectare before developments is 0.8 t/ha. Taking

account of the fact that 
 only 75% of the area was cultivated before
development the average 
yield per hectare over the whole area subsequently

utilized was 0.6 t/ha.
 

From this baseline three yield scenarios were projected. Scenario 1, the
 
best case, assumes the potential average yield realistically attainable with
 
existing technology of 2.5 
t/ha is achieved. This represents an increment of
 
1.9 t/ha. Scenario 3, the worst case, assumes a rather conservative yield of
 

22The case of FFHC differs from the others in this regard and the
 
implications are considered in Section 6.4.
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only 1.5 t/ha, an increment of 0.9 t/h a. Scenario 2 represents a 
mid-point between the two. 
 These are summarized in Table 6.4.
 

Table 6.4
 
Project Yield Scenarios for Economic Analyses
 

Yield without Yield with Yield
 
project (t/ha) project (t/ha) increment (t/ha)
 
(75a X 10.85
 

Scenario 1 0.6 2.5Scenario 2 1.9
0.6 2.0 1.4
 
Scenario 3 0.6 1.5 
 0.9
 

Yield increments are not assumed to be achieved immediately but at a maximum 
rate of 0.5 tons per hectare per year. Thus the full yield increment for 
scenario 1 is achieved only in year 4, and that for scenario 3 in year 2.
 

As a precaution against potential production risks, scenario 3 has been 
subjected to sensitivity analysis assess impact economic
to the on returns ofyields falling below this level. Some of the case study experiences -- e.g.,
Beeta, where rainfall distribution was very poor; and Bwiam, where an 
excessive rain ruptured the dike 
-- justify such precautions. 

The economic value of rice 
 is based on World Bank farmgate price

projections (Agricultural Development Project II appraisal report), adjusted

for the average US dollar/dalasi exchange rate in 1986.A
 

Incremental costs of rice production
 

On the vast majority of unimproved rainfed riceland in The Gambia, labor
 
and seed are the only inputs used. Neither the benefits nor the costs of
improved technology are included here in order to assess the economic returns
 
to land development independently from any subsequent investments.
 

Although no new inputs are considered, tiie anticipated expansion of the 
area cultivated from 75% to 100% will require corresponding increases in the 
amount of labor and seed. Using the labor requirement of 27U man-days (given

in Land Resources Study 22) for each hectare cultivated, 25% of thi3 total 
labor requirement is assumed to be the increment required 
to bring 100% of
 
project-affected land into production. This is costed at the average dailywage of D5.50. The increase in total labor allocated to rice is not expected 
to result in a reduction in area or yields of other crops for the following 
reasons:
 

- although the total labor requirement for rice production increases 
with area and yield levels, in the case of SWMU and GTZ, that for the
peak period activity of weeding is reduced as improved water control 
suppresses weed growth. 
 In the case of FFHC time savings are made
 
throughout the season as a result of improved field access;
 

23See Annex F for a copy of these farmgate price projections and adjustments.
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- opportunities exist for hiring additional labor on 
a daily wage basis;
 

- labor supply has shown itself to be elastic in response to
 
opportunities for increased production of priority crops.
 

A corresponding increase in seed has been allowed for, i.e., 25% of the
 
recommended rate of 80 kg/ha at a cost of Dl.20/kg.
 

6.3 	 Project Returns and Sensitivity Analysis
 

Cost-benefit analysis is used to derive two measures of the value of a 
project to the national economy. These are the Internal Rate of Return (IRR)
and the Net Present Value (NPV). 

The IRR is the maximum rate of interest that a project could afford to pay
for the resources used and still break even after recovering the investment
 
and operating costs.
 

The NPV is the present value of the net benefit stream generated by a 
project (calculated by subtracting year-by-year costs from the benefits)discounted at an interest rdte which reflects the opportunity cost of capital 
to the economy. For The Gambia, this discount rate 	 is 15%, the minimum rate 
at which projects will be included in the Public Investment Program.24
 

In the cost-benefit analysis tables, the NPV is given a per hectareon 
basis. This figure must be multiplied by the total area improved to arrive at
the NPV of the project. The relationship between the IRR and the NPV is 
readily apparent. So long as the IRR exceeds the discount rate of 15% the NPV per hectare is positive and indicates an acceptable investment to the Public 
Investment Program under current restraints. If the IRR is lower than 15% the 
NPV per hectare becomes negative.
 

As mentioned earlier these two measures are calculated for each project

under all three 
production scenarios to test the sensitivity of project

economic returns to the level of increase per hectareyield achieved. It is 
also necessary to test the sensitivity of economic returns to possible changes
in project costs. Altogether five project cost structures are examined for 
their impact on IRR and NPV:
 

1.0 	 total project costs with village labor used in construction valued at 
its opportunity cost (T.P.C.); 

2.0 	 total project 
costs with village labor used in construction costed
 
according to the financial incntives or daily wage actu!-lly paid 2 5 

(T.P.C. with paid village labor);
 

24This condition has been re-iterated in the World Bank's Letter of
 
Development Policy, daLed August 1st, 1986.
 

251n 	the case of SWMU no payments were made either in cash or kind.
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3.0 	 total project costs less technical assistance costs (T.P.C. without
T.A. ); 

4.0 	 total project costs less 50% of overhead costs incurred in both
 
development and maintenance (the justification being that once

experience has been gained during a pilot phase more land can be 
brought under development with the same personnel and equipment)
 
(T.P.C. with D.U.);
 

5.0 	 total project costs less technical assistance and 50% of overhead 
costs incurred in dEvelopment and maintenance (T.P.C. with D.O. and 
without T.A.);
 

6.4 	 Results of the Economic Analyses
 

The calculation of Net Present Values and Internal Rates of Return for the 
three yield scenarios and five possible cost structures provides a framework
 
within whi-h project returns can be assessed. For each project a summary
table is presented and discussed, on the basis of 10 years. Additional

sensitivity analysis has been carried out to assess the impact on returns if 
potential risks should pull yields below the level of scenario 3.
 

Economic analysis of SWU Water-Controlled Rice Production
 

For cost structures 1.0 and 2.0 (Total Project Costs with labor valued at
 
opportunity cost and amounts actually paid respectively) the NPV is positive
and IRR greater than 15% for yield scenarios 1 and 2 (Table 6.5). Under 
scenario 3 (yield increment of 0.9 t/ha) the IRR falls to 3% and 5% with 
negative NPVs. To sustain these levels of project cost and remain
 
economically attractive, a yield of 2 t/ha (1.4 t/ha increment) 
is required.
 
Costing village labor required for construction at its opportunity cost, as
 
opposed to the amount actually paid (which was zero for this project), has no
 
significant effect on economic viability.
 

For 	 cost structures 3.0 and 4.0 	 (Total Project Costs without technical 
assistance and with a 50% decrease in overheads respectively) the NPVs are
 
positive for all three yield scenarios. An average yield of 1.5 t/ha

(incremental yield of 0.9 t/ha) is sufficient to result in an attractive 
economic return. The prospect of decreasing overheads (cost structure 4.0) is
 
realistic as the experiences gained during the pilot phase could result in
 
more efficient use of staff and equipment. Cost structure 3.0 is equally

valid as technical assistance is intended to be withdrawn in 1988 
with
 
national staff assuming full responsibility for the program.
 

A general trend can be observed that as project cost structures are
 
decreased, IRRs increase ard the project can remain iable under the lower

yield scenario 3. For the lowest cost structure 5.0 (technical assistance 
excluded together with a 50% reduction in overhead costs) a fall in yields of
 
almost 30% below scenario 3 can be absorbed before the NPV becomes negative.
 
An average yield of 1.3 t/ha (0.i t/ha increment) will provide an acceptable
 
return.
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TABLE 6.5
 
SOIL AND WATER MANAGEMENT UNIT (SWMU)
 

ECONOMIC ANALYSIS OF WATER-CONTROLLED RICE PRODUCTION
 
TEN-YEAR DISCOUNT PERIOD
 

1.0 2.0 3.0 4.0 5.0
 
TOTAL TPC TPC TPC WITH TPC W/O
 

PROJECT WITH PAID WITHOUT DECREASING T.A.,DECR.
 
COSTS (TPC) LABOR TECH.ASST. OVERHEAD OVERHEAD
 

NPV IRR NPV IRR NPV IRR NPV IRR NPV IRR
 

SCENARIO
 
I + 26% + 29% + 54% + 46% + 78%
 

SCENARIO
 
2 + 17% + 20% + 42% + 36% + 65%
 

SCENARIO
 
3- 3% - 5% + 21% + 17% + 39%
 

SCENARIO
 
3 (-10%) - + 15% - 12% + 30%
 

SCENARIO
 
3 (-20%) - - - 9% - + 22%
 

SCENARIO
 
3 (-30%) ..... 13% 
------------------------------------------------- I------
SCENARIO 
3 (-40%) ..... 
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Economic analysis of GTZ/DWR Rainfed Rice Production Project
 

The results for this project (given in Table 6.6) are almost exactly the
 
same as for SWt1U above. There are no changes in the circumstances under which
 
NPVs are positive and IRRs vary by only a few percentage points.
 

Economic analysis of FFHC Swamp Rice Development (improved access)
 

In the case of FFHC, the incentives paid to village workers have resulted
 
in a larger area becoming accessible (by means of footpaths and causeways)
than is actually cultivated by farmers (to date, about 60% of the developed
land is being cultivated). For this analysis, the assumption is made that 80%
 
of the area is cultivated during the first 10 years, iiaplying a 20% reduction 
in benefits.
 

For cost structure 1.0 (Table 6.7), with labor valued at opportunity cost,
 
it can be seen that despite a 20% reduction in benefits below scenario 3, the 
project yields a positive NPV and a healthy IRR of 37%. If the total area 
cultivated does 80%, cost can areach this structure absorb 30% reduction in 
benefits, implying an average yield 
of only 1.23 t/ha (0.63 t/ha increment)
 
and remain economically attractive.
 

When village labor is costed at the value of the incentives given (cost 
structure 2.0), as opposed to its opportunity cost, the project yields a lower
 
IRR at each yield scenario. This reflects the fact that the incentives given
 
are considerably higher than the opportunity cost derived for labor in the dry 
season. Nevertheless, the project remains an attractive investment even if 
production gains should fall 20% below scenario 3. This requires an average
yield of 1.3 t!ha (0.7 t/ha increment). Due to the value of the incentives a 
further 10% fall in benefits would result in a ncgative NPV (IRR 11%). 

If costs of technical assistance are excluded (cost structure 3.0) the 
highest IRRs are achieved for all scenarios. The project can absorb a 40% 
reduction in benefits below the conservative scenario 3 and still yield a 
positive NPV (IRR 17%). Such a reduction implies average yields of 1.14 t/ha
 
(increment 0.54 t/ha). Further reductions would result in a negative NPV.
 

Cost structures assuming a reduction in overheads are not presented

because the scale at which FFHC is already operating, opening in excess of 800
 
ha per year, do not offer scope for further efficiencies in the use of staff 
and equipment.
 

Economic analysis of Jahaly-Pacharr Tidal Irrigation Component
 

A cost benefit analysis of tidal-irrigated rice cultivation under this 
project was carried out in 1986 by Euroconsult. The assumptions used in this
 
study need to be compared briefly with those for the previous three projects.
 

The approach to estimating project development and maintenance costs was
 
similar, although returns were calculated over a 35-year period. Past
 
investments in major infrastructure (including access roads, housing and
 
project buildings, irrigation infrastructure, dikes, canal structures and land
 
levelling) were costed at 1986 prices.
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TABLE 6.6 
GTZ/DWR RAINFED RICE IMPROVEMENT PROJECT 

ECONOMIC ANALYSIS OF WATER-CONTROLLED RICE PRODUCTION 
TEN YEAR DISCOUNT PERIOD
 

1 1.0 1 2.0 1 
 3.0 I 4.0 I 5.0 1 
I TOTAL I TPC I TPC I TPC WITH I TFPC W/O I
 
I PROJECT IWITH PAID I WITHOUT IDECRERSINGI T.A.,DECR.I
 
ICOSTS(TPC) I LABOR I TECH.ASST. I OVERHEAD I OVERHEAD I 
I ......... I . - .... ._.I.-...-... I--------- I
I NPV I IRR I NPV I IRR I NPV I IRR I NPV IRR I M:' I IRR I 

ISCENARIO 
-

I I 
- -

I 
- -

I 
- - -

I I I I I I 
I + 1 25% I + 25% I +I 599 1 +I 44%I + 1 79%1 

SCENARIO I I I I I I I I I I
 
2 I + I 17% I + I 17% I + I 47% I + I 34 I + I 671
 

SCENARIO I I I I 
-

I I I I I I
 
3 I - I 3%I - I 2% I + 1 25% I + 116% I+ 1 40%1 

SCENARIO I I I I I I I I I I 
3 (-10%)I - I I I I I 19% I 111%I + 1 32%1 

------ --- -------..-----

SCENARIO I I I I I I I I I I 
3 (-20X) I - I I - I I -1 12%I-I I 123% 

.....-.-.-.-..---.-. . .. - - --...-------------...-

SCENARIO I I I I I I I 
 I I I 1 
3 (-30%) I - I I - I I - I I - I I -114%I 

I 
SCENARIO I I I I I I I I I 1 1 
3 (-40%)- I I- I I I I I I 

48
 



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

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

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

TABLE 6.7
 

FREEDOM FROM HUNGER CAMPAIGN (FFHC)
 

ECONOMIC ANALYSIS OF SWAMP RICE DEVELOPMENT (IMPROVED A,:CESS)
 
TEN YEAR DISCOUNT PERIOD
 

1 1.0 1 2.0 1 3.0 1
 
1 TOTAL I TPC I TPC I
 

I PROJECT I WITH PAID I WITHOUT I
 
ICOSTS(TPC) I LABOR I TECH.ASST.1
 
I -------- I----------- I----------- I
 

I NPV I IRR I NPV I IRR I NPV I IRR I
 
--------------------------------------- I
 

SCENARIO I I I I I I
 

1 I + 1 88% 1 1 69% 1 1121% 1
 

--------------------------------------- I
 

SCENARIO I I I I I I 1
 

2 1 + 1 75% 1 + 1 57% +1106%.1
 
--------------------------------------- I
 

SCENARIO I I I I I I
 
3 1 + 1 47% 1 + I 33% 1 + 1 69% 1 

--------------------------------------- I 

SCENARIO I I I I I I
 

3 (-10%) 1 + I 37% I + I 26% I + I 55% 1
 
--------------------------------------- I
 

SCENARIO I I I I I I 

3 (-20%) 1 + 1 28% 1 + 1 19% 1 + 1 42% 
I
 

SCENARIO I I I I I I 

3 (-30%) i + 1 18% 1 - 1 11% 1 + 1 30% 1 
I
 

SCENARIO I I 1 1 1 1 

3 (-40%) 1 - 1 9% 1 - I I + 1 17% 1 
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Future yields were projected on the basis of the consultant's present
knowledge of potential yield levels, given proper management and maintenance.These are 4 t/ha ind 5 t/ha in the wet and dry season respectively, with 20%
of the area double cropped. A value of production of DlOOO/ha per year was
assumed 
for the without project situation. Additional inputs necessary 
to

realize these yields (land preparation, small 
 tools, seeds, fertilizer,

threshing and transport) are included in incremental costs of production.
 

World Bank projections were used as a basis for deriving two farmgate
paddy prices:
 

(i) 	 "Low" 
 price: based on a 25% quality discount for local rice
 
vis-a-vis Thai 
5% broken, and a milling efficiency of 60%;
 

(ii) 	"High" price: based on a 15% quality discount for local rice and a 
milling efficiency of 66%. 

The "high" price assumes the establishment of a new, modern, and more
 
efficient mill in the neighborhood of Sapu.
 

The analysis was 
carried out using three exchange rates: lUS dollar = 
07.25, DIO.00, and D15.00 respectively. Only the economic returns for thefirst rate are presented here as that most closely approximates the average
actual rate during 1986 of IUS dollar = [)6.50. Sensitivity analysis wascarried out for a 5% decrease in benefits together 
with 	a 5% increase in
 
costs, and for a 10% decrease in benefits together with a 10% increase incosts. The internal Rates of Return obtained are 
set out below. In all cases

the Net Present Value is negative using a 15% discount rate.
 

"Low" 	Rice "High" Rice
 

Price 	 Price
 

Expected benefits and costs 
 3.8% 	 7.7%
 

Benefits - 5%, Costs + 5% 
 2.1% 	 6.2%
 

Benefits - 10%, Costs +10% 0.2% 	 4.6%
 

If the donor contributions during the investment phase 	 are excluded the
IRR is reported to be in excess of 40%. The proportion of total costs 
that these contributions represent is not stated.
 

7. COLLECTIVE PROJECT EXPERIENCES
 

The 	 previous sections have 
 described the history, geographic and
 
ecological coverage, technical design, and economics 
of the water-control
structures of project. 	 the
each 	 Through case studies, these project

components were examined 
in the context of participating villages and from the

perspective of individual households. In Annexes A-D, the farming system in
 
general 
and the rice sub-system in particular are defined for each case study
village. Linkages between the 
rice and upland groundnut/cereal sub-systems
 
are also discussed in these annexes.
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The objective of the case study analyses was to define the
 
conditions--socio-economic and environmental--present in the various case
 
study villages which contributed to the success or failure of the project
 
interventions. These conditions have been discussed on a case by case basis
 
in Section 5. In this section, lessons learned from individual sites will be
 
brought together and considered in the broader context of future rice
 
development activities. Having reviewed case study experiences, what are
 
their implications for design and implementation of future programs dealing

with water-controlled rice production? Which conditions are constant/variable
 
across projects and across 
rice ecologies? In short, based on the collective
 
experience of the ongoing water control/riceland improvement programs, what
 
factors leading to project success are most critical for future replication of
 
these successes?
 

Critical factors
 

A number of critical factors have emerged from the case studies. They
 
fall into six general categories: (i) environmental factors; (ii) technical
 
factors; (iii) issues of land use and land tenure; and 
 (iv) village
 
participation; (v) factors related to project compatibility with the local
 
farming system, and; (vi) economic factors. There is considerable overlap

between the different categories thus illustrating the complex interaction
 
between the many critical factors leading to project success or failure.
 

Risk management is an important theme which has emerged throughout the
 
case studies. The ways with which government, projects, and farmers deal with
 
risk all have implications for the outcome of the respective projects. These
 
various risk management strategies and their effect on project outcome are
 
woven 
into the following discussion of each of the critical factor categories.
 

7.1 Environmental Factors
 

Many of the key factors identified through the case studies were
 
environmental in nature. They are arguably the most important factors because

they are in varying degrees beyond the control of the respective projects.
 
Environmental factors adversely affected project outcome in both tidal and
 
rainfed rice-growing areas. Furthermore, the stochastic nature of these
 
critical environmental factors had far-reaching implications for the
 
strategies projects and farmers used in coping with risk.
 

Rainfall variability.
 

The two extremes of minimal and excessive rainfall had dramatic
 
consequences for project outcome in Beeta and Bwiam. In 1985, the first SWMU
 
project year in Beeta, the dikes trapped water as expected and excellent
 
yields were obtained by the farmers. In 1986, Beeta was in a pocket of poorly

distributed rainfall and the structures never had standing water behind them.
 
Many fields failed completely.
 

At the other extreme, Bwiam was flooded with the heaviest rain in living
 
memory. The GTZ dike was over-topped and eventually broke.
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Siltation. 

The 	 linkages between upland erosion and 	 rice land degradation was clearlyapparent in Beeta. Sand deposits buried the rice crop in 	 one part of the 
watershed.
 

Soil quality.
 

The upper watershed in Bulock has extremely sandy soils. While this is
 
the 	only rice-growing area available to its farmers, 
the 	benefits to placing

water retention structures on 
such land were limited.
 

Saline intrusion in tidal rice growing areas.
 

By design, anti-salinity dikes constructed by GTZ and SWMU protected rice
land from further salt damage. FFHC structures, on the other hand were
designed to improve access into 
the 	tidal areas and were never intended to
 supress saline intrusion. As was clear in Dankunku, 
 the 	benefits of FFHC
 access causeways can he greatly reduced by river salinity levels.
 

Unpredictable river levels
 

With special reference to the Jahaly-Pacharr Project, unpredictable

fluctuations in river levels made it impossible to 
accurately predict which of
the tidal plots could be double-cropped.
 

7.2 	 Design Factors of Water-Control Interventions
 

Critical 
factors related to the technical design of infrastructural works
influenced the outcome of all 
four projects. These design factors are rooted
in 	the original 
project objectives and are based on the assumptions made on
several key design elements. The following paragraphs describe the
implications for technical 
design of each factor, given different project

objectives.
 

Tolerable levels of risk
 

Each of the 
four projects adopted different assumptions about the maximum
 
risk they would tolerate for 
the 	performance of their infrastructure. At one
end 	of the continuum, the Jahaly-Pacharr Project chose design for very low
to 

risk tolerance. To facilitate the most 
efficient use of the tidal 
water, all
plots were extensively levelled to within +/- 7 cm and 
a sophisticated network
of 	 canals was incorporated 2i to 
 the design to maximize the conveyance

efficiency of the system. Nevertheless, given the unpredictable

fluctuations in river levels, parts of the tidal 
irrigation scheme are subject

to risks which, short of using pumps, cannot be eliminated.
 

26Although this study did not deal directly 
 with the pump-irrigated

component, it is clear that this design strategy was 
followed there as well.
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SWHU and GTZ projects have inherent risks because they are totally
dependent on rainfall; elements of risk occur with both excessive and
 
insufficient rainfall. 
 On the one hand, some risk of dike rupture exists
 
where peak runoff exceeds the levels assumed for the design specifications.

For example, the anti-salinity dike at Bwiam was overtopped in the face of 
exceptionally high floods. Farmers suffered yield losses which could have
been avoided with a more robust structure. On the other hand, the risk of low 
rainfall cannot be eliminated without dramatic changes in the entire programstrategy (i.e., eliminating dependence on rainwater). However, assuming that 
farmers can control whatever water is trapped upstream of the dikes, the risk
of crop failure is less than if there were no dikes at all. The risk of 
insufficient rainfall still exists, but its negative consequences can be
 
reduced by the dikes.
 

At the opposite end of the continuum, the FFHC strategy does not attempt
to control production risks on a given parcel of land. Rather, the project 
serves to spread the risk by providing access to better land (i.e., closer to 
the river and more easily flushed of salt) which may otherwise not have been 
cultivated.
 

Construction resources
 

Another design factor which affected the outcome of the four projects was 
the decision made about available construction resources.
 

Project objectives relating to the desired level of village participation
 
in construction had a bearing on the complexity of the selected technical

design. If a project objective was to work on a village self-help basis, the
 
design had to be simple enough to be built by unskilled labor. This was
indeed the strategy of the FFHC, SWHU, and GTZ interventions. Jahaly-Pacharr, 
on the other hand, gave priority to minimizing risk and consequently opted for
 
a more complex technical design. As a result, the level of construction
 
expertise required was beyond that o,' village unskilled labor.
 

In cases where unskilled village labor participated in construction, the
 
balance struck between constr iction ease and technical soundness was
 
critical. Despite the desirabi 'ty of keeping designs simple when working

with unskilled self-help village labor, the case studies reveaied 
situations
 
where dike specifications were not fulfilled. In Sintet, one dike was
 
constructed shorter than specified in the design, thus allowing too much water 
to flow into a second dike further downstream. The second dike broke as a 
result. In Bulock, because construction began too late, the onset of the
 
rains prevented the construction of the planned sluice gates for the contour
 
bunds. As a result, all bunds washed out after the first heavy rains.
 

These experiences 
 highlight the importance of careful construction
 
supervision and the trade-offs, 
 vis-a-vis technical complexity, between
 
involving village unskilled or skilled from the
labor hiring labor outside 

village.
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Technical design
 

A key design issues which emerged in relation to the SWMU and GTZwater-retention and anti-salt was the
dikes approach taken to release excess
runoff water. GTZ designs included one or more sluice gates in most dikes to
all3w complete drainage, on demand, of the diked area. SW1U designs, on the
other hand, include spillways, graded to a specified height, 
wh4ch channel
 
excess water around the ends of the dikes. They cannot be drained below the 
level of the spillway.
 

The capability drain diked at isto a area will essential if choices about
planting dates and crop husbandry are to be left with the farmer. WithSWHU design, farmers must wait to plow and plant until water levels behind 

the 
the

dike subside. With a sluice gate design, the gates 
can remain open until the

rice is planted and can benefit from water retained behind the dike.
 

Mlanag enent feasibility 

The choice of a technical design from the perspective of management

feasibility is critical to the sustainability of the project. Both aspects of
project management, operation and maintenance, emerged as important to project

outcome.
 

Operation
 

The two projects that have installed structures requiring operation (GTZ
and Jahaly-Pacharr) have dealt with 
the organization of that operation 
in very
different ways. GTZ leaves the operation of the sluice gates entirely to the
village while Jahaly-Pacharr takes full responsibility 
 for all project
operations down to the secondary canal level. Neither one of these extremes 
can sustain project operations. 
 Although the ultimate objective at GTZ sites
is for villagers to operate their own 
 dike, there has often been no
intermediate step to train the farmers how to do so. Consequently, gates areopened and closed at inappropriate times and the potential benefits of thedikes are not realized. A more formal 
training period for villagers charged

with gate operation would facilitate project sustainability. The
Jahaly-Pacharr strategy of project-managed operation is equally problematic.In the absence 
 of farmer involvement in system operations, the present
donor-funded management must inunit remain place if the project is to be 
sustained.
 

The technical advantages of a sluice gate versus graded spillwaya have 
been discussed above. Nevertheless, a graded spillway functions
automatically, requiring 
no village )rganization to manage it. Although this

is indeed an advantage, it does 
not outweigh the technical advantages gained

by building a sluice gate into the dike.
 

Maintenance
 

All four projects 
have faced difficulties in establishing maintenance
 
procedures for the completed structures. Thus far, projects have carried out
maintenance on similar 
terms to the original construction. SWMU provides
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project staff and equipment to each site requiring repairs with the village
 
providing the required labor. For the Jahaly-Pacharr project, all maintenance

activities down to the secondary canal 
 level are the responsibility of the
 
centralized Project Management Unit. Farmers are required to maintain the
 
tertiary canals but many are lax in fulfilling this responsibility. GTZ pays

the same incentive per unit length of dike repairs as was paid for the
 
original construction. gates spillways repaired
Sluice and are by project

staff.
 

Until last year, FFHC gave incentive payments for maintenance work. In
 
1986, however, the project experimented with a novel approach to maintenance.
 
Before any construction begins, villagers agree to take full responsibility
 
for maintenance and agree to pay the first 10% of the food-for-work incentives
 
into a village maintenance fund rather than directly to the workers. Upon

project completion, the village is also encouraged to levy a charge on each

farmer at harvest to supplement the village maintenance fund which should be
 
used to hire labor and purchase materials for the necessary maintenance.
 
Although the project still has limited experience with this maintenance
 
system, it seems to have good potential for success.
 

Project costs
 

The level of tolerable risk adopted by each project is directly related to
 
the investment capital required for project implementation. in general, with
 
a low level of risk tolerance built into the design, the infrastructure is
 
relatively more complex and the project costs higher. Conversely, with higher
 
acceptable risks, structures can be simpler and project costs lower.
 

7.3 Issues of Land Use and Land Tenure
 

The case studies have clearly highlighted the fundamental impacts which
 
the traditional tenure and use patterns of village rice lands have on project

outcome. These issues manifested themselves in different ways, however,

throughout the case studies. The following factors emerged as the 
 most
 
critical.
 

Underutilization of improved land
 

Two types of land "underutilization" emerged through the case studies. In
 
some cases, areas of improved land were left uncultivated. In others, all
 
improved land was cultivated, but with less than optimal returns.
 

The first type appeared mostly in FFHC sites. In Dankunku, for example,
 
much of the land provided with improved access by the project is still left
 
uncultivated. There are two reasons for this:
 

(i) more land was opened up than the local population could cultivate; or
 

(ii) land holders reneged on the land distribution agreements between
 
FFHC and the village, whereby land holders agree to an equitable
 
distribution of newly-improved lands among all village households.
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Where more land was opened than was cultivated, the reason could be traced 
directly to the incentives provided to village labor for construction of
project infrastructure. compensation for laborWhen village was provided by
the project, labor was made available so long as the paymentsincentive 

continued. Since laborers' motivation for working on project was
tne 

unrelated to the amount of rice land needed by the village, more land than the
village could use was often improved. Conversely, when labor was voluntary
 
but a required contribution of the village, labor was provided only to 
improve
lands perceived by the villagers as required for immediate use. Thus project
 
resources were not allocated 
to lands which went unused.
 

Reasons for the second type of "underutilization"--cultivation of improved
land with less than optimal returns--are more difficult to define. Primarily,
they relate to the acquisition and use of agricultural inputs on the rice 
land. These factors are discussed in Section 7.5.
 

Shifting land use of improved rice lands
 

Experience showed that in areas where rice land was scarce, lands which 
were lent out for long term use were being recalled by the owner because oftheir newly improved production potential. In some cases, the projects were
delayed because land users, sensing that their borrowed land would be recalled 
upon completion of the construction, understandably refused to continue 
working. 

Implication; for village participation in construction
 

When land improvements were carried out with voluntary village labor,
laborers were clearly working for some expected benefit. In Bulock, Bwiam,and Sintet, landless farmers participated with expectations of being allocated 
land in the newly improved area. The situations were different in each of 
these villages. 

In Bwiam, many farmers borrow land from a neighboring village, Santangba.
When Santangba embarked on dike construction on their land, Bwiam farmers were 
not interested in investing time to improve another village's land. They soon

reconsidered, however, when Santangba iriformed them that they could searchelsewhere for fields to borrow if they did not assist in the construction of 
the new dike. Here, laborers simply worked to maintain access to 
borrowed
 
land, not to acquire new land of their own.
 

In Bulock and Sintet, farmers worked on 
dike construction in anticipatiin

of being allocated new land. Laborers in Bulock with this 
expectation soon
 
withdrew from the project when it was made 
clear that no redistribution of
land would take place. In Sintet, laborers continued to work on a promise
from the district chief that they would indeed be allocated land although noclear plans were confirmed for land distribution once construction 
 was

completed.
 

regularity which landGiven the with land use and tenure issues arose 
across projects 
and within the case study villages, the implications for
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project implementation are readily apparent. There to be a
needs clear
 
understanding--before any construction begins--of the land tenure and land use
 
status of project lands. Agreements between pre-project land users and owners
 
concerning land after project completion be ratified before project
use must 

initiation.
 

7.4 Village Participation
 

The projects differ in their requirements for village participation in
 
rice land development. These approaches can be summarized as follows:
 

SWMU: 	 Village must provide all construction labor on a totally
 
voluntary basis. However, the project provides the use of
 
trictors, trailors. and plows to loosen and transport earth.
 

GTZ: 	 Construction labor must be provided by the village. The
 
project pays a cash incentive for each completed unit of dike
 
(D 125 per 25 meters), an amount averaging well below minimum
 
wage. Hand tools, but no tractors, are supplied for the
 
construction work and then moved to the next project site.
 

FFHC: Construction labor was provided by the village, but the
 
project gave each laborer an incentive payment (combination
cash and kind), the value of which surpasses standard minimum
 
daily wages. Use of tractor/trailors for transporting

materials/earth is provided as well. All wood for bridges is
 
purchased by the project.
 

Jahally Pacharr:
 
Land development is entirely managed, implemented, and paid
 
for by the Project Management Unit.
 

Food-for-work and cash incentives
 

The availability of food-for-work and/or cash "payments" for participation
 
in construction was a strong incentive. In Dankunku, this was clearly the
 
reason why more land was developed than the village was prepared to
 
cultivate. In Bulock, participants in construction were for all practical
 
purposes wage laborers taking advantage of incentive payments to acquire some
 
extra cash. Finally, in Sintet, when food-for-work was not available in
 
project year 2 as it was in year 1, project staff had considerable difficulty
 
in convincing villagers to work voluntarily.
 

Provision of construction equipment
 

Where a project required voluntary village labor, i.e., SWMU, the
 
provision of a tractor, trailor, and plow was essential for encouraging

villagers to persevere with dike construction. Even with this equipment, the
 
work is very tedious; villagers stated that the work would have taken much
 
longer without the equipment and may not have been completed at all. At GTZ
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sites, where no equipment is provided, many of the participating villagers
 

would not have worked if not for the cash incentive.
 

Influence of village leadership
 

An influential local leader can 
have a strong effect on the level of

village participation obtained by projects.
the In Dankunku, for instance,

the chief was extremely influential 
in seeing the work through to completion.

In Sintet, the issue was one of trust and confidence in the village 
leader.
In that village, landless laborers worked because 
 the chief promised to

allocate them rice land upon project completion.
 

7.5 Compatibility of Intervention with Existing Farming System
 

Two critical factors arose in this 
category: 
household resource allocation
 
between rice and upland crops, and the role of extension.
 

Household resource allocation between rice and upland crops
 

As a backdrop to the following discussion, it is useful to understand some
 
cultural elements of intra-household decision-making processes.
 

Collective goals of the household often 
 compete with goals of the
individual members. While there is collective interest in having adequate
an

food supply for the family, individuals also strive 
to have the cash necessary

to meet personal needs. Farmers often 
balance these goals by cultivating

collective fields for family consumption as well as private fields a source
as 

of personal income.
 

In most households in the project areas, the male has
head primary

responsibility for providing food for 
the family. Although all able-bodied
adults -- male and female -- must contribute to subsistence crop production,

it is the who ultimately buy supplemental food grain when
man must 

insufficient quantities have been harvested. 
 If men are forced to spend some

of their cash 
on food grain, less is available for other items such 
as
clothing for family. the have
the Often, women responsibility for buying

clothing for themselves 
 and their children, and for providing cooking
condiments to 
supplement the staple grains. Consequently, the personal 
fields

of the women are vital as a cash source for these items.
 

Labor -- In farming systems incorporating rice production, women have
traditionally been responsible for the rice while men concentrated on upland

crops. Women commonly grew separate rice fields 
':or personal cash income

while men grew groundnuts for this purpose. Some viriations in this pattern
were evident in the six case-study villages, revealed the
as by resource
 
allocation data collected in those villages.
 

Labor allocation in the freshwater tidal ecology (the FFHC 
case-study
 
area) most closely resembled the traditional system. Female labor was
allocated almost exclusively to 
rice, while males kept to the upland crops.

The few recorded exceptions were limited female 
time allocated to heaping and
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winnowing groundnuts and to planting/weeding of sesame. Males contributed
 
limited labor at peak harvest time by transporting the crop to the compound.
Men grew groundnuts and sesame as cash crops while the women cultivated
 
private rice fields or gardens for cash.
 

In the rainfed rice ecology in the west (corresponding to GTZ and SWMU 
project villages), the sexual division of labor between upland and rice fields
 
diverged from the traditional system. Male labor was recorded on rice fields
 
for guiding draft animals and implements. Cases of male manual labor on rice
 
fields were also recorded at the peak of time-constrained activities such as
 
weeding and harvest, but these instances were rare. An important aspect of
 
labor allocation in this zone is that women commonly grew groundnuts, as well
 
as vegetables, as their cash crops; no cases were noted where women grew rice 
for personal income. That is, all rice was grown for collective consumption.
 

Within the Jahaly Pacharr project area, both female and male labor were 
allocated to project pump- and tidally-irrigated rice plots when they were 
grown for collective consumption. Any plots allocated to individuals for 
personal income were the responsibility of the "owner". Tidal or flooded 
rainfed rice fields cultivated outside the project area ("tesito" fields) were 
the women's primary source of cash income, while men commonly grew groundnuts 
for this purpose.
 

Animal traction -- The use of animal traction on rice fields was recorded 
only in the 7 SWlU Where animal tractionGT and case-study villages. was used 
for rice, it was used almost exclusively for planting. No cases of women 
owning draft animals or implements were recorded. Therefore, all animal
 
traction time allocated to rice fields was either provided by a male family

member or hired from outside the HH and paid for by the woman herself.
 

Fertilizer --. With the exception of one field in Dobong, no fertilizer was
 
applied to any of the case-study rice fields. All fertilizer used by

case-study farmers was applied to either groundnut or cereal crops.
 

Outcome of this resource allocation strategy -- The principal farmers of 
rice fields -- the women -- did not have the power to allocate household
 
animal traction or fertilizer resources to the crop. This was the
 
responsibility of the men. Furthermore, for those rice fields 
which were
 
grown for collective consumption, the women chose not to provide any inputs
for the rice beyond their own labor. Because of the importance placed on cash
 
crops, any inputs acquired by the women were used for their personal fields.
 
Women had 
little incentive to allocate such resources to collective rice
 
fields because tile men are responsible for providing supplemental food grain

if the harvest is insufficient. In short, unless household men choose to
 
allocate animal traction and fertilizer to collective rice fields, the level 
of input use will remain stagnant.
 

Cultural norms regarding intra-household decision-making and sexual
 
division of agricultural labor are strong. While this is one factor
 
restricting the flow of household resources between the rice and upland

sub-sectors, farmers' risk management strategies are 
 also important

determinants. Unless 
 the risks to upland production are dramatically 
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counter-balanced by improvements in the rice subsector 
(as is the case for the
 
Jahaly-Pacharr pump-irrigated scheme), the resistance to allocating resources
to rice which have been traditionally reservcd for upland 
crops will remain
 
strong.
 

Role of extension
 

Extension is considered as a critical factor in this 
category because of
 

Sintet not to broadcast behind 


its bridging role between 
water-control interventions. 

the existing farming system and the new 

Several cases emerged across projects where extension advice did not 
succeed in achieving its objective. For example, SWMU warned the farmers in 

the new dike because predicted water levels

would drown the seed. Whether farmers did not believe that water 
levels could
 
get as high as predicted or SWMU advice was not emphatic enough, the net

result was not as planned. Farmers broadcast despite the advice and lost
their seed in deep water. In Bwiam, farmers were advised to plant early to

make maximum use of available water. 
 In fact, those who did not plant early
as was recommended were better off; the early-planted seed was washed away by

the major flood. In both cases, the extension component of the projects was
 
ineffective.
 

7.6 Economic Factors
 

Section 7.2 touched upon the relationship between the investment capital

required for project implementation and the level of risk tolerated by each

project. Risk can be reduced by achieving a higher degree of water control 
on
the rice land. But as seen in the 
econonic analysis, there are trade-offs

between the 
degree of water control achieved and development costs. For FFHC,

D 1528 was required to develop one hectare of 
land. While this figure is the
lowest of all four projects, the development achieves the least degree of
 water control (improved access was its primary objective). The development

costs of SWMU and GTZ were D 5353/ha and D 5526/ha respectively. Though more
expensiv than FFHC, both projects achieve a higher degree of water
 
control. The project achieving the highest degree of water control,

Jahaly-Pacharr, also had the highest development costs per ha. None of the
projects, however, succeeded in completely controlling available water and 
as

such did not eliminate production risks.
 

8. IMPLICATIONS FOR RICE DEVELOPMENT INTHE GMIBIA
 

The fundamental objectives of the Water-Control Study have been examine
to 

The Gambia's co!lctive experience with improved rice production technologies

and to determine the implications of this experience for future rice

development projects. The section
previous presented these experiences as a
series of critical factors which have 
influenced project performance in the
past. These factors, rooted in The Gambia's own experience, serve as the best
 
27This statement should, of course, be considered in light of the
 

experiences concerning sluice gates and graded spillways in section 7.2.
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available indicator of the outcome of future 
project interventions. This
 
section considers these critical factors in terms of improving on-going
 
projects and/or designing new rice development projects.
 

The overall outcome of rice development projects is influenced by the
 
outcome of each of three stages of their implementation: (i) planning and
 
design; (ii)construction; and (iii) follow-up.
 

Planning and design
 

Clearly, decisions made at the planning and design stage have direct
 
bearing on the subsequent construction and follow-up stages. The 
 most

important considerations which should be incorporated into 
any water-control
 
plan concerning rice are discussed below.
 

The tenure status of project-affected land will have important
 
consequences for project outcome. It will determine which farmers have 
access
 
to the land and, therefore, the distribution of project benefits. FFHC and
 
Jahaly-Pacharr have attempted to determine the distribution of project

benefits by re-apportioning the land among villagers according to family
size. GTZ and SWMU, on the other hand, have steered clear of the land tenure
issue by leaving post-construction land use in the hands of the villages
concerned. For the future, the important issue 
is not whether or not projects

should influence the distribution of project-affected land; it is to ensure
 
that all parties concerned understand and agree upon the ultimate use of this
 
land. In practice, this means that a land tenur /land 
use map of prospective
project sites should be prepared. All parties concerned -- land holders,
borrowers, and -- agree the use theproject should on post-construction of 

land before development begins. With this approach, many of the land
 
tenure-related problems identified 
in this study could be avoided. To date,
 
none of the projects have taken this measure.
 

Another consideration for project planning is the 
financial sustainability

of the projects. Jahaly-Pacharr has to date maintained an efficient system of
 
land preparation and sluice-gate management for 
the tidal-irrigation scheme.
 
However, these operations are expensive and are largely funded and staffed
 
with donor assistance. Present operations cannot be sustained without these
 
inputs. SWrIU, GTZ, and FFHC structures, on the other hand, either function

automatically or are farmer-managed. And, as seen in the economic analyses,

the maintenance costs of these projects are minimal. The systems of
 
post-construction management of these are
projects sustainable in the longer
 
term.
 

The initial development costs/ha of the projects varied widely. None of
 
the development strategies was designed 
to achieve total water control,

meaning that each had some element of production risk. For future rice
 
development projects, consideration should be given to the trade-offs between
 
the degree of water control achieved and development costs.
 

Concerning plans for technical designs, careful 
consideration should be
 
given to incorporating sluice gates into all water-control dikes in the
 
rainfed rice ecology. While dikes with graded spillways eliminate the need
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for "operating" the dikes, they reduce the flexibility farmers have with their
 
land preparation and planting schedules.
 

The design of the structure determines the degree of water control which
 
can be achieved. This, in turn defines set of water
a management
possibilities following completion of the dike. 
 Consequently, technicians who
 
will be involved in the post-construction follow-up stage need to be involved

in planning and design decisions as well. This is considered in more detail
 
in the discussion of the follow up stage.
 

Finally, if farmers to expected take for
are be to responsibility the
 
water-control structures construction, the of
after importance involving them
in the project at the planning stage cannot be overemphasized. Agreements

between 
project and villagers on the means of operating and maintaining the
structures must be reached. Farmers should collaborate with the project on 
siting the structures such that the predicted water regime suits their needs.
For farmers who are inexperienced with dikes, it may be difficult to visualize 
the post-construction environmental changes 
and as such cannot make informed

decisions about dike location. In such cases, field visits completed
to 

project sites could answer 
questions or clarify misconceptions about the dikes

which farmers may have. Furthermore, such visits will ensure clarification of

village expectations and verify that the proposed intervention would satisfy

those needs.
 

Construction
 

For future rice development, a key factor will be whether not village
or 

participation is solicited for construction; the terms of this participation

is also important. Whether villagers participate is partially determined by

the complexity of 
the technical design. Only in the Jahaly-Pacharr Project

did the design specifications require skilled laborers to complete the task
 
This contributed to the high development costs.
 

At FFHC and 
GTZ sites, incentive payments to village laborers influenced
 
both the speed of djvelopment and the exploitation of improved land. With
FFHC, which provided incentives valued at far more than the standard daily
 
wage for unskilled labor, construction speed was accelerated since payments

were made on a piece-work basis. Often, however, the end result was 
that more
 
land was improved 
than the village actually needed. As long as incentives
 
were beinmg paid, villagers were willing to work. The value of incentives paid

by GTZ was far below what laborers could earn elsewhere as daily paid

labcrers. In some villages, original interest 
 in dike construction was
 
expressed primarily to receive the incentive payments. Laborers 
in these
 
villages sometimes withdrew their participation when they discovered the

difficulty of the work (no tractor or was
plow provided to simplify the
 
work). This greatly slowed the construction pace.
 

Projects requiring villages to provide all requisite unskilled 
 labor
 
should consider providing some basic equipment (i.e., tractor, trailer, and
 
plow) to lessen the burden of the manual 
labor.
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Fol low-up
 

Where the water regime in the rice-growing areas has been changed with the 
construction of dikes, advising farmers 
on the use of the improved land should
 
be a vital component to the projects. To 
 date, this has received less

attention in these areas than the actual construction. In particular, morework is needed to develop a series of water management and crop husbandry
packages appropriate for different levels of 
the toposequence. As stated in
the discussion of the planning stage, 
the design of the structur, defines a
 
set of water management possibilities. Technicians involved in
post-construction follow;-up need be in and 

the 
stage to involved planning design

decisions as well.
 

Based on the discussion in section 7.5, an important consideration for
 
developing water management and crop husbandry packages is the existing

pattern of intra-household resource allocation. If packages are to be

developed which require the use of fertilizer and animal traction, the means 
to acQire these inputs must also be taken into account.
 

Multi-disciplinary approach to 
project development
 

The implications of the critical factors on future rice development

interventions are multi-disciplinary in nature. 
 Some concern socio-economic 
elements of the farming 
 system; others are more technical in nature.
Furthermore, this interaction of disciplines 
is apparent throughout the stages

of project implementation. The importance, therefore, 
 of a multi-disciplinary
approach to planning and design, constructi-n, and follow-up is clear. In
particular, water-management engineers, sociologists, extension workers,
economists, and agronomists all have important contributions to make at each
 
stage of project development. In fact, 
the success of future development

efforts is contingent on this approach.
 

9. RECOMIMENDATIONS FOR FOLLOW-UP TO THIS STUDY 

Having discussed the implications of the critical factors for future rice 
development in The Gambia, what then are the next logical steps? Four 
follow-up activities are presented here for consideration. The first two
 
activities should be implemented in the very short-term. Activities 3 and 4
 
require longer time frames but should nevertheless begin as soon as possible.
 

1. Operationalize 
the critical factors in the four projects for future
 
project site selection.
 

Before the critical factors can be utilized in project planning and future
 
project site selection, an intermediate step must first be taken. This

bridging step would involve translating the critical factors into a practical

field guide for project site selection. Furthermore, procedures for
establishing a pre-project data base for newly selected sites need to be 
developed. For example, one critical factor emergedwhich from the study was
the importance of understanding the pre-project land use and land tenure
 
patterns. A system for dealing with this issue needs to be worked out.
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2. Incorporate a basic program of internal 
monitoring and evaluation into
 
the existing project structures.
 

Each project has its own system of monitoring the progress of their
 
project sites. Nevertheless, much work needs to 
 be done to establish
internally consistent monitoring systems dealing with i wide 
 range of
 
technical and socio-economic factors. This does not mean to imply the need
 
for a system requiring vast amounts of resources. On the contrary, the
 
established system should be 
one that existing field staff can comfortably

handle. Some of the 
 resources required for monitoring activities could
 
conceivably be shared between the projects concerned.
 

3. Initiating a research program on viater-control options for the
 

freshwater tidal rice ecology.
 

One critical factor effecting project outcome is the inherent risk to
 
rainfed rice cultivation due to unpredictable rainfall levels. Yet the one
rice growing ecology which offers the best potential for reducing risk--the
 
freshwater tidal zone--is the least understood. Jahaly-Pacharr is the only

organization attempting to better control the tides so as 
to stabilize the
 
environment.
 

Tidal irrigation is an extremely complex and technically difficult field.
 
Furthermore, there are few estuaries around the world which have a tidal

ecology like that of The Gambia. Therefore, not only is tidal irrigation

inherently difficult from a technical point of view, 
 there is little
 
experience to draw upon for guidance.
 

It is therefore recommended that funding be secured to develop 
a
 
systematic and CAUTIOUS research program on 
tidal irrigation.
 

4. Mapping of 
potential development sites in the various rice-growing
 
ecologies
 

No clear estimates exist of the areas in each rice-growing ecology which 
have potential for future water-control interventions. This would entail the
preparation of topographical 
 maps with more detail than is presently

available. Since such maps are essential for planners, 
this activity should
 
begin as soon as possible.
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ANNEX A
 

SWMU CASE STUDY VILLAGES
 
(Beeta and Sintet)
 



SWMU CASE STUDY VILLAGES
 

While SWMU infrastructural works encompass land improvements upland
on 

soils as well as rice land, the criteria used to select the case study

villages, 
Beeta and Sintet, were based solely on SWM'U's experience with rice
 
land development. Nevertheless, as coordinated watershed management is an
 
important component 
of SWMU's program strategy, the evolution of the upland

conservation works in the case study villages adds 
another dimension to the
 
farming system descriptions.
 

In both villages, the rice growing areas are typical of the narrow
 
drainage ways 
in the Fonis which receive moisture only from direct rainfall or
 
surface rainwater 
 runoff. (These areas are classified as transitional
 
ricelands as described in Annex E). The Beeta drainage way is somewhat

unique, however, in that it flows south into a tributary of the Koulinba River

in Casamance. SWiU has constructed water retention dikes 
in both watersheds.
 

BEETA -- SWHIU Case Study 1
 

Beeta, Jola in ethnic make-up, is perhaps one of the oldest villages in
 
the central Fonis (Figure 1, mlain report). Villagers state that many of the
 
surrounding villages, for example Bajana and Ndemban, were founded by people

from Beeta. Years ago, the point where land
the village grew to scarcity was
 
a problem, thus triggering outward migration in search of virgin land.
 
Nowadays, with a population of approximately 250, Beeta has more plateau land
 
than it can use. rany of the village's able-bodied farmers have le-'t and now 
farmers from other villages often borrow upland fields from Beeta.
 

There are seven compounds in Beeta, two of them very large (approximately
70 and 125 people respectively). The households are grouped into two
 
non-contiguous clusters, as is common in Jola settlements. Those living in

the larger cluster (housing the alkalo) say that the two clusters used to be
 
contiguous, with the physical separation 
 being merely the result of
 
out-migrating households lcaving open space. Nevertheless, despite 
the fact

that there is only one village alkalo, the two village sections function
 
somewhat independently. The smaller section does not participate in "village"

activities organized by the larger section 
claiming they are not consulted
 
before decisions are made--only informed after the fact.
 

The villagers' description of the effects of the drought on Beeta is
 
illustrative of the effects common to the whole area. failure
Crop means a
 
shortage of food and cash. Drinking water becomes scarce, 
let alone water for
 
other purposes. Even maintaining buildings becomes exceedingly difficult.
 
With a shortage of water, block-making is inhibited. Very little thatching

material can be found in the bush, and no cash is available for corrugated

iron sheets. Last year, one unrepaired house collapsed, killing two
 
children. 
 The villagers hope that with the completion of a new Saudi-funded
 
bore well, some of their village water supply problems will be relieved.
 

The cropping pattern in Beeta is not unlike the 
rest of Foni--upland

cereal and oilseed crops combined with rainfed rice production. Early millet
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is not grown in Beeta because it requires labor ,. bird scarina at the same
 
time labor must be allocated to weeding of late millet and groundnuts.

Farmers grow late in preference to early millet because, due to its protective
 
spikes, the former does not require bird scaring. Sesame production is
 
rapidly increasing in importance due to its drought resistance and low labor
 
requirement. Animal traction use is widespread, with five of the seven
 
compounds in Beeta (including both large ones) having animal traction
 
capability.
 

Vegetable gardening is an important women's activity and is their major
 
source of cash income. The village has a large garden with wire fencing and
 
two deep cement-lined wells, all provided by outside donors. (The garden also
 
has two unlined wells dug by the villagers themselves). Each woman has
 
roughly 15 beds, the majority of which is cultivated during the rainy season.
 
During the dry season, however, less than half of the area is utilized due to
 
a shortage of water.
 

All households in Beeta own cattle. According to farmers estimates, these
 
animals are managed in four herds and total between 150 and 200 head.
 

The traditional sexual division of agricultural labor is not one which
 
cuts strictly between crops. Although rice is traditionally the domain of the
 
women, men now participate in rice production with animal traction
 
activities. 
 This shift has occurred largely as a result of the drought.
 
Conversely, whereas upland crops are generally the male domain, women are
 
responsible for cutting the grain heads from millet and sorghum plants 
after
 
they have been felled by men. Women have also cultivated upland fields of
 
their own in the wake of the drought.
 

The Beeta rice-growing area, totaling about 20 hectares, lies at the
 
source of a narrow drainage way flowing south into a tributary of the Koulimba
 
River in Casamance. Direct rainfall and surface runoff are the only moisture
 
sources for this area. The rice fields are separated into two areas by a
 
small patch of uncleared bush, each area being owned by the respective kabilos
 
of the two village sections (Figure A-l).
 

Rice cultivation patterns over the last 20 years have radically changed
 
throughout Foni with the marked reduction in rainfall levels. Beeta is no
 
exception. Before the drought, only the 
lowest part of the Beeta drainage way

floor was cultivated. In those days, all rice was transplanted, with
 
transplanting continuing well into the groundnut harvest season. The rice
 
varieties used then were medium- to long-duration, suitable for the long and
 
well-distributed rainfall period of the times. As rainfall 
levels declined,
 
so did rice yields. The available varieties and the traditional rice
 
husbandry practices were no longer suitable to the environmental conditions.
 
With the resulting string of seasonal rice crop failures, women began to shift
 
to upland crop production until eventually they abandoned rice cultivation
 
completely in favor of groundnuts.
 

In the mid-1970's, the Department of Agriculture brought an early-maturing
 
rice variety to Beeta and convinced the women to try it.
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After reclaiiling their rice land from the forest over-growth, the women
 
successfully planted a direct-seeded rice crop with the new variety. In 1979,
 
after two seasons with the early-maturing variety, the women organized
 
themselves to hire a tractor for plowing1 (each woman paid D 30 towards the
 
hire charges and fuel). That year, the tractor plowed well before the 
rains,
 
excellent yields were realized, and the tractor was hired again the follow'ng
 
year. However, during that year and the subsequent year, the tractor arr "'ed
 
too late for efficient plowing and yields declined. Discouraged by the high
 
cost and poor returns to the hired tractor, the women reverted to plowing
 
their rice fields by hand. But rather than sowing by hand, animal-drawn
 
seeders began to find their way into the rice fields. Households with animal
 
traction capability, began to allocate animal 
and male labor time to the rice
 
seeding task. Women who belonged to households without draft capability
 
either seeded by hand or hired draft animals.
 

Despite the availability of an early-maturing variety, rice yields were
 
still eratic at best. Word had reached the village that the people of Burock
 
(near Bwiam) were constructing anti-salinity dikes on their rice lands with
 
assistance from the Area Council. 
 After visiting Burock to see the structures
 
for themselves, the villagers cultivating on the section of the
lower Beeta
 
drainage way constructed water retention dikes of their own in an attempt to
 
stabilize the environment. However, since they were not technically correct,
 
their benefits w,-e short-lived. The villagers then went to the Area Council,
 
who assisted ii. constructing one cement-block dike in 1980. Additional
 
assistance came in 1981 from an unidentified European who began supervising

construction of an earthen dike fitted with a cement spillway. This was not
 
completed due to the attempted coup d'etat of that year.
 

The SWIU responded to Beeta's request for water-control assistance from
 
the people of the lower section of Beeta's rice-growing area. In 1985, SWMU
 
supervised the construction and completion of three water retention dikes,
 
located upstream of the still-functional Area Council structure and the
 
incomplete spillway structure.
 

The SI.IU water retention structures were sited such that each would hold
 
an average of 30 cm of standing water (taking into account the slope behind
 
the dike). Normally, successive dikes would have been placed behind the first
 
structure at the point where the water level behind the latter would 
near 0
 
cm. In Beeta, however, the soil survey conducted by SWIU before construction
 
revealed a sandy horizon near the surface. Calculating that the land
 
immediately in front of each dike would benefit from water seeping under the
 
dike through the sandy layer, the three dikes were sited further apart than
 
usual. The calculations proved correct. During the 1985 rainy season, the
 
dikes filled as expected and the village produced a bumper rice crop. Farmers
 
report that for the first time in many years, most farmers harvested enough
 
rice during that season to last through to May 1986.
 

SWU support w&.o also provided in the form of seed loans to the farmers.
 
Having had mediocre yields at best in pre-project years, village rice seed
 
supplies were insufficient to plant the improved land. SWMU issued
 
early-maturing seed to farmers to be repaid upon harvest.
 

IThe source of the hired tractor is not clear.
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Further infrastructural improvements were made in advance of the 1986
 
farming season as SWIU supervised repairs on the Area Council dike and its 
cement spillway. Yet despite intensive cultivation and high expectations for
 
a second season of good rice yields, 1986 was a disappointment for Beeta
 
farmers. The distribution of rainfall in Beeta was so 
poor that at no time
 
during the season was there standing water behind the water retention
 
structures. Yields were 
extremely low, with many fields behind the structures
 
reported as total failures. Women have been able to store some seed, but not
 
enough for the 1987 season.
 

As discussed earlier, although the entire village is under one alkalo,

there appears to be a history of separatist actions between the two sections
 
of the village. The respective ownership of the two rice areas, physically

divided by uncleared bush, corresponds with these two village sections.
 
Consequently, the owners of the higher area do not own or borrow any fields in 
the lower section and did not participate in the construction of water 
retention structures in that area. No infrastructural improvements were ever 
constructed on the higher of these sections simply because twotwo the 
households owning the area did not choose to do 
so.
 

An apparent paradox arose concerning the comparative rice yields in the
 
improved lower and the unimproveo higher areas. Yields were generally higher

in the unimproved area, despite the water retention structures 
downstream.
 
Two important factors may explain much of this variation. Firstly, the
 
upstream soils have a naturally higher clay content than the lower area, thus
 
better facilitating water retention. Furthermore, women farming plots

downstream which were located near the Beeta-Ca:anmance road stated they had a
 
serious siltation problem; in some cases, sand actually buried entire plots of
 
young plants. Apparently, the road had always acted as a channel for up'and

water runoff, depositing sand in the rice-growing area. SWMU tried to
 
diminish this problem by constructing contour berms which channelled water
 
away from the road. The women were warned, however, that the siltation
 
problem would not be eliminated and they should avoid planting rice near the
 
road. Women did 
not heed the warning and, as had been the case in previous
 
years, the area closest to the road was virtually buried in sand.
 

The second factor which may explain much of the yield variation between
 
the upper and lower sections of the watershed is the general crop husbandry

practiced in the two areas. in the lower section, the women generally
 
cultivated larger areas than those in the higher section. Consequently, the
 
former were unable to weed their fields in a timely manner. Many women
 
abandoned fields because they were overcome by weeds.
 

In addition to inadequate water supply and siltation, the Beeta rice
 
fields also suffered heavy damage from grasshoppers during the 1986 season.
 
This was a universal problem in the Western Division. Birds were also a
 
serious problem on rice. As early millet is not cultivated (precisely because
 
of the bird problem), the early-maturing rice is the first crop of the season
 
susceptible to bird attack.
 

Women stated they no 
longer use manure on their rice fields because of an
 
observed correlation between manure use and termite to rice
damage plants.
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This damage was particularly noticeable 
during drought periods. Apparently,

termites which had infiltrated the solid organic matter in the manure had been
 
transported and deposited along with manure the fields.
the onto rice When
 
the rice fields are constantly flooded, the termites drown. 
 If the fields dry
 
out, however, the termites attack and destroy the rice plants.
 

Case Study Households in Beeta
 

In Beeta, the village survey showed no households having rice fields both
 
inside and outside the project area. That is, all households had their rice

fields either solely within 
or outside the project area. The two in-depth

study households therefore reflect this breakdown, with 
one participating and
 
one non-participating household 
selected. Both case study households have
 
animal traction capability.
 

The data presented in the following sections illustrate resource
 
allocation patterns in these households. One household was selected from each

of the two separate village sections so that resource allocation decisions
 
could be traced ror with-project and without-project households well as
as to
 
better understand any conflicts between 
the two village sections which may

have had some effect on project implementation. HHl houses the alkalo.
 

General Overview of Case Study Households
 

Tables A-1 and A-2 provide comparative profiles of household labor and
 
animal traction availability for the two households. Although HH2 is the
 
smaller of the two, it has more draft animals and implenents per adult than
 
the larger HHl.
 

The cropping patterns of both households are very similar and 
 are
 
illustrative of Beeta's cropping system in general. A-3a and
Tables A-3b
 
provide listings of all fields cultivated by each household, and the area,

total output, and 
 yield/ha of each field. A summary of key resources
 
allocated to each field is also provided for comparative purposes.

Percentages of total area planted to each crop are given in Table A-4. 
 From

the tables, it is immediately apparent that in the area
rice yields project 

(HHl) were very low; lowland fields averaged only 94 kg/ha. This is expanded
 
upon below in the section on rice production in the two households.
 

Ratios of land area cultivated per unit of available family labor,

calculated in Table A-5, show marked differences between the two households.
 
The women of HHl cultivated three times more 
rice land area per woman than did
 
HH2 2--0.18 and 0.06 ha/female AE respectively. (The consequences 
of these

ratios are discussed in the subsequent section on rice production). HH2

cultivated 1.80 ha of oilseed/cereal area per male AE, while the corresponding

figure for HHl was only 1.08 ha. This could be attributed to the higher

demand by family members for available draft equipment in HHl.
 

2The ratio of total cultivated rice area per female AE calculated
was 

because most of the total labor recorded for rice fields was female labor.
 
Similarly, male labor accounted 
for the vast majority of total labor on
 
non-rice fields.
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As was the general case in Beeta, both households had more upland fields
 
than they could cultivate. Many fields were left uncultivated while others
 
were lent to outsiders.
 

Between them, the two case study households hold most of Beeta's rice
 
land. HH2 
owns all rice fields in the upper section of the watershed.
 
Farmers from that household cultivate most 
of the area; the remaining fields
 
are lent to neighbors living in the same village section 
as HH2. The land
 
tenure status of the larger lower rice growing section is somewhat more
 
complex. While HHl oversees the use of nearly all rice fields in the lower
 
section of the watershed, the household actually owns only one part of this
 
lower section. As households migrated out of Beeta, they entrusted tile
 
management of their rice fields 
to HHl, The alkalo's household, but did not
 
relinquish their rights over their rice land. 
 In their absence, these rice
fields are lent out at the alkalo's discretion to people in his own household 
or to other farmers from his section of the village. Although the villagers
thought it unlikely, the or, iinal owners of these rice fields can return to 
Beeta and reclaim use rights over their land at any time.
 

The produce from all rice fields cultivated in the two households was for
family consumption and women had no access to this rice as a source of
personal income. Each woman in the two households is intensively involved 
with vegetable gardening, the source of her cash income. Only one case of a

female-managed upland 
cereal or oilseed field--a sesame field in HH2--was
 
recorded in the case study households.
 

The sexual division of agricultural labor in the two households
 
approximates the general 
pattern defined for the village. Of the total family

labor allocated to rice production, only 2% in both 
HHl and HH2 was male
 
labor. In both household,, male labor was recorded for planting with draft
implements as well as for scattered incidents 
of clearing/burning and hand
 
weeding. Female labor accounted for 2% and 3% of total family labor spent 
on
 
non-rice crops in the two households respectively. This was almost

exclusively for cutting and bundling millet 
 heads and for very limited
 
groundnut heaping and guiding draft animals.
 

In HHl, 7% of total animal traction time was allocated to rice fields, all
 
of which was for planting; the comparable figure in HH2 was less than 1%.
 

Analysis 
of data collected on all food grain transactions between June
 
1986 and January 1987 indicate that both households had to supplement

household production during that period. If it is assumed that 
each Adult
 
Equivalent requires 0.46 kg milled grain/day 
to meet nutritional needs,3

then HHilpurchased 37% of its total grain requirement while HH2 purchased 
129%
 
of the calculated requirement for this 7-month period. 4 Further
 

3170 kg/annum = 
0.46 kg/day (Source: FAO Rice Industry, 1983)
 

4HHl -- 0.46 kg/day/AE X 210 days X 51.5 AEs = 4975 kg required. 
total grain purchased = 1840 kg = 37% of requirement. 

HH2 -- 0.46 kg/day/AE X 210 days X 14.5 AEs = 1400 kg required.
 
-- total grain purchased = 1800 kg 129% of requirement.
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investigations, however, revealed that HH2 resold about 
one third of this
 
incoming rice. In other words, 
 its purchases used for family consumption

ultimately amounted to roughly 86% 
of its food grain requirement.
 

Based on total grain harvested during the 1986-87 cropping season, HH2

produced almost exactly what it would need 
to meet its grain consumption needs
 
until next year's harvest; HH1 will 
again have a grain deficit. Table A-6
 
presents the total grain weight per crop produced by 
each household and the
 
respective milled grain equivalents. Calculations of total grain consumption

requirements reveals that 
 HHil and HH2 produced 50% and 102% of their
 
respective needs.
 

At 1987 prices, 5 HHil generdted enough income from 
cash crop production

(groundnuts and sesame) to purchase the milled rice required 
to theoretically

counteract its grain deficit (assuming that all groundnut and sesame was 
sold
and 19% of cash earnings from these crops was used to purchase milled rice).
 

Rice Production in the Case Study Househulds
 

The yield/ha output of all rice fields cultivated by the two case study

households are provided in Tables A-3a and A-3b. 
 In Beeta, the boundary

between the floor of the drainage way and its sloping sides is readily defined
 
and the the rice fields are classified by their positions relative to this

boundary. Those fields on the 
sloping side are beyond the influence on the
 
water retention structures. 
 Each woman in HHil has rice fields both on the
drainage way floor and on the sloping 
sides; in HH2, all rice fields are on
 
the floor.
 

The data show extremely wide variability in yield/ha on fields both inside
 
and outside the project area. Several 
factors have been identified which
 
clearly account for some of this variation.
 

The rice yields in HH2 were generally higher than those in HHil, despite
the water retention dikes influencing the latter's fields. Both environmental
 
and crop husbandry factors influenced this variation. From an environmental
point of 
view, the soils of HH2's fields (the upper section of the drainage

way) have a higher clay content and consequently better moisture retention

capacity than the soils in the lower drainage 
way where HHilhas its rice
 
fielh . Farmers declared that these relative yields has 
been a pattern over

the years. Whereas it was expected that the porosity of the soils in the
 
lower 
area would be compensated for by the construction of the water retention
 
structures, this did not 
occur in 1986 when low rainfall in Beeta prevented

the structures from filling.
 

Crop husbandry practices in the respective households also explains some
 
of the yield variation. As stated 
above, the women of HHil cultivated three

times more rice land area 
per woman than did HH2--0.18 and 0.06 ha/female AE
 
respectively. This resulted in a labor bottleneck for HHil at peak weeding

time. Many of the fields planted by HHI, abandoned when they became choked
 

5Price assumptions: GN producer price - D 1.80/kg
 
Sesame producer price - D4.75/kg
 
Purchase price for imported milled rice 
= D 2.00/kg
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with weeds, yielded no grain at all. The women in HH2, on the other hand,
 
cultivated relatively small plots and were able to weed them properly,
 
spending nearly four times as many adult day equivalents/ha on weeding as
 
HHl. One reason for the women's over-extension of their labor was their high
 
expectation for yields which matched those of 1985. As the rice land in the
 
project area is under the jurisdiction of HHI, each woman in that compound
 
claimed a larger area for cultivation in 1986 than in 1985.
 

It is interesting to note that all animal traction allocated to rice in
 
HHl was used on fields located on the sloped sides of the drainage way. More
 
investigations are needed to determine the reason for this allocation as it
 
would be suspected that women would use the best resources on land where they
 
anticipate the highest yield.
 

Factors Affecting Project Development and Outcome in Beeta
 

Several factors were identified through the case study investigations
 
which had direct bearing on the outcome of the SWIIU project in Beeta. They
 
are described below as they manifested themselves in Beeta in particular. In
 
the concluding chapter of the main report, they are considered in the more
 
general context of future project replicability.
 

1. Risk of rainfall variability - During the 1985 rice growing season,
 
the first year that the SWMU structures were in place, farmers
 
reported an excellent harvest. Water remained ponded behind the
 
dikes through much of that season, only drying out after the
 
rice plants had fully matured. In 1986, at no time was standing
 
water visible behind the dikes and yields were disappointingly
 
low; the average yield of case study households in the project
 
area was 94 kg/ha. Although total rainfall recorded for the
 
season was 644 mm, the distribution was very irregular.
 

Farmers' had apparently considered the risk to be much
 
reduced, if not eliminated as a result of the dikes. In
 
anticipation of yields on project fields equal to those of 1985,
 
farmers planted even larger areas than they had in that year.
 
When the dikes did not fill as expected, suppressing weed
 
growth, many farmers could not effectively weed the planted
 
areas. As a result, many fields were abandoned mid-season and
 
produced no grain. On the other hand, had the dikes filled,

weed growth would have been suppressed, and yields on the
 
improved land may have been closer to its productive potential.
 

2. 	 Production resource allocation to improved rice land vis-a-vis control 
of produce - Women are the primary cultivators of rice in 
Beeta. All rice fields in the case study households were grown 
for family consumption, meaning that the women had no control
 
over the produce. Furthermore, the resource allocation data of
 
the case study households showed that, apart from female labor,
 
the only input allocated to rice production was animal
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traction for planting, amounting to less than 8% of total animal
 
traction time in these households. No fields were allocated
 
chemical fertilizer and only one field benefited from hired
 
labor. Since women do not control the produce, nor the
 
allocation of animal traction time and fertilizer, any use of
 
these inputs on the improved rice land must come from the men of
 
the households. Women had little motivation to allocate cash
 
resources for acquiring these inputs 
since they had no control
 
over the rice they produced.
 

3. 	Land tenure status of improved rice land - Much of Beeta's rice land
 
is "owned" by one large family--that of the village alkalo (case

study household 1). Before dike construction, many of this

household's fields were lent out to other village families.
 
After dike construction, although borrowers still had access to
 
some land, the total area cultivated by them was less than in
 
previous years, particularly in those areas directly benefited
 
by the dikes. The additional area planted by some farmers
 
(described above) was in many cases land which reclaimed
was 

from borrowers.
 

4. 	Siltation - The rice growing area is bisected by a road from the
 
village that leads to Casamance. For years, this road has
 
essentially acted as an erosion gully. Where the road passes

through the rice area, sand deposits are deep and these plots
 
are not suitable for rice cultivation. By constructing a series
 
of contour berms on the uplands, SWMIU tried to divert some of
 
the rainwater runoff away from the road. They also advised the
 
women not to plant in that area until the village was willing to
 
adopt more radical upland conservation measures entailing either
 
diverting the road or building a permanent dike across it.
 
Women who planted in this area despite SWMU's advice had their
 
plants buried in sand and experienced total crop failure.
 

5. 	Motivation of villagers - The spirit of community cooperation in
 
Beeta was very strong. Villagers demonstrated a keen interest
 
in the project and completed dike construction with village

labor provided on a totally voluntary basis. However, SWMU
 
provided the use of a tractor which greatly simplified the
 
work. Farmers stated that construction wou d have progressed at
 
a much slower rate and enthusiasm dwindled had the tractor not
 
been available.
 

6. Availability of appropriate seed varieties 
- Much of the village's
 
rice seed had been lost to years of crop failure. In 1985, SWMU
 
initiated a seed loan program in Beeta whereby women were
 
supplied with short-duration seed at the beginning of the 
season
 
contingent on an agreement to repay the loan in kind upon

harvest. (The repayment rate was 100%).
 

7. 	 Insect damage - Many rice fields were lost to an infestation of grass
hoppers. Had the necessary chemicals and sprayers been
 
available, some of this rice may have been saved.
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SINTET - SWMU Case Study 2
 

The village of Sintet in the Foni Jarrol District (see Figure 1, main
 
report) is actually comprised of four separate clusters--Bako, Kabomb,

Busongai, and Fulakunda--all of which recognize a sinqle Ikalo. As were its
 
original settlers, the village is predominantly JolaO and has a total
 
population of about 1900. 7
 

Bako is the oldest and largest of the four clusters. Descendants of Bako
 
founded Busongai and subsequently Kabomb, primarily to clear farm land
new 

accommodate the growing population. The most 

to
 
recent settlers, the Fulas,


originally came from the Kiangs (Lower River Division) in search of grazing

pasture for their cattle herds. Eventually they founded their own cluster,

cleared new upland fields, and settled permanently at Fulakunda.
 

Presently, one of the Kabomb kabilos holds more upland fields than any

other kabilo in Sintet. There is no shortage of upland fields and the
 
landless households can readily borrow fields from them on a long 
 or

short-term basis. The majority of the rice land is held by the founding

kabilo of Bako although each cluster (except Fulakunda) has tenurial rights
 
over its own rice fields. Rice land is much scarcer than upland fields as is
 
apparent in the rice 
land use pattern. According to farmer estimates, roughly
 
80% of the available rice land is cultivated by its owner, with only 20%

cultivated by borrowers. The situation seems to tightening further.
be even 

Some borrowers lamented that whereas before 1985 borrowed rice fields could be
 
cultivated from year to year without seeking permission from the owner, they
 
were now required to return borrowed fields at the end of each season and
 
request its use again for the following year.
 

Each cluster has cattle herds, although the majority of Sintet's cattle is

owned by the Fulas. 8 Animal traction is widespread, but it is not as
 

6The ehnic make-up of the four clusters (percentage of compounds) is as
 
follows:
 

Jola Mandinka Fula Other N
 
Bako M7 39% W 1 43
 
Busongai 83% 0% 17% 
 0% 6
 
Kabomb 50% 50% 0% 0% 
 14
 
Fulakunda 0% 0% 100% 
 0% 6
 

7Source - 1983 Census 

8As farmers are extremely reluctant to reveal the exact number of cattle
 
they own, the following data represent only rough estimates as to the number

of head in Sintet. The number of herds is more accurate since this is not
 
such a sensitive issue.
 

t'o. of herds Approx. size of each Herd Total
 
Bako 2 25,20 
 45
 
Busongai 4 20,20,15,30 
 85
 
Kabomb 1 25 
 25
 
Fulakunda 10 40+,20,25,15,30,25,30,40,30+,40 
 295+
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ubiquitous as was noted in Beeta. 
 Forty-one and 50% of the households in Bako
 
and Kabomb respectively have animal traction capability; comparable figures
 
for Busongai and Fulakunda are slightly higher.
 

The cropping pattern of the Sintet clusters is the same as that which

predominates in much of Foni. Cereal and oilseed crops are cultivated 
on the
 
higher plateau soils while rainfed rice crops are grown in the lower, heavier
clay soils. Sesame production is rapidly increasing, supplementing groundnuts
 
as a source of cooking oil for home consumption and for sale. Vegetable

gardening is important year round both 
as a source f supplemental food and as
 
the primary source of cash income for the women. 
 In addition to the

traditional backyard gardens, 
Sintet has two large wire-fenced gardens--in

Bako and Kabomb--constructed with materials provided by outside donors.
 

The sexual division of agricultural labor which predominates in Sintet is
 
cormmon in rice-growing systems throughout the 
country and similar to that
 
described 
for Beeta. In general, men are primarily responsible for upland

crops and women cultivate rice and vegetable gardens. 
 As in Beeta, this

division has become less rigid 
in the w.,ke of the drought. Faced with
 
declining rice y elds, women have turned to traditionally male upland

crops--groundnut, 2,J, more 
recently, sesame--as sources of cash income. Men
 
have also shifted sone of their labor to operating draft animal equipment in

the rice fields. This is not, however, as widespread as was noted in Beeta.
 
Sintet women rEic rt having to hire male iaior and draft equipment for their

rice fields whereas in Beeta the women 
could count on some assistance from
 
male household members.
 

The Sintet rice-growing area (Figure A-2) is located mainly along the
 
floor of a narrow rainwater runoff drainage way (similar to that of Beeta)

which flows into 
the Bintang Bolon. The upper (southern) section of this
 
watershed belongs to Busongai, while the lower (northern) portion is divided
 
among Bako and Kabomb land holders. In addition, there is a narrow strip of
 
rice fields, called Kafintak, running parallel to the Bolon, much of which 
is
affected by salt water intrusion. The eastern segment--east of the drainage
 
way-- Lelongs to Kabomb; tne rest of Kafintak is owned by Bako. The drainage
 
way and the Kafintak area total approximately 108 hectares.
 

Rice has been cultivated by Sintet farmers since the 
village was founded.
 
Before rainfall 
 levels began to decline, all rice was transplanted using

long-duration varieties (4-5 months). With the 
onset of the drought, these

varieties became unsuitable 
and farmers managed to secure shorter-duration
 
varieties from in Casamance or the at
relatives from Agriculture Department 

Sapu.
 

In 1984, the SWMU had completed the construction of their first anti-salt
 
dike in Jarrol, a village on the next watershed to the west of Sintet.
 
Encouraged by the experience 
of this initial Jarrol success, the SWMU

approached the district chief with a plar, For a complete watershed management

package for Sintet designed as a demonstration model for farmers in the area.
 
At a meeting between the chief, SW.IU staff, and representatives from each of

the Sintet clusters, the construction plan for water retention structures and

erosion-preventing contour berms was presented and readily accepted by the
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villagers. A second meeting was convened at which a watershed management
 
committee was inaugerated and members elected.
 

Construction on the first dike began in earnest in early 1985 with village

volunteer labor, as was the agreement between SWMU and the watershed
 
management committee. Attendence registers were kept by the watershed
 
committee, recording daily participation of each villager. Despite the fact
 
that the first dike would only benefit Kabomb rice fields, the labor turnout
 
from all four clusters was very good during the first two weeks but gradually

dwindled under the weight of the heavy work. Nevertheless, the first dike was
 
completed in time for the 1985 rainy season. Rice yields in this
 
dike-affected area were much higher in 1985 than in previous years and the
 
watershed committee decided to construct two additional water retention dikes
 
in 1986. These dikes, both located in the drainage way, were to benefit Bako
 
as well as more of Kabomb's rice land.
 

Unexpectedly, after the completion of the construction of the first dike,
 
the Department of Community Development offered to provide food-for-work
 
compensation to the dike construction participants. These provisions (12,500
 
kg of milled rice, 1700 tins of beef, and 450 tins of edible fat) were thus
 
distributed among the participants according to the number of days worked by

each. In anticipation of further Community Development provisions, there were
 
virtually no absentees for the construction of ti'e second and third dikes in
 
1986. However, by this time, SWIU had taken a policy decision not to accept
 
any further food-for work contributions as they felt it went against the
 
philosophy of true self-help work. No additional compensation was provided
 
for the 1986 work. 9
 

Additional construction began in early 1987 for the Kafintak area, most of
 
which is apparenLly owned by Bako farmers. However, the land tenure status of
 
one section of Kafintak is not clear. Landless farmers from other villages in
 
the district have apparently been participating in the construction with the
 
expectation that they will be allocated a plot of land of their own. The
 
means and terms of any land distribution has not been determined and a land
 
tenure dispute between laborers and land holders could result.
 

While the technical design of the first Sintet dike was relatively

simple--a solid L-shaped dike with spillways around each end point--the second
 
and third dikes were somewhat more complex in design (Refer to Figure A-2.
 
The dikes refered to are in the upper watershed.). Dike 2 was designed with a
 
drainage pipe, the water from which was to fill the area behind Dike 3.
 
Excess overflow from Dike 2 was to spill around the western end of the dike
 
and past the area enclosed by Dike 3. When Dike 3 filled with the
 
pipe-drained water from Dike 2, the excess water was to spill out of the
 
opening in the southwest corner of the dike. The dikes were not constructed
 
exactly to specification, however, and problems arose as the water began to
 
flow. The western end of Dike 2 was not long enough to extend well beyond the
 
western edge of the Dike 3 enclosure.
 

9Department of Community Development food-for-work provisions were also
 
distributed in other 
 SWUU project villages in 1985. No additional
 
compensation was provided to these or any new project villages after 1985.
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As a result, whereas Dike 3 was designed to hold water from Dike 2's drainage

pipe, additional 
water was entering the former's area from Dike 2's spillway.

Dike 3 could not stand the stress 
of all this water and broke several times

during the 1986 rice growing season. Although nothing could be done at that
time, the dikes were repaired and construction faults corrected in time for
 
the 1987 season.
 

An additional problem arose with the seeding of areas behind the new
dikes. Farmers were advised by SW.IU staff to transplant these areas as they
would quickly flood and drown newly germinated seed. The farmers were
skeptical of this advice and chose 
to direct seed. As predicted, many women

lost their first seed and scrambled to find additional seed for seedbeds. The
combination of the continuous breaking 
of Dike 3 and the loss of the first

planting in this area resulted in relatively poor yields.
 

Despite thc problems experienced in 1986, farmers seemed convinced of the

potential benefits of the dikes. 
 In fact, standing water remained long enough

behind Dike 1 to permit the maturation of a ratoon crop. There is also
potential for additional production behind 
Dike 2 in a very deep (over 1.5

meters) depression which was not planted at all in 1986 nor 
in previous years

due to excessive flooding. Standing water remained in this area from the
first rains 
of 1986 well into February 1987. Transplanting after the water
 
levels have subsided is one possibility.
 

Case Study Households *in Sintet
 

Sintet is actually comprised of three villages--Bako, Kabomb, and
 
Fulakunda--each with a separate alkalo. Village surveys were in
conducted 

Bako and Kabomb only. No clear stratifications emerged between households

with rice fields either strictly inside or outside the project One
area.

household selected for in-depth study 
is in Kabomb and has fields both 
inside
 
and outside the project 
area. It had draft animals, but no implements. I
 
The second household, in Bako, has rice fields inside 
the project area only

and has animal traction capability.
 

The data presented in the following sections illustrate resource
allocation patterns in these two households. Both households are members of

their respective founding kabilos and such among land
as are the holders in
the village, owning rice fields both 
inside and outside the project area.

Having discussed the broad farming system context of Sintet within which 
the
 
SWMU project was implemented, 
 the following sections illustrate the
 
interaction of these variables at the household level.
 

1OMuch to the chagrin of 
the farmers, however, the crop was completely

destroyed by cattle only days before 
harvest. The women did 
not report

the matter because past episodes of this kind received only a plea 
for
 

rmer tolerance from the alkalo.
 
'This household 
did not have animal traction capability when it was
 

selected for in-depth study, but acquired two bulls during the season.
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General Overview of Case Study Households
 

Comparative labor and animal traction 
profiles of the two households are
 
presented in Tables A-l and A-2. Whereas both households had nearly identical
 
family labor resources, only HHl had animal traction capability (HH2 owns two
 
bulls but no implements).
 

The cropping patterns nf the case study households were very similar and
 
represented the general ctupping system defined for 
Sintet. A listing of all
 
fields cultivated by eac,, household (Tables A-7a and A-7b) 
and the percentages

of total area planted to each crop (Table A-8) are provided for comparison.
 

The ratios of total land area cultivated per unit of available family

labor, calculated in Table A-5, were nearly identical for both h..Iseholds,

despite the fact that only HHl had animal traction capability. For its upland

fields, HH2 used 
a borrnwed plow with its bulls for time totaling 1.2 days/ha
of upland area planted. Even though HHl employed its own animals and
 
implements 
for 3.3 days/ha of upland area planted (nearly triple the time
 
spent in HH2), its ratio of upland area cultivated per male A.E. is no better
 
than that of HH2. The ratio of rice area cultivated per female A.E. is
 
slightly higher iu HHl than HH2 (0.16 and 0.12 ha 
respectively). This is

unrelated to -nimal traction availability, however, as no household-owned
 
animals or implements were used on 
rice fields in the two households.
 

HHl belongs to the kabilo in Kabomb which owns 
more upland fields than any

other in Sintet. It had far 
more upland area than it could cultivate as most
 
of the youths have left in search of off-farm employment. Most of the land is
 
lent out (it is the most desirable land as it is closest to the village) and
 
some is left fallow. The situation for HH2 was similar, the difference being
that most of their upland fields are located relatively far from the village.
 
Nevertheless, HH2 also lends out many upland fields.
 

Similarly, both households out of their rice Other
lent some fields. 

fields were 
left uncultivated because of insufficient water or, in the case of
 
HH2, abandoned because of salt intrusion (at Kafintak). Nearly all rice

fields cultivated by the women of the two households belonged to the
 
respective compounds. 12
 

Tie sexual division of agricultural labor in the two households fits the
 
general pattern observed throughout the four Sintet clusters. Of the total
 
family labor allocated to rice production, 2% and 0.5% in HHI and HH2
 
respectively was male labor. Although 
the total time spent was small, male
 
labor participated in planting, transplanting, weeding, bird scaring, and
 
harvest on a number of fields. Unlike in Beeta, no male family labor was

recorded for animal traction activities on rice fields. Female labor
 
accounted for 0.7% and 0.8% of total spent on
family labor non-rice crops in
 

12The one exception was 
field no. 101 in HHl. The farmer cultivatinq
 
this field felt that some of her own fields were too dry to farm so shl
 
borrowed this field, located in Casamance, from a relative there.
 
Throughout the season, she made trips to Casamance to care for this field.
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the two households respectively. 13  Planting, weeding, and
 
harvesting/bundling of sorghum accounted for this female labor.
 

As in Eeeta, the produce from all rice fields cultivated in the two Sintet
 
households was for family consumption and women had no access to the rice as a
 
source of personal income. To 
satisfy their cash needs, women cultivated
 
upland crops (sesame or groundnuts, identified in Tables A-7a and A-7b) and/or
 
vegetable gardens. Women 
in HH2 have garden beds in the Bako community

garden, while HHI's women have beds in both 
the Bako and Kabomb gardens. All
 
have small backyard garden plots as well.
 

Analysis of data collected on all food grain transactions between June
 
1986 and January 1987 show that both households had to supplement household
 
production during 
that period. Assuming at each A.E. requires 0.46 kg


"
milled grain/day to meet nutritional needs, then HHl and HH2 acquired 31%
 
and 57% res ectively of their calculated total grain consumption
 
requirements. lT
 

Based on the total grain harvested duriny Lhe 1986-87 cropping season, the
 
two households differed widely 
in their levels of grain self-sufficiency

achieved, although both 2re expected to have a food grain deficit before
 
harvesting the 1987-88 crop. Table A-9 presents the total grain weight per
 
crop produced by each household and the respective milled grain equivalents.
 
Calculations of total grain consumption requirements reveals that HHl and HH2
 
produced 73% and 29% of their respective needs.
 

At 1987 prices, 16 both households generated enough income from cash crop

production (groundnuts and sesame) to purchase 
the milled rice required to
 
theoretically offset their grain deficits (Cssuming that all groundnut 
and
 
sesame was sold). HHI would have 
to spend 24% of these cash earnings on
 
milled rice to compensate for the deficit while H?12 would require 62% of its
 
cash crop earnings.
 

Rice Production in the Case Study Households
 

The total output and yield/ha of all rice field cultivated by the two
 
case study households are provided in Tables A-7a and A-7b. Many of HHl's
 
rice fields were behind Dike 1 and Dike 
2 while those of HH2 were primarily
 
behind Dike 3, between Dike 3 and the bridge, and at Kafintak.
 
13Female labor spent on female-owned upland fields was deducted from the
 

total family labor on non-rice fields before calculating t'ese percentages.
 

14170 kg/annum = 0.46 kg/day (Source: FAO Rice Industry, 1983)
 

15HHl -- 0.46 kg/day/AE X 210 days X 23.5 AEs = 2270 kg required. 
-- total grain purchased = 700 kg = 31% of requirement.
 

HH2 -- 0.46 kg/day/AE X 210 days X 24.0 AEs = 2318 kg required.
 
--total grain acquired (incl. food aid) = 1322 kg = 57% of reqmt.
 

16See footnote number 5 in this annex.
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As was the case in Beeta, the data show extremely wide variability in
 
yield/ha on fields both inside and outside the 
project area. Several factors
 
have been identified which clearly account for some of this variation.
 

Most of HHl's fields located behind Dike 1 were either partly 
or
 
completely beyond the reach of the standing water trapped behind the dike. As
 
a result they suffered moisture stress and produced poor yields if anything.
 

All farmers 
with fields within range of the dike ponds were advised by

SWMU staff to transplant as rice seedlings would drown if direct seeded.
 
Parcel 1800 of HH] had to be replanted because the farmer did not follow this
 
advice. Yields on this parcel were not as high as could 
 otherwise be
 
expected. HH2's fields located behind Dike 3 were also direct seeded 
instead
 
of transplanted. This was compounded by the numerous wash-outs of Dike 3 and
 
ultimately resulted in less than optimal yields.
 

Yields were particularly eratic at Kafintak, where some fields suffered
 
moisture stress, others were salt-affected, and still others did relatively
 
well.
 

The fields which produced the highest yields were those of HHl located
 
behind Dike 2, with yields of over two 
tons/ha not uncommon. The dike filled
 
according to design and represent yields which could 
reasonably be expected
 
behind all the dikes in 1987-88.
 

Factors Affecting Project Development and Outcome in SinteL
 

The key factors identified in the SWMU case study at Sintet which had
 
direct bearing on the outcome of the project are outlined below. In the
 
concluding chapter of the main report, they are considered in the more general
 
context of future project replicability.
 

1. Construction supervision - The technical design of the first Sintet
 
dike, constructed in 19P.,, was relatively simple. It was a
 
solid dike with a wide S'ass spillway around its western end.
 
Dikes 2 and 3 were somewhat oore complex and were not

constructed according to design spe 'ifications. Dike 2 was not
 
extended as far south as was called for in the design. 
 As a
 
result, more water was channeled into Dike 3 than the structure
 
could hold. It broke several times during the growing season
 
causing serious damage 
to the rice crop. Many fields behind
 
this dike had to be replanted.
 

2. 	 Extension follow-up - A serious gap in communication occurred between
 
the project and Sintet farmers concerning post-construction crop

husbandry. After the construction of Dikes 2 and 3, SWMU
 
explained the expected changes in the water regime of tho rice
 
fields. SWMU warned farmers that they should transplant their
 
rice instead of direct seeding to prevent drowning of the young
 
plants. Farmers did not heed this advice and, as predicted, many
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plots were destroyed. Having to replant many of the affected
 
fields resulted in yield levels far below expectation.
 

3. Design of the dike -
None of the dikes in Sintet were equipped with
 
sluice gates. Had gates been in place, farmers would have been
 
able to drain the flooded areas, thus mitigating the problem

discussed above (factor 2).
 

4. Understanding of pre-project land 
tenure situation - New anti-salinity

dikes and water retention structures were being constructed at
 
the clo~q of the case study period. Some of the laborers were
 
from surrounding villages and were participating in dike
 
construction in anticipation of being allocated land there.
 
Apparently, one section of the newly improved land unclaimed
was 

and could thus be distributed among those participating in dike
 
construction. Should this impression prove false the
and

rightful land holder refuses to redistribute his land, the
 
project will faced a serious crisis. the
be with However,

district chief confirmed that there is indeed some unclaimed
 
land and the laborers are confident that this land will be
 
equitably distributed. Whatever the outcome, the potential for
 
a land 
tenure dispute could easily be averted if the land tenure
 
status of project-affected rice lands was clearly understood
 
before project initiation.
 

5. Motivation of villagers 
- The villagers initially demonstrated a keen 
interest in the project by working on construction despite the 
lack of compensation. A village watershed management committee
 
had been organized and, under the dynamic leadership of its
 
chairman, village participation was strong.
 

6. Food-for-work - Fdrmners completed the construction of Dike 1 on a
 
completely voluntary basis--without compensation. However, the
 
Department of Community Development (DCD) approached SWMU after
 
the fact with an offer to compensate all construction
 
participants with retroactive food-for-work. SWMU accepted the
 
offer but informed the villagers that it :as from DCD and not
 
SWMIU. Despite that disclaimer, when the time came to construct
 
Dike 2, many workers volunteered only in anticipation of
 
additional food aid. When the compensation was no longer

available, SWMU had to re-motivate farmers to work on a purely
 
self-help basis.
 

7. Resource allocation to improved rice land - As in Beeta, all rice
 
fields in the case study households were grown for family

consumption, meaning that the women had control the
no over 

produce. No fields in these households were allocated animal
 
traction or chemical fertilizer and only one field benefited
 
from hired labor. Women had little motivation to allocate cash
 
resources for acquiring these inputs since they had no control
 
over the rice they produced.
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Table A-i. DEMOGRAPHY OF CASE STUDY HOUSEHOLDS IN SWMU PROJECT AREA
 

Household I Household 2
 
Age Male Female Total Male Female Total
 

BEETA
 
0 - 8 6 7 13 1 0 1
 

9 -12 5 5 10 2 4 6
 

13 - 19 2 3 5 2 0 2
 

20 - 40 11 16 27 2 5 7
 

41 -60 3 4 7 2 0 2
 

61+ 2 2 4 0 0 0
 

TOTAL 29 37 66 9 9 18
 
TOTAL A.E.** 21.5 30 51.5 7.5 7 14.5
 

SINTET
 

0 -8 0 0 0 0 0 0
 

9 -12 1 2 3 5 1 6
 

13 -19 .5 2 7 0 1 1
 

20 -40 3 8 11 5 11 16
 

41 + 2 2 4 3 1 4
 

TOTAL 11 14 25 13 14 27
 
TOTAL A.E.'. 10.5 13 23.5 10.5 13.5 24
 

Adult Equivalents: All adults age 13-59 are weighted as one full unit
 
of labor. 'hlldren age 0-12 and adult= over 60 weighted as 0.5 unit.
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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Table A-2. ANIMAL TRACTION CAPABILITY OF SWMU CASE STUDY HOUSEHOLDS
 

BEETA SINTET
 
Owned by Household H/hold I H/hold 2 HH 1 HH 2
 

Draft Animals
 

Oxen 5 3 2 2 [1]
 
Donkey 3 1 0 0
 
Horse 1 2 1 0
 

Draft Imolements
 

Plow 1 1 0 0
 
Seeder 2 2 1 0
 
Weeder 5 3 1 0
 

Lifter 1 0 0 0
 
Ridger 0 2 1 0
 
Cart 1 0 0 0
 

[I] 	These oxen were acquired on a trial basis at the beginning of the
 
farming season. The farmer ultimately purchased them outright.
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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Table A-3a. 
FIELDS CULTIVATED IN1986/87 INSWU CASE STUDY HOUSEHOLDS, DEETA, w.D.
 

FIELD CROP AREA TOTAL PRODUCE YIELD/HMA TOTAL PRODUCE YIELD/HA HIRED LPDMR CHEMICAL 
 ANIMAlL TRACTION COMIMENTS
 
NO M1J 
 (Crop 1) (Crop 1) (Crop 2)[2] (Crop 2) EMPLOYED FERTILI7ER USED[3]
 

HOUSEHOLD I
 

1601 L.Ricel 0.06 40.8 680.0 N/A N/A 
 0 
1602 L.Rice I 0.04 20.8 520,0 N/A 
 N/A 0
 
1603 L.Ricej 0.10 0.0 0.0 N/A 
 N/A 0 Grasshoppers
1604 L.Rice 0.24 0.0 0.0 N/A N/A 0
 
1701 U.Rice 0.14 89.6 640.0 N/A N/A 0
 
1702 U.RiceJ 0.06 0.0 0.0 N/A N/A 
 0
 
1801 L.Rice" 0.06 8.2 136.7 N/A N/A 0
 
1802 L.Rice 2 0.14 3.6 25.7 N/A N/A 0
 
1803 L.Rice 0.12 0.0 0.0 N/A N/A 0
 
3801 U.RiceJ 0.06 0.0 0.0 N/A N/A 
 0 
1901 L.Ric[! 0.07 0.0 0.0 N/A N/A 0 Grasshoppers
1902 L.Rice 0. 05 0.0 0.0 N/A N/A 0 Grasshoppers
1903 L.Rice 0.17 27.2 160.0 N/A N/A 0 
1904 L.Rice 3 0.07 0.0 0.0 N/A N/A 0 
1905 L.Rice 0.08 0.0 0.0 N/A N/A 
 0 Grasshoppers

2001 U.Rice 0.19 106.4 5GO.0 N/A 
 N/A LP,P (F) 0
 
2002 U.Rice 0.10 0.0 0.0 N/A N/A 0
 
2003 U.Rice 0.07 0.0 0.0 N/A N/A 0
 
2004 U.Rice 0.36 0.0 0.0 N/A N/A 
 0 
2101 L.RIce 0.12 19.2 160.0 N/A N/A 0 
 Sand

2102 L.Rice 0.22 0.0 0.0 N/A N/A Sand 
2103 L.Rice 0.14 0.0 0.0 
 N/A N/A 0 Sand
 
2104 L.Ricetj 0.16 0.0 0.0 N/A N/A 0
 
2201 U.Rice 0.109 0.0 0.0 N/A NIA 
 0 P 
2202 U.Ricp 0.17 0.0 0.0 NIA N/A 0
 
2301 
 L.Ric 0.12 24.0 200.0 N/A N/A 0
 
2302 L.Rice [ 0.03 0.0 0.0 N/A N/A 0
 
2303 L.Rice 0.05 0.0 0.0 N/A N/A 
 0 
2401 U.RiceJ 0.08 0.0 0.0 N/A N/A 0 P
 
2701 L.Ricq 0.01 16.8 420.0 N/A N/A 0

2702 L.Rice 0.10 16.0 160.0 N/A 
 N/A 0 
 Sand
 
2703 L.Rice 0.09 0.0 0.0 N/A N/A 0
 
2704 L.Riceb 0.05 0.0 0.0 N/A NI 
 0 
2705 L.Rice 0.04 0.0 NIA
0.0 NIA 0
 
3901 U.Rice 0.26 208.0 800.0 N/A N/A 0 P
 
3902 U.Rice 0.07 0.0 0.0 N/A N/A 
 0 
3903 U.Rice 0.05 13.0 260.0 N/A N/A 0 
2801 L.Ricq 0.02 4.8 240.0 N/A N/A 0
 
2802 L.Rice 7 0.17 0.0 0.0 N/A 
 N/A 0
 
2803 L.Rice 0.06 0.0 0.0 N/A N/A 
 0 
4001 U.RiceJ 0.06 28.4 473.3 NI N/A 0
 
2901 L.Ricqa 0.05 14.0 280.0 N/A N/A 0
 
3001 U.RiceJ 0.11 0.0 0.0 N/A N/A 0
 
3101 L.Rice1 0.10 5.2 52.0 N/A N/A 
 0
 
3102 L.RiceI? 0.08 0.0 0.0 N/A N/A 0
 
3103 L.Rice 0.04 0.0 0.0 N/A N/A 0
 
3201 U.RiceJ 0.06 0.0 0.0 N/A N/A 0 P 

(Table A-3a continued next page)
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- ---- ------------- --------------------------------------------------- 
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----- --------------- -- ---------------------------------------------------------- 

Table A-3a. (cont.)
 

--------------------------------------------------................-------------------------------------------------------


FIELD CROP AREA TOTAL PRDDUILE YIELD/HA TOTAL PRODUCE YIELD/HA HIRED LAPOR CHEMICPl. ANIMnL TRACTION CDOIMENIS 
NO [I] (Crop 1) (Crop 1) (Crop 2)[2] (Crop 2) EMPLOYED FERTILIZER USED[3] 

-- -------- --- ---- -------------------------------------------------------------------
33017 L.Rice 0.15 14.6 97.3 N/A N/A 
 0 Sand

33021 L.Rice 0.07 0.0 0.0 N/A N/A 0 Grasshoppers

3303 L.Rice 0.06 0.0 
 0.0 N/A N/A 0 Grasshoppers

3401J U.Rice 0.13 32.2 247.7 N/A N/A 0 P 
36011 L.Rice 0.10 6.2 62.0 N/A N/A 0
 
3602111 L.Rice 0.04 6.4 160.0 N/A NIA 0
 
36031 L.Rice 0.06 8.4 140.0 N/A N/A 0
 
3701J U.Rice 0.05 0.0 0.0 N/A N/A 0
 

901 G'nut 0.95 2394.0 2520.0 0 LP,P
 
1001 G'nut 1.34 2894.4 2160.0 N/A N/A 0 LPP,W
 

201 GN/LM 1.94 5315.6 2740.0 172.8 89.1 0 LP,P,W
301 GN/LM 1.86 3645.6 1960.0 28.8 15.5 0 LP,P,W
 
601 GN/LMI/Sor 3.59 7734.4 2160.0 160.9 44.8 250 kg LP,P
 
801 GN/Sor -.84 5B36.8 1520.0 90.0 23.4 100 kg
 

3501 Sesamie 4 0.85 23.5 27.6 N/A N/A 0 LP Female-oned 
1302 Sesame 0.16 30.2 188.8 N/A N/A 0 LP 
1304 Sesame 0.33 16.8 50.9 N/A N/A 0 LP 

4101 Sorghum 0.96 137.3 143.0 N/A N/A 
 0 LP
 
4201 Sorghum 0.10 64.0 640.0 N/A N/A LP
0 
101 Sorghum 0.49 294.0 600.0 N/A N/A 0
 
702 Sorghum 0.65 325.0 500.0 N/A N/A 
 0 LP
 
1101 Sorghum 0.43 172.0 400.0 N/A N/A 
 0
 
1501 Sorghum 0.98 115.5 117.9 N/A N/A 0 LP
 
1502 Sorghum 0.38 0.0 0.0 N/A N/A 0 
1401 LM 1.74 3062.4 1760.0 N/A N/A 0 LPW
 
1503 LM 0.19 0.0 0.0 N/A N/A 0
 
501 LM l.VW, 1539.9 827.9 N/A N/A 0
 

1303 Mz/Cas 0.37 0.0 0.0 N/A N/A 0 LP
 

F=Female LP=Lard Preparation 
--

M--Male P=Planting 

W=Weeding 

H1] L.Rice (lowland) refers to those fields located squarely on the drainage way floor. 
---

U.Rice (upland) are on the sloped sides
 
of the drainage way.
 
Rice fields are bracketed to show groups of fields cultivated by a single farmer.
 
Farmers 3 and 7 each plowed and planted one additional field each--0.14 and 0.08 ha respectively. Labor stopped after
 
planting.
 

[2] Secondary crop on irtercropped fields.
 
[3] All activities used household-owned animals/implements unless otherwise noted.
 

Note: All women cultivated sroall vegetable garden plots. No harvest data was collected for them nor were their areas measured.
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
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-------------------------------------------------------------------- ------------------------------

Table A-3b.
 
FIELDS CULTIVATED IN 1986/87 INSWMU CASE STUDY HOUSEHOLDS, BEETA.
 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA TOTAL PRODUCE YIELD/HA HIRED LPBOR CHEMICAL ANIMAL TRACTION COMMENTS
 
NO [I] (Crop 1) (Crop I) (Crop 2)[2] (Crop 2) EMPLOYED [3) FERTILIZER USED[4]
 

HDUSEHOLD 2 

1301 Rice] 1 0.11 167.2 1520.0 N/A N/A 0 P Timely weedil
 
1401 Rice]Z 0.05 55.0 1100.0 N/A N/A 0 P
 
1501 Rice]3 0.15 96.0 640.0 N/A N/l 0 
 P Standing wati
 
1601 RiceJ'i 0.06 30.5 508.3 N/A N/ 
 0 P
 
1701 RiceJ5 0.08 76.1 960.0 NIA 
 N/A 0 p
 

501 GN/LM 1.93 5172.4 2680.0 28.8 14.9 
 50 kg LPP,W
 
601 GN/LM 3.21 8474.4 2640.0 0.0 0.0 
 250 kg LPPW
 
901 GN/LM 0.50 1030.0 2060.(Q 57.6 115.2 0 LPPW
 

1101 GN/LM 2.39 5066.8 2120.0 100.8 42.2 250 kg LP,W 

302 Sesame 0.40 67.9 169.8 N/A N/A 
 0 LP
 

101 Mz/LM 1.68 0.0 0.0 2184.0 1300.0 100 kg LP,P,W Pests (maize) 
201 LM 0.81 1101.6 1360.0 N/A N/A 0 P,W 
701 Sorghum 0.53 26.5 50.0 N/A N/A 0 W
 
1801 Cassava 1.35 (51 (5) N/A N/A 
 0 LP
 
2001 LM 0.31 0.0 0.0 N/A N/A 
 0 LP
 
2101 Maize 0.43 0.0 0.0 N/q N/A 
 0 LP Pests 

LP:Land Preparation
 

P-PIanting 
W=Weeding


..............................................----------------------------------------------------------------------------------

[1] Rice fields are bracketed to show groups of fields cultivated by a single farmer.
 
(2)Secondary crop on intercropped fields.
 
[3] No hired labor employed inhousehold 1.
 
(1]All activities used household-owned animals/implements unless otherwise noted.
 
(51 No yield data available.
 

Note: All women cultivated small vegetable garden plots. No harvest data was collected for them nor Here their areas measured.
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
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Table A-4. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN BEETA, WD.
 
SWMU PROJECT AREA
 

Household I Household 2
 

Land cropped - 1986 Ha (% of total area) Ha (. of total area)
 

Rice 	 5.69 (19.8) 0.45 (3.2)
 

2.29 (8.0)
Groundnuts 


G/nut interurops 11.23 (39.1) 8.03 (57.4
 

Sesame 1.34 (4.7) 0.40 (2.9)
 

Cereals 9.49 (33.1) 5.51 (39.4)
 

TOTAL CROPPED AREA 28.7 (100.0) 13.99 (100.0)
 

Source: 	 Case study fie'd data, Water Control Study, 1986-87 cropping
 

season.
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Table A-5.
 

RATIOS OF LAND AREA CULTIVATED TO AVAILABLE LABOR IN CASE STUDY HOUSEHOLDS
 
SWMU PROJECT AREA
 

Area Cultivated Available A.E. 


BEETA 

HH I Rice 
Other Crops 
All Crops 

HH 2 Rice 
Other Crops 
All Crops 

SINTET
 

HH I 	 Rice 

Other Crops 

All Crops 


HH 2 	 Rice 

Other Crops 

All Crops 


El) 98% of the total 

2) 97% of the total 


5.57 

23.13 

28.70 


0.45 

13.54 

13.99 


2.23 

8.83 

11.06 


1.56 

9.22 

10.78 


30 female AE (I] 

21.5 male AE 12) 

5L.5 M/F AE 


7.5 female AE [11 

7.5 male AE £2] 


15 M/F AE 


13.5 female AE (1) 

10 male AE £2) 

23.5 M/F AE 


13.5 female AE [l) 

10.5 male AE (21 

24 M/F AE 


labor recorded for rice fields vas 

labor recorded for non-rice fields 


Land:Labor Ratio
 

n.18 ha/femalv AE
 
1.08 ha/male AE
 
0.55 ha/AE
 

0.06 ha/female AE
 
1.80 ha/male AE
 
0.93 ha/AE
 

0.16 ha/female AE
 
0.88 ha/male AE
 
0.47 ha/AE
 

0.12 ha/female AE
 
0.88 ha/male AE
 
0.45 ha/AE
 

female labor.
 
was male labor.
 

Source: Case study field data, Water Control Study, 1986-87 cropping
 

ieason.
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- ------ -----------------------------------------------------------------------

PROJECTED FOCD RAUN SE-F-SL-FF'CiC'/ 7N .W. C.. STUDY 'AOUE.HCJ2 
FOR ONE YEAR 'FE 1926--17 .PAVEST 

.EE~fl, ' C 

Householi I Housenold 2 

Crop ITotal Output lGrain Equiv. [I]JI Grain Equiv. ITotal Oitpu ,raiim Equiv. [1.1rain Equiv. 

Produced (Kg) I (Kg) las %of Totall (Kg) iKg) las %of Total 

Rice 1 762.5 4r7.5 I 9.4 1 425.5 1 25.3 

Early let ........ 

Late Millet 1 5379o8 1 3765.9 T7.4 3472.7 22420.9 1 87.4 

1 I 

Sorghurn 1 920.3 1 644.4 I 13.23. 94. 1.4 

-ai:e- -- I -- ---

4867.8 CO. 0 2'780, 7 100.otal Product 1 
I I 

-GO2. 1Total Available 1 4381.0 J 

for Focd.22 I. ! 

Grain ' 

Self-Suffi. ien~cy[2. 5.% I 102 

of' :ut~cut
:2l Rice - Ylilied equiva'eni 6-1% 
,ther Grirs - Mi.ed equiya:ert '% :f .u-pujt 

'.2.:'After ded .ctin, ! !'fr.m, a tL "rC , ., &-i -5= '"..ELE...


L.: Househo:d I - 51,5 qd , Equlva!erts x '70 gy'- = 3755 k: c: -re. .rai 

4381/875Z = N"
 

Houec, ld 2 - 14,5 fAdult Equivalents Y 170 kg/yr = 246 k.- f:,cd .,air iequ~reC, 
C -.,'. r. ,'' ; ,4'Z =C r0', 

Case study field data, Water Control Study, 1986-87 croppinq season.
Source: 
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Table A-7a.
 
FIELDS CULTIVATED IN1986/87 INSWMU CASE STUDY HOUSEHOLDS, SINTET, W.D.
 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA TOTAL PRODUCE YIELD/HA HIRED LABOR CHEMICAL ANIMAL TRACTION COMMENTS
 
NO [I] (Crop 1) (Crop 1) (Crop 2)(2] (Crop 2) EMPIOYED FERTILIZER USED[3]
 

HOUSEHOLD I
 

101 Rice 0.13 44.2 340.0 N/A N/A 0 InCasamance
 
1101 Rice 0.23 303.6 1320.0 N/A N/A P(M) 0 P
 
1102 Rice 0.07 70.0 1000.0 N/A N/A 0
 
1103 Rice 0.05 0.0 0.0 N/A N/A 
 0 Moisture stress
 
1104 Rice 0.04 0.0 0.0 N/ 0
N/A Moisture stress
 
1105 Rice 0.11 29.6 269.1 N/A N/A 0
 
1106 Rice 0.09 54.0 600.0 N/A N/A 0
 
1801 Rice 0.20 40.3 201.5 NIA NIA 0
 
1802 Rice 0.10 54.6 546.0 N/A N/A 0
 
1803 Rice 0.09 52.0 577.6 N/A N/A 0
 
401 Rice 0.06 0.0 0.0 N/A N/A 
 0 Moisture stress
 
402 Rice 0.10 0.0 0.0 
 N/A N/A 0 Moisture stress
 
403 Rice 0.08 0.0 0.0 N/A N/A 0 
 Moisture stress
 

1701 Rice 0.09 219.6 2440.0 N/A N/A 0
 
1702 Rice 0.11 79.8 725.5 N/A NIA 0
 
1703 Rice 0.06 112.5 1875.0 N/A N/A 0
 
701 Rice 0.04 174.8 4370.0 N/A N/A 0
 
702 Rice 0.18 489.6 2720.0 N/A N/A 0
 
1901 Rice 0.06 139.2 2320.0 
 N/A N/A 0 Moisture stress
 
1902 Rice 0.06 0.0 0.0 N/A 0
N/A Moisture stress
 
1903 Rice 0.09 0.0 0.0 NIA NIA 0 
 Moisture stress
 
1904 Rice 0.05 56.0 1120.0 N/A N/A 0
 
1201 Rice 0.05 0.0 0.0 
 N/A N/A 0 Moisture stress
 
2001 Rice 0.04 16.8 420.0 NIA N/A 0
 
2101 Rice 0.05 17.8 356.0 N/A N/A 0
 

501 G'nuts 0.47 92.1i 197.4 N/A N/A 0 LPP,W
 
801 G'nuts 1.08 0.0 0.0 N/A N/A 
 0 LPP
 

2,01 G'nuts 0.38 129.8 341.6 N/A 
 N/A 0 	 Female-owned
 

601 GN/Sor 2.93 5039.6 1720.0 202.5 69.1 LD(F-Kafo) 0 P,W 

1601 Sesame 0.25 0.0 0.0 
 NIA N/A 0 Female-owned
 
1602 Sesame (1.33 3.5 10.6 NIA NIA 0 
 Female-owned
 
1603 Sesame 0.16 14.0 87.5 N/A N/A 
 0 Female-owned
 
1604 Sesame 0.41 0.0 0.0 N/A 
 N/A 0 Female-owned[4]
 
1605 Sesame 0.21 
 0.0 0,0 N/A N/A 0 	 Female-owned[41
 

901 Maize 0.62 90.0 145.e N/A N/A 0 LP 
1001 Sorghum 1.99 2700.0 1356.8 N/A N/A 0 LP
 

F--Female LP-=Land Preparation
 
M=Male P=Planting
 

W=Weeding
 

[I] 	Rice fields are bracketed to show groups of fields cultivated by a single farmer. Each women's bracket number isalso
 
used to indicate the owner of upland fields.
 

[2] Secondary crop on intercropped fields.
 
(3] All ,zii-.ities used household-med animals/implements unless otherwise noted.
 
(4] These fields wet 3 cultivated by non-rice farmers.
 
Note: All women cultivated small vegetable garden plots. No harvest data was collected for then nor were their areas measured.
 
Source: Case Study field data, Water Control Study, 1986-87 cropping season. 
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Table A-7b. 
FIELDS CLTIVATED IN 1986/87 IN SWNU GU5i1I0LDs,W.D.CASE 	 STUDY SINTET, 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA TOTAL PRODUCE YIELD/HA HIRED LA OR CHEMICAL ANIMAL TRACTION COMMENTS
 
NO [1] 
 (Crop 1) (Crop 1) (Crop 2)l2] (Crop 2) EMPLOYED[J3J FERTILIZER USED14]
 

HOUSEHOLD 2
 

301 Rice 0.05 13.0 260.0 N/A N/A 0
 
302 Rice 0.11 145.2 120.0 N/A N/A 0
 
801 Rice 0.10 37.0 370.0 N/A N/A 0
 
401 Rice 0.11 32.0 290.9 N/A N/A 
 0
 
402 Rice 0.07 24.0 342.9 N/A N/A 0
 
403 Rice 0.04 19.2 480.0 N/A N/A 0
 
501 Rice 0.10 216.0 2160.0 N/A N/A 0
 

1201 Rice 0.11 40.0 363.6 N/A N/A 0
 
601 Rice 0.13 18.0 138.5 N/A N/A 0
 
602 Rice 0.06 58.0 966.7 N/A N/A 0
 
701 Rice 0.08 69.0 862.5 N/A N/A 0
 
702 Rice 0,05 0.0 0.0 N/A N/A 0
 
1001 Rice 0.11 90.0 818.2 N/A N/A 0
 
1101 Rice 0.07 62.0 885.7 N/A N/A 0
 
1501 Rice 0.17 7.0 41.2 N/A N/A 0
 
901 Rice 0.09 18.0 200.0 N/A N/A 0
 
1301 Rice 0.05 48.0 960.0 N/n NIA 0
 
1302 Rice 0.0G 48.0 800.0 N/A N/A 0
 

1601 6'nuts 0.30 432.0 1440.0 N/A 
 NIA 	 0 Female-owned
 

101 GN/Sor 1.12 1657.6 1480.0 33.8 30.1 	 100 kg LP
 
103 GN/Sor 0.56 761.6 1360.0 6.8 12.1 
 0
 
104 GN/Sor 0.98 1274.0 1300,0 S7.5 68.9 
 50 kg LP
 
105 GN/Sor 0.87 1479.0 1700.0 27.0 31.0 50 kg
 

1701 Sesame 0.94 32.1 34.2 N/A N/A 	 0 
 Female-owned
 
1801 Sesame 1.08 0.0 0.0 NIA N/A 
 0 LP
 

102 Sorghum 1.08 337.5 312.5 N/A 
 N/A 0 LP
 
106 Sorghum 1.40 392.0 280.0 NIA NIA 0 
 LP
 
107 Sorghum 0.20 0.0 0.0 N/A 
 N/A 0
 
108 Sorghum 0.06 0.0 0.0 N/A N/A 0
 
109 Sorghum 0.17 0.0 0.0 N/A N/A 0
 
201 Mz/LM 0.44 222.5 505.7 0.0 0.0 
 0
 
1401 Findo 0.02 0.0 0.0 N/A N/A 
 0 

~~~~~~---------- -------- --------

LP=Land Preparation
 
P=Planting
 
W=Weeding
 

I----------- -------------

[I] 	Rice fields are bracketed to show groups of fields cultivated by a single farmer. Each woman's bracket number isalso
 
used to indicate the owner of upland fields.
 

[2] Secondary crop on intercropped fields. 
(3] No hired labor was employed inthis household. 
[4] All animal traction activities were performed with borrowed implements and the household's own bulls.
 
Note: All women cultivated small vegetable garden plots. 
No harvest data was collected for them nor were their areas measured.
 

Source: 
 Case study field data, Water Control Study, 1986-87 cropping season.
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Table A-8. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN SINTET, W.D.
 

SWMU PROJECT AREA
 

HH I HH 2
 

Land cropped - 1986 Ha (% of total area) Ha (% of total area)
 

Rice 2.23 (20.2) 1.56 (14.7)
 

Groundnuts 1.93 (17.5) 0.30 (2.8)
 

G/nut intercrops 2.93 (26.5) 3.53 (33.3)
 

Sesame 1.36 (12.3) 2.02 (19.1)
 

Cereals 	 2.61 (23.6) 3.19 (30.1)
 

TOTAL CROPPED AREA 9.67 (100.0) 10.60 (100.0)
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 

season.
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TABLE A-9.
PROJECTED FOOD GRAIN SEUF-S1JFFICIENCY IN SWtU CASE STUDY HOUSEHOLDS 

FOR ONE YEAR AFTER 1986-87 HARVEST 

SINTET, WD
 

Household I 
 I Household 2 

Crop -ITotal OutputlGrain Equiv.[llIGrain Equiv. ITotal OutputlGrain Equiv.[l]IGrein Equiv.
Produced I (Kg) I (Kg) las % of Totall (Kg) I (Kg) las % of Total 

Rice 1 1953.7 1 1172.2 1 35.9 1 944.3 1 566.6 1 42.6 

Early Millet I --..... 

Late Millet I - I -

Sorghum 1 
I 

2902.4 
I 
1 2031.7 1 62.2 1 864.6 1 605.2 1 45.6 

Maize 1 90.0 I 63.0 I 1.9 1 222.4 1 155.7 1 11.7 

Total Product 1 1 3267.0 1 100.0 1 
S-----------

1 1327.5 1 
---
100.0 

Total Available 
II 
1 1 

I 
2940.0 1 

I 
1 

I 
1 1194.8 

for Food[2] I I I I I 

GrainI Gran II-------------- ----------- ----- ---------
Self-Sufficiency[2]1 1 73% 1 1 1 291 

[1] 	Rice - Milled equivalent = 60% of output
 
Other Grains - Milled equivalent 70% of output
 

[2] 	After deducting 10% from total to allow for storage losses and grain used for seed.
 

[3) 	Household I - 23.5 Adult Equivalents x 170 	kg/yr = 3995 kg food grain required. 
2940/3995 = 73% 

Household 2 - 24 Adult Equivalents x 170 kg/yr = 4080 kg food grain required.
 
1194.0/4080 = 29%
 

Source: 
 Case study field data, Water Control Study, 1986-87 cropping season.
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ANNEX B
 

GTZ/DWR CASE STUDY VILLAGES
 
(Bulock and Bwiam)
 



GTZ CASE STUDY VILLAGES
 

Bulock and Bwiam were selected to represent GTZ experience to date with
 
structures designed to protect 
rainfed ricelands from further salt intrusion

and with contour bunds to control surface runoff water. The rice growing
 
areas of both villages 
are typical of those found throughout the Foni

Districts and of areas improved by GTZ. Infrastructural developments in
 
Bulock are located at both ends of the watershed. At the lower end of the

watershed, GTZ constructed anti-salinity dikes (both with and without sluice
 
gates) as well as contour bunds at the higher part of the drainage way. In
 
Bwiam, a large anti-salinity dike with a triple sluice gates 
was constructed
 
at the limit of salt water intrusion. Contour bunds were also surveyed 
and
constructed behind the dike. 
 Dobong was included in the study to facilitate a
 
without-project comparison.
 

BULOCK - GTZ Case Study 1
 

Bulock, located in the Foni Brefet District of Western Division 
(Figure 1,

main repoft), has a population of 1250 which is roughly 75% Jola and 25%
 
Mandinka. 
 Similar to most villages in the Fonis, the cropping pattern

Bulock combines upland cereal and oilseed crops 

of
 
with rainfed rice and


vegetable gardens. Since the introduction of sesame by the Catholic Relief
 
Services in the early 1980's, the crop 
is rapidly becoming an important

supplement to 
groundnuts as a source of cooking oil for Lome consumption as

well as for sale. It is drought resistant and requires relatively low levels
 
of labor input. In addition, farmers consider sesame to have better 
returns
 
to labor because it has a higher seed to oil 2
ratio than groundnuts.
 

As one of the oldest villages in the area, Bulock has usufru, tuary rights

to much of the surrounding land. Farmers state that fields to the
nearer 

village are no longer as productive as they once were and new upland areas
 
were cleared to replace them. Since the Department of Forestry has restricted

further 
land clearing, this strategy of shifting cultivation and long-term

fallow to optimize production is no longer an option. Land has thus become a

limiting 
resource in Bulock for all but the founding families, particularty

land within close proximity to the village.
 

There are four family clans (kabilos) in the village. Bulock, the

founding kabilo, and Kaponga own much of the village's farm lands. The
 
remaining two kabilos, which 
are relatively new, own comparatively few upland

fields and no rice fields. Some of the settlers who came to Bulock soon after
 

IThe 1983 census lists Bulock and Kaponga as two villages, but the villagers
 
themselves say there is only one alkalo. Therefore, the two census figures

have been added together to derive the Bulock population.
 

2Processing the sesame has 
been a problem for Bulock farmers. To date the
 
available presses are far from the 
 village--in Bwiam, Kassakunda, and

Gunjur--and transport costs 
are prohibitive. In anticipation of a CRS press

to be installed in Kafuta, the farmers have stored their sesame harvest.
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the founders were at that time lent rice and upland fields on a long-term
 
basis--for as long as they remain in Bulock. This land-lending practice was
 
stopped as land became more and more scarce. The later settlers can only

borrow land on a seasonal basis.
 

Although plateau land is still fallowed, it appears only those lands which
 
have noticeably declined in fertility and have heavy weed competition are left
 
uncultivated. According to the farmers, good quality land (i.e. fertile, with
 
few rocks and stumps) close to the village is rarely left fallow.
 

The upland fields of Bulock nearly mesh with the fields of surrounding
 
villages. If a landholder in Bulock has more land than he can cultivate in a
 
given season, often the land is lent to someone within or from a neighboring
 
village. Farmers from nearby Bajana, where there is a scarcity of land,
 
borrow fields every year in Bulock's "kunkujang" area. Landless farmers of
 
Bulock, however, prefer to borrow land from Kuramu (a village in Casamance
 
just south of Bulock) because those fields are closer than Bulock's kunkujang
 
area (literally "far-away fields" and where most of the land available for
 
borrowing is located).
 

A survey of all household heads in Bulock determined that roughly half of
 
the compounds have animal traction capability (defined as owning at least one
 
draft animal plus any implement other than a cart).
 

The traditional sexual division of labor co-mon in rice-growing systems

throughout the country--where men are primarily responsible for upland crops

and women cultivate rice and vegetable gardens--predominates in Bulock.
 
Nevertheless, there are notable exceptions to this pattern, particularly in
 
the use of animal traction which is operated almost exclusively by men.
 
Although priority use for draft equipment on household fields is given to
 
upland crops, it is becoming more common to allocate some time to rice
 
fields. This time allocation is mainly for seeding, however, and not for the
 
more arduous tasks of p owing and weeding when animals are being fully

utilized on the uplands. Women have also crossed into the traditional
 
domain of the men in the wake of deteriorating conditions in the rice fields.
 
Since the drought of the early 1970's, women have been cultivating groundnuts

along with rice as a risk-spreading strategy against total rice failure. This
 
trend is discussed below in the context of the rice subsystem and with respect
 
to the case study households.
 

Bulock's rice growing areas lie on a narrow watershed, running along the
 
western side of the village, which channels water into the Bulock Bolong

(Figure B-1). The rice lands are located in four sections of the watershed,
 
each of which isdescribed below:
 

1. Bulock - Located at the intersection of the rainwater drainage
 
way and the salt-affected tidal floodplain. This area benefits from
 
rainwater runoff, but is also infiltrated with sub-surface and
 
surface salt water. Bulock is classified as transitional riceland at
 
the interface with the peripheral mangrove zone, and is 6-7 hectares.
 

3 1t is nevertheless recognized that time spent on weeding a given area is
 
reduced if it is seeded in rows (i.e. with animal traction).
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FIGURE B-i 

RICE GROWING AREAS OF BULOCK, W.D.
 
GTZ/DWR CASE STUDY VILLAGE
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2. Guloya/Kunkujang - This area is ecologically identical to the Bulock
 
area, but is closer to the lower end of the drainage way. It's size
 
is roughly 10 hectares.
 

3. Kaponga - Topographically highest and furthest inland segment of the
 
watershed comprising about 20 hectares, separated by bush into two
 
10-ha segments. Only rainwater--direct rainfall, surface runoff, and
 
very limited interflow--floods this drainage way. Although the soils
 
are ver" sandy, Kaponga is classified as transitional rice land as it
 
may have standing water for short periods.
 

4. Tambi-i-da-fe - Very small, but fertile upland tandako area on the
 
lateral heights of the watershed.
 

The Bulock and Guloya rice-growing areas are owned by the founding

kabilo. Bulock, being closer to the village was the first area brought into
 
production. The original area was very small, however, totaling less than
 
seven hectares. As the village grew, so did the demand for additional rice
 
land. The older women remember braving the isolated bush to clear Guloya,
 
gradually expanding their plots by clearing whatever additional land they

could each year. In those early years, salt intrusion was not a problem in
 
Bulock and Guloya as rainwater and groundwater interflow was sufficient to
 
keep brackish water from percolating into the rice fields. Women
 
traditionally built small bunds at the lower boundaries of their fields to
 
trap rainwater runoff and thus had very good yields. With the urought,

however, more and more of these areas were left uncultivated--the higher

fields due to insufficient rainfall, the lower fields due to salt intrusion.
 

For more than a decade, these women had been cultivating groundnuts and/or

late millet (the choice depending upon seed availability) in addition to rice
 
as a risk-spreading strategy against the drought. However, the women do not
 
consider this a pattern of choice and most state that they would prefer 
to
 
devote all their resources to rice cultivation. They complain that they are
 
generally allicated the marginal upland fields for their groundnuts since the
 
best fields are reserved for the men. Furthermore, women often have
 
difficulty in finding sufficient quantities of groundnut seed and in getting

animal traction assistance on their upland fields.
 

To improve the deteriorating conditions in their rice fields, village

representatives approached GTZ for assistance with water retention and
 
anti-salt dikes. A series of meetings between the farmers and project staff
 
were held to clarify project objectives and to obtain agreement on the
 
division of responsibilities between project and village. Construction
 
commenced on anti-salinity dikes at Guloya and subsequently at Bulock, both of
 

4
which were completed before the 1986 rainy season. The Guloya dike (550 m
 
in length) was also equipped with a sluice gate.
 

Although the women were eager to return to the newly improved rice land,

much of their rice seed had either been lost to crop failure or was of
 

4The Bulock dike affected 3-4 of the 7-hectare area, while the Guloya dike
 
protected the entire area.
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unsuitably long duration. GTZ secured 
a consignment of early-maturing Peking

seed from the Seed Multiplication Unit, and distributed it as 
needed to the
 
women with the agreement that it would be repaid at harvest. With that and

the newly completed infrastructural improvements, all of the available rice
 
fields in Bulock and Guloya were cultivated.
 

At Guloya, the anti-salinity dike functioned aF expected. The sluice
 gates were opened after the first 
heavy rains to allow the runoff water to
 
flush the salt deposits of previous years from the 
newly protected soils. The
gates were then closed 
to keep the salt out as well as to trap the runoff.
 
Yet two problems prevented farmers from realizing the expected 
 yields.

Firstly, standing water did not remain behind the dike long enough for all
 
women to realize good yields. Those who did not plant very early in the
 season faced dry fields later of
in the stages grain formation. But because
 
the decline of the water level behind the dike was so sudden, 
 some women

believe the sluice gate was opened 
 without authorization. To date, no
 
provisions have made ensure timely
been to the opening, closing, and

maintenance of the sluice gate. Secondly, not all salt was flushed from the

fields closest to the dike before the sluice gates were 
closed, leading to

disappointing yields in those fields. Incomplete flushing of such soils in
 
the first season is to be expected as the affected fields had been flooded

with salt 
water for many years before the completion of the dike and sluice 
gate. Furthermore, farmers were reluctant to leave the gates open for too 
long for fear of drought. Farmers fully expect, however, that next season's 
rains will flush most, if not all, of the remaining salt from the protected 
rice fields.
 

The infrastructural 
works at Bulock consisted of an anti-salinity dike
 
running laterally along the bottom of 
the narrow band of rice fields. As at
 
Guloya, the Bulock dike prevented any further intrusion of salt water, but the
dike was not equipped with 
a sluice gate because of the Project's concern of
 
the required investment of technical manpower for the benefit 
of only three
 
hectares. As a result, was outlet for the first
there no runoff water into

which salt deposits from previous years 
had been dissolved. The discouraging
 
outcome was that the dike had actually made the situation worse. Whereas
 
before the dike was 
 in place, all runoff water would carry residual salt
 
deposits away, the dike allowed brackish 
water to remain standing on the
 
soils. When women realized the problem, they broke a channel through the dike
 
but could not forestall a near total failure of the rice crop.
 

The Kaponga area is farmed almost exclusively by women from the Kaponga

kabilo which owns the area. 
 Like the farmers of Guloya and Bulock, they had
been cultivating groundnuts late to forand/or millet compensate poor rice 
yields. Three years ago, the Kaponga women decided to abandon the Kaponga 
area altogether. Borrowing rice fields further down the watershed from other 
Bulock 
households was not an option as any productive areas were already

intensively cultivated. Some Kaponga women stayed in Bulock and cultivated
 
only upland crops. 
 Others borrowed rice fields from relatives in Kabakeleh, a
 
village in Casamance, and spent the rainy season there.
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Having seen the type of construction being carried out in Guloya

Bulock areas in 1986, the Kaponga kabilo decided to request 

and
 
assistance from
 

the GTZ project to improve their rice fields rather than borrow fields in the
 
Casamance. The kabilo members built 
five contour bunds on their rice fields

and much of the area was cultivated that year. Construction had begun late,
 
however, and took longer than expected. As a result, the rains came before
 
the planned cement 
spillways could be built into the structures. With the
 
first few heavy rains, all the dikes were over-topped and broke. The 

yields were generally poor. Approximately 60% of the 

crop
 
Kaponga area either
 

failed or produced less than 15 kgs per farmer. 
 The farmers on the remaining

40% of the rice land averaged about 35 kgs each. 5 Over the entire Kaponga
 
area, yields were less than 100 kg/ha.
 

Despite these poor yields, the farmers acknowledged the potential of the
 
bunds and plan to rebuild the structures in time for the 1987 rainy 
season.
 
Each of the new bunds will be fitted with a cement spillway for excess runoff.
 

There were some apparent misunderstandings between the villagers and
 
project staff concerning rice land distribution at Guloya upon project

completion. GTZ understood the agreement for construction to stipulate that
 
the village 
must provide all labor while GTZ supplied technical expertise,

hand tools, and a small cash incentive for the completion of each unit of dike
 
(D0 per 25-meter length). 6 Work at Guloya began in earnest as villagers

from all kabilos turned out to clear the trees and stumps from the dike site.
 
Both land owners, land users, 
 arid landless farmers participated

enthusiastically. This enthusiasm was short-lived, however. 
 The work force
 
had assumed that after the completion of the dike, all rice land affected by

the dike would be redistributed to all participating workers. 
 This question

of land distribution was posed to GTZ project staff 
on the second day of site
 
clearing. The people were informed that the 
 project's objective was to
 
improve the land and that 
it had no mandate to redistribute this land. With
 
this news, less than a third of the original work force turned out to complete

the site clearing. Even fewer, 
28 men and 11 women, participated in the
 
actual construction. All of these workers particip-ted purely as wage

laborers. They organized themselves into small work groups and apportioned
 
the 25-meter lengths among the groups. Upon completion of the work, each
 
group was paid accordingly and the money was divided among the 
 individual
 
laborers. About 12 of these 
laborers then started on the construction of the
 
Bulock dike, again dividing the payment among themselves.
 

The Kaponga structures were built after the completion of Guloya and
 
Bulock, but were constructed solely by people from that kabilo. Here also,

the laborers divided the payment among themselves. The issue of land
 
distribution did not arise in Kaponga.
 

5These figures are based on women's estimates in terms of "bulos", the local
 
unit for measuring unthreshed rice. The threshed paddy rice from one bulo
 
weighs roughly 1.8 kgs.
 

6 The rate has since been increased to D125 per 25-meter length.
 

B-6
 



Rice land tenure patterns have not changed significantly as a result of

the infrastructural improvements. However, incident of sale for
one a cash a
 
rice plot was identified in Bulock. This occurred well before the village

considered GTZ land improvements, but it confirms that the sale of land 
is not
 
unknown.
 

Case Study Households in Bulock
 

The previous section discussed in general terms the farming system 
of

Bulock, with particular emphasis on the rice subsystem, and 
served to define
 
the broad context within which the GTZ project was implemented. To illustrate
 
the interaction of these farming system varianles at the household level, the
 
following section presents the resource allocation data collected in two
 
individual households in Dulock. Both households belong to founding
the 

kabilo and as such represent land holders rather than landless families.
 

In Bulock, the village survey determined that the households were nearly

evenly split between 
those which have animal traction capability aild those
 
which do not. Because of the land distribution between households, there were
 
no cases where households had fields both inside and outside the project

areas. With-project and without-project households could not 
 be compared

because the two groups are also 
separated by different rice ecologies. The
 
case study households have rice fields 
inside the project area and serve to
 compare resource allocation patterns in two houiseholds, both with draft
 
capability.7
 

General Overview of Case Study Households
 

Comparative labor and animal traction profiles of these 
two households are
 
presented in Tables B-1 
and B-2. Clearly, the two households differ greatly

in their relative endowments, with HHl being larger and having 
 a more
 
extensive animal traction capability than HH2.
 

The cropping pattern of the case study households is consistent with the

descriptior of in Bulock. B-3
cropping patterns Table provides a listing of

all fields cultivated by each household, and the area, total output, and
 
yield/ha of each field. The provides the
table also a summary of allocation 
of key resources allocated to crop production. The total area planted to each 
crop and these totals as percentages of total cropped area are presented in 
Table B-4. The actual and relative areas planted to rice are very small, as
is the case for most Bulock households. Sesame appears as important cropan 
in both households.
 

Despite the smaller labor force and cropped area of HH2, it has a higher
ratio of total area cultivated per adult than HHl. Table B-5 gives the ratios
 

7The households were originally selected 
 to comparc resource allocation
 
patterns between a household with draft capability and one without. Well into
 
the data collection exercise, however, it was discovered 
that the "without"
 
household did indeed have draft capability.
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of rice area to female Adult Equivalent (AE),8 groundnut/cereals area to
 
male AE, and cropped area (all crops) to AE (both sexes). The rice area per

female AE was nearly identical--0.14 and 0.13 hectares for HHl and HH2
 
respectively. 
 With regards to upland fields, however, the smaller HH2
 
cultivated twice as much land per male AE 
as HHl (1.2 ha for HH2 versus 0.6 ha
 
for HHl) despite the latter's superior animal traction capability. The total
 
cropped area per AE (male and female combined) was 0.46 and 0.67 ha for HHI
 
and HH2 respectively.
 

Both households have more upland 
fields than they can cultivate, most of
 
which are located at Kunkujang. Some were lent to farmers in Bajana, while
 
others were left fallow.
 

As members of the founding kabilo, both households are among the village

land holders and have their rice fields in Bulock 
and/or Guloya. With the
 
exception of one rice field borrowed in HHI, 
all fields cultivated in 1986 by

these households belonged to them.9 Yet the 
women of both households stated
 
they would cultivate larger fields if the land were available. Neither
 
household lent out any rice fields on a seasonal basis nor were 
any productive

rice fields left uncultivated. (HH2 left one rice field uncultivated only
 
because salt had rendered it unproductive).
 

All rice fields cultivated by the two households 
were grown for family

consumption, a further indicator of rice land scarcity. The total produce

from these fields went into compound stores for d4spersement to the cooks on a

daily basis by the compound head. Women had no access to this rice as a
 
source of personal income. For this reason, 
vegetable gardening appeared as
 
an important income-generating activity for women. All women in both
 
households did vegetable gardening throughout the year, although the area
 
cultivated was smaller during the dry season because of water 
shortages.

While some of the produce was used for home 
remainder to acquire cash for personal needs. 

consumption, women 
Gardening appeared 

sold 
to be 

the 
the 

women's primary source of cash income and they had sole control over its 
disbursement. 

The sexual division of labor in the two households fit the general pattern

observed throughout the village. Of total family labor allocated to rice
 
fields, only 4% and 2% in households 1 and 2 respectively was male labor.
 
While small amounts of male time were spent on manual planting and
 

8The ratio of total cultivated rice area per female AE was calculated
 
because most of the total labor recorded for rice fields was female labor.
 
Similarly, male labor accounted for the vast majority of total labor on
 
non-rice fields.
 

9The sole exception was one rice field borrowed by a woman native to HHl who
 
had been away from the village for 20 years. Her rice field had been "given

away" (lent out permanently) in her absence and could not be retrieved without
 
serious quarrels. All other household rice fields were 
fully utilized by
 
other household members.
 

B-8
 

http:identical--0.14


transplanting of fields, of this male
rice most labor was generally for
 
operating draft animals for seeding.
 

Similarly, female labor accounted for 1% and 15% of total family labor
 
spent on non-rice crops in the two households respectively.10  Women
 
prepared groundnut seed, helped with clearing groundnut and sesame fields, and
 
assisted with the sesame harvest.
 

In HHl, 6% of total animal traction time was allocated to planting and (in
 
one instance) weeding 
rice fields. Much of this limited animal traction time
 
was allocated the woman's rice field she had priority
to senior as (before

other household women but not before other males) for draft implement use.
 

One woman in HHl (referred to in footnote 9) cultivated her own groundnut
 
field, the only female-owneJ upland field in the case study households. She
 
had never before cultivated groundnuts. She did so because she did not have a
 
rice field of her own and had succeeded in borrowing only a small one to
 
cultivate. The woman did most of the hand labor hersef 
and had some
 
assistance from compournd males who operated draft equipment for plowing and
 
weeding. Although other compound women also wanted to cultivate groundnut
 
fields of their own, a shortage of seed prevented them from doing so.
 
Furthermore, the women of HHI calculated that if they were to grow groundnuts,

nearly all labor would have to be 
by hand. Seeing the quantity of upland

fields under cultivation by the men in addition to the one fermale owned 
field 
which would have priority to theirs, the women anticipated constraints on 
draft implement and male labor availability at peak plowing and weeding 
p~riods. 

The male-female labor allocation patterns were a bit more fluid between 
rice ard upland crops in HH2, presumably because it had fewer people. Male 
labor on the household's sole, though large, rice field was recorded for
 
machine planting and harvest. This represents 2% of total animal traction
 
time allocated in the household. Females participated in seed
 

11
preparation, weeding groundnuts/maize, and harvesting/bundling sesame and
 
millet. Isolated incidents of women helping to guide draft animals were also
 
recorded.
 

Analysis of data collected on all food grain transactions between June
 
1986 and January 1987 indicate that HHI was more self-sufficient in food
 
grains than HH2, although both had to supplement household production during

that period. For this 7-month period, HHI acquired a total of 418 kg grain,

all of which was purchased milled rice, while HH2 purchased 513 kg during the
 
same period. If it is assumed that each Adult Equivalent requires 0.46 kg
 

1OThese percentages take only male-owned fields into account, i.e. female
 
labor on the female-owned upland field is subtracted from the total.
 

llSixty percent of the female labor time allocated to non-rice fields in HH2
 
was for groundnut seed preparation. The comparable figure for HHl 5%,
was 

thus accounting for the large discrepancy between the two households for
 
female time spent on upland crops.
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milled grain/day to meet their nutritional requirement, 12 then HHl purchased

20% of its total grain requirement while HH2 purchased 75% of the calculated
 
requirement. 13
 

Based on the total grain harvested during the 1986-87 cropping season,
 
both households will again have a food grain deficit before harvesting 
the
 
1987-88 crop. Table B-6 presents the total grain weight per crop produced by
 
each household and the respective milled grain equivalents. Calculations of
 
total grain consumption requirements reveals that HHl and HH2 produced 18% and
 
82% of their respective needs between the 1986-87 and 87-88 harvests. This
 
represents a virtual reversal of positions of the two households with regards
 
to food grain self-sufficiency between 1986 and 1987. Although the reasons

for this reversal are not entirely clear, farmers from these
the households
 
stated that the proportion of cultivated area put to cash crops vs. food crops

also reversed between the 1985/86 and 1986-87 seasons. This was apparently a
 
conscious decision on their part.
 

At 1987 prices, 14 HHl theoretically generated enough income from its
 
1986-87 cash crop production (groundnuts and sesame) to purchase the milled
 
rice required to counteract its grain deficit (assuming all groundnut and
 
sesame was sold and 75% of cash earnings from Uese crops was used to purchase

milled rice); HH2 did not as it had a total failure of its groundnut crop in
 
1986-87. Some of the women's income from gardening will most likely be spent
 
on condiments to supplement household food.
 

Rice Production in the Case Study Households
 

The total output and yield/ha extrapolation of all rice fields cultivated
 
by the two case study households are provided in Table B-3. The data show
 
extremely wide variability in yield/ha on fields both inside and outside 
the
 
project areas. I-lost of this variability can be explained by their location
 
relative to the respective project structures and/or by the relative level of
 
inputs used on the fields.
 

Guloya - Household l's fields 601 and 1501 were both located very near the 
anti-salinity dike, but their yields were dramatically different; 1400 kg/ha
and 0 kg/ha respectively. Several factors accounted for this variation. Salt 
residue on field 1501 was not completely flushed before the sluice gate was
 
closed, while 601 was unaffected by salt. Furthermore, 601 was planted

earlier than 1501 and, because the former was owned by the senior woman 
in the
 

12170 kg/annum = 0.46 kg/day (Source: FAO Rice Industry, 1983)
 

13HHI -- 0.46 kg/day/AE X 210 days X 22 AEs = 2125 kg required. 
-- total grain purchased = 418 kg = 20% of requirement.
 

HH2 -- 0.46 kg/day/AE X 210 days X 7 AEs = 676 kg required.
 
-- total grain purchased = 513 kg = 75% of requirement.
 

14Price assumptions: GN producer price D 1.80/kg
-

Sesame producer price - D4.75/kg

Purchase price for imported milled rice = D 2.00'kg
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household, was the only rice field to be allocated animal 
traction time (for

planting and weeding). Accdrding to the field's owner, the yield of her field
 
was better than that of most fields the area.
 

Field 1301, although located at Guloya, is outside the area affected by

the anti-salinity dike and 
is in fact a pure rainfed field. It was destroyed
 
by grasshoppers and produced no grain.
 

Household 2's only rice field was in the Guloya 
area, yielding 1040
 
kg/ha. The field, planted with animal traction, was sown later than the owner
 
would have liked. It was also not completely flushed of salt deposits.
 

Bulock - The only field cultivated by case study household members in this 
area was HHl's field 1201. As with all fields behind the Bulock dike, it 
failed because the runoff water into which salt deposits were dissolved had no
 
drainage outlet through the dike.
 

HHl's fields 801 
and 1701 were not affected by any project structures and
 
were both high on the drainage way. The soils are relatively sandy and did
 
not retain water well. 
 Both had low yields--350 and 187 kg/ha respectively.
 

Factors Affecting Project Development and Outcome in Bulock
 

The key factors identified in the GTZ case study at Bulock which had
 
direct bearing on the outcome of the project are outlined below. In the
 
concluding chapter of the main report, they are considered 
in the more general
 
context of future project replicability.
 

1. Management of sluice gate - The women felt that some of their 
rice was destroyed because the sluice gate was opened without
 
authorization. Furthermore, there is no one person assigned
 
responsibility for operation of the gate.
 

2. 	 Village expectations for post-construction rice land 
distribution - The reason for the high initial turn-out of
 
village labor was the result of a misunderstanding that rice
 
land would be redistributed among all laborers participating in
 
construction. When this was determined to be a false
 
assumption, most laborers were no longer willing to participate.
 

3. 	 Cash incentive - Those villagers who did eventually participate

in the construction worked primarily to earn wages, not of
out 

interest in rice land development. Had GTZ not paid a stipend,

it seems apparent that the structures at Guloya and Bulock would
 
not have been completed.
 

4. 	 Technical standard of structures - The design of the Bulock
 
structure was inappropriate in that it did not have a sluice
 
gate. If, due to pressing commitments in other villages, staff
 
time and materials could not have been made available for the
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inclusion of a sluice gate in the Bulock dike, it would have
 
been better not to construct a dike at all.
 

5. 	Timing of construction - Construction of the contour bunds
 
in Kaponga started late in the dry season and the rains came
before the structures could be completed. The became
site 

inaccessibie either because 
 of cultivation or mud and the
construction team 
could not move in to build the intended
 
spillways. Consequently, the three bunds constructed without
 
the spillways washed out.
 

6. Availability of appropriate seed varieties 
- Without 	GTZ

assistance in procuring early-maturing Peking seed, only medium
and long-duration 
varieties would have been available for
 
planting.
 

7. Input availability to individual farmers 
- The sample rice field
 
which 
had the best yield had access to animal traction for
planting and weeding. Her husbandry operations were more timely

than any of the other farmers.
 

8. 	 Soil quality - The soils at Kaponga are very sandy and any

impounded water percolates into the soil and under 
the dikes.
 
The improvements 
 to this land provided by water-retention
 
structures was limited.
 

BWIAM/DOBONG - GTZ Case Study 2 

Bwiam and Dobong are neighboring villages located about 1.5 km apart in
the Foni Kansala District (Figure 1, main report). The people of both
villages are predominantly Jola--approximately 85% 
and 95% of Bwiam and Dobong

respectively--with a small 
minority of Mandinkas. At the time of the 1983
 census, Bwiam's total population was 1660 (142 compounds) while that of Dobong
 
was 280 (14 compounds).
 

The cropping patterns of both villages are identical to that of Bulock,
namely a combination of upland cereal/oilseed crops, rainfed rice, and
vegetable gardens, with sesame rapidly increasing in importance. Animal

traction is common though not all households have this capability (defined 
as
owning at least one draft animal plus any implement other than a cart).

Forty-six 	and 64 percent of the Bwiam and 
Dobong compounds respectively have
animal traction capability. The sexual division of 
labor described for Bulock
 
also predominates in Bwiam and Dobong. However, many more 
incidents 	of women
cultivating upland crops were apparent 
in the two villages than was the case
 
in Bulock.15
 

15This pattern could have resulted from the fact that, in years of poor

rainfall, the Bulock women 
had the option to cultivate rice in Casamance; the
Bwiam/Dobong women had no such option. 
 Therefore 	the Bwiam/Dobong women

became involved in upland crops more rapidly than in Bulock.
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Bwiam is the older of the two villages, and was founded by settlers from
 
Casamance. (Over 80% of the households in present-day Bwiam belong to this
 
founding kabilo which owns much of Bwiam's uplands and all of its rice land).
 
When relatives of the Bwiam settlers arrived from the Casamance several years
 
later, they were instructed to settle where Dobong now stands. Both villages
 
grew and prospered. A generation ago, Dobong was much bigger than Bwiam, but
 
over the last 20 years, at least 21 households have migrated out of Dobong
 
while Bwiam has continued to grow. Eventually, the cleared upland farm lands
 
of Bwiam and Dobong (and of other surrounding villages) meshed together
 
leaving no room for further expansion for the swelling Bwiam. Today, Bwiam
 
has a severe shortage of upland fields, whereas Dobong owns more upland fields
 
than it can cultivate. The landless from Bwiam commonly borrow fields from
 
Dobong which still retains its usufructuary rights over the farm land
 
abandoned by out-migrating compounds.
 

This land use pattern has carried over somewhat to the rice lands as well
 
although the surplus of rice land in Dobong is not as vast as its upland
 
surplus Consequently, while Dobong does lend out some of its rice fields,
 
Dobong's women are able to cultivate most of the village's rice land
 
themselves.
 

There has been a history of land tenure disputes concerning the Bwiam rice
 
growing area. Landless farmers report that long-term borrowing of rice fields
 
was once, but is no longer, an option in Bwiam. This is apparently due to an
 
old dispute between a founding family and a long-term settler. The latter had
 
been lent land which was cultivated by his family for many years. When the
 
owner eventually asked for the land to be returned, the settler refused. The
 
original land owner took his case to the district court which ruled in favor
 
of the settler. As a result, land holders lend their rice fields on a
 
seasonal basis only.
 

A second rice land dispute occurred between Bwiam and a neighboring
 
village of Santangba. Having no rice land of its own, the latter laid claim
 
to some of Bwiam's land. The district court ruled in favor of Santangba and
 
apportioned an area of the disputed land to this village. Santangba is very
 
small and cannot cultivate all of its rice land. Ironically, much of it is
 
lent to Bwian farmers each year.
 

The Bwiam watershed is similar to that of Bulock in that both are
 
rainwater runoff drainage ways which feed into tributaries of the river.
 
However, unlike the Bulock watershed which is long and narrow, that of Bwiam
 
is relatively short and wide (see Figure B-2). Consequently, the interface
 
between productive rice land and the salt-affected barren flats is also much
 
wider than that of Bulock. Women have traditionally built small bunds on
 
their rice plots to keep the salt out as well as to trap runoff water.
 

As is the case in most of Foni, the methods and intensity of rice
 
cultivation in Bwiam have changed over the years as a result of the erratic
 
rainfall patterns. With reference to husbandry practices, all rice fields
 
used to be transplanted because the standing water wis too deep to broadcast
 
seed. As the season was also much longer, most Gf the traditional rice
 
varieties were of medium- to long-duration. With the drought, most of the
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varieties were no longer suitable and many of them were lost in years of total
 
crop failure. Transplanting also became inappropriate as the period of
 
available standing water shortened with less rainfall. 16
 

The rice land area cultivated in Bwiam also diminished with the drought.
 
Many of the higher fields were not farmed due to insufficient and poorly

distributed rainfall, while the lower fields became too saline to cultivate.
 
In 1983, for example, about 85% of the land area was plowed but not planted

due to lack of rain. A similar situation occurred in 1984 when the entire
 
area was plowed only to be left unplanted. As in Bulock, since the early
 
1970's the women of Bwiam have been cultivating upland crops--motly
 
groundnuts--and vegetable gardens in addition to rice as a risk-spreading
 
strategy against erratic rainfall.
 

Discouraged by the 1984 season, the villagers of Bwiam approached the GTZ
 
project for assistance to rehabilitate their rice-growing area. After a
 
series of meetings between the project staff and villagers, the project agreed 
to supervise the construction of an anti-salinity dike and to pay the village 
D1O0 per 25-meter section completed with labor provided by the village. 
Laborers from throughout the village--both land helders arid 
borrowers--participated in the construction work. People from "antangba also 
participated as the dike affected their land a well.. The dike, 
constructed with a triple sluice gate, was completed in time for tile 1985 
rainy season when the entire area was planted. Farmers reported good yields
 
and expressed satisfaction with the dike.
 

Before the 1986 season, the villagers and GTZ discussed the construction
 
of contour bunds to augment to water-retention capability of the dike. The 
bunds were surveyed taking care to follow existing field boundaries as much as 
possible. When it came time to begin construction, however, very few people
turned out to work apparently because farmers viewed the bunds as beneficial 
only to individual rice fields. It proved very difficult for the project 
staff to convince farmers of the area-wide benefits of the bunds and 
construction moved at a snails pace. They were eventually completed just
barely before the first rains of 1986.
 

16Two rice husbandry practices imported from Casamance were alsothe 
observed. In the salt-affected Fields of Casamance, farmers practice ridging
(using a long-handled spade) to facilitate Flushing of salt from tile soil. In 
The Gambia, where rainfall levels ar2 lower than in Casamnance, this practice 
is not particularly appropriate. It is the known method of some in-migrating
farmers, however, and extension efforts to encourage change have been 
frustrated. Tile second observed practice :s pre-germnination of seed. 
Although this gives seeds a head start, it is not wide-spread because farmers 
complain of damage to the seeds when planted with an animal-drawn seeder. 
1 7 The dike was constructed from east to west. When the dike reached the 
point where its additional length would affect only Santangba's rice land, the 
Bwiam laborers stopped assisting in the work. Santangba let it be known that 
if Bwiam did not help in the construction of the dike, none of the improved 
land would be lent to Bwiam. The Bwiam laborers returned to tile work site and 
stayed through the completion of the dike. 
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The first rains stirred optimism about the seasons potential. But at the
 
stage when much of the area was planted and the seed had germinated, disaster
 
struck. A heavy rain--heavier than any in living memory--fell on the area.
 
Runoff water rushing through the drainage way over-topped the present
 
Banjul-Soma road and part of it was washed out. The flood also destroyed a
 
bridge on the old Banjul-Soma road before finally over-tcpping and breaking
 
the GTZ anti-salinity dike. All of the planted rice was washed away and deep
 
pools of water were left in the floods wake.
 

Women adopted different strategies to overcome the disaster. Some waited
 
for the water levels to subside and began afresh by broadcasting whatever seed
 
they could acquire. (GTZ made early-maturing seed available after the
 
flood). In areas where standing water remained, women searched for seedlings
 
and transplanted their fields. In some fields, however, the water was too
 
deep to plant or was saline; they were abandoned.
 

The organization of repair work on the dike after the 1986 disaster was a
 
slow process. During the 1986/87 dry season, three meetings were held between
 
the village and GTZ staff to organize labor for the repairs. Village response
 
was initially poor. Finally, with the help of an influential village youth
 
leader and hints that rice seed loans would not be forthcoming in 1987 if the
 
dike were not rebuilt, labor was finally organized for the work. An incentive
 
similar to that paid for the original dike construction (increased from D 100
 
to D 125 per 25-meter length) was also paid for the maintenance work.
 

Dobong's rice-growing area is very similar to that of Bwian as well as
 
that of Bulock. Its ar?a is physically divided into two sections, both of
 
which are runoff drainage ways flowing into the Bintang Bolon. Both drainage
 
ways also intersect with barren flats and the downstream fields are prone to
 
saline intrusion. However, the villagers consider the eastern section to be
 
better than the western area because the former is a longer and deeper
 
drainage way than the latter. The western area is a relatively narrow strip
 
of land, much of which borders the barren flats.
 

There have to date been no infrastructural improvements to any of the
 
Dobong rice areas and as such they serve as a "without-project" coriparison for
 
Bwiam and Bulock.
 

Case Study Households in Bwiam and Dobong
 

As discussed in the previous section, GTZ has constructed infrastructLral
 
works on the Bwiam rice growing area, but not on that of Dobong. The rice
 
areas of both villages are ecologically similar and were chosen as comparative
 
cases for with and without-project situations. One household was selected in
 
each of the two villages to view the interaction at the compound level of the
 
farming system elements already described.
 

The household distribution in Bwiam regarding animal traction capability
 
was the same as in Bulock--half with and half without. Two households, both
 
with animal traction capability, were selected. To find a compound with rice
 
fields outside the project area and still within the same ecology, it was
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necessary to go to Dobong, a neighboring village not participating in the GTZ
 

project.
 

General Overview of Case Study Households
 

Tables B-l and B-2 provide comparative profiles of household labor and
 
animal traction availability for the two households. Both have nearly
 
identical levels of these resources.
 

The cropping patterns in both households are nearly identical also, as is
 
true of the general cropping systems of Bwiam and Dobong. A listing of all
 
fields cultivated by each household (Tables B-7a and B-7b) and the percentages
 
of total area planted to each crop (Table B-8) are provided for comparison.
 
Although the Dobong household did not cultivate sesame, it is the only one in
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the village not to have done so.
 

Although both households have the almost the same labor and animal
 
traction resources, their ratios of land cultivated to available labor differ
 
greatly (Table B-5). The Bwiam household cultivated twike as much
 
oilseed/cereal area per male AE as the Dobong household--l.25 and 0.60 ha/male
 
AE respectively The rice area per female AE was nearly identical--O.12 and
 
0.10--in both households.
 

Whereas Bwiam as a whole has a shortage of upland fields, the Bwiam case
 
study household, as a member of the founding kabilo, had more than it could
 
cultivate. Some upland fields were left fallow as part of the regular crop
 
rotation pattern, out others were lent out. This land allocation pattern with
 
respect to the uplands also held in the Dobong household.
 

Rice land, on the other hand, is relatively scarce. All rice land owned
 
by both households was cultivated by household members, i.e. none were lent
 
out or left uncultivated. Furthermore, four rice fields were borrowed by

members of the Dobong household; their own rice fields are mostly located in
 
the areas considered by villagers to be inferior as the household is not among
 
the original settlers.
 

As was the case in Bulock, all rice fields cultivated in the Bwiam and
 
Dobong households were grown for family consumption, reflecting the shortage
 
of available rice land.
 

The pattern of sexual division of labor is similar in both households. Of
 
the total family labor allocated to rice fields only 5% and 4% in the Bwiam
 
and Dobong households respectively was male labor. All but a small fraction
 
of this labor was spent on planting with animal traction. Similarly, 5% and
 
12% of total rifmily labor in the two households spent on non-rice crops was
 
female labor. Groundnut seed selection and harvesting/bundling of millet
 
and sorghum accounted for this female labor.
 

18The household had planned to cultivate sesame. However, due to a
 
breakdown of the farmer's plow at the time of planting and the difficulty in
 
borrowing one, he decided not to plant.
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Nearly all the women in both case study households cultivated an upland
 
field of groundnuts or sesame in addition to their rice fields (these fields
 
are identified in Tables B-7a and B-7b). As virtually all the rice fields
 
were grown for family consumption, women earned their individual incomes by
 
cultivating groundnuts and/or sesame. Some of the women in the Bwiam
 
household had vegetable gardens as well, but they considered their upland
 
fields to be the more important source of income. The Dobong household did
 
not cultivate gardens at all.
 

Animal traction inputs were recorded on well over half of all fields
 
cultivated in each household. In the Bwiam household, 6% of the total animal
 
traction days were allocated to rice fields; the comparable figure in the
 
Dobong household was 4%. The animal traction time spent on female-owned
 
upland fields was 17% and 2% in the Bwiam and Dobong households respectively.
 
The remaining time (majority) was allocated to male-owned upland fields.
 

Analysis of data collected on all food grain transactions between June
 
1986 and January 1987 showed that both households had to supplement their own
 
production during that period. For this 7-month period, the Bwiam household
 
purchased 23% of its total grain requirement while the Dobong household
 
purchased 20% of the calculated requirement. 20
 

Based on the total grain harvested during the 1986-87 cropping season, the
 
Dobong household will have a food grain surplus before harvesting the 1987-88
 
crop; the Bwiam household will again have a deficit. Table B-9 presents the
 
total grain weight per crop produced by each household and the respective
 
milled grain equivalents. Calculations of total grain consumption
 
requirements reveals that the Dobong and Bwiam households produced 140% and
 
57% of their respective needs.
 

At 1987 prices, 2 1 the Bwiam household theoretically generated enough
 
income from cash crop production (groundnuts and sesame) to purchase the
 
milled rice required to counteract its grain deficit (assuming all groundnut
 
and sesame was sold and 45% of cash earnings from these crops was used to
 
purchase milled rice).
 

Rice Production in Case Study Households
 

The total output and yield/ha extrapolation of all rice fields cultivated 
by the two case study households are provided in Tables B-7a and B-7b. As was 
the case in Bulock, the data show extremely wide variability in yield/ha on 
fields both inside and outside the project areas. Most of this variability 

19Female labor spent on female-owned upland fields was deducted from the
 
total family labor on non-rice fields before calculating the percentages.
 

20 Bwiam HH 	-- 0.46 kg/day/AE X 210 days X 22.5 AEs = 2173 kg required. 
-- total grain purchased = 509 kg = 23% of requirement. 

Dobong HH -- 0.46 kg/day/AE X 210 days X 20.5 AEs = 1980 kg required.
 
-- total grain purchased = 400 kg = 20% of requirement.
 

21See footnote 14 of this annex.
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can be explained by their location in relation to the respective project
 
structures and/or by the relative level of inputs used 
on the fields.
 

Bwiam - The fields closest to the ruptured dike, fields 1601, 1001, and 
1101, were either compietely destroyed or seriously damaged by salt intrusion. 

Many of the remaining rice fields 
in the case study household lie on the
 
border between the drainage way floor and its sloping side (i.e. in Figure

B-2, on the boundary between the hatched area 
of rice fields and land use
 
classification VII). The higher portions of fields 901, 902, and 801 all
 
suffered from water stress and yielded next nothing. The farmer of
to 	 803,

the highest yielding field in the household, attributed this to the good water
retention capacity of her field. Field 1201, 
located squarely on the floor of
 
the drainage way, did not yield as well as it usually does 
as it had to be
 
replanted after the flood washed the first seed away.
 

Dobong - The case study household had one field, 1201, in the eastern area 
considered best by the villagers. Although it yielded 2560 kg/ha, it did not 
do as well as surrounding fields. According to the farmer, the field wasoriginally sown with animal traction. Heavy runoff washed away the
newly-germinated seed and the field was resown, 
this time 	by broadcasting.
 

Some of the other fields produced good yields despite their location in 
the area 	considered inferior by the farmers. Fields 701, 702, and 801 all
 
yielded wel1--3440, 1200, and 1000 kg/ha respectively--as a result of the
 
application of both manure and 
 chemical 	fertilizer. Although field 1001

yielded more than one metric ton/ha, the farmer felt it would have been better
 
if not for a grdsshopper attack.
 

Six of the household's 12 fields failed completely, mostly due to moisture
 
stress. At least one of these fields was planted with a long-duration variety.
 

Factors Affecting Project Development and Outcome in Bwiam
 

The key factors identified in the GTZ case study at Bwiam/Dobong which had
 
direct bearing on the outcome of the project are outlined below. In the
 
concluding chapter of the main report, they are considered 
in the more general
 
context of future project replicability.
 

I. 	 Environmental variability - At the stage when much of the area was 
planted and the seed had germinated, Bwiam was hit by the
heaviest rain in living memory. All of the planted rice was
 

and of in the
washed away deep pools water were left flood's
 
wake. Farmers replanted some of the fields; others were
 
transplanted and the remainder were abandoned.
 

2. 	 Design parameters of structures - To keep required labor to an
 
acceptable level, the structure was not 
designed 	for maximum
 
flood levels. The larger dike would indeed 
have required much
 
more labor for construction. On the other hand, the
 consequences of the crop losses experienced by farmers were
 
far-reaching.
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3. 	 Maintenance of structures - After the disastrous flood washed out the
 
anti-salinity dike, the organization of village labor carry
to 

out repair work was very slow and difficult. In this case it
 
seems likely that the maintenance work would not have been
 
completed at all if not for the payment of incentives to
 
laborers and the availability of rice seed loans. (The people of
 
the smaller village of Santangba were better motivated and
 
easier to mobilize).
 

4. 	 Farmers' risk management strategies - The project's extension
 
agronomist spent considerable time convincing farmers to plant

early so as to improve the chances of adequate moisture at the
 
end of the growing season. Ironically, those farmers who failed
 
to heed this advice, choosing to wait until the rains became
 
more regular, did better in 1986. Farmers who planted early had
 
to begin anew when the disastrous flood washed away their new
 
seedlings. Late planters were unaffected by the flood. This
 
factor is directly linked to the risk implications of the
 
selected dike design parameters.
 

5. 	 Resource allocation to improved rice land - The system of resource
 
allocation in Bwiam/Dobong was nearly identical to that
 
described for Beeta, Sintet, and Bulock. 
 In the case study
 
households, few production resources, apart from female labor, 
were allocated to rice. Male household members control the 
allocation of animal traction and fertilizer. Since the women 
had no control over the produce from the rice fields, they had
 
no incentive to allocate cash resources to acquire these inputs.
 

6. 	 Land tenure status of project-affected land - Bwiam's rice growing 
area is actually shared with a neighboring village, Santangba. 
This small village has a limited number of farmers and Bwiam 
borrows much of their land. Dike construction began at Bwiam's 
side of the rice land and Santangba farmers assisted 
throughout. But when the dike reached the point where its 
additional length would affect only Santangba's rice land, the 
Bwiam laborers stopped assisting in the work. Santangba let it 
be known that if Bwiam did not help in the construction of their 
dike, none of the improved land would be lent to them. The 
Bwiam laborers returned to the work site and stayed through the
 
completion of the dike.
 

7. Availability of appropriate seed varieties - Some women 
in Dobong 	had
 
very low 	yields or total crop failure because only traditional
 
medium- or long-duration rice varieties were available to them.
 
In Bwiam, the project provided early-maturing Peking seed to
 
farmers.
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Table B-I. DEMOGRAPHY OF CASE STUDY HOUSEHOLDS IN GTZ PROJECT AREA
 

Household I Household 2
 
Male Female Total Male Female Total
 

BULOCK
 
0 -8 2 0 2 0 0 0
 

9 -12 1 1 2 1 1 2
 

13 -19 4 2 6 1 1 2
 

20 -40 7 3 10 1 1 2
 

41 + 3 1 4 1 1 2
 

TOTAL 17 7 24 4 4 8
 
TOTAL A.E.** 15.5 6.5 22 3.5 3.5 7
 

BWIAM/DOBONG (Bwiam) (Dobong)
 

0 -8 0 0 0 0 0 0
 

9 -12 5 0 5 3 0 3
 

13 -19 5 4 9 7 5 12
 

20 -40 6 4 10 1 3 4
 

41 + 1 0 1 2 1 3
 

TOTAL 17 8 25 13 9 22
 
TOTAL A.E..* 14.5 8 22.5 11.5 9 20.5
 

*' 	Adult Equivalents: All adults age 13-59 are weighted as one full unit
 
of labor. Children age 0-12 weighted as 0.5 unit.
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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Table B-2. ANIMAL TRACTION CAPABILITY OF GTZ CASE STUDY HOUSEHOLDS
 

BULOCK BWIAM/DOBONG 
Owned by Household H/hold I H/hold 2 HH I (Bwiam) HH 2 (Dobonq) 

Draft Animals 

Oxen 2 0 2 0 
Donkey 1 2 1 4 
Horse 0 0 0 1 

Draft Implements 

Plow 2 1 [1] 2 1 
Seeder 1 1 2 3 
Weeder 2 1 2 4 
Lifter 1 0 1 1 
Ridger 0 0 0 0 
Cart 0 0 1 1 

(1] 	Operation of a double mold-board plow requires two oxen, which the
 
farmer does not own. He entrusted care of the plow to a villager
 
who owns two bulls with the agreement that the plow owner could
 
borrow the bulls and his own plow when needed.
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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----- -- - - - - - -------------- ----- ------------------

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

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

Table 2. 
FIELDS CULTIVATED IN 1986/87 IN GTZ CASE STUDY HONSEHOLDS, BULOCK, W.D. 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA 
 TOTAL PRODUCE YIELD/HA HIRED VBOR CHEMICAL ANIMAL TRACTION COi.VENTS
 
NO El] (Crop 1) (Crnp 1) (Crop 2112] (Crop 2) EPLOYEDr3] FERTILIZER USED[4]
 

HOUSEHDX. I 


801 Ricel 0.08 28.0 350.0 N/A N/A 0
 
1501 Rice] 0.1 0.0 0.0 N/A N/A 0 
 Grasshoppers

1301 eicelz 0.10 0.0 
 0.0 NIA NIA 0 Destroyed by salt

1201 RiceJ 0.07 0.0 0.0 N/A N/A 
 0 Blister beetles
 
601 RiceJ3 0.50 700.0 1400.0 N/A N/A 0 PW
 

1701 Ricel 4 0.08 15.0 187.5 NIA N/A 
 0 Borrowed field
 

402 6'nut 1.16 649.6 560.0 N/A N/A 0 
 P
 
101 G'nut 0.91 1510.6 1660.0 N/A N/A 50 kg LP,P,W


1601 6'nut '1 0.74 518.0 700.0 N/A 
 N/A 50 kg P Female-owned;late
 

sowing
301 GN/Mz 0.64 332.8 520.0 N/A N/A 0 LPW
 
401 GN/Sor 0.86 1135.2 1320.0 0.0 0.0 0 
 P 

1101 GN/Sor 0.49 352.0 720.0 27.0 55.1 
 0 LP
 

1801 Sesame 1.17 261.4 223.4 N/A NIA 
 0 LP 

201 EN 0.80 0.0 0.0 N/A N/A 0 
 Blister beetles
 
901 LN 0.58 139.3 240.2 N/A N/A 0
 
301 Nz 0.64 0.0 0.0 N/A N/A 
 0
 
501 Mz/Cas 0.24 0.0 0.0 0.0 
 0.0 0 0 Weeds/grasshoppers

1001 Mz/Sor 0.47 0.0 0.0 
 0.0 0.0 
 0 LP Grasshoppers

102 Sorghum 1.02 265.2 260.0 NIA 
 NIA 0 LP
 

-
 -

HOUSEHOLD 2
 

401 Rice 0.46 478.4 1040.0 NIA N/A 0 
 P All family women 

301 GN/Sor 0.88 0.0 0.0 0.0 0.0 Seed Prep (F) 0 P
 

601 Sesame 0.65 117.0 180.0 N/A N/A 0
 
701 Sesame 0.65 37.1 57.1 N/A 
 N/A Harvest (M) 0 

101 Mz 0.20 112.0 560.0 NIA N/A 0
 
201 EM 0.84 0.0 0.0 N/A N/A 
 0 P1W Blister beetles
 
801 LM/Mz 1.06 955.2 901.1 37.5 35.4 0 
 LP,W
 

-

F=Fe'iale LP=Lard Preparation
 
M=Male P=Plantinq
 

W:Weeding
 

E1] Rice fields are bracrieted to show groups of fields cultivated by a single farrier. Each womian's bracket n!;mber isalso 


used to indicate thL. owner of upland fields. 
[2] Secondary crop on intercropped fields.
 
[3] No hired labor -oployed inhousehold 1.
 
14] All activities used household-owned animals/implements unless otherwise noted.
 

Note: All women cultivated small vegetable garden plots. 
 No harvest data was collected for them nor were their areas measured.
 

Source: 
 Case study field data, Water Control Study, 1986-87 cropping season.
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Table B-4. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN BULOCK, WD.
 
GTZ PROJECT AREA
 

Household I Household 2 
Land cropped - 1986 Ha (% of total area) Ila (% of total area) 

Rice 0.94 (9.4) 0.46 (9.7) 

Groundnuts 2.81 (28.0) 


G/nut intercrops 1.99 (19.9) 0.88 (18.6)
 

Sesame 1.17 (11.8) 1.30 (27.4)
 

Cereals 3.11 (31.0) 
 2.10 (44.3)
 

TOTAL CROPPED AREA 10.2 (100.0) 4.47 (100)
 

Source: 
 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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Table B-5.

RATIOS OF LAND AREA CULTIVATED TO AVAILABLE LABOR IN CASE STUDY HOUSEHOLDS
 

GTZ PROJECT AREA
 

BULOCK
 

HH 1 	 Rice 

Other Crops 

All Crops 


HH 2 	 Rice 

Other Crops 

All Crops 


BWIAM/DOBONG
 

Bwiam
 
HH 1 Rice 


Other Crops 

All Crops 


Dobong
 
HH 2 Rice 


Other Crops 

All Crops 


Area Cultivated 


0.94 

9.26 

10.20 


0.46 

4.28 

4.74 


0.97 

8.7 

9.67 


0.94 

14.44 

15.38 


Available A.E. 


6.5 female AE [M] 

15.5 male AE (2] 

22 M/F AE 


3.5 female AE [1] 

3.5 male AE (2] 

7 M/F AE 


8.0 female AE [1] 

14.5 male AE [2] 

22.5 M/F AE 


9.0 female AE [1] 

11.5 male AE (2] 

20.5 M/F AE 


Land:Labor Ratio
 

0.14 ha/female AE
 
0.60 ha/male AE
 
0.46 ha/AE
 

0.13 ha/female AE
 
1.20 ha/male AE
 
0.67 ha/AE
 

0.12 ha/female AE
 
0.60 ha/male AE
 
0.43 ha/AE
 

0.10 ha/female AE
 
1.25 ha/male AE
 
0.75 ha/AE
 

Over-]96% of the total labor recorded for rice fields vas female labor.
 
(2] Over 85% 
 of the 	total labor recorded for non-rice fields was male
 

labor.
 

Source: 
 Case study field data, Water Control Study, 198G-87 cropping
 
season.
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TAKE B-6.
 
PROJECTED FOOD GRAIN SELF-SUFFICIENCY IN CTZ CASE STUDY H10JSEH2LDS
 

FOR ONE YEAR AFTER 1986-87 I!ARVEST
 

BULOCK, WD 

I Household I I Hou':no1d 2 
I ...... ....... ... .. .. . ....... . ..........---- --------- ----- -------- -----......------ --


Crop ITotal OutpitlGrain Equiv. [1]IGrain Equiv. ITctal Output!Grain Equiv, [G rain Equiv.
 
Produced I (Kg) I ((g) las % of Total [ (Kg) I (1(g) las % of Total
 

Rice 1 743.0 1 445.8 1 59.4 1 478.4 1 287.0 1 26.7 

Early Millet I -- I -I -	 I --

I I I II 
Late Millet 1 139.3 1 97.5 1 13.0 1 975.2 1 682.6 63.5 

Sorghum 1 295.4 1 206.9 1 27.6 1 37.5 1 6.2 1 2.4 

Maize I I I I 112.0 1 78.4 1 7.3 
-I----------I..----------- I----------.---..------------- I.---------

Total Product 1 1 750.2 I 100.0 1 I 1074.2 I 100.0 
II 	 I III 

Total Available 1 1 675.2 1 96619 1 
for Food[2] I I I I 
----------- I----------I ------------ I-------- I---------- I-------------I ----------
Grain I I I I
 
Self-Sufficiency[21l 1 18% 1 I 82% 1
 

[1] 	Rice - Milled equivalent = 60% of output
 
Other Grains - Milled equivalent -70% of output
 

[2) 	After deducting 10% from total to allow for storage lossrcs a-,d f-r ,
grain c. sr 


(3] 11'usehold I - 22 Adlt Equivalents x 170 kg/yr 3750 kg f:'!2rain req-ired. 

675.2/3740 = 18% 

HousEhold 2 - 7 Adult Equivalents x 170 kg/yr 1190 kg fc.cd grain required.
 
966.9/1190 = 82%
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
 

B-26
 



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

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

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

Table B-7a.
 
FIELDS CULTIVATED IN 1986/87 IN GTZ CASE STUDY HOUSDO LD, PWIP, W.D. 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA TOTAL PRODUCE YIELD/HA HlIRED LADOR CHEMICAL NIPL TRnCTICN COMMENTS
 
NO [I] (Crop I) (Crop 1) (Crop 21(2] (Crop 2) EMPL.OYED FERTILIZER US[ D(3]
 

801 Ricej 1 0.06 52.8 800.0 N/A N/A 0 P Upper part dried up 
802 Rice 1 0.19 90.8 520.0 N/A N/A 0 P 
901 Rice J 0.17 129.2 760.0 N/A N/A 0 Replanted post-flood 
803 Rice 13 0.11 387.2 3520.0 N/A N/A 0 P Good water retention 
1201 Rice J 0.10 88.0 880.0 N/A N/A 0 P Late sowing 
W0 Rice 0.13 135.2 1040.0 N/A N/A 0 p Replanted post-flood 
101 Rice 0.05 0.0 0.0 N/A N/A 0 Salt damage
 
'01 Rice 0.01 0.0 0.0 N/A N/A LP(M) 0
 
4001 Rice 1( 0.15 78.0 520.0 N/i N/A 0 p Uplar, field
 

301 GN/Sor 1.35 1026.0 760.0 13.5 10.0 W(M 100 kqs. LP,P,W
 
302 GN/Sor 0.75 450.0 600.0 166.8 600.0 0 W
 
303 GN/Sor 1.09 741.2 680.0 209.3 192.0 0 LD,W
 
304 BN/Sorq 0.84 588.0 700.0 67.5 80.4 0 
 LP,W Female-owned
 
305 N/Sorb 0.49 529.2 1080.0 81.0 IG5.3 W(M) 0 LP,P Female-owned
 
401 GN/Sor 0.87 696.0 800.0 47.3 54.4 LP(M) 0 LP
 
406 GN/Sor 0.38 364.8 960.0 6.8 17.9 0 LP,W
 

308 Sesameb 0.10 24.0 240.0 N/A N/A LVK( 0 LP Feiale-owncd
 
405 SesameZ 0.31 0.0 0.0 N/A N/A 0 LP Female-owned
 
903 Sesame 1 0.05 0.0 0.0 NIA NiA 
 0 	 Female-owned
 

101 LM 0.92 1030.4 1120.0 N/A N/A 0 W Thoroughly manured
 
201 Sorghum 0.59 472.0 800.0 N/A N/A 0
 
306 Sorghum 0.36 172.8 480.0 N/A N/A 0
 
307 Sorghum 0.30 120.0 4(0.0 N/A N/A 0
 
1501 LM/Sor 0.13 101.4 730.0 0.0 0.0 0
 
1301 Maize 0.056 36.0 600.0 N/A N/A 0
 
1401 LM/Mz 0.1! 74.8 680.0 39.6 360.0 0 LP
 

--------------..------------

F:Frvale LPtard .:-rparation
 
M:Male P=F'lart ir.q
 

Wt 'Edirj 
....................................................---------------------------------------------.--------------------------------------------
[1] 	Rice fields are bracketed to show groups of fields cultivated by a singlr fimcr' Each i:r'ar,'s brac!:nt rnt!rr iEalso
 

used to indicate the owner of upland fields.
 
[2] Secondary crnp on intercropped fields.
 
[31 All activitii used houschpld-c.wred anima!lifpleents urle otherwise nr.tr'.
 

Note: All women cultivated small vegetable garden plots. No harvest data wan colloctcd fcr th r:-r weremir areas -.easured. 

Source: Case study field data, Wate, Control Study, 196-8I cropping season.
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Table B-7b.
 
FIELDS CULTIVATED IN 1986/87 IN GTZ CASE STUDY (HOUSFIK1LD, DOPONG, W.D. 

.................................................
-

FIELD CROP AREA TOTAL PRODUCE YIELD/Pfl TOTAL PRODUCE YIELD/I! IHIRED LADOR C'I ICAL ANIMAL TRACTION COMi NTS
 

NO [I] (Crop I) (Crop 1) krrop 2)12] (Crop 2) EMPLOYED FERTILIZER USED[3]
 

701 Rice ' 0.06 205.4 3440.0 N/f N/A (42 P Manure applied

702 Rice 0.12 144.0 1200.0 N/A N/A [4] P Manure applied

1101 Rice I 0.08 0.0 0.0 N/A N/A 0 P 
 Long-duration variety

1201 Rice 0.13 332.8 2560.0 N/A N/ 0 
 P Replanted

1701 Rice 0.03 0.0 0.0 N/A N/A 0 
 P Moisture stress[5]
801 ice 1 .12 120.0 1000.0 N/A N/A (4) P Manure applied
901 Rice 0.08 57.6 720.0 N/A N/f 0 

1001 Rice 0.17 224.4 1320.0 N'In N/A I1'!: P Grasshoppers

1901 Rice 0.03 0.0 0.0 NI N/f 0 P 
 Moisture stress[5]

1501 Rice 1 0.03 0.0 0.0 NI NIf 0 P 
 Water stress,birds[5]

1601 Rice 130.05 0.0 0.0 N/ N/A 0 P Moisture stress[5]
1301 Rice 0.04 0.0 0.0 N/A NIA 0 " ;late weeding
 

201 G'nut Z 0.40 256.0 640.0 NI NI 0 P Female-cwnpd

202 G'nut I 0.73 846.8 1160.0 NI NI 
 P,W (M) 0 P Female-owned
 

1401 G'nut 0.95 90.0 1000.0 N/A N/f W (MI 0 P,W
 

101 N/Sor 2.86 5491.2 1920.0 54.0 18.9 200 kg P,W ONreplanted102 GN/Sor 2.28 4651.2 2040.0 54.0 23.7 0 kg P,w SN replanted
103 GN/Sor3 0.47 282.0 600.0 33.8 71.9 0 P Female-owned 

301 LM 4.90 4116.0 840.0 NI N/A 
 H (F) 0 LPP,w
 
501 Mz/Cas 0.07 341.2 4960.0 N/f N/fA 0
 
601 Maize 0.03 56.4 1880.0 N/A N/A 0
 

1301 Findo 0.08 0.0 0.0 
 NI N/lA 0 Pests
 
401 Sorghum 1.67 2137.6 1280.0 N/ NI 
 100 kg LP,W
 

...- ...-.-.---.-----.-.-.------.-----------------------....................-----------------------------------------------

F=Female LP:Land Preparation

M=Malp P=Planting
 

W=Weeding


[1] Rice fields are bracketed to show grotips of fields cultivated by a single farrer. Each woman's bracket ru:ber isalso
 
used to indicate the owner of upland fields.
 

(21 Secondary crop on intercropped fields.
 
[3] All activities used household-owned animals/implements unless otherwise noted. 
(4] Farmers applied a 5mall bowl full of chemical fertilizer to the field. 
(5] These fields were borrowed frori outside the household. 

Note: All women cultivated small vegetable garden plots. 
No harvest data was collected for thrm n~r were their areas measured. 

Source: 
 Case study field data, Water Control Study, 1906-87 cropping season.
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Table B-8. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN BWIAt,/DOBONG, W.D.
 
GTZ PROJECT AREA
 

HH 1 (Bwiam) HH 2 (Dobong) 

Land cropped - 1986 Ha (%of total area) Ha (%of total area) 

Rice 0.97 (10.0) 0.94 (6.1) 

Groundnuts -- 2.08 13.5) 

G/nut iitercrops 5.77 (59.7) 5.61 (36.5) 

Sesamie 0.46 (4.8) --

Cereals 2.47 (25.5) 6.75 (43.9) 

TOTAL CROPPED AREA 9.67 (100.0) 15.38 (100.0)
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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TABLE B-9. 
PROJECTED FOOD GRAIN SELF-ISUFFICIENCY IN GTZ CASE STUDY HOUSEHOLDS 

FOR ONE YEAR AFTER 1986-87 HARVEST 

DWIAM &DOBONG, W.D. 

I Household I I Household 2
 

Crop ITotal OutputiGrain Equiv.[1]IGrain Equiv. iTotal OutputiGrain Equiv.[1]!Grain Equiv.
 
Produced I (Kg) I (Kg) las % of Totall (Kg) I (Mg) !as %of Total 

- --- ---------- -I-------------------------

Rice 1 969.2 1 581.5 1 24.1 1 1085.2 1 651.1 1 12.0 

Early Millet I - I -- I - I - I I -

II I I II 
Late Millet 1 1030.4 1 721.2 I 29.9 1 4116.0 1 288112 1 53.3
 

Sorghum 1 1507.7 1 1055.3 1 43.8 1 2279.4 1 1595.5 1 29.5 

Maize 1 75.6 1 52.9 1 2.2 1 403.6 1 282.5 1 5.2 
-----.- .---- --.--------- -  .I.-.----------I-------------
Total Product 1 1 2410.9 I 100.0 1 1 5410.3 1 100.0
 

I I I I I I 
Total Available 1 1 2169.0 1 1 489.3
 

for Food[2] I I I I I
 
.................-----------.I.-----------.I ----


Grain I I I I I I 
Self-Sufficiency[2]1 1 57% 1 1 I 140I
 

[I] Rice -Milled equivalent = 60% of output
 
Other Grains - Milled equivalent 70% of output
 

[2] After deducting 10% from total to allow for storage losses and grain used for seed.
 

[31 Bwiam Household - 22.5 Adult Equivalents x 170 kg/yr 3825 kg food grain required.
 
2169/3825 = 57%
 

Dobong Household - 20.5 Adult Equivalents x 170 kg/yr 3485 kg food grain required.
 
4869.3/3485 = 140%
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
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ANNEX C
 

FFHC CASE STUDY VILLAGE
 
(Dankunku)
 



FFHC CASE STUDY VILLAGE
 

FFHC has rice development projects in over sixty villages spread

throughout much of LRD, NBD, and MID. 
 Project sites vary considerably in size
 
and are located in both fresh and saline swamps. Therefore, the objective was
 
not to choose one village which represented all project villages, but 
one
 
which could provide insights into one type of site having the 
most potential

for future replication. Dankunku was chosen because its rice fields are

located 
 in a very large and as yet underutilized swamp. Although

salt-affected, the swamp has 
a long fresh water period.
 

DANKUNKU - FFHC Case Study Village
 

Dankunku is a large, ethnically diverse village located in the Niamina
 
Dankunku District of MID (Figure 1, main report). Its total population at the

time of the 1983 census was approximately 1400 (125 compounds) and includes

Serers (now Wolof-speaking), Mandinkas, and Wolofs. Cankunku was originally
founded by Mandinka settlers from Janneh Kunda, a ncrth-bank village near 
Kaur. They were followed by a Serer 
family from Senegal who intermarried with
the oricinal settlers, were given the alkaloship, and eventually became the 
largest and most powerful kabilo in the village. The present district chief 
comes from this kabilo, as did several generations of chiefs before him.
 

This same kabilo holds most of the rice and upland fields of Dankunku.
All hou.aholds have land of their own, and there is ample room for expansion
of both upland and rice land cultivation. As might be expected, however, any

expanded cultivation, particularly of 
rice, would be in virgin areas located
 
at least four kilometers from the village.
 

Cattle is an important source of savings as well as supplemental income in
 
Dankunku, with almost every compound owning at least one head of cattle.

According to %illage estimates, there are eleven herds with 
an approximate

total of 500 head. 1 
 The African Development Bank has funded the
 
construction of a wire-fenced grazing area for Dankunku 
and its surrounding

villages. One bore hole has 
been sunk in the enclosure and the villagers have
 
been promised advice on growing improved forage 
crops during the 1987 rainy
 
season.
 

The cropping pattern of Dankunku is not unlike that of its Niamina
 
neighbors. Historically, upland cultivation rias combined cereals (maize,

sorghum, early millet) and groundnuts, the former grown for family consumption
and the latter primarily as a cash crop. Rice cultivation in Dankunku's vast
tidal swamps has always been a primary source of food grain as well as cash 
income for women.
 

IThe estimate of the number of herds most likely close
comes to reality. But
 
because seeking information on 
the actual size of each herd is a delicate
 
process, no actual count was taken nor were survey respondents pressed on this
 
issue. Therefore, the number of head is 
a very rough approximation.
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Cotton was introduced as a new cash crop in the early 1970s. However, due
 
to what farmers considered to be inordinate delays in produce marketing
 
resulting in drastic declines in crop quality, cotton cultivation in Dankunku
 
ceased in 1985-86. Sesame, newly introduced by the Catholic Relief Service,
 
is growing in importance as a good substitute for cotton and farmers seem
 
ready to increase the area to be cultivated in 1987-88.
 

Vegetable gardening is also an important cropping activity for nearly all
 
women in the village. Dankunku has a large garden fenced by the Rural
 
Vocational Training Program in 1983. One bore well was provided but, this
as 

is the only well in the garden, the water supply is insufficient. Most women
 
have abandoned their beds in this garden until additional wells have been
 
dug. They now cultivate small backyard gardens only.
 

The sexual division of agricultural labor is very well-defined.
 
Concerning subsistence crops, women are almost exclusively responsible for
 
rice production while men cultivate the upland cereals. On the collective
 
rice fields, however, men do participate in transplanting and harvest;
 
similarly, women occasionally assist with cutting/bundling of millet heads
 
from collective fields. Women grow separate rice plots and gardens as

personal crops; men cultivate groundnuts for this purpose. Sesame is produced
 
by both men and women, usually as individual fields. No cases of female-grown

groundnut fields nor male-cultivated rice fields could be identified in
 
Dankunku.
 

The use of animal traction is entirely the domain of men. Virtually all 
implements and draft animals are male-owned and nearly all animal traction 
time is spent on male-cultivated upland fields. With women recently becoming
 
involved with sesame production, limited animal traction time has been
 
allocated to them, sometimes for d fee. Animal traction is not used on rice,
 
although it is not clear to what extent this is a function of cultural norms
 
or technical feasibility. Forty-seven percent of all village households have
 
animal traction capability (defined as owning at least one draft animal plus
 
any implement other than a cart).
 

Rice Cultivation in Dankunku
 

Between Kuntaur and the MID-LRD boundary, the River Gambia is flanked on 
both sides by vast areas of tidal swampland.2 The Dankunku rice-growin 
area lies at the western edge of this zone, on the south bank of the river 
(see Figure C-1).
 

Rice cultivation in Dankunku has a long and colorful history beginning
 
with the first settlers. In those days, the daily la,?ral tides 
 were
 
far-reaching and saline intrusion along the Dankunku section of the river was
 
unheard of. Rice was cultivated in both the freshwater tidal and peripheral
 
freshwater tidal zones. Nearly all rice was transplanted and ratoon crops
 
were the rule rather than the rare exceptions they are today.
 

2See description of freshwater tidal in Annex E.
zone 


3More accurately, the rice fields are on the east 
bank of the river, since
 
the river actually flows north-south at Dankunku.
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FIGURE C-i 

RICE GROWING AREAS OF DANKUNKU, M.I.D.FFHC CASE STUDY VILLAGE 
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Improvements to the traditional rice cultivation system have long been
 
known in Dankunku. A series of access roads and causeways were onstructed
 
between 1935 and 1945 under the strict supervision of the chief and with
 
technical assistance from the Colonial Development Office at Georgetown. The
 
chief made participation in construction compulsory for all village men.
 
Bridges were built during the same time period by contractors hired by the
 
same Office.
 

Tractor plowing of the peripheral tidal rice fields was introduced as
 
early as 1945, also by the Colonial Development Office. Through this scheme,
 
plowing was carried out before the seasonal spring tides flooded the rice 
fields. The fees levied for this service were paid upon harvest. 

In 1966, the Taiwanese Rice Mission introduced double-cropped pump 
irrigation into the area. It is not entirely clear just how these schemes
 
functioned as little remains of the infrastructure. Apparently, at high tide,
 
water was pumped from one of the small tributaries into the main canal of the
 
system. Since not all individual plots had direct access to a canal, they
 
were irrigated by a plot-to-plot water distribution system. The Taiwanese
 
also introduced a 90-day duration rice variety -- Taichung No. 2.
 

As early as the late 1960s, the effects of environmental changes on the
 
rice production system began to appear. Brackish seawater intrusion pushed
 
gradually eastward until Dankunku's riverwater was saline for some time during

the dry season. The new irrigation perimeters were the first casualty. With
 
fresh river water no longer assured through maturity of the dry season rice
 
crop, the schemes were abandoned by 1967. The peripheral tidal rice lands
 
were also detrimentally affected by salt deposits left by brackish tidal
 
water. As river levels subsided during the drought, the lateral reach of the
 
freshwater spring tides was no longer far enough to flush the salt from these
 
lands. Furthermore, with declining rainfall levels, surface rainwater runoff
 
from the adjacent uplands was insufficient to flush the salt from the affected
 
rice fields. By the early 1970s, many of the rice fields closest to the
 
village (i.e. in the peripheral tidal zone) were completely abandoned. In the
 
wake of these environmental changes, the rice lands closest to the river,
 
where freshwater tides completely flush out salt deposits left during the dry
 
season became--and still are--the most productive rice lands in Dankunku.
 

Access to these rice fields, however, was extremely difficult. Although

the old road and causeway network was still in place, the structures were far
 
apart. Women were forced to wade through often dangerously deep mud and water
 
to reach their rice fields, spending tremendous amounts of time and energy to
 
do so.
 

In early 1981, the district chief heard of FFHC's new swamp development
 
program at Bureng, LRD. He visited the site and was highly impressed not only

with the causeways, footpaths, and bridges being constructed, but also with
 
the food-for-work compensation offered by FFHC to the village labor force.
 
The chief made a formal request to FFHC for assistance in the Dankunku rice
 
swamps. In response, FFHC sent a work supervisor to assess the feasibility of
 

4The elder brother of the current district chief.
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infrastructural construction. A village meeting 
was also held to explain

FFHC's project strategy and the division of responsibilities between the
villagers and project staff. The villagers were provide all
to requisite

labor while FFHC agreed to provide food-for-work compensation, tools, and
 
construction materials.
 

Work began in 1982 with repairs to the existing causeway leading to
 
Manimunku (Figure C-l), originally constructed in 1957. Initially, FFHC

compensated the villagers on a time-worked basis at the rate of D2.00/day.
 
Construction moved very slowly partly because of the poor 
turnout of laborers
willing to accept the low pay and partly because there was no added incentive
 
for working quickly. While the Dankunku work was in its early stage, FFHC
 
changed its payment system from time work to piece work and the work pace

quickened. Laborers were organized into work groups, with each group being

paid D40, 'our liter of oil, and 100 kgs of milled rice per 25-meter length

of causeway completeu. Between 1982 and 1984, Manimunku and other
the cld
 
causeways were extended as well as new causeways, footpaths, an,; bridges

constructed.5
 

Largely through the influence of the district chief, a local committee has

been organized to take responsibility for the maintenance of the completed
 
structures. 
 However, this committee is newly formed and its effectiveness has
 
yet to be tested.
 

By 1986, improved access to 250 ha of swamp rice land was achieved.
 
However, according to FFHC estimates, only 180 ha of this land is being

cultivated. All of the reasons for this discrepancy are not clear.
 

Firstly, since a ground survey could not be conducted in the time frame of
the case study, it is not known precisely where the 250 hectares of "project"

land and the 70 hectares of uncultivated land are located. If the latter 
are

in the peripheral areas of the swamp, the farmers have clearly decided 
that

the risk of poor yields in these areas due to salt is too great.
 

Secondly, vegetable gardening and sesame production, both sources of
 
personal income for women, are increasing. The extent to which women have
 
chosen to shift their source of personal income from rice to other crops is
 
unclear and may have some bearing on the demand for rice land--improved or
 
otherwise.
 

Case Study Households in Dankunku
 

The previous section discussed in general terms the farming system of
 
Dankunku, with particular emphasis on the rice subsystem, and served to define

the broad context within which the FFHC project was implemented. To
 
illustrate the interaction of these farming system variables at the household
 
level, the following section presents the resource allocation data
 

5By this time, FFHC had increased the rate of food-for-work payments to
 
D120, eight liters of oil and 100 kg milled rice for each 25-meters length of
 
causeway completed.
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collected in two individual households in Dankunku during the 1986-87 farming
 

season.
 

General Overview of Case Study Households
 

Comparative labor and animal 
traction profiles of these two households are
 
presented in Tables C-1 and C-2. While both households had nearly identical
 
labor resources, only HHl had animal traction capability.
 

The cropping patterns of the case study households were consistent with
 
the general description of Dankuiku's cropping system. A listing of all
 
fields cultivated by each household in 1986-87 
(Table C-3) and the percentages

of total area planted to each crop (Table C-4) are provided for comparison.

The relative proportions of land allocated to each crop were very similar.
 

Table C-5 presents the ratios of land area cultivated per available unit
 
of labor in the case study households. As might be expected, HHl cultivated a

larger upland area per male Adult Equivalent (AE) than did HH2 due to the
 
former's animal traction capability. What is not so readily explained is the
 
fact that HH1 cultivated 40% more rice land per female AE than HH2, as neither
 
household used animal traction 
 for rice. One likely reason for this
 
discrepancy is the different land-holding status of the respective

households,. HHl belongs to 
a kabilo which settled in Dankunku before that of
 
HH2. HHl's fields are clustered in the more productive area closest to the
 
river while those of HH2 are generally in the area prone to salt and moisture
 
stress. For the women of HH2 to move closer to the river, they would have to
 
clear new and, of course, more distant rice fields. Borrowing fields would be
 
another option, but such fields are in high demand.
 

The sexual division of agricultural labor in the two households fits the
 
general pattern observed throughout the village. Of total family labor
 
allocated to 
rice fields, only 0.2% and 6% in households 1 and 2 respectively
 
was male labor. Only one such incident (one half-day for planting) was
 
recorded in HHl while HH2 had several isolated cases where men participated in
 
the harvest or transported the product from the fields.
 

Similarly, women's participation on the uplands was very limited in the
 
two households. In HHI, 8% of total family labor spent on non-rice crops was
 
female labor; the corresponding figure for HH2 was 4%.6 For the most part,

women's upland activities were restricted to heaping and winnowing groundnuts.
 

Analysis of data collected on all food grain transactions between June
 
1986 and January 1987 showed that both households had to supplement household
 
production. Assuming that each A.E. requires 
0.46 kg milled grain/day to meet
 
nutritional needs, then for 
 this 7-month period, HHl purchased 83% of
 

6Women's labor spent on female-owned upland fields was deducted from 
the
 
total family labor on non-rice fields before calculating the percentages.
 

7170 kg/annum = 0.46 kg/day (Source: FAO Rice Industry, 1983)
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its total grain requirement while HH2 purchased 88% of the calculated
 
requirement. 8
 

Based on the total grain harvested during the 1986-87 cropping
 
season, HH1 will 
have a food grain surplus before harvesting the 1987-88
 
crop; HH2 will again have a deficit. Table C-6 represents the total
 
grain weight per crop produced by each household and the respective

milled grain equivalents. Calculations of total grain consumption

requirements reveal that HHI and HH2 produced 135% and 49% of their
 
respective needs.
 

At 1987 prices, 9 HH2 theoretically generated enough income from
 
1986-87 cash crop production (groundnuts and sesame) to purchase the
 
milled rice required to counteract its grain deficit. This assumes that

all groundnut and 
sesame was sold and 55% of cash earnings from these
 
crops was used to purchase milled rice.
 

Rice Production in Case Study Households
 

The location of all rice fields cultivated by the two case study
households along with the total output and yield/ha extrapolation of each
 
are provided in Figure C-i and Table C-3 respectively. The yield/ha data
 
reveal extremely wide inter- and intra-household variability. The
 
reasons which could possibly explain this range of yields are equally

diverse and often confounding.
 

One yield determining factor was the duration of the 
rice varieties
 
used. Because most women used traditional 4-5 month varieties, 
some
 
fields lying beyond the reach of the daily 
tides dried out before the
 
rice plants reached maturity. This occured in fields 1001, 1100, and
 
parts of 500, all belonging to HH2.
 

The fields' proximity 
to the main river or one of its larger

tributaries within tne swamp also had affect
an on yield. The
households' fields located closest to the 
river at were unaffected by
salt, despite the long duration of the traditional varieties used.
 

The extent to which yields varied as a result 
of the individual or
 
collective status of the fields is unclear. As the data show, poor and
acceptable yields were produced on both individual and collective fields.
 

8HHl -- 0.46 kg/day/AE X 210 days X 11.5 AEs = 1111 kg required.
 
-- total grain purchased = 924 kg = 83% of requirement.
 

HH2 -- 0.46 kg/day/AE X 210 days X 12.5 AEs 
= 1207 kg required.
 
--total grain purchased = 1069 kg = 88% of requirement.
 

9Price assumptions: GN producer price - D 1.80/kg
 
Sesame producer price - D4.75/kg
 
Purchase price for imported milled rice = D 2.00/kg
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Factors Affecting Project Development and Outcome in Dankunku
 

Several factors were identified through the case study investigations

which had direct bearing on the outcome of the FFHC project in Dankunku.
 
They are described below as they manifested themselves in Dankunku in

particular. In the concluding chapter of the main report, they are
 
considered in the more general 
context of future project replicability.
 

1. Food-for-work incentives 
- In the early stages of the Dankunku
 
construction work, when incentive were paid 
 on a
 
time-worked basis, progress was very slow. This was 
partly
because of the poor turnout of laborers willing to accept
the low pay and partly because there was no added incentive 
for working quickly. When FFHC changed its payment system
from time work to piece work, the work pace quickened. Had 
there not been incentives for village workers participating
in the construction work, it seems clear that the work 
would not have been completed. On the other hand, it is 
equally clear that the work was more efficiently done as a 
result of 	these payments.
 

2. Understanding of pre-project rice land 
use and labor availability
 
patterns - lhe project improved more hectarage with
 
infrastructural works than the village has thus far
 
utilized. Because the 
village labor force was willing to
 
work for as long as incentive payments were available, the
 
area they opened up was unrelated to their needs for
 
additional land.
 

3. 	 Influence of village leader - The chief of Dankunku was
 
instrumental in seeking assistance from FFHC 
as well as in
 
seeing the work through to completion.
 

4. Seed 	varieties available -
Most of the seed varieties available
 
in Dankunku are of 4-5 month duration and have been used
 
for generations. Those sections of the rice-growing area
 
closest to the river benefit from fresh water tidal
 
flooding for more than half of the year. If women were
 
interested, ratoon or even double cropping could 
 be
 
practiced if shorter duration varieties were readily and
 
consistently available.
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Table C-1. DEMOGRAPPY OF CASE STLUDY HOUSEHOLDS IN DANKUNKU, M.I.D. 
FFHC PROJECT AREA 

Household 1 Household 2 
Age Male Female Total Male Female Total 

0 -8 3 1 4 3 1 4 

9 -12 2 3 5 2 3 5 

13 -19 0 0 0 0 0 0 

20 -40 1 4 5 1 4 5 

41 -60 1 1 2 2 1 3 

61+ 0 0 0 0 0 0 

TOTAL 7 9 16 8.0 9 17
 
TOTAL A.E.u. 4.5 7 11.5 5.5 7 12.5
 

*. 	Adult Equivalents: All adults age 13-59 are weighted as one full unit
 
of labor. Children age 0-12 and adults over 60 weighted as 0.5 unit.
 

Source: Case study field data, Water Control Study, 1986-87 cropping
 
season.
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Table C-2. ANIMAL TRACTION CAPABILITY OF CASE STUDY HOUSEHOLDS
 
FFHC PROJECT AREA, DANKUNKU, M.I.D.
 

Owned by 	Household H/hold I H/hold 2
 

Draft Animals
 

Oxen 0 0 
Donkey 1 0 
Horse 0 0 

Draft Implements
 

Plow 1 0
 
Seeder 1 0
 
Weeder 1 0
 
Lifter 0 0
 
Ridger 0 0
 
Cart 0 0
 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping
 
season.
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--------------------------------------------------- 

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

Table C-3.FIELDS CULTIVATED IN 1986/87 IN FFIHC CASE STUDY HOUSEHOLDS, DANUN(U, MID. 

FIELD 
NOWJ 

CROP 
(2] 

AREA 

-

TOTAL PRODUCE YIELD/A TOTAL PRODUCE YIELD/HA HIRED LADOR CHEMICAL ANIMAL TRACTION COMENTS[7]
(Crop I) (Crop 1) (Crop 2)(3] (Crop 2) EMPLOYED[4] FERTILIZER USED[51 

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

HOUSEHOLD I
 

801 Rice]# 0.16 0.0 0.0 N/A N/A 
 0 Destroyed by salt,l
1000 (3)RiceL " 0.56 195.0 348.2 N/A N/A 
 0 
 B
301 Rice] 0.36 131.2 364.4 N/A N/A 
 0
1101 Rice- 0.10 
 487.2 4872.0 N/Q N/A 
I
 

0 
 I
1301 Rice j3 0.16 0.0 0.0 N/A NIA 0 Destroyrd by salt,I1500 (2)Rice] 0.35 304.8 870.9 
 N/A N/A 
 0 
 C
1400 (4)Rice]'q 0.98 777.7 793.6 N/A N/A 0 B
1601 Rice]S 0.64 157.2 245.6 N/A N/A 
 0 
 B
 

101 G'nuts 1.24 26281 8 2120.0 N/A N/A 25 kg PW,H Borro*ed (Iong-tera) 

102 GN/Ses 0.57 307.8 
 540.0 0.0 
 0,0 
 0 PW Porrowed(long-term)
 

501 Sesame 0.29 0.0 0.0 N/A N/A 0 W Porrowed(long-term) 

201 EM 0.83 600.0 722.9 N/A N/A 37 kg 
 LP,W Porrowed(long-term)
401 EM 
 0.59 1000.0 1694.9 
 N/A f'1A 
 25 kg LPP,W Borrowed(long-term)601 MziVeg 0.08 0.0 0.0 (6] [6] 13 kg Bird destruction 

HOUSEHOLD 2HOUSHOL- 2---- -------- ----------------------------------------------------------------------

500 (2)Rice]) 0.29 240.0 827.6 N/A N/A 0 Moisture stress,B1100 (2)Rice12 0.32 11.4 
 35.6 N/A 
 N/A LP(F) 0 Moisture stress,C
1800 (2)RiceJ 0.16 92.8 58.0 N/A N/A 0 1
1401 Rice] 3 0.02 33.0 1900.0 N/A N/A 
 0
1501 Rice] 0.32 134.0 418.8 N/A 

C 
N/A 0 
 C
1700 (3)Rice] 0.43 407.0 946.5 N/A 
 N/A 0 
 Part salire,C
1001 RiceJ 0.31 26.4 85.2 N/A 
 N/A 0 
 Bird problem,]
 

101 G'nuts 0.46 956.8 2000.0 N/A N/A 
 0 LPP

1201 GInuts 0.55 1199.0 2180.0 
 N/ N/A 0
 

1601 Sesame 0.01 0.0 
 0.0 N/A N/A

801 Sesame 4 0.05 14.9 298.0 N/A N/A 

0
 
0 
 Female-owned
 

201 EM 0.71 653.2 920.0 N/A N/A 0 
 P
1301 EM 0.36 172.8 480.0 N/A N/A 
 0 P
 
-- -- -------------------------------------------------------. 


-.--------------
F=Ferale 
 L'=Land Preparation W=Weeding
 
M=Male =Planting HtHarvest
 

[lINumbers inparertheses refer to the rumaber of separate plots com~prising the specified parcel.
(2]Rice fields are bracketed to show groups of fields cultivated by a single farmer. Each woman's bracket number isalso
 
used to indicate the owner of upland fields.
 

[3]Secondary crop on intercropped fields.
 
[4]No hired labor was employed inhousehold I.
 
[5JAI 
 animal traction activities inhousehold I were performed with household-owned animals/imnplements. 
 InHousehold 2 all


implements/animals borrowed from outside the ccmpound.
 
[6]4o data collected on vegetable harvest.
 
[7]Rice fields have been coded as either I (Individual), C (Collective), B (Both),
 

Source: 
 Case study field data, Water Control Study, 1986-87 C. 'ping season. 
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Table C-4. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN DANKUNKU, MID. 
FFHC PROJECT AREA
 

Household I Household 2 

Land cropped - 1986 Ha (% of total area) II1 (1. of to'tal aroa) 

Rice 3.31 (47.9) 1.87 (46.6)
 

Groundnuts 1.24 (17.9) 1. 01 (25.2) 

G/nut intercrops 0. 57 (8.2) --

Sesame 0.29 (4.2) 0. OG (1,.5) 

Cereals 1. 50 (21.7) 1. 07 (i.7) 

TOTAL CROPPED AREA 6.91 (100.0) 4.01 (100.0) 

Source: Case study field data, Water Control Study, 1986-87 cropping 
season.
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Table C-5.
 
RATIOS OF LAND AREA CULTIVATED TO AVAILABLE LABOR IN CASE STUDY HOUSEHOLDS
 

FFHC PROJECT AREA 

Area Cultivated Available A.E. Land:Labor Ratio
 

DANIKUNKU 

HH I 	 Rice 3.31 7.0 fermase RE [1] 0./47 ha/female AE 
Other Crops 3.60 4.5 male RE [2] 0.80 ha/male AE 
All Crops 6.91 11.5 M/F AE 0.60 ha/AE 

HH 2 	 Rice 1.87 7.0 female AE Cl) 0.27 ha/female AE 
Other Crops 2.14 5.5 male AE [2] 0.39 ha/lale fE 
All Crops 4.01 12.5 M/F AE 0.32 ha/RE 

[I Over 94% of the total labor recorded for rice ficids wa- f-rnale ]abor. 
2) Over 92% of the total labor recorded for ror-rice fields was memale 

labor. 

Source: Case study field data, Water Control Study, 1986-87 cropping 
season.
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TABLE C-6.
 
PROJECTED FOOD GRAIN SELF-SUFFICIENCY INFFlC CASE STUDY IIOUSEIIOLD 

FOR ONE YEAR AFTER 1986-87 HARVST 

Oni(U, MID 

I Household I I Household 2 

Crop ITotal OutputlGrain Equiv.[l1]Irain Equiv. ITotal OutputlGrain Equiv.[1]IGrain Equiv.
 
Produced I (Kg) I (Kg) las %of Totall (Kg) I (Kg) las % of Total
 

Rice 	 1 2053.7 1 1230.2 1 42.2 1 949.6 1 569.7 1 49.6
 

Early Millet 1 2416.0 1 1691.0 1 57.8 I 826.0 I 578.2 I 50.4
 

Late Millet I .. I I 

Sorghum
 

Maize -- -
-- -- -- I------ ------------- - ----------- I------------ I----------

Total Product 1 1 2923.2 I 100.0 1 1 1147.9 1 100.0 
II 	 I I II 

Total Available 1 1 2130.9 1 1 1 1033.1 I
 
for Food[2] I I I I
 

-- -I--'-----------------l--------I------ ----- l-------


Grain I
 

Self-Sufficiercyt2]l 1 135% I 1 1 49% I
 

[I 	 Rice - Milled equivalent = 60% of output
 
Other Grains - Milled equivalent = 70% of output
 

[2) 	After deducting 10% from total to allow for storage losses ard grain unrd for serd.
 

[3] 	lousehold I - 11.5 Adult Equivalents x 170 kg/yr = 1955 kg food grain required. 
2630.9/1955 = 135% 

Household 2 - 12.5 Adult Equivalents x 170 kg/yr = 2125 kg food grair requirEd.
 
1033/2125 = 49%
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
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ANNEX DI
 

JAHALY-PACHARR
 
CASE STUDY VILLAGE
 
(Faraba)
 

'Data collection in Faraba and writing of 
Annex D was done in collaboration
 
with Margo Kooijman Jahaly-Pacharr Farming Systems Agronomist.
 



JAHALY-PACHARR PROJECT CASE STUDY VILLAGE
 

In selecting a case study village in the Jahaly-Pacharr Project area,

several key factors unique to this project were taken into account. Firstly,
 
as the study was to focus on the tidal irrigation component of the project,
the selected village had to have plots in this area. Secondly, most of the 
tidal irrigation plots were not completely developed by the start of the
 
study. By tl-at time, one unit was levelled twice as was needed to meet
 
project specifications. Therefore, the case study village 
iad to have plots

in the completed tidal area so as to examine the true effects of tile project's
tidal irrigation component. Faraba was chosen because it not only met these 
criteria, but also had project pump-irrigated plots. This provided the 
opportunity to look at variations in farmer resource allocation between pump 
and tidally irrigated plots.
 

FARABA - Jahaly-Pacharr Case Study Village
 

Faraba is located in the Fuladu West District of MID (Figure 1, main
report), approximately 3 kilometers east of the fringe of the Pacharr swamp.
It is a Mandinka village with a population of roughly 450 at the time of the 
1983 census.
 

Uplands are abundant in Faraba Apart from fields immediately around the
compounds (wnere fertility is naintained by manure from cattle &nd compound
animals), it is a common practice to leave fields in fallow for as long as 
deemed necessary to restore fertility. New lands are still cleared when 
farmers feel weed growth in existing fields becomes too competitive. 2
 

Farriers frum other villages in the area barrow fields in Faraba 
and new 
settlers coulu gain access to upland farms easily. 

The main upland crops are early millet and groundnut with a little maize,
confined to backyard plots. Most of the groundnut fields are sole cropped,
but late millet and sorghum have been intercropped by some farmers. Sesame is 
gradually finding its way into the upland cropping system as a cash crop. 3 

Both men and women have experimented with individual fields, and the local 
women's society planted a collective field. 

Of Faraba's 18 compounds, twelve have animal traction capability (defined
as owning at least one draft animal arid one implement other than a cart). Yet
despite this fact, farmers complained of a general shortaje of implements and 
draft arlinals in the village and sited the lack of cash as the key constraint 
to improving the situation. 

2An interesting case was observed where a farmer had elected to grow
yroundnuts rather tfian millet on a field newly cultivated after many years of
fallow. He explained that if lie were to grow miillet in a field adjoining the 
bush, he coula not protect the field froi monkeys. Next year he will grow
early muil let on this field as he plans to clear the busn and plant groundnut
there wh ich wi 11 eiab 1e him to see any monkeys trying to enter tile millet. 

3This is the result of promotional activities of the CRS.
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The extent to which expanded animal traction capability would yield net
 
benefits to Faraba's farmers under present conditions, however, seems
 
uncertain at best. Fields closest to the village were observed to be very
 
weedy, signifying (as discussed above) declining tertility in these areas. If
 
farmers were to benefit from expanded areas under cultivalion, they would have
 
to use more fertilizer, something they seem reluctant to do given the high 
cost.
 

The comp!exities of the input acquisition in relation to the Cooperatives 
were readily apparent. Faraba farmers, who belong to the Fulabantang

Multi-purpose Cooperative Society, explained that some fertiliser had been
 
given out on loan by the Co-op and that some Faraba farmers managed to be 
issued fertilizer on credit. However, stocks were exhausted before the
 
majority of farmers could receive any. At the same time that the Co-op was 
issuing loans for fertilizer costing D57/bag (NPK), some farmers from the 
village had been able to obtain it from the Seyfo at Dankunku for D1D per 
bag. 4 Transport back to Faraba had cost a further D1O per bag.

Nevertheless, those who had ubtained fertiliser on loan from the Co-op at over 
D50 per bag are not a little annoyed.
 

Further complicating the situation is the fact that Faraba farmers also
 
belong to the Pacharr rice cooperative associated with the Jahally-Pacharr
 
Project. 5 All seasonal production credit provided by the project

(fertilizer, seed, land preparation, water charges) pass through this Co-op

and farmers deal directly with it in receiving inputs and repaying project
 
loans.
 

Rice Cultivation in Faraba
 

The rice production patterns of the village have undergone major changes
in recent history. Traditionally, rice had always been a women's crop. When 
rains were plentiful, women cultivated a transitional rice-growing area 
between the village and the present-day Pacharr (project) swamip. As rainfall 
became progressively less adequate, the women gradually shifted closer and 
closer to the river, cultivating areas within tidal reach.
 

Apart from these traditional form5 of rice production, the village
 
cooperated with1 the Chinese to develop a small pump-irrigated perimeter. It 
was constructed for double-cropping but for a number of reasons--among them 
poor drainage, competition for agricultural laoor, and resentment over having 
to pay the same dry-season water charges for supplemental rainy-season 
irrigation--it was used primarily for dry season rice production. In contrast 
to traditional rice cultivation, the irrigated 

4 This is possibly the old fertilizer stock which was disposed of by GPMB as 
part of the policy to involve private traders in fertilizer marketing.
 

5Technically, the women are registered as Pacharr cooperative members. 
However, the de facto interactions between the coop arid villagers is much more 
complex and is discussed in subsequent paragraphs. 
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perimeter was farmed largely by men. Due to a poor record of 
loan repayment,
 
the pump has been removed and the scheme is no longer operational. 6
 

The Jahaly-Pacharr Project brought sweeping changes to the organization of
 
rice production in Faraba. In 1982, the project secured a lease agreement

from the alkalos of all villages holding land in the Pacharr swamp, including
 
Faraba. Through this agreement, almost the entire swamp was placed under the
 
control of the project for the construction of infrastructural works and the
 
eventual redistribution of the land among the local farmers. The
 
pump-irrigated systems were developed first, followed by the tidal 
and rainfed
 
areas. As each unit was completed, the plots were distributed among the
 
villages concerned. Faraba received a total of 18 pump-irrigated plots in
 
Pacharr, plus 45 tidal/rainfed plots in Unit 2. The Pacharr pumps irrigated

for the first time during the 1984 dry season while Faraba's tidal/rainfed

plots were formally handed over to them for the 1985 rainy season. 7
 

Faraba compounds adopted different strategies for resource allocation to
 
and division of produce from this new enterprise. In general, the
 
pump-irrigated plots were considered as maruo, with both men and 
women
 
participating in all of production. The common of
stages crop allocation 

tasks for these plots is summarized below:
 

Seedbed preparation: men construct the beds and women spread and
 
cover the seed. In the majority of cases, compound fertiliser is
 
applied to the beds after germination to speed seedling development.
 

Pre-transplanting weeding: men and women by hand.
 

Uprooting and transplanting: men uproot the seedlings and ,umnen dis
tribute the bundles around the plot. Transplanting is carried out by

both sexes although occasionally, if they have money, men will hire
 
labor to work in their place while they spend their time on the
 
upland fields.
 

Weeding: men and women by hand.
 

Harvesting: men cut with a sickle and the women stack rice on the
 
bunds.
 

Threshing: men thresh using pedal threshers or old drums while women
 
carry out winnowing. The Alkalo owns a rice thresher and charges one
 
thirteenth of the crop as a hire charge.
 

6Poor records of loan repayment are merely symptomatic of more endemic
 
problems. For a review of the performance of "Chinese" pump irrigation, see
 
the ONVG/University of M1ichigan GRBS study (Rural Development Volume), 
1985.
 

7The 1988 dry season will be the first opportunity the farmers have to
 
assess which of their tidally irrigated plots could support double-cropping.
 
The second levelling was not completed until 1987.
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The status of the tidal/rainfed plots was far more diverse. Some
 
households considered them as maruo, in which case labor allocation to these
 
plots followed the pattern described for the pump-irrigated plots. Others
 
left control of these plots in the hands of the women, the net harvest (after
 
loan repayment) could then be disbursed at their discretion. Still other
 
households adopted project land allocation strategies falling somewhere in
 
I'tween completely collective and completely private.
 

Despite the fact that all plots distributed through the project were
 
theoretically allocated to women, both men and women consider the land to
 
belong to the compound. If a woman should leave a compound, the plot to which
 
she has title will remain at the disposal of the compound. Traditional tenure
 
arrangements therefore override those instituted by the project.
 

In addition to project rice land, each woman has her own private rice
 
field, the product of which is hers do dispose of as she wishes. These
 
fields, refered to as "tesito", are located wherever women can find an
 
unclaimed patch of land--around the periphery of the project land or in
 
project Units which have not yet been completed. The area of the tesito
 
fields tend to be quite small, but they are well tended and generally produce
 
good yields.
 

Since Faraba's farmers have by no means abandoned the cultivation of
 
traditional upland and rice crops because of the project, conflicts have
 
arisen regarding the scheduling of project activities. The late harvest of
 
the 1986 dry season crop, for example, created a conflict between the upland

and project activities of the 1986 rainy season. Farmers had refused to begin
 
harvesting the pump irrigated plots until after the Ramadan feast and
 
threshing of the dry season crop was still underway when the rains started.
 
As seedbed preparation could not commence until after the land was plowed,
 
work started on preparing and planting the upland fields. 8 This was still
 
not finished when villagers were called to make seed beds, which they did as
 
it is only a 2-3 day task. They returned to the upland fields, completed

planting and began weeding. Similarly, the first weeding was not completed
 
when they were called to transplant seedlings. Because this can be completed
 
in a short time, they responded.
 

A skillful combination of variety duration and planting sequence is use2d
 
on the different types of riceland to spread the harvest labor peak and
 
minimize the risk of losses due to moisture deficiency on rain dependent
 
plots. In the wet season, rainfed and tidally irrigated areas are planted
 
first (broadcast),9 but with a shorter duration variety on the former. Then
 
the seedbeds for the pump irrigated are constructed and sown with a longer
 

8The difference in perspective between project and farmers is interesting to
 
note. While the project felt the farmers delayea plowing by not completing
 
their harvest on time, from the farmers point of view, the project kept them
 
from planting their seedbeds because the plowing took so long.
 

9Early planting of wet season only plots is facilitated by the fact that the
 
PMU has the whole dry season in which to cultivate them.
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duration variety (four months +). Rainfed plots (the most susceptible to
 
drought) are therefore harvested first, followed by the tidally irrigated

plots, and finally the pump irrigated. Care has to be taken in the case of
 
the first two to prevent the heads developing mold due to wet field
 
conditions. In the dry season, the same variety is used 
on both pump and
 
tidally irrigated plots, 
but the total area to be harvested is considerably

less than in the wet season. The varieties used on the different types of
 
riceland are based on project management unit advice.
 

Input distribution and produce marketing for project rice plots in
 
Pacharr, including those of Faraba, handled by
are a Co-op branch established
 
solely for this purpose. Only women have registration cards and despite the
 
fact that the men collect project inputs and transact loan repayments it is
 
always in the name of the women.
 

The incentives for farmers to repay loans are 
very strong. Firstly, and
 
most importantly from the farmers' point of view, plot holders 
can be evicted
 
from the scheme for failure to repay loans to the rice cooperative. Secondly,

the project has in the past sponsored loans for donkey carts through the rice
 
co-op. In anticipation that such loans may be offered again sometime in the
 
future, farmers wish to remain on good credit 
terms. As required by the
 
project, they have repaid their loans in kind despite the fact that past

prices paid by co-ops for paddy have been considerably lower than on the
 
parallel market.
 

Despite farmers' concern to maintain credit-worthiness with the project

rice co-op, outstanding loans for the tidal and rainfed plots have been a

problem for the project; Faraba is no exception. In general, loans for the
 
pump-irrigated plots--where risk of crop failure has been virtually eliminated
 
by the project--are repaid soon after harvest since farmers 
are well aware of
 
the danger of eviction from their plots. Apparently, however, they seem more
 
willing to risk this sanction on the tidal plots where yields are not as
 
stable as in the pump scheme. Farmers have complained that the yields

received from these plots were not sufficient to allow them to repay loans and
 
still have a reasonable net harvest. 0
 

There are still three large units of tidal/rainfed land to be completed

and distributed by the project. Should compounds choose to offer women the
 
use of these plots as individual fields, the Faraba women were skeptical about
 
the potential 
benefits to them. They were satisfied with the performance of
 
their tesito fields, none of which required any loans or repayments. Farmers
 
do not have a choice concerning loans for land preparation and therefore
 
resource allocation decisions in the tidal area (where risk has 
not been
 
eliminated) are taken out of the farmers hands. Given that project fields
 
would demand loan repayment, women were divided to whether or they
as not 

would shift from their tesito to project fields. Those women who have their
 

10 Under the "Chinese" pump-irrigation schemes, farmers have the option to
 
request deductions from their loans if they feel yields fell short of
 
expectation for reasons beyond their control (e.g. pump failure, poor

drainage). The managers of these schemes have been known 
to reduce debts if
 
so justified.
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tesito fields in the incompletely project units, however, may have little
 
choice if they cannot find unused land elsewhere.
 

Case Study Households in Faraba
 

The previous section discussed in general terms the farming system of
 
Faraba, with particular emphasis on the rice subsystem, and served to define
 
the broad context within which the Jahaly-Pacharr project was implemented. To
 
illustrate the interaction of these farming system variables at the household
 
level, the following section presents the resuurce allocation data collected
 
in two individual households in Faraba during the 1986-87 farming season.
 

General Overview of Case Study Households
 

Comparative labor and animal traction profiles of these two households are
 
presented in Tables D-l and D-2. Clearly, they differ greatly in their
 
relative endowments, with HHI being larger and having a slightly more
 
extensive animal traction capability than HH2.
 

The cropping pattern of the two households were consistent with that
 
generally found throughout Faraba. Tables D-3a and D-3b provide a listing of
 
all fields cultivated by each household, and the area, total output and
 
yield/ha of each field. The tables also summarize the allocation of key
 
resources to each field. Percentages of total area planted to each crop in
 
both households are presented for comparison in Table D-4.
 

The relative proportions of land allocated to each crop--particularly
 
upland cereals and groundnuts--were strikingly different in the two
 
households. The smaller HH2 laid emphasis on upland cereals while HHl
 
concentrated its upland resources on groundnut fields. Calculations of the
 
ratios of land area cultivated per available unit of labor (Table D-5) provide

further insight into this resource allocation pattern. Males in HHI
 
cultivated six times the area of groundnuts per male AE as did HH2.
 
Concerning upland cereals, HH2 cultivated a slightly higher area per male AE
 
than HHI. However, the figures are somewhat deceptive. There is in fact only
 
one adult male in HH2 who is a full-time farmer11 while HHl has five such
 
farmers. If this is taken into account, the smaller HH2 cultivated 1.60
 
ha/man of upland cereals and 0.48 ha/man of groundnuts. HHl grew 0.32 and
 
0.80 ha/man of upland cereals and groundnuts respectively.
 

The women in HHl and 2 cultivated nearly identical areas of tesito rice
 
per female AE--O.08 and 0.11 ha respectively. Both households farmed 0.8 ha
 
of Jahaly-Pacharr project land per AE (male and female combined).
 

Analysis of data collected on all food grain transactions between u.ne
 
1986 and January 1987 showed that both HHs supplemiented household production

slightly. Assuming that each A.E. requires 0.46 kg milled grain/day to meet
 

liThe other males assist this farmer on his fields, but either travel often
 
or have not reached the age of cultivating their own fields.
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nutritional needs, 12 then 
for this 7-month period, HHI purchased 9% of its
 
total grain requirement while HH2 purchased 6% of the 
 calculated
 
requirement. 3
 

Based on the total grain harvested during the 1986-87 cropping season,

both households will have a food grain surplus before harvesting the 1987-88
 
crop. Table D-6 represents the total grain weight per crop produced by each
 
household and the respective milled grain equivalents. 14  Calculations of
total grain consumption requirements reveal that HHl and HH2 produced 103% and
 
108% of their respective needs after project loan repayments have been

deducted. In other words, both households are theoretically self-sufficient
 
in rice without taking into account the produce received from the dry season
 
irrigated rice crop.
 

Rice Production in Case Study Households
 

The location of all rice fields cultivated by the two case study

households are illustrated D-1; D-3a and D-3b the
in Figure Tables provide

total output and yield/ha extrapolation of each field. The pump-irrigated

plots of both households are in the Pacharr West scheme, while tidal
all and

rainfed project plots are in Unit 2 (the first non-pump unit to be completed

and distributed).
 

The tesito rice fields of these households are all located either on
 
project land or very near its perimeter. Both households have tesito fields

in the project's yet to be completed Unit 1. They will likely be able to 
maintain those fields for the 1987-88 rainy season, but will then be evicted
when the levelling is completed and the land redistributed by the project. 
HH2 has two tesito fields along one of Unit 2's secondary canals, although the

plots themselves are not part of the project. This is apparently because the
 
small area posed too many levelling difficulties and the project decided not
 
to include theem as project land. (It is interesting to note that these plots

yielded very well--3.3 and 3.4 tons/ha respectively). The majority of HHl's
 
tesito fields are outside the perimeter of the project and are not affected by

project decisions of land distribution. They will likely cultivate those
 
fields for many years to come.
 

Yields from the tesito fields were 
very high, often rivalling yields from
 
project plots. Tesito plots averaged 2.4 and 3.2 tons/ha in HHl and
 

12170 kg/annum = 0.46 kg/day (Source: FAO Rice Industry, 1983)
 

13HHI -- 0.46 kg/day/AE X 210 days X 21.5 AEs = 2077 kg required. 
-- total grain purchased = 186 kg = 9% of requirement.
 

HH2 -- 0.46 kg/day/AE X 210 days X 11.0 AEs = 1063 kg required.
 
--total grain purchased = 50 kg = 6% of requirement.
 

14Thirty percent of the actual rice output from the project was deducted to
 
account for loan repayment. The total of each
rice oucput household includes
 
all rice produced on the tesito rice fields.
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HH2 respectively. The produce from all tesito 
 rice fields, cultivated
 
exclusively by women, was controlled by the respective farmers and constituted
 
their primary source of personal income. However, the three women of HHl
 
chose to cultivate two extra 
tesito fields as their Formal contribution to the

household food supply. The compound head hired a tractor to plow the area.
 
Upon harvest, the women handed over all produce to him of which he sold 6 bags
 
(out of 16) to pay for the 
tractor services and for Government compound taxes.
 

The use of project plots, the organization of production resources, and

the distribution of the products varied considerably the
between two
 
households. In HH], the one pump-irrigated plot was cultivated collectively

by both men 
and women. The produce went into the household's food store to
 
which the compound head has the key. None of the 
rice was sold, although 10%
 
of this 
rice was given away (required by'luslim law). The two project tidal

plots were allocated to the household's women (two women shared one plot and 
a
 
third had a full plot to herself). The compound head h,,ndled all co-op

transactions for inputs and loan repayment. ien helped with transplanting,

harvesting, and bund-making and water supply on the tidal plots. After loan
 
repayment, the 
women share the produce among themselves and were free to
 
dispose of it at their discretion. The household's one project rainfed plot

was subdivided between the four 
girls in the compound. It had the air of a
 
friendly competition to see which girl could produce the best yield with the
 
older women helping their daughters to do well. Upon harvest, each girl

contributed something from her produce to 
loan repayment.
 

Household 2 organized the production of its project plots somewhat
 
differently. Pump-irrigated and tidal plots were grown collectively with 
the
 
labor of both men and women. The net harvest (after loan repayment) of the

pump-irrigated 
plot went into the family store controlled by the compound

head. The net harvest of the tidal plot was divided; half went to the
 
compound 
store arid half was given to Lhe women to share amongst themselves.
 
Of the project rice which went into the compound store, three bags were sold
 
to pay for school fees and the rest 
was used for family consumption. In times

of cash shortage, the compound head provides cups of rice be Zold and
to the
 
proceeds used to purchase ingredients for the day's meals.
 

Neither compound head was able to explain the structure of project loans

issued to them. According to Co-op records, both households have repaid all
 
loans for the pump-irrigated plots. The loan status of the tidal 
arid rainfed
 
plots was more difficult to unravel. HHl decided to repay with cash from the
 
groundnut harvest because the yield of the tidal plots was relatively low.
 
The rainfed plot loan was repaid with paddy. HH2 had not yet repaid the

rainfed plot loan and has apparently decided to wait and see what sanctions
 
are actually imposed.
 

Factors Affecting Project Development and Outcome in Faraba
 

Several factors emerged 
through the case study investigations which had

direct bearing on the outcome of the Jahaly-Pacharr project in Faraba. They
 
are described below as they manifested themselves in this particular village.

In the concluding chapter of the main 
report, they are considered in the more
 
general context of future project replicability.
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1. Method of production credit allocation - All plots in the-project
 
pump, tidal, and rainfed areas are plowed before each season, a
 
service for which farmers are charged upon harvest. Since
 
farmers do not have a choice Zs to whether or not to take a loan
 
for land preparation, important decisions of resource allocation
 
are essentially being decided for them by the project. The only

choices the project as left to the the farmer are to cultivate
 
with a loan or not cultivate at all. Nevertheless, the project

is faced with farmers who make a third choice--to cultivate with
 
a loan and refuse repayment.
 

2. 	 Technical efficiency of water distribution system - This factor
 
is closely related to the previous and subsequent factors. The
 
tidal irrigation scheme, with its sophisticated infrastructure,
 
has reduced the risk involved in rice production. But, the risk
 
has not been eliminated in the tidal irrigation areas as it
 
essentially has been in the pump areas. Therefore, farmers are
 
continuously balancing their resource allocations to take 
this
 
fact into account. Choices between traditional rice and project

tidal rice would consider the trade offs in yield in light of
 
the loan repayment required for project land.
 

3. 	 Competition for resources between project and traditional
 
farming - The project requires farmers to keep to a very
 
regimented schedule of project rice production. During the dry
 
season, when there is little competition for their labor, this
 
schedule does not appear to cause serious conflicts. The rainy
 
season crop, however, competes directly with traditional upland

cereal and swamp rice cultivation for resources, particularly
 
labor. In light of factors 1 and 2, female rice farriers gave

higher priority to their traditional ("tesito") tidal and
 
rainfed rice fields. Although, like project fields, they have
 
an element of risk, they do not require loan repayment and are
 
the women's own source of income.
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Table D-1.
 
DEMOGRAPHY OF CASE STUDY HOUSEHOLDS IN FARA4A, M.I.D.
 

JAtlALY PACHORR PROJECT AREA 

Household I Household 2 
Aqe Male Femlale Total Maln Fom.ile Total 

0 -8 6 6 12 2 	 3 

9- 12 1 2 3 2 I 3
 

13- 19 0 2 2 3 0 3 

20 -40 4 6 10 1 3 4 

41 -60 2 0 2 1 0 1
 

61+ 	 0 0 0 0 0 0 

TOTAL 13 16 29 9 5 14
 
TOTAL A.E.** 7.5 12 21.5 7.0 4.0 11.0
 

** 	 Adult Equivalents: All adults age 13-59 are wpighted as one full unit 
of labor. Children age 0-12 and adults over 60 weighted as 0.5 unit. 

Source: Case study field data, Water Control Study, 19(16-87 cropping 
season.
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Table D-2. ANIMAL TRACTION CAPABILITY OF CnSE STUDY IICUSMHOLDS
 
JAHALY-PACHARR PROJECT AREA
 

FARABA, M.1. D. 

Owned by 	Household F/hcld I H/hold 2 

Draft Animals
 

Oxen 0
 
Donkey 1 I
 
Horse 	 C 0 

Draft Implements 

Plow 	 0 0) 
Seeder I I
 
Weeder I 0
 
Lifter 	 0 0 
Ridger I C)
 

Cart 1 )
 

Source: 	 Case study field data, Wor Control Study, 196-87 cropping 
season. 
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TAFLE D-3a.
 
FIELDS CULTIVATED IN 1986/87 IN JAHAILY-PACHARR CnS oTUDY 0'IUE'OLvS, ranqnn, miD.
 

FIELD CROP AREA TOTAL PRODUCE YIELD/HA TOTAL PRODUCE YIELDIU HIRED LPDOq CHC ICfL fNI!NL TRPCTION COMMENTS 
NO [I] (Crop I) (Crop 1) (Crop 2)(2)(Crop 2) EMPLOYED FERTILIZER USED [3) 

HOUSEHOLD 1 

401 JP/P 0.47 2415.8 5140.0 N/A N/ Tr(F) (4) 100 kg 
1001 JP/T 0.43 301.0 700.0 N/A NI Th(F) (4] 150 kg 
1002 JP/T 0.43 670.8 1560.0 NI NI Th(F) (4) 150 kg 
1301 JP/RF 0.20 820.0 4100.0 N/ N/f 50 kg 
1401 JP/RF 0.13 314.6 2420.0 N/ N/A 0 
1101 Rice(T) 0.07 137.2 19G0.0 NI N/f 0 
1201 Rice(T) 0.10 106.0 1860.0 N/A N/ 0 
1501 RicelT) 0.08 280.0 3500.0 NI N/ 0 
1601 Rice(T) 0.15 486.0 32,40.0 N/f N/f 0 
1701 Rice(T) 0.06 165.6 2760.0 N/A N/A 0 
1801 Rice(T) 0.09 261.0 2900.0 N/ N/ 0 
1901 Rice(T) 0.07 81.2 1160.0 N/A N/ 0 
2101 Rice(T) 0.31 744.0 2400.0 NI N/f 0 
2102 Rice(T) 0.09 176.4 1910.0 N/A N/f 0 

101 G'nuts 1.07 1883.2 1760.0 N/A N/ W(M) 100 kg P,W 
102 C"'nuts 0.73 1007.4 1380.0 N/A N/A 50 kg P,W
 
601 6'nuts 0.47 770.8 1640.0 NIA N/f 50 kg LP,P,W
 
701 G'nuts 0.80 1216.0 1520.0 N/A N/f W(M) 50 kg P,W
 

2001 G'nuts 0.92 1196.0 1300.0 N/A NIA 0 W 

2201 Sesame 0.03 11.80 393.3 N/A N/f 0 
2301 Sesame 0.01 0.0 0.0 N/f N/ 0 

201 MULM 0.13 106.7 820.8 M M 0 LPPW Manured 
301 Maize 0.09 73.0 811.1 NI N/f 0 LP,W Manured
 
501 EM/LM 1.04 600.0 576.9 135.8 130.6 1(M) 0 LP,P,W
 
801 Mz/LM 0.21 161.1 767.1 10.2 40.6 0 LP,W Manured
 
901 EM 0.13 93.0 715.4 N/A N/ 0 LP,P
 

F=Fenale LP=Lard Prepuration W-leeding
 
M=MaIe P=Plantirg WlHarvest
 

Tr=Transplanting Th=Threshing
 

i] Rice fields inJahaly-Pacharr project area are labled as JP/P, JP/T, and JP/RF indicating purp-irrigated, tidal, and
 
rainfed respectively. Non-project rice fields ("tesito') are labled as "Rice(T)".
 

(2)Secondary crop or intercropped fields. Note that the secondary crcp of Field No. 201 was harvested but no information
 
was available on the yield.
 

[3) All animal traction activities were performed with household-owned animals/implements unless otherwise noted.
 
(4)Motorized thresher also hired for this field.
 

Source: Case study field data, Water Control Study 1986-87 cropping season.
, 
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TABLE D-3bo
 

FIELDS CULTIVATED IN 1986/87 IN JAIIALY-P-CHARR CASE STUDY HOUSE1OLDS, FARABA, MID. 

FIELD CROP AREA 	 TOTAL PRODUCE YIELD/HA TOTAL PR'JUCE YIELD/H1A H1iRfED LDBOR CHEMICL ANIMAL TRACTION COMIENTS 
NO [I] (Crop 1) (Crop I) (Crop 2)[2] (Crop 2) EMPLOYEP FERTILIHER USED [3] 

HOUSEHOLD 2 

401 JP/P 0.48 1564.8 3260.0 N/A N/A Th(M) (4) 150 I:g(5]
 
501 JP/RF 0.43 1212.6 2820.0 N/A N/A (4) 100 kg
 
601 Rice(T) 0.09 270.0 3000.0 N/A N/A 0
 
701 Rice(T) 0.09 311.4 3460.0 NIA N/A 0
 
702 Rice(T) 0.11 36.0 3300.0 N/A N/A 0
 
1101 Rice(T) 0.15 477.0 3180.0 N/A N/A 	 0
 

101 G'nuts 0.48 672.0 1400.0 N/A N/A 	 0 LPP
 

201 Maize 0.12 260.4 2170.3 N/A N/A 	 0 P Manured
 
801 EM/LM 0.48 572.0 1191.7 41.6 86.7 0 LP#1 
1001 EM/LM 0.42 268.8 640.0 39.2 G40.0 0 
1002 EM/LM 0.37 362.6 980,0 56.7 153.2 0 
1003 EM 0.21 142.8 680.0 N/A N/A 0 

F--Female 	 LP=Land Preparation W=Weeding
 
M-Male 	 PrPlanting H=Harvest
 

Tr=Transplanting Th=Threshing
 
*Fl!iplement/oxen borrowed.
 

[I] 	Rice fields inJahaly-Pacharr project area are labeled as JP/P, JP/T, and JP/.C indicating pu ,p-irrigated, tidal, and
 
rainfed respectively. Non-project rice fields (*tesito') are labeled as "Rice(T)".
 

[2) Secondary crop on intercrcpped field;
 
[3] 	All animal traction activities were performed with household-owned animals/imple.ents unleso otherwise rnted.
 
[4] 	Motorized thresher also hired for this field.
 
[5] 	Although the fareer reported 150 kg of fertilizer applied to this field, his cooperative record shows -oloan issued for
 

fertilizer.
 

Source, Case study field data, Water Control Study, 1986-87 cropping season.
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Table D-4. AREA CROPPED BY CASE STUDY HOUSEHOLDS IN FARAE'A, MID.
 
JAIIALY-PACHARR PROJECT AREA
 

Household I H IcuShC!d 2 
Land cropped - 1906 11a (/. of t,-tal .wz HIm)i . :F t-a . *i , 

"Tesito" 	Rice 1.02 (12.3) r).91('.. ) 

Jahally-Pacharr Rice 1.66 (20.0) 0,t4 (t'2.,l)
 

Grourndnuts 3.99 (48.0) 0.48 (14. 0)
 

G/nut irtercrops ....
 

Sesame 0. 04 (0. 5) --


Cereals 1.60 (19.2) 1.60 (4G. G)
 

TOTAL CROPPED AREA 8.31 (100.0) 3. '13 (100.C) 

Source: 	 Case study field data, Water Cortrol Study, 193C--37 r:,ppig 
season. 
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Table D-5.
 
RATIOS OF LAND AREA CULTIVATED TO AVAILADLE LAOR
 

IN FARABA, MID CASE STUDY HOUSEHOLDS
 
JAHALY-PACHARR PROJECT AREA
 

Area Cultivated Available A.E. Lard:Lah:r Ratic
 

HH I 	 Tesito Rice 1.02 12.0 female AE [] 0.08 ha/fpmfale AE 
J-P Rice 1.66 21.5 M/F AE [2] 0.08 ha/lAE 

Other Crops 5.63 9.5 male RE [33 0.59 ha/male E 

All Crops 9.31 21.5 M/F AE 0.39 ha/lqE
 

HH 2 	 Tesito Riceo 0.44 4.0 female AE [1] 0.11 ha/female AE 
J-P Rice 0.91 11.0 M/F AE [2] 0.08 haAE 
Other Crops 2.08 7.0 male AE [3] 0.30 ha/male AE 
All Crops 3.43 11.0 M/F AE 0.31 ha/nE 

C1] Nearly all of the total labor recoded for tesito rice fild was 
female labor. 

[2) Both men and wcmen have labor responsibilities for irrigated and 
tidal rice in the project area. 

[3) Nearly all of the total labor recorded for non-rice fields was male 
labor. 

Source: 	 Case study field data, Water Control Study, 1986-87 cropping 
season. 
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TAELE D-6. 
PROJECTED FOOD GRAIN SELF-SUFFICIENCY IN JPA~tLY-PACAAR CA.SE STUDY I!OUSnE1LD 

FOR ONE YEAR PFTER 1996.87 HARVEST[4] 
FARABA, MID 

I Household I I llousehold 2 

I ------ I-------------
Crop ITotal OutputlGrain Equiv.[1lGrain Equiv. ITotal OutputlGrain Equiv.1]IGrain Equiv.
 

Produced I (Kg) I (Kg) las % of Totall ("g) I (11,g) las % of Total
 

Rice 	 1 5499.9[2]I 3299.9 1 80.0 1 17(!8.2[2] 1 1024.9 1 69.7 

Early Millet 	 I 228.8 1 160.2 1 3.9 1 1346.2 1 942.3 1 23.4
 

Late Millet 	 1 1 1 1 1 ,610.2 427.0 10.3 137.5 9G.3 2.4
 

Sorghum 	 ..........
 

Maize 1 340.8 I 238.5 1 5.8 1 260.4 I 182.3 1 4.5 
-- ---- -- I--- -------I--------------- I---------- I------------- I------

Total Product 	 1 4125.6 I 100.0 1 1 2245. 8 I 100.0 
II I I I I 

Total Available 1 1 3713.0 1 20(1.2 
for Foud(31 I I I 
-- ---- -----I -- ----- I--------------- ------.--- ------- ------------ I.---.-------

Grain I I I
 
Self-Sufficiency[4]l 1 103%[5] 1{'I1 [ ]
 

[1] 	Rice - Milled equivalent = 60% of output; Other Grains - 1illed rquivalrrt - 70, cf nutp':t. 

[2] 	Total output for rice has neen adjusted to account for rice used as paynrt of project loans. The 
calculations were made as follows: 

Household I - Total paddy output (kg) -................... 7039.6
 

Luss paddy equivalent of project loan
 
(D1454.97 = 1539.7 kg rice @ DO.945/kg) .. 1539.7
 

NET OUTPUT 5499.9 kg.
 

Household 2 - Total paddy output (kg) - .................. 2519.23
 

Less paddy equivalent of project loan
 
(D76G.63 = 811 kg rice @ D0.945/kg) ...... 311.0
 

NET OUTPUT 1708.2 kg.
 

[3] 	After deducting 10% from total to allow for storage losses and grain used for seed.
 

[4] 	These calculations take only the rainy season crop into account. Produce frer the dry season
 
irrigated and tidal plots have not been factored into the calculations.
 

[5] 	Household I - 21.5 Adult Equivalents x 170 kg/yr = 3655 kg food grain required; 3713/2s55 = 103%
 
Household 2 - 11 Adult Equivalents x 170 kg/yr = 1870 kg fcod grain required; 201.2/1870 = 108%
 

Source: Case study field data, Water Control Study, 1986-87 cropping season.
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ANNEX E
 

RICE PRODUCTION ECOLOGIES
 
IN THE GAMBIA
 



TOWARDS A CLASSIFICATION OF RICE ECOLOGIES IN THE GAMBIA 1
 

Background
 

Many reports have been written related to rice production in the various
 
rice ecologies of The Gambia. Yet, because the terminology used to identify

and define these ecologies is often ambiguous or conflicting, it is difficult
 
to interpret and compare statements made in the various reports. For example,

local language terms, such as "bantafaro", are defined differently by each
 
author, and from region to region, farmers themselves have different meanings

for identical terms. Other commonly used 
terms such as "upland" and "lowland"
 
are equally problematic.
 

These brief notes are intended as a starting point for discussion on
 
classifying rice ecologies and are by no means complete. Wherever possible,

terms and definitions from existing reports (i.e. Rice Industry of The Gambia,
 
FAO, 1983; Short- and Medium-Term Policy for Irrigated Rice Development, FAO,

1985; LRS 22; and other reports) as well as elements of rice ecology

classifications published by IRRI were incorporated into these notes to
 
facilitate discussions. Once the terms and definitions used 
 here are
 
modified, refined and agreed upon, 
they can later be reconciled with local
 
terms used by farmers to describe the respective ecologies. This will
 
facilitate communication between extension workers, and farmers as well as
 
between researchers and extension workers.
 

Physical Characteristics of Rice Ecologies
 

In the following classification of Gambian rice ecologies, three physical

attributes have been used: lateral and longitudinal position in relation to
 
the Gambia River; 
hydrology; and, soil type. Using these characteristics,
 
Table E-1 summarizes the main features of the rice ecologies found in The
 
Gambia; Figure E-1 schematically illustrates their relative locations.
 

Gambian rice lands are found in three distinct zones in relation to the
 
Gambia River. The mangrove tidal zone is located between the mouth of the
 
river and Carrol's Wharf, the approximate transitional boundary between saline
 
and non-saline soil associations. 2 The zone is characterized by the
 
presence of saline river water for at 
least part of the year. The freshwater
 
tidal zone is unaffected by salinity and lies upstream of Carrol's Wharf.
 
Finally, the inland zone covers the length of the country, beyond the lateral
 
reach of the tides.
 

IThese notes were first presented as a discussion paper to a Rice Task Force

organized in advance of the 1987 Agricultural Research Advisory Board (ARAB)

meetings. Alternative proposals 
were made during the task force proceedings
 
but were not finalized before publication of this report.
 

2Source: LRS 22 soil maps and text.
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FIGURE E-1
 
SCHEMATIC CROSS-SECTION OF GAMBIAN RICELANDS-
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Table E-l 
RICE LAND CLASSIFICATION FOR THE GAMBIA 

CLASSIFICATION I GEOGRAPHIC PARAMETERS i ECOLOGICAL VARIABLES 

ZLM I RICE LAND ECOLOGY I LOCATION ALaI RIVER I 	 HYDROLOGY ISOIL CHARACTERISTICS 

I Mangrove Swamp I Between I flood piains immediately I tidal; I year-round flooding I I Association 14 
Mangrove I I mouth of I adjacent to river I saline Most of I by daily tides I I 

tidal 1 -1 river ad year; seasonal I I Alluvial I 
I Carrol's I adjacent to mangrove swamos on I fresh water as I flooded by spring tioes, high 1 I existina or potentially 

I Peripneral wancrove IWnarf I lateral reacnes of flood plain I river csc-narce I river and rairater runoff I I acid sulphate 
I increases I Association 15 & 16
 

I Freshwater tidal I Etween I flood plains imoediately I 
 I flooded year-roud I I Association 17 
Fresh I I Carrol's I adjacent to river I tidal; not I by daily tides I I 
water I IWharf I I affected by I I Alluvial I 
tidal I Peripheral I and I adjacent to freshwater tidal I salinity I flooded by spring tides, high I I 

I freshwater tidal I Georgetown swamps on lateral reaches of I 	 I river and rainwater runoff 
 I I Association 17 
1 flood plain I I 

I I depressions inland of floodplain, I I direct rainfall and surface 
I I possibly inrainy season stream I I rairater runoff forming pools; I I 

I Flooded rainfed I I valleys; also depressions I I indepressions adjacent to I Associations 18 & 21 
1 I adjacent to levees (upstream I beyond lateral levees, also have I 
I Iof Georgetown only) reach of tides i possible spillover fraom river I 
I I I (except coasional I I 
IAll I I spillover fro I -I Alluvial I 

Inlard 	 I I along Ihigher land adjacent to I river upstream of I direct rainfall and surface I 
I ! river I peripheral mangrove, peripheral I Georgetown); not I runoff; water table may rise to I 
I Transitional I I freshwater tidal, or edges of I affected by root zore ad may be shollow- I I Association 13 

flooded rainfed, and inrainwater) salinity flooded for short periods I I 
I I runoff drainage ways I 

II I
 

I Pure rainfed 1 1 plateaus 	 I direct rainfall only I Colluvial I Associations
 
I I 	 I 

Inland/ 	 I I All along I any lands where total water I water from river or'well puzoed onto r:celand; water Coilovial (All associations which 
Tidal I Irrigated I river Icontrol can be achieved I draired off of lana as necessary I or I can be drained 

I I I Alluvial I
 

-- ---------- - -- =~~~~~~~~~= 



As is evident from the following descri#Lions of Gambian rice ecologies,
 
the boundaries of these systems are not static. This means that the
 
classification of a particular rice-growing area may change over time. For
 
example, as the salt tongue pushes further up river, areas which were once
 
fresh year round have become saline. Also, hydrological regimes fluctuate
 
depending on rainfall and river water levels. As river levels decline, for
 
example, areas which were once flooded by spring tides may now receive
 
moisture from direct rainfall only. Therefore, while the typology for rice
 
ecologies discussed below will hold over time, the classification of a
 
particular area may change.
 

Mangrove Tidal Zone
 

Two distinct rice land ecologies make up the mangrove tidal zone: the
 
mangrove swamp ecology and the peripheral mangrove ecology.
 

Mangrove swamps are found in the mangrove flood plains immediately
 
adjacent to the river and are subject to flooding from daily tides. In these
 
areas, the tidal water is saline for most of the year. As the river flow
 
increases during the rainy season, pushing the salt interface downstream,
 
fresh water leaches the salt from the soil, permitting rice cultivation.
 
During the dry season, when flow rates decrease, the saline front pushes back
 
upstream of the mangrove swamps.
 

The duration of the freshwater period in the mangrove swamps fluctuates
 
from year to year depending on river flow rates which in turn depend on
 
rainfall in the upper river basin (i.e. in Guinea and Senegal Orientale).
 
Salinity measurements taken by Howard Humphreys in 1973 showed that at maximum
 
flow rates (i.e. September, towards the end of the rainy season), the salt
 
front (defined as one part per thousand) had been pushed downstream as far as
 
70 km from Banjul. At that time, the freshwater period was long enough to
 
produce a rice crop in mangrove swamps as far downstream as km 108. However,
 
in parts of the ecology, reduced flow rates in recent years have shortened the
 
period of fresh water availability beyond the minimum required for rice
 
production. Many tidal ricelands downstream of km 135 have now been abandoned
 
as a result of this trend.
 

The upstream boundary of this zone roughly corresponds with the limit of
 
mangrove growth. The LRS 22 Study marks Carrol 's Wharf (km 220) as the
 
transitional boundary between saline and non-saline soil associations. Since
 
soil salinity is a variable characteristic, the study clearly states that this
 
boundary is an approximation.
 

Adjacent to the mangrove swamps, on the lateral reaches of the flood
 
plain, is the peripheral mangrove ecology. These areas lie beyond the reach
 
of daily tides, but are occasiona ly flooded by spring tides and/or high river
 
water which, as in the mangrove swamps, is seasonally saline or fresh. In
 
addition, these areas are also flooded with rainwater runoff from adjacent
 
highlands. In years of adequate rainfall, this runoff is plentiful enough and
 
the lateral penetration of fresh spring tides far enough to leach salt from
 
the soil and allow rice cultivation.
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With reference to soil characteristics, the peripheral mangroves can be
 
subdivided into two categories: the prior flood plain, once continuously

submerged by brackish daily tides and containing a high concentration of
 
jarosite; and the upper flood plain, which does not have a history of daily
 
tidal flooding.
 

Detrimental changes in the physical characteristics of parts of the
 
peripheral mangrove's prior flood plain are occurring as a direct result of
 
low levels of rainfall. In general, mangrove soils which have been submerged

for some time under brackish water or sea water build up high levels oF
 
sulfides, a harmless condition so long as the soils remain submerged. This is
 
the case in the mangrove swamp ecology where daily tides are present

year-round. However, when these soils are drained, the sulfides are quickly
 
oxidized, forming sulfuric acid. The resulting acid sulfate soils can no
 
longer support plant life and become barren.3 This is precisely what has
 
occurred on those parts of the peripheral mangrove's prior flood 
plain which,
 
with reduced river flows, now lie 
beyond the reach of daily tides. It should
 
also be noted that should river levels drop even further, most of the soils
 
within the mangrove ecology have the potential to become acidic if they become
 
exposed. More importantly, rice land development interventions on mangrove
 
soils which attempt to protect soils from salt water intrusion and thus
 
prevent tidal penetration, can expose submerged soils and cause the formation
 
of acid sulfates.
 

While acid sulfate formation threatens the prior flood plain, parts of the
 
upper flood plain are threatened by low rainfall. In years when there is
 
insufficient rain water to leach out salt deposited by spring tides, 
residues
 
remain in the soil. These salt levels are compounded in successive years of
 
low rainfall and require increasingly more rain water to leach out the salts
 
and render the soils productive. As the trend has been towards lower rainfall
 
levels, some peripheral mangrove ricelands may now require several years of
 
heavy rainfall to effectively leach out the concentrated salt. (This has been
 
confirmed by FFHC experience in Bereto).
 

Low river levels have also placed some peripheral mangrove ricelands
 
beyond the reach of spring tides, making 
them wholly dependent on rainwater.
 
In effect, these areas are now classified as transitional in the Inland Zone
 
(see below),
 

Freshwater Tidal Zone
 

As with the mangrove tidal zone, two distinct ecologies make up the
 
freshwater tidal zone: the freshwater tidal ecology and the peripheral
 
freshwater tidal ecology.
 

The freshwater tidal ecology, like the mangrove swamps, occupy the flood
 
plains immediately adjacent to the river and are flooded by daily tides. In
 

3 1t is technically feasible to neutralize the acidity 
with limestone;

however, as such large quantities would be needea, this option is uneconomic.
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contrast, however, these areas are located upstream of Carrol 's Wharf 4 and
 
thus are flooded only with fresh (non-saline water). In parts of this zone,
 
notably around Kuntaur (km 254), the cultivation of two successive rice crops
 
annual1y is common.
 

Tile combined effects of tides and river levels determine cropping

potential within the freshwater tidal ecology. During the dry season, river
 
levels are at their lowest. The lateral limit of tidal reach during the dry
 
season marks the limit of double-cropping potential. During the rainy season,
 
as river levels rise, tides penetrate further inland beyond the limit of the
 
potentially double-cropped areas. These areas can be cropped only during the
 
rainy season. However, due to lower rainfall trends and the consequent

decrease in river levels, some of these rainy season areas may not be flooded
 
at all. Furthermore, some areas which were potentially double-cropped are
 
restricted to a rainy season crop only.
 

The upstream boundary of this zone is determined by the presence of high

banks which prevent lateral tidal action. This occurs at approximately km 310
 
between Georgetown and Bansang.
 

The peripheral freshwater tidal zone is situated adjacent to the
 
freshwatev tidal areas on the T-Tal reaches of the flood plain. Their
 
position elative to the freshwater tidal zone is the same as the peripheral
 
mangrove's position relative to tile mangrove zone (Figure E-1). As only

spring tides or high river floods--not daily tides--reach these areas, they
 
cannot be cropped during the dry season. With high tides and rainfall runoff
 
from the uplands contributing moisture, rainy season rice cultivation is
 
feasible. Inyears of low rainfall, as in the peripheral mangrove zone, areas
 
which are otherwise within reach of the spring tides receive water exclusively

from direct rainfall or rainwater runoff from tile adjacent highlands.
 

Inland Zone
 

Flooded rainfed ricelands are non-draining depressions which, for tile most
 
part, are found beyond tile reach of river water. The only water source for
 
these depressions is direct rainfall or rainwater runoff from the uplands.
 
Flooded rainfed ricelands are generally of two types: isolated bowl-shaped

depressions or depressions on the floor of rainwater runoff drainage ways.
 
Although much of the runoff flows towards the river, undulations in the
 
drainage ways may retain water. These drainage way depressions are generally

located in the western half of the country while the isolated basins are more
 
widely dispersed throughout the country.
 

Some flooded rainfed ricelands are situated immediately adjacent to the
 
high river banks commonly found upstream of Georgetown. In addition to
 
flooding from direct rainfall or rainwater runoff, these areas are also
 
occasionally flooded with river water which spills over the banks when
 

4The downstream boundary of the freshwater tidal ecology also forms the
 
upstream boundary of the mangrove zone, and therefore fluctuates as described
 
previously.
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river levels are high. With the trend to 
lower river levels as a result of
 
reduced rainfall, river overflows are less frequent.
 

The depth and duration of available water found in flooded rainfed
 
ricelands vary widely depending on depth of the depression, porosity of the
 
soil, and rainfall levels.
 

The transitional ricelands form the interface between flooded ricelands
 
and the higher pure rainfed land. They are found in three different locations
 
relative to the other rice ecologies:
 

i. higher land adjacent to and inland of peripheral mangrove areas;

ii. higher land adjacent to and inland of peripheral freshwater tidal
 

areas; and
 
iii. higher land on edges of flooded rainfed areas.
 

These areas are beyond the reach of the tides, receiving most of their

moisture from direct rainfall or rainwater runoff from adjacent higher land.
 
In addition, the water table may rise seasonally to the root zone leaving the

soils shallow-flooded for short periods, particularly after heavy rains. 
 With
 
their generally heavier soils, the transitional ricelands tend to have good
 
water retention capacity and remain moist after seasonal rains have ceased.
 

The numerous rainwater runoff drainage ways which flow into the 
Gambia
 
River or its tributaries are also classified as transitional. 5 With
frequent rainfall, the floors of 
these drainage ways can remain water-logged
 
or flooded for days at a time. Further!nore, where the drainage way and flood
 
plain intersect, the water table often rises to the root 
zone.
 

Although transitional ricelands are not generally affected by salt, 
there
is one exception: where a rainwater runoff drainage way flows into 
 the
 
peripheral mangrove zone. 
 Here, the soils at the base of the draincge way may

be saline. In the past, salt deposited into such drainage ways by saline
 
tides was flushed away by fresh river water or by rainwater runoff. With the
 
trend of lower rainfall, fresh river water no longer reaches these areas and
 
the available water has been insufficient to wash away this salt. Therefore,

although the 
land can no longer be classified as tidal, they are nevertheless
 
salt-affected. 
 It is these areas which many of the anti-salt dikes of the
 
Soil and Water Management and GTZ projects seek to protect from further salt
 
intrusion.
 

Pure rainfed areas are topographically higher than the other rice
 
ecologies and rely solely on direct rainfall for 
moisture. Theoretically,

mlost colluvial and plateau land falls into this classification. In practice,

however, rice is grown on such land only 
in the Western Division where
 
rainfall levels are 
highest. These areas are generally forested and have
 
soils which have a nigh organic matter content. The cultivation is
 

5It is difficult to represent these drainage ways on a cross-sectional
 
schematic drawing. However, they can be visualized as small valleys flowing

from the pure rainfed areas into the peripheral tidal ricelands.
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"slash-and-burn" in nature. Forested areas having soils with a high organic
 
matter content are cleared and brought into production, then left fallow for
 
varying numbers of seasons.
 

Irrigated Ricelands
 

Any land where total water control has been achieved is defined as
 
irrigated. By definition, this implies pumping water onto the land in times
 
of drought and draining water off of the land when necessary. The
 
Jahaly-Pacharr pump-irrigated scheme achieves such water control. Existing

small-scale irrigated rice perimeters in The Gambia are generally found on
 
higher land adjacent to the river. These perimeters, however, do not have the
 
infrastructure required for proper drainage.
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ANNEX Fl
 

CALCULATIONS AND
 
ASSUMPTIONS FOR
 
ECONOMIC ANALYSES
 

IThe calculations for- the economic analyses prepared
were by Petra
 
Mueller-Glodde.
 



CALCULATIONS AND ASSUMPTIONS FOR ECONOMIC ANALYSES
 

Soil and 	Water Management Unit (SWIU), Water-Controlled Rice Production
 

Project Development Costs
 

Table 6.1 	of the main report summarizes the project cost items (given on a
 
per hectare basis) which were used in the economic analysis of SWMU. This
 
summary is reproduced below and is followed by an explanation of each cost
 
item. The total hectarage developed during the period was 89 ha.
 

Project Costs
 
SWFU
 

Item No. Description Total Cost (D) Cost per ha (D)
 

1. Technical assistance 249,600 2,805
 

2. Office costs (supplies) 8,000 	 90
 

3. Staff costs
 

a.Unit man-days=DlO,992
 
b.Overhead = 14,301
 
c.Allowances = 7,581
 

Total 32,874 369
 

4. Vehicles 	 81,057 911
 

5. Tractor 	 36,135 406
 

6. Truck 	 0 0
 

7. Fuel 	 17,132 192
 

8. Equipment 	 9,750 110
 

9. Construction material 0 	 0
 

10. 	 Village labor 41,830 470
 

TOTAL PROJECT COST 476,378 5,353
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Explanation of Project Development Cost Items
 

I. Technical Assistance:
 

USAID estirmate for one person-year expatriate technical assistance is US$
 
96,000. The SWMU technical assistant spent 40% of his time on activities
 
related to water-controlled rice production.
 

US$ 96,000 x 40% = US$ 38,400 x D 6.50 = D 249,600
 

2. Office costs:
 

D 8,000 quoted from the 1986/87 GOTG budget estimates, p. 100.
 

3. Staff costs:
 

Some SWMU staff members work full time on rice-related activities, others
 
part time, and the remainder have no rice-related tasks. To account for
 
these facts, the following assumptions were made:
 

** 	 Unit man-days -- SWMU kept a record of all staff time spent working 
at the construction sites during the 1985/86 construction season. 
The total value of this time, pro-rated at each individual's salary
 
level is D 10,992.
 

** 	 Overhead staff costs -- 25% of the salaries of staff members which do 
not have full-time assignments to rice-related activities were 
assumed to be overhead costs. The salaries of these staff members 
(i.e. principal soil conservationist, senior soil conservationist,
 
executive officer, clerk/typist, messenger, two senior soil
 
conservation assistants, and four soil conservation assistants) total
 
D57,204. Total overhead staff costs were assumed to be D14,301 (25%
 
of D57,204).
 

** 	 Allowances -- Total staff allowances was assumed to be D30,325. 
Taking 25% of this total as project costs, allowances were calculated
 
at D7,581.
 

** 	 Summary of staff costs-

Unit man-days D10,992
 
Overhead staff costs 14,301
 
Allowances 7,581
 

D32,874
 

4. Vehicle Costs:
 

Four vehicles were used approximately 50% of the time on rice-related
 
activities.
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Assumptions:-- Average cost of one vehicle D97,250.
= 
-- Life of vehicle is 100,000 km. 
-- Depreciation per vehicle = DO.97/km. 
-- Maintenance/spare parts = 00.50/km. 
-- Cost/km without fuel = D 1.47.
 
-- Mileage/vehicle/year = 25,000 km.
 
-- Total 4-wheel vehicle cost/year for rice-related
 

activities = D 73,500 ( i.e. 1.47/km x 25,000 kin x 4
 
vehicles x 50% of total time)
 

-- Three motorcycles are used full time for rice-related 
activities: cost/motorcycle = D 7,557. 
Life of motorcycle = 3 years.
Total motorcycle cost/year - D 7,557 9 (i.e.
 
D2,519/cycle/year x 3 cycles)
 

-- Summary of total vehicle costs: 
4-wheel vehicles D 73,500 
Motorcycles = 7,557 

D81,057
 

5. Tractor/trailor/disc-plow:
 

4 tractors at D 104.000 ea. / 7 years = D 59,428
 
4 trailors at D 19,000 ea. / 20 years = 3,800
 
4 disc plows at D14,000 ea. / 10 years = 5,600


D 68,828
 

50% use = 34,414 
5% maintenance = 1,721 

Total tractor costs 	 D 36,135
 

6. Truck: SWMU did not use a truck.
 

7. Fuel: D 17,132 as estimated by SWMU.
 

8. Equipment: 100 shovels at D 30 each = D 3,000
 
100 	shovels at D 60 each = 6,000
 
25 picks at D 30 each = 750
 

9. Construction material: Cost is negligible and assumed to be nil.
 

10. Village labor:
 

Using SWMIU records of village labor participating in the development of
 
the 89 hectares, an average of 188 man-days/hectare were employed. The
 
opportunity cost of this labor is assumed to be D 2.50/day.
 
(i.e. 188 MD/ha x D 2.50 x 89 ha = D 41,830)
 

Alternative Project Cost Structures for SWt.IU
 

1.0 --
Total project costs with village labor used in construction
 
valued at its opportunity cost: D 5,353/ha
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2.0 -- Total project costs with village labor used in construction costed 
according to the financial incentives or daily wage actually paid. 
SWMIU paid no incentives, therefore: 

D 5,353/ha less D 470/ha (labor opportunity costs) = D 4,883/ha
 

3.0 	-- Total project costs less technical assistance costs:
 
D 5,353 less D 2,805 = D 2,548/ha.
 

4.0 	-- Total project costs less 50% of overhead costs incurred in both 
development and maintenance: 
Project cost items l,2,3b,3c,4,5, and 6 at 50% D 2,229/ha 
Project cost items 3a,7,8,9, and 10 at 100% = 896/ha 

D 3,125/ha 

5.0 --	 Total project costs less technical assistance and 50% of 
overhead costs incurred in development and maintenance:
 
Total project cost with decreasing overhead = D 3,125/ha
 
Less remaining 50% of technical assistance 1,403/ha
 

D 1,722/ha
 

Maintenance Costs/ha
 

Project cost items 3,4,5,6, and 7 = D 1878/ha
 
Year 2 -- D 1878 x 10% = D 188
 
Year 3 onwards -- D 1878 x 5% = D 94
 

Maintenance Costs/ha with Decreasing Overhead Costs
 

Project cost items 3b,3c,4,5, and 6 at 50% = D 781
 
Project cost items 3a and 7 at 100% = 316
 

D1,097
 

Year 2 -- D 1,097 at 10% = D 110
 
Year 3 and onwards = D 1,097 at 5% = D 55
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SENSITIVITY ANALYSIS
 

5 YERRS 


1.0 Total Project Costs (T.P.C) 

10 YEARS 20 YEARS
 

231:5.97 4841.60 
408.55 2116.80
 

-1890.68 -1008.61,
 

-2410.6 -1677.79
 
-2931.81 -2347.50
 
-3452.75 -3017.31
 
-3973.14 -3606.57
 
-4193.09 -4355.39
 

26% 30%
 
17% 22%
 

3% 11%
 

-1% 8%
 
-6% 5%
 

-10% 2%
 

-17% -3%
 
-26% -8%
 

2714.66 5250.37
 
817.24 2525.50
 

-1481.90 -59g.94
 

-2002.26 -1269.09
 
-2323.11 -1933 .81
 
-3044.'5 -2600.61
 

-3r64.44 3277.81
 

-418/.40 -3946.70
 

29% 32i
 
20% 24%
 
59 12%
 

1% 9%
 
-4% 6%
 
-9% 3% 

-15% -2% 

-25% -8% 

NPV P 15% SCENARIO 1 
NPV @ 15% SCENARIO 2 

NPV @f15% SCENARIO 3 


NPV @ 15% SCENARIO 3-10% 

NPV @ 15% SCENARIO 3-20% 

NPV @ 15% SCENARIO 3-30% 

NPV @ 15% SCENARIO 3-40% 

NPV @ 15% SCENARIO 3-50% 


IRR SCENARIO 1 

IRR SCENARIO 2 


IRR SCENARIO 3 


IRR SCENARIO 3-10% 

IRR SCENARIO 3-20% 

IRR SCENARIO 3-30% 


IRR SCENARIO 3-40% 


IRR SCINARIO 3-50% 


2.0 TP.C with paid village labor
 

-1126.51 

-19305.86 

-3087.67 


-3406.82 

-3726.59 

-4046.40 

-4365.66 

-4684.81 


4% 

-6% 


-24% 


-29% 

-34% 

-41% 


-48% 


-59% 


NPV q 15% SCENARIO 1 
NPV @ 15% SCENARIO 2 
W.V @ 15% SCENARiO 3 


NPV @ 15% SCENARIO 3-10% 

NPV @ 15% SC INARIO 3-20% 
.r'V @ 15% SCENARID 3-30% 

NPV @ 15% SCENARIO 3-40% 


NPV @ 15% SCENARIO 3-50% 


IRR SCENARIO 1 

IRR SCENARIO 2 

IRR SCENARIO 3 


IRR SCENARIO 3-10% 

IRR SCENARIO 3-20% 

IRR SCENARIO 3-30% 


IRR SCENARIO 3-40% 


IRR SCENARIO 3-50% 


-717.81 

-1497.16 

-2678.98 


-2998.13 

-3317.89 

-3637.70 


-3336.97 


-4276.12 


8% 

-2% 


-21% 


-27% 

-32% 

-39% 


-47% 


-58% 
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SENSITIVITY ANALYSIS 

CEASW14UI 5 YEARS 10 YEARS 20 YEARS 

3.0 T.P.C. WITHOUT T.A. 
N aV@ 15% SCENARIO 1 1312.62 4713.10 72e0.81 
NPV @ 15% SCENARIO 2 533.27 2817.C3 1555.93 
NPV @ 15% SCENARIO 3 -648.54 548.45 1430.49 

NPV @ 15% SCENAiRIO 3-10% -967.69 28.17 761.34 
NPV @ 15% SCENARIO 3-20% -1287.46 -492.68 91.63 
NPV @ 15% SCeIJRIO 3-30% -1607.27 -1013.62 -570.18 
NPV @ 15% SCENARIO 3-40% -1926.53 -1534.01 -1247.44 
NPV @ 15% SENRRIO 3-50% -2245.68 -2053.96 -1916.26 

IRR SCENARIO 1 37% 54% 55% 
IRR SCMARIO 2 25% 42% 44% 
IRR SCENARIO 3 0% 21% 26% 

IRR SCENARIO 3-10% -8% 15% 21% 
IRR SCENARIO 3-20% -16% 9% 16% 
IRR SCENARIO 3-30% -25% 2% 10% 
IRR SCENARIO 3-40% -36% -6% 5% 
IRR SCENARIC 0-509 -50% -18% -3% 

4.0 T.P.C. WITH D.O. 
NP @ 15% SCENARIO 1 937.20 4434.67 7018.76 
NPV @ 15% S-F4ARIO 2 157.85 2337.24 4293.83 
NPV @ 15% SCENARIO 3 -1023.97 238.02 1168.45 

NPV @ 15% SCEnARIO 3-10% -1343.12 -282.26 499.30 
NPV @ 159 SCENARIO 3-20% -1662.88 -803.11 -170.42 
NPV @ 15% SCENARIO 3-30% -1982.69 -1324.05 -840.23 
NPV @ 15% SCENARIO 3-40% -2301.96 -1844.44 -1509.49 
NPV @ 15% SCENflIO 3-50% -2G21.11 -2.3G4.39 -21701.31 

IRR SCENARIO 1 23% 46% 48% 
IRR SCENARIO 2 18% 36% 38% 
IRR SCENPRIO 3 -5 17% 22% 

IRR SCENARIO 3-10% -12% 12% 18% 
IRR SCENARIO 3-20% -19% 7% 14% 
IRR SCENARIO 3-30% -27% 1% 9% 
IRR SCENARIO 3-40% -36% -7% 4% 
IRR SCENARIO 3-50% -47% -16% -2% 
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SENSITIVITY ANALYSIS 

CBniswtU1 5 YEARS 10 YEARS E0 YEARS 
5.0 T.P.C. WITH D.O. AND WITHOUT T.A. 
NPV @ 15% SCENARIO 1 2151.20 5654.67 8238.7G 
NPV @ 15% SCENARIC 2 1377.85 3757.24 5513.80 
NV@ 15% SCENARIO 3 196.03 1453.02 2360.45 

NPV @ 15% SCENARIO 3-10% -123.12 937.74 J719.30 
NPV @ 15% SCENARIO 3-20% -442.88 416.89 1049.58 
NPV @ 15% SCEM1RIO 3-30% -762.69 -104.05 379.77 
NV @ 15% SCENARIO 3-40% -1081.96 -624.44 -289.49 
NPV @ 15% SCENARIO 3-50% -1401.11 -1144.39 -958.31 

IRR SCEPIARIO 1 65% 78Y 78% 
IRR SCENARIO 2 52% 65% 66% 
IRR SCENARIO 3 21% 39% 41% 

IRR SCENAlRI 3-10% 11% 30% 33% 
InR SCENARIO 3-20% 0% 22% 26% 
IRR SCENARID 3-30% -11% 13% 19% 
IRR SCENARIO 3-40% -23% 4% 12% 
IRR SCENARIO 3-50% -38% -8% 4% 
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GTZ/DWR Rainfed Rice Improvement, Water-Controlled Rice Production
 

Project Development Costs
 

Table 6.2 of the main report summarizes the project cost items (given on a
 
'por hectare basis) which were used in the economic analysis of GTZ/DWR. This
 
summary is reproduced below and is followed by an explanation of each cost
 
item. The total hectarage developed during the period was 98 ha.
 

Project Costs
 
GTZ/DWR
 

Item No. Description Total Cost (D) Cost per ha (D)
 

1. Technical assistance 312,000 3,184
 

2. Office costs (supplies) 6,262 	 64
 

3. Staff costs 	 45,099 460
 

4. Vehicles 	 68,019 694
 

5. Tractor 	 12,448 127
 

6. Truck 	 9,600 98
 

7. Fuel 	 15,164 155
 

8. Equipment 	 21,202 216
 

9. Construction material 28,804 	 253
 

10. Village labor 	 26,950 275
 

TOTAL PROJECT COST V1,548 5,526
 

Explanation of Project Development Cost Items
 

1. Technical Assistance:
 

The GTZ technical assistant spent 80% of his Lime on activities related to
 
water-controlled rice production.
 

DI.I130,000 x 80% = DM 104,000 x D 3.00 = D 312,000
 

2. Office costs: D 6,262 is a GTZ estimate.
 

3. Staff costs: Salaries = D 38,379
 
Allowances = 11,731
 

D 50,110
 

90% 	of staff costs attributed to rice-related activities: 
D 50,110 x 90% = D 45,099 
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-- 

4. Vehicle Costs:
 

Two vehicles were used full time on rice-related activities.
 

Assumptions:--	 Cost of one vehicle D81,000.
= 
-- Life of vehicle is 100,000 km. 
-- Depreciation per vehicle = D 0 81/km. 
-- Maintenance/spare parts = 00.50/km. 
--	 Cost/km without fuel = D 1.31. 
--	 Mileage/vehicle/year = 25,000 km. 

Total 4-wheel vehicle cost/year for rice-related 
activities = D 65,500 ( i.e. D 1.31/km x 25,000 km x 2
 
vehicles)
 
One motorcycle is used full time for rice-related
 

activities: cost/motorcycle = D 7,557.
 
Life of motorcycle = 3 years.
 
Total motorcycle cost/year - D 0 2,519
 

-- Summary of total vehicle costs: 
4-wheel vehicles = D 65,500 
Motorcycles = 2,519

D 68,019
 

5. Tractor/trailor:
 

I tractor at D 104.000 / 7 years D 14,857/year
1 trailor at D 19,000 / 20 years = 950/year 

D 15,807 
5% maintenance = 790 

75% use per year = D 12,448 

6. 	Truck: Borrowed for 24 days/year for 200 km/day
 
Depreciation -- D 2/km
 
Total truck cost -- 2 x 200 x 24 = D 9,600
 

7. Fuel:
 

For 2 vehicles 	-- 9.09 km/litre
 
-- 25,000 km /vehicle/year = 50,000 km
 
-- 5,500 litres x D 1.47/litre = D 8,085
 

For motorcycle 	-- 20 km/litre
 
-- 10,000 km/year
 
-- 500 litres x D 1.47/litre = D 735
 

For tractor and truck -- total estimate = D 6,344
 

Total fuel cost --	2 vehicles = D 3,085
 
motorcycle = 735
 
tractor/truck = 6,344
 

D15,16
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8. Equipment/tools: GTZ estimate = D21,202 

9. Construction material: GTZ estimate = D 32,148
 

10. Village labor:
 

GTZ did not keep records of total man-days required to develop one
 
hectare. However, D 20,965 were paid out as incentives to laborers to
 
complete the 98 hectares. GTZ estimates that each laborer received
 
approximately D 2/day.
 

D 20,965 / D 2 = 10,483 man-days / 98 ha = 107 or 110 MD/ha
 

The opportunity cost of this labor is assumed to be D 2.50/day.
 
(i.e. 110 MD/ha x D 2.50 x 98 ha = D 26,950)
 

Alternative Project Cost Structures for GTZ
 

1.0 	-- Total project costs with village labor used in construction
 
valued at its opportunity cost: D 5,526/ha
 

2.0 	-- Total project costs with village labor used in construction
 
costed according to the financial incentives or daily wage
 
actually paid. GTZ paid a total of D 32,148 in incentives:
 

Cost items 1-9 = D 5,251/ha 
D 32,148 / 98 ha = 328/ha
 

D 5,579/ha
 

3.0 -- Total project costs less technical assistance costs:
 
D 5,526 less D 3,184 = D 2,342/ha.
 

4.0 	-- Total project costs less 50% of overhead costs incurred in both 
development and maintenance: 
Assumption: 33% staff costs were direct costs; 66% were 

indirect.
 
Project cost items 1,2,3(66%),4,5, and 6 at 50% = D 2,237.50/ha
 
Project cost items 3(33%),7,8,9, and 10 at 100% = 1,051.50/ha
 

D 3,289.00/ha
 

5.0 	-- Total project costs less technical assistance and 50% of
 
overhead costs incurred in development and maintenance:
 
Total project cost with decreasing overhead = D 3,289/ha
 
Less remaining 50% of technical assistance 1,592/ha
 

0 1,697/ha
 

Maintenance Costs/ha
 

Project cost items 3,4,5,6, and 7 = D 1534/ha
 
Year 2 -- D 1534 x 10% = D 153
 
Year 3 onwards -- D 1534 x 5% = D 77
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Maintenance Costs/ha with Decreasing Overhead Costs
 

Project cost items 3(66%),4,5, and 6 at 50% = D 613.50 
Project cost items 3(33%) and 7 at 100% = 307.50 

D 921.00 

Year 2 -- D 321 at 10% = D 92 
Year 3 and onwards = D 921 at 5% = D 46 
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CPRz-1Zfl 
 ECON3.1 	 h YE2S Cc ;AER - C(#.T;.3LLED RUtE PRODLICTJ(N
 
67'/l.~?KiN-EZ RMt. IPXG;D2-EtT PROJEZT
 

YEAR 	 5 6 7 B 9 10 I1 12 13 14 15 16 
1 	 2 , 4 

17 	 1s 19 20
I RAL RICE OUTPUT 

ICR. YIELD/AQ (tor/ha) SCENARIO I 0.50 ".(1 	 .90 1.90 1.90 1.90 1.90 1.5 
 1.90 	 1.90 1.90 1.90 1.90 1.90 1.90 '.90 1.90 1.90
ICR.YIELD/IW (torha) SCERIO 2 0.50 1.00 1.4 . 1.40 1.40 1.40 
 1.40 	 1.40 1.40 1.40 1.40 1.40
ICR. YIELDIFA (tcrolia) SCE)wRID 3 0.50 0.90 (.!. (.90 C..5, 0.90 0.9) 0.9i C.90 	
1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 

0.90 	 C.90 0.95 0.90 0.90 0.90 
 0.50 	 0.90 0.90 0.90 0.90 

D./T. 
 1033.0 	 1,40: 1U(2.,C :27E.0C, !,34.03134E.00 134Z.(0 1341.00 1337.03 13a3.00 1333.00
1332.00 -33Z.00 1333.00 1333.00 ,:.00 "333.0,3123..00 133..00 1333.00 

INCRENTAL I mvRHa SCEwIR1D I E15.00 114Q.00 163.-' 2428.00 57.00
l251.00 2..00 2546.00 2,40.00 533.00 651.00 
2533.0 3.00 2523.00 253.00 2533.00 2533.00
INCRE)ENTL -C-DOE/Ha 55.00 78.03 1684.00 1877.00 1666.00 166.00 	 251132002522.00 22.00
SCENARIO 2 1140.00 1E..03.0, 1857.00 1863.00 1872.00 666.00 186.00 1866.00 166.00 1l6.0.0 166.00 1666.00 18a6.00 (666.00 
INCREL-WAL INCOPE/Ha SCENARIO (02.-.00
3 5150.0 I06'.00 
 11Yj.0 	 1213.00 1211.00 1211.00 1207.00 120300 
1200.00 	1600.00 20.00 1200.00 1200.00 
 1200.00 	1200.00 1200.00 12W0.00 1200.00 1200.00
 

VARIATION FROM IM NJTAL IhCOE/Ha ShNj.IO 2
 

NXREPHENTAL
MOPDE (-lO) 464.00 932.00C,74.' :3,'.i5.(o i. I I,8.00
O: 1030. P 1095. ( 10K,.( .( c 1(50.0v 1083.00 Is'.oc 1050.00 1380.00 I060.00 10 .00INCRIE)TeAL INCIrt (-20%) 412.00 621.00 66.0V 	
(K80.00 "080.00 I052.00
920.00 	 370.00 99.00 99.00 966.00 
 0 960.00
N.00960. 90.)00 9.00 960.0 9%0..0 60.00 960.00
1P61NTc It (-3081 	 9.00 60.00
36.00 	 718.00 757.! E07,.00849.00 848.00 846.E0 845.00 43.00 840.) 
640. 0 	 840.00 840.00 840.0 840.00 840.0 80.00 4(.00 840.00 840.0
INCRCIENTL INMZ (-40MJ 
 303.0 61,'E.00 ".D 72E.00 7


INREPNTAL INf. 1-50%) 2B5.00 512.03 72C.03 72.".00720.00 720.0C
 
5 64.03 727. 727.(. 72,.00 7.3.00 723.0 2c'.007K3.0 720.0D 720.00 72C.0, 72.0 


CO)-,&,0 6f0.00
t.4.C, 	 575.C0 E07.00 606.00 E06.00 6.. 603.0, 60-3.00 ,00.0 60:.00 6rD.00 3.00 60.00 60M',.00 6.00 
60.00
 

IIl', TfL PR1DIjTIO: COSTS/Ha (I.P.C.I
 

LABOR 
 371.00 	 3571.0037.00, 21-71.0P 1.00 371.00 371.()0371.00 371.(A)371.00 "71.0 371.00 271.00 	 271.00 3771.0 271.00 371.00
SEED 	 271.00 371.00 371.00
24.00 	 24.00 
 64.00 	 24.00 24.00 34.00 24.00 24.(0 
 24.00 	 24.Cr 24.00 24.00 24.00 24.00V 24.00 24.00 24.00 Z4. 0 24.00 24.00
 

TOTAL I MRE"L PRODLTTION COSTS/Ha 39'5.003K.00 295.00 295.00 395.00 39.00 	 39.00 395.00 2395.0'395.00 395.00 39.00 295.00 375.00 3.00 
395.00 	 395.00 -5.00 395.00 29.00
 

PRO3ECT COSTS/Ha
 
DSSISIP 


OFFICE COSTS 


TECH (T.L.) 3184.00 
64.0C
 

STAF COSTS 
 460.00
 
VEHIC.ES 
 694.00
 
TRACTOR 
 127.00
 
TRUCK 
 98.00
 

1L
!55.00
 
EgIU9IPMNT 
 216.00
 
COINTK.TI ON VATERIALS 
 M3.00
 
VILLAE LABOR 
 275.00
 

1.0TOTAL PROJECT COSTS (T.P.C.) 5526.00 

2.0 T.P.C. :THPAID VILLAG LABOR 5579.00 
..0 1.;.C. . ITHOJT T.A. 334-.00 
4.0 T.P.C. WITH DECREASING OVEHED (D.O.)3289.00 
5-0 T.P.C. WITH D.C.I WITHOUT T.A. 1697.00 

MAINTMEANCCOSTS/Ha 0.00 153.00 77.00 77.00 77.00 
 77.00 	 77.00 77.00 77.00 77.00 77.00 77.00 77.00 77.00IHINTEAN WITHD.C. COSTS/Ha 0.00 92.00 	
77.00 77.00 77.00 77.00 77.00 77.0046.00 	 46.00 4E.00 4&.00 46.00 46.00 46.00 	 46.00 46.00 4E.O 4E.00 4L.00 46.00 	 46.00 46.CO 46.00 46.00 46.00 

http:COINTK.TI
http:VEHIC.ES


C3STIDW
T 2 , 5 6 7 9 10 11 12 13 14 151.0 T.P.C. 16 17 18 19 20 

NETBENEFITS SCENARIO E1TS STENAR1O2 '-I-0119LCL K .0-0MET S2083.00 1 -846.6 3 '2892.00K 12 0 N.0 03.0 7.0 t.()2,-540-0:.00 53.6- 12:1.00 19.S 2250 20'0 206" 2068.0317. C0 14:5.00 14!2.0 141'.00 2(61C 2:ioo 20L~oa 0 2061.00 2061.00 206100 201.00 2o61.o1405.00 14-0.). 1354.0F 1394.00 2O61.00 201.00
IT PEN 3 136.0 1394.00 1394.00 1394.00 134.00 1394.00ITS SC 'D-Iiq;O -54C;-.0047.C , 610.02 . 67 .(K 74..0N 7. .2'A 73. 0 72 721.0T 72.., 7 _: 

1394.00 1394.00 1394.00 -. Ok , 3.00 728.00, 726.00 728.00 728.00 728.00 728.00 72.00 728.00 7 28.00 
NETBEEFITS SCDNA.RIO3 - 10% -5457.CK, "Z.(. 5202 . 20.(17 000 : i !.E.C 60 814. C. E:'. (,- EE. .3 6.03Do) Cr) 605.0N-ET K.EIITS SCE.. 0 3 - 20% -8 2.3.: 

,C". 60.2. O0 608.00 60. 00 606.0 O 0060. 62).o 608.00k0 .0 49C. 497.104 7 '. (,"' ,S6,9'7.C 4 4 L, 45. ., .,3. 0N-T BENEFITS SCEN3 1 3 - 30% -556.00. 7. 02 ' 
. 46. . (:0 43B.00 438.0 483. 0 8 4 .00 4 9.00 4 8 . N 43B.003E. 3. .C' 377.03 76..7 76.CID 373.0 C 7:. 3LE.C 3 ..NETBENEFITS SCEERID 3 - 40% -8]1.6. 63.OK 177. DO 

0, 6 C.003- .03 38.O0 a.0o 36 .o0 36.00 6-.00 368.00 368.001b (K.216. .0 2t.z60 0(.(300-TBENEFITS SCENARIO-
2..0 2 .(M 2 -.2 :,,.05 p.)0 8 .0 24B.00 248.00 248.00 248.003 50- 9 -5-28.EL' 3.C , :C3. CO 248.00 248.0013'.C 134.CID :34.(. :31.6',13,.0i . .C, 125.00 126.20 12E.00 123.00 1&2.0 125.00 123.00 123.0028.00 123.002.0 T.P.C. WITHPAID VILULAKLP.5R
 

NET BENEFITS S2CENF. I -5453.0 5..2 .ID 3: .010 .2,-2 g 6CC. 0.00 C; 2,034.0C 207b.KDO .63.00 Zv-6:1. 00 (K, 0,1..NETBENEFITS SCENARIO2 2!.1.-2 - 206c. O0 20.00 20 .00 '61.0 0 206 .0O2061.00-543. o 83 . :&: . 2I061.00* o ::7. 14-. ; 1412. c : ': .c -- 144 0- :Lc.o .'- .C-) 374.c,: :39-.. C7 3. .2 .13 28'4,,A.,I' DO 1334.0 3.NET ENE ITS S: 3 - 4E8.CK .(K .: ::..: 67L. 4 7 C. 3 '.c:. ?3S.o 
133.000 O 3,.0 1 -34.00 1394.00 . 733.0 C,-.2 -..
 773. 0 , 72 . ,) 728.6 N 7-2. DO 7 _2.00 72' .00 726. C0 728.00 

NET BENFITS SMARI 3 - 10% -551C.00 378.00 802.C2 86(3.0 623.C., 6E16.0C 618.8D 614.6,O611.20
PET BENEFITS 6C..2 ...CK.,.6 603.0LO . 608.00 608.
SC1TRID 3 - 20% -8.62.00 w 608.00 60.00 608.0022;. 6 3S4.C,2 4,.D, 49.6K,
NETBENEFITS SENA-i 3 

497.D 
,

457.C 494. 445-.C , ,.c- 4-22.(, 4 S.0) 48E.C'0433.00 4 8. 408.00- 3C). -56:.00 438.0 488.00 48.00 488.0017.C, 268.0 ... 3 77..C6).7.C ' 71.0 37. -' 37'..C-)3.0 6.5.. .,0, 8..3 3. 0D' . 368.00 3C6.0 3 6.(0 368.00'EF1TS c.SW6N41D 3 - 38.00 368.00NETBE£PC=T 40%
BE-rI IS EEtARIC 3,- 50; -?68.0. 7.:-:'216'.603.00-571E.CK, -35 rD .... 1.-.V 8.62,t. C.k -*. .T.BEFITS -871.62 14 - 3.CO 2",.00 2C.0 .-3.0 3.C) K 248. 24O6..0 16..0 10 D Zi '. .00 .00 248.00:25.02 134;., 13..00 1 .I0 130.CA:1'.00 2..0 243.00 248.00 248. 00 248.012.2. 8 C.0 126.00 12E.00 
126.00 128.00 126.00 1232.00128.00
 

3.0 T.P.C. WITUT T.A.NFET S 1BENEFITS NARIO -222.00 532.00 133.00 18i.1.O E3.(DO 265.00O2;4. .076.00 206!.o0 2-61.00 2061.00 2061.0D2(6..X, E%61.0-NE IT 2061.00 206.00 21.00 2061.00EaBEITS SCNA.RIO 2 ---. 2061.00 2061.00O. 572.DO 12!11.00 13:7.0) 1415.00 141 .- 0 14::.00 14 ".L'.'. 42C.00 4. , 10
13 S.W 2 1 25.00
DO.00 1394.00 1394.00NETPENFITS K6NiA.:0 3 -- 0C' . 6 .00 67E.60 741. 0 7 .03 

13 4.00 1394.00 I9 .00 1394.00 (104.00 1394.00739.0O 73S. .731.0. 7-6.0,)72E.00 723. 722.00 726.00 728.00 728.00 72E.00 72.00 
 728.00 72 .00
 
NETBENFITS SCENARIO3 10% -2273.00 .75.C0 532.00 S.2,0 60.00 6:8.0D1 613.00 C,
614.6. 6:1.00 605.. 60.0 6V6.00 L03.00 608.00 606.00NETBENE -9.00 605.00 60.00 608.00 608.00FITS SCENA10 3 - 20% -2328.03NETBENEFITS S2ENARI0 273. 10 334. DO 44Z. C3 436.00O 437. (I 437.,o) 49-.60r 4S2.6,23 - 30% -237E.0C0 17C,.02St.0C 433.0I A853.00 43L.00 4M3.0N 488.00 488.0033.c, 2T7.00 37E. CIO 376.00 373. 7,.00 488.00 486-.00 488.007' .3. 36.00 3U.0) 3".00 486.0) 488.00268.00 368.0 363.00"ETEEFITS SEN,906 3 - -2'2C0 36,.00 368.00 36.00 368.00.0. CI% 216.26 .. 00 _. 60 -8..0 -.- 0 2..0 (. 243.((77.006,8.00 2A-.00..
N-l B2]FITS SZ: .IO3 - 53: -2473.00 -32.C2 69. 0 163.0,:3 .C0 13.2 

2.,.20 248.004 ,.00 243.00 24,00 24E. ,248.008.00 '48.00134.00 :,2.C3 132,.C2 122.0,0 :3.00 :26.~00 2.CI 125.00 123.00 126.00 128.00 128.00 126.00 128.00 

4.0 '.P.C. WITH L.0.T BENFITS S . :O 1 -E:9.00 5U.0. 1 .3.'iL67.2,2 2120.00 211..0 2118.6, 2107.00 9.00 092.0C 2'2.CIO 2.'2. 00 2-32.00 29-2.00 20R .00NETBENEFITS SCWMCRIO -3:83.00 653.00 00 0.00 2 %'.00 2092.00 20-2.00 209.O02 124E. 1348.00 1446.00 1443. C, 14-2.00 14-3.2' 143:.00 142K. ( 142f. 03 142.0 DONETBPE£ S: NAFI{ -3169. ( ) t35.(C 64,:.C6 7 9. D., 
4 .(0 14,2.00 142.00 1425.C0O 14-.00 14_-.00 1425.00. 7TS 3 1425.00772. (;' 77;.C.D 77.O 7,;. -. 789.(,t 7S . 782.0 787E.00 759.00 79.00",7 2.( 7,.) D83.00 789.0 785.07 9.00 759.00
 

NETBENEFITS 3
SCENARIO  10% ---- 0.0 436.00 5S..00 534.00 651.00 b4,..00
kTBENEFITS SCE3_RIO 3 - 20% 

&4S.00 645.C0 642.u0U 6:.C0 62,3.00 6.Q3.00k 33.00 635.00 633.00 631.0 639.00 69.00-3272.00 3.34.00N 4.00 479.60C 29.00 .23.00 528.00 63.00 639.005.00 f(1.00DO 9.E05NETBENEFITS SCENRIO 3 - 30; -3323.00 -31.00 316.00 36-,4.00 
19.00 8!9.00 519.00 519.00 519.00 519.00 5819.00 51 19.00 819.00408.00 4',7. C2 4 7.00 2.4".0I ,31..O 3'.00 ,3.00 .0O 333.00NETBENEFITS SCEN3R 3 - 40r% 233. C 9.' 319.00 2. .00 33.00 393.00 399.0010 -3378.00 2'3 249.00 399.00129.00 8.00 287.00 266.00 2 (.0 2.(0 261.00.) 275.CO 2?9.00 279.00 279.00 279.00 279.00 279.00NETBENEFITS SCEITRIC 3 - 50% -346;.0.0EK) 26.00 100.00 13,4.60 16.00 168.0 165.00 163.00 

679.00 279.00 279.00 279.00
16:.(,0 :5 5. .00 I8.00 :53.0, 153.00 153.00 159.00 
 159.00 159.00 159.00 159.00
 

8.0 T.P.C. ; W!THOJUT.A.WITHD.0. ,'J 

NETBEEFITS ENTRIO1 -. E7." C. 0, 2. 00 1 E.c,' IIO 24c:. , . .! X .: ' DO. Z.0 CI(2",3_D ?CT. CID2.00
t.T iNL--IS 'N .4:302 
 -:5C7.ID 8.,. :242.0c :.3;3 :446.0:1443.0: :"4,.0' :43-.. :C,,.21 14 .2.00NETBE-EFITS :3... .442.2t8.20 1,2.0 1142 ,, I 1425.00 142.03ENARD 3 -17.0(l 6k, 7(,9. (k 772,.(,770.0 

2.00 42Z.0C; 1425.00E29.0 l.00 770. CIO 736.0077.0 72.07-- . 7t C 7. 00 783.00 789.00 789.0C 759.0D 753.00 759.0 72.w. 
BENFITS SCENRIO -- I0% -1623.00tE 43K.N 83.00 94.(0 E1.00 643.00 C43. 648. .. 60W-TKENEFIT5 SCENARIO 3 - 20% -16M0.00 334.0C 42. 00 479.CIO 829.00 

4.2I..3 63:.0 639.- 3.00, 6303.00 633. 0 E3.0 W 63.0, 633.00 633.00 63.00 L39.00526.00 S28.00 5. C , 821.(K Z19.00 519.00 819.03 519.00NETFOEFITS SC'ERIO 3 - 30% -1731.00 231.00 316.00 3E4.0 ,0L.00 
519.00 819.00 819.00 5!9.00 519.00 519.00 519.0043C7.0 407.03 404.00 4
NETBEEFITS S-.1"ENRID 'y 2?..3 299.00 39.00 3 '3.00 ,193.00 33.00 3T3. 3.3 - 40% -17,8.00 129.00, 206-.0024,.(0 237.00 39-9.00 399.00 39.0026.00 336.(0 2E2.00INET BENEFITS S2EiRIO 3 50% 26:. c., 275.(C 273.00 73.00 273.00 279.00 279.00 279.00 279.00 279.00-1834.00 2 .00 100.00 :3.00 279.00 279.0016 I.0016..00 162.6.2:6E. 16. :.0 3 :83.00 52.00 1 155.053.00 
1 .03 15.00 151.C0 159.00 159.00
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SENSITIVITY ANALYSIS
 

CDAGTZDW 5 YEARS 10 YEARS 20 YEARS
 

1.0 Total Project Costs (T.P.C) 
NPV @ 15% SCENARIO 1 -1221.13 2239.68 4796.48 
WV @ 15% SCENARIO 2 -2000.48 342.26 2071.60 
NPV @ 15% SCENARIO 3 -3182.29 -195G.96 -1053.83 

NPV LI15% SCENARIO 3-10% -3501.44 -2477.25 -1722.98 
NPV @ 15% SCENARIO 3-20% -3821.21 -2998.09 -2332.70 
NPV @ 15% SCENARIO 3-30% -4141.02 -3519.03 -3062.51 
NPV @ 15% SCENARIO 3-40% -4460.28 -4039.43 -3731.77 
NPV @ 15% SCENARIO 3-50% -4779.43 -4559.38 -4400.59 

IRR SCENARIO 1 3% 25% 29% 
IRR SCENARIO 2 -6% 11% 22% 
IRR SCENARIO 3 -24% 3% 11% 

IRR SCENARIO 3-10% -23% -1% 8% 
IRR SCENARIO 3-20% -34% -5% 5% 
IRR SCENARIO 3-301 -40% -10% 2% 
IRR SCENARIO 3-40% -47% -16% -2% 
1RR SCENARIO 3-50% -57% -2% -8% 

2.0 T.P.C Hith paid village labor 
NPV @ 15% SCENARIO 1 -1267.21 2193.59 4750.39 
NPV @ 15% SCENARIO 2 -2046.56 296.17 2025.51 
NPV @ 15% SCNARIO 3 -3228.38 -2003.05 -1099,92 

NPV @ 15% SCENARIO 3-10% -3547.53 -2523.33 -1769.07 
NPV @ 15% SCENARIO 3-20 -3867.29 -3044.10 -,43G.79 
NPV @ 15% SCENARIO 3-30% -4187.10 -3565.12 -3108.59 
NPV @ 15% SCENARIO 3-40% -4506.37 -4085.52 -3777.86 
NPV @ 15% SCENARIO 3-50% -4825.52 -4605. 47 -4446.68 

IRR SCENARIO 1 31 25% 29% 
IRR SCENARIO 2 -6% 17% 22% 
IRR SCENARIO 3 -2% 2% 11% 

IRR SCENARIO 3-10% -29% -1% 8% 
IRR SCENARIO 3-20% -34% -6% 5% 
IRR SCENARIO 3-30% -40% -10y 29 
IRR SCENARIO 3-40% -48% "16% -E% 
IRR SCENARIO 3-50% -57% -24% -8% 
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SENSITIVITY ANALYSIS
 

CDAGTZDW 5 YEARS 10 YEARS 20 YEARS 
3.0 T.P.C. WITHOUT T.A. 
NPV @ 15% SCENARIO 1 1547.57 5008,38 7565.18 
NPV @ 15% SCENARIO 2 768.22 3110.J5 4040.30 
NPV @ 15% SCENARIO 3 -413.60 811.73 1714.86 

NPV @ 159 SCEIARIO 3-10% -732.75 291.45 1045.71 
NPV @ 15% SCENARIO 3-20% -1052.51 -229.40 376.00 
NPV @ 15% SCENARIO 3-30% -1372.32 -750.34 -293.01 
NPV @ 15% SCENARIO 3-40% -1691.59 -1270.73 -963.07 
NPV @ 15% SCENARIO 3-50% -2010.74 -1790.69 -1631.89 

IRR SCENARIO 1 43% 59% 60% 
IRR SCENARIO 2 31% 47% 49% 
IRR SCENARIO 3 5% 25% 29% 

IRR SCENARIO 3-10% -4% 19% 23% 
IRR SCENARIO 3-20% -12% 12% 18% 
IRR SCENARIO 3-30% -22% 5% 13% 
IRR SCENARIO 3-40% -32% -4% 6% 
IRR SCENARIO 3-50% -46% -140 -1% 

4.0 T.P.C. WITH D.0. 
NPV @ 15% SCENARIO 1 823.74 4336.21 6931.46 
NPV @ 15% SCENARIO 2 44.39 2438.78 4206.59 
NPV @ 15% SCENARIO 3 -1137.43 139.56 1081.15 

NPV @ 15% SCEIARIO 3-10% -1456.58 -300.72 412.00 
NPV ? 15% SCENARIO 3-20% -1776.34 -901.57 -257.72 
NPV @ 15% SCENARIO 3-30% -2096.15 -1422.51 -927.52 
NPV @ 15% SCENARIO 3-40% -2415.42 -1942.90 -1596.78 
NPV @ 15% SCENARIO 3-50% -2734.57 -2462.66 -2265.61 

IRR SCENARIO 1 27% 440 46% 
IRR SCENARIO 2 16% 34y 37% 
IRR SCENARIO 3 -6% IGX 22% 

IRR SCENARIO 3-10% -13% 11% 18% 
IRR SCENARIO 3-20% -20% 6% 13% 
IRR SCENARIO 3-30% -27% Q% 9% 
IRR SCENARIO 3-40% -36% -7% 4% 
IRR SCENARIO 3-50% -47% -15% -2% 
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SEISITIVITY ANILYSIS
 

EBAGTZDW 5 YEARS 10 YEARS 20 YEARS 

5.0 T.P.C. WUM D.0. AND WIlhOT T.A. 
NPV @151. SCENf;:;UL 1 2208.08 5720.55 8315.81 
NPV @ 15% SCENARIO 2 142G.73 3023 13 5590.93 
V@ 15% SCENARIO 3 246.92 1523.91 2465.50 

NPV @ 15% SCENARIO 3-10% -72.23 1003.63 1796.35 
NPV @ 15% SCENARIO 3-N% -392.00 482.78 1126,63 
NPV @15% SCENARIO 3-30% -711.81 -38.16 456.83 
NV @ 15% SCENARIO 3-40% -1031.07 -550.55 -212.1Ye 
N V @ 15% SCENARIO 3-50% -1350.22 -1078.51 -831.2, 

IRR SCENARIO 1 67% 7SA 80% 
IRR SCENARIO 2 54% 67% 6-7 
IRR SCENARIO 3 23% 44% 2. 

IRR SCENARIO 3-1';% 2.% 4%13% -.
IRR SCENARIO 3-20% 2 232 7% 
IRR SCENU(IO 3-30% -9% 1'% 
IRR SCENARIO 3-40.% -22% 5% 13% 

IRR SCENARIO 2-50% -37% -7% 4% 
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FFHC Swamp Rice Development, Improved Access
 

Project Development Costs
 

Table 6.3 of the main report summarizes the project cost items (given on a
 
per hectare basis) which were used in the economic analysis of FFHC. This
 
summary is reproduced below and is followed by an explanation of each cost
 
item. The total hectarage developed during the period was 830 ha. This
 
estimate is based on a yearly average of improved hectarage since project

inception in 1980 (i.e.,5,79i hectares improved over 7 years).
 

Project Costs
 
FFHC
 

Item No. Description Total Cost (D) Cost per ha (D)
 

1. Technical assistance 390,000 	 470
 

2. Office costs (supplies) 17,115 	 21
 

3. Staff costs 	 155,131 187
 

4. Vehicles 	 153,590 185
 

5. Tractor 	 18,067 22
 

6. Truck 	 120,000 145
 

7. Fuel 	 52,537 63
 

8. Equipment 	 60,000 72
 

9. Construction material 	 -0- -0

10. Village labor 	 301,290 363
 

TOTAL PROJECT COST 1,267,730 1,528
 

Explanation of Project Development Cost Items
 

1. 	Technical Assistance:
 

The FFHC technical assistants spent an average of 65% of their time on
 
activities related to water-controlled rice production.
 

DM 200,000 x 65% = DM 130,000 x D 3.00 = D 390,000
 

2. 	Office costs: D 26,330 x 65% = D 17,115
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3. Staff costs:
 

Office staff = D 33,720 x 65% = D 21,918
 
Field staff = 148,014 x 90% = 133,213
 

D 155,131
 

4. Vehicle Costs:
 

Four vehicles are used full time on rice-related activities.
 

Assumptions:-- Cost of one vehicle = D57,000.
 
-- Life of vehicle is 100,000 km.
 
-- Depreciation per vehicle = 00.57/km.
 
-- Maintenance/spare parts = D 0.50/km.
 
-- Cost/km without fuel = D 1.07.
 
--	 Mileage/vehicle/year = 30,000 km. 
--	 Total 4-wheel vehicle cost/year for rice-related 

activities = D 128,400 ( i.e. D 1.07/km x 30,000 km x 4 
vehicles) 

-- Ten motorcycles are used full time for rice-related 
activities: cost/motorcycle = D 7,557. 
Life of motorcycle = 3 years. 
Total motorcycle cost/year - D D 2,519 x 3 = 1,5577 

--	 Summary of total vehicle costs: 
4-wheel vehicles 

Motorcycles 


5. 	Tractor/trailor/disc-plow:
 

1 tractor at D 104.000 / 7 years 

1 trailor at D 19,000 / 20 years 

I disc plow at D14,000 / 10 years 


5% maintenance 


Total tractor costs 


6. Trucks:
 

= D 128,400 
7,557 

D753,590
 

= D 14,857 
950 

1,400
D 68,828 

= 860 

D 18,U67
 

Assumptions:-- Cost of one truck = D200,000. 
-- Life of truck is 200,000 km. 
-- Depreciation per vehicle = 0 1.00/km. 
-- Maintenance/spare parts = D 1.00/km. 
-- Cost/km without fuel = D 2.00. 
-- Mileage/vehicle/year = 30,000 km. 
-- Total cost/year for trucks = D 120,000 

(i.e. D 2.00/km x 30,000 km x 2 trucks
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7. Fuel:
 

For 2 trucks 	-- 5.00 km/litre
 
-- 30,000 km /vehicle/year = 60,000 km
 
-- 12,000 litres x D 1.62/litre = D 19,400
 

For 2 Passat 	-- 16.66 km/litre
 
-- 30,000 km /vehicle/year = 60,000 km
 
-- 3,600 litres x D 1.62/litre = D 5,832
 

For 2 Peugeot 	-- 8.33 km/litre
 
-- 30,000 km /vehicle/year = 60,000 km
 
-- 7,200 litres x D 1.47/litre = D 10,584
 

For 10 motorcycles 	-- 20 km/litre
 
-- 10,000 km/cycle/year = 100,000 km
 
-- 5000 litres x D 1.47/litre = D 7350
 

For tractor -- 960 tractor hours per year
 
-- 6 litres/hour
 
-- 5,760 litres x D 1.62 = D 9,331
 

Total fuel costs -- D 52,537
 

8. Equipment/tools: FFHC estimate = D 60,000
 

9. Construction material: No construction materials purchased.
 

10. Vill3ge labor:
 

To open 1 ha of land, FFHC constructed approximately 55 meters of
 
causeways, footpaths, and/or bridges. To construct 25 meters, 60 man-days
 
were needed.
 

(55m x 60 man-days) / 25m = 132 man-days/ha
 
Work overseer = 
 13 " "
 
Total man-dajs/ha 145 man-days/ha
 

Alternative Project 	Cost Structures for FFHC
 

1.0 	-- Total project costs with village labor used in construction
 
valued at its opportunity cost: D 1,528/ha
 

2.0 	-- Total project costs with village labor used in construction 
costed according to the financial incentives or daily wage 
actually paid. FFHC paid a total of D 723,096 in incentives. 
D 723,096 / 830 ha = D 871/ha 

Cost items 1-9 = D 1,165/ha
 
D 723,096 / 830 ha = 871/ha
 

D 2,036/ha
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3.0 	-- Total project costs less technical assistance costs:
 
0 1,528 less D 470 = D 1,058.
 

4.0 	-- Total project costs less 50% of overhead costs incurred in both 
development and maintenance: 

It was assumed that since FFHC has been operating for 7 years,
 
no further efficiency in use of overheads will accrue.
 

5.0 	-- Total project costs less technical assistance and 50% of 

overhead costs incurred in development and maintenance: 

The same assumption holds as for 4.0.
 

Maintenance Costs/ha
 

Project cost items 3,4,5,6, and 7 = D 602/ha
 
Year 2 -- D 602 x 10% = D 60
 
Year 3 onwards -- D 602 x 5% = D 30
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CBAIPZC~ fi.YSIS OF bk4*.P F:_- Da-a-rneT 
11.-IME2 P=Mz1 

rREE031. FRr (?JcER C 1 (FmcI 

Y"AR 1 2 3 A 5 6 7 a 9 10 11 12 13 14 15 1 17 18 19 20 
INCZB aPL RICE VTPdT 

IMR.Y EID/HA (tor.lha) SCENMIO 1 0.50 1.00 1.50 1.90 1.90 1.90 1.90 1.90 !.90 1.90 1.90 1.90 1.93 1.90 1.90 1.93 1.90 1.90 1.90 1.90
ICR. YIEU/I ftr,/Th S.'IC 2 0.50 .,?G !.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.43 1.40 1.43 L.O 1.40 1.40 1.40 1.4O
ICR. 'EL torha S-.,1I 3 0.55; C.93 0.5) 1.9i 0.90 0.90 0.9 0.909 0.90 0.90 0.9 0.90 0.90 0.90 .0 0.90 0.90 0.90c.l. 0.90 

D.fi 3 123.0 0 0., .00 1202. 0 1278.(0 1348.03 13;6.00 1345.0W 1341. 00 :337.00 :3..0 1333.00 1333.00 1333.00 1332.00 1333.07 13:.00 1333.00 1333.00 1 :33.00 1333.00 

Ih FS. LT .M/VHaSEMR I LI.01140.00 1603.0 242a.03 0..1.00 2557.00 3.5.00 2%48.00 2540.00 Z!3.00 2533.00 253.00 2533.00 pS33.M M2 00 2533.00 2533.00 2533.00 253.00
INCRMNTAL INMl.1Hi SM]1RIG 2 51.00 1143.00 1683.00 1763.00 187.0D 1884.00 18.300 1877.00 1872.00 16U.00 186.00 1SU..00 166.0V IB..00 1 66.00 86.00 8.0 186.0 1 .0 16.00 

1Nt*/ 515.00lN Rr. INT 'L S.AR:0 3 102.K 10X.C . ,.00'5' 1313.00 1211.00 1211.00 1207.00 1203.00 1200.0 1200.00 O120.0 1200.00 1200.00 1200.00 1200.00 1-00.00 1200.00 120.00 1200. O0 

NZRaMor _ VAR.FnW E~rMi,o 
INREENTP I FE -0%) 464.00, 92..00 974.00 10,.0 122.00 1050.00 1090.00 I06.0D 1053.00 10K. 0.00 I080.00 1080.00 108.00 10800 18.00 1080.00 1080.00 00.00 10o.0 

IPC V;]3?T. INC (-4:20%) 4.03 c-I.O3 .00 3 .03 270.0D 963.00 93.0 966.00 9E_,.0 60.00 3w3.0 oo 60.O0 960.00 %0.00 960.00 %0. 00 :&0.O0 %0.00 560.03 960.00
IlKEN;L I--I. 3l.03 718.(3 7"7.0C-31%) 5-.0 E1.02 46.03 0.c* w5.00 6-.0) 6 4. 0 840.00 4.W 840.00 84.00 84C.0 843.00 640.00 840.00 840.00 840.00

-" . 1? (-,3%) 3D3R'2 616.03 E42.1.3 6r. 737.0,W 7.27.03 724.0 73.03 773.03 7,23.00 733.00 720.0 730.00 73.0.332.00 03 .£76.00 732.00 722.00 730.03 70.00 730.00 
ICRE"'2P. 1'47 (-ED%) 2M3.00 513.00 W 637.00 00 604.00,4l.03 57.00 6 6.00 602.00 600.00 600.00 600.00 E00.03 600.03 600.00 600.00 600.00 600.00 600.00 500.0 

a IWEMT;. PR00TON COSTS/Ha (I.P.C.) 

SLABOR 371.3 371.00 371.00 371.D3 271.00 271.00 371.00 371.00 37.1.0 371.00 371.00 371.00 371.00 371.00 
 371.00 371.0 371.00 371.00 371.00 371.00 
SEED 24. 00 24.00 24.00 24.00 24. 00 24.00 24.00 24.00 24.00 &L00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 

TOTALIRF..ENTA,. PRDM"T10, COSTS/Ha _35.0 3795.00 395.00 395.O0 -M5.0 395 00 395.00 35.00 395395.3 00 3 00 3.00 39.00 00 395.00 395.00 395.00 395.00 39500 3.00 

PROJECT COSTS/Ha
 
TE~i AMISTPZE (T.A.) 470.00 
QFI COSTS 31.00 

STAF COSTS 157.0
 
VEHICLES 185.00
 
TRZ"TCR 3.00
 
TRU14 145.00
 
FUEL 3.00 
EJI Pr T 73.00
 
MSTRCTIEN MTER1FL. 0.00
 

VlLAM LABOR 363.00
 

PROJECT1.0 TOTAL "ST5 1..P C.) "526.00 

" 3.0 T.P.C. IT.uT .. 125..0 

FAINENE COSTS/Ha 0.00 60.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 
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1.0 T.P.C. 
1 2 3 4 5 6 7 8 9 10 11 22-- 1a 14 1 16 17 .16 19 20 

NETBENEFITS SCENARIO 1 
NETBENEFITS SCEARIO 2 
NETBENEFITS SCENARIO3 

-1408.00 
-1408.00 
-1408.0 

85.00 
655.00 
571.00 

1378.00 
1258.00 
657.00 

003.00 
1364.0 
725.00 

213E.00 
14&2. 00 
788.00 

2133.00 
1453.00 
78.00 

2131.00 
1458.00 
78.00 

2123.00 
1452.00 
782.00 

2115.00 
1447.00 
778. 00 

2108.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
1441.0 
775.00 

2108.00 
1441.00 
775.00 

'2208.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

208.00 
1441.00 
775.00 

2108.0 
1441.00 
775.00 

208.t'0 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

105.00 
1441.00 
775.00 

P"T B0E'TS SCEIlNO 3 - 101 
PrT SENUFITS StENAPC4O3 - 20% 
tET PEEFIIS S, RIO3 - 301 
Y.'TED UEITS SMMR!O 3 - 40% 
NETBEWEITS SCENIRIO 3 - 50% 

-1459.00 
-1511.00 
-1562.00 
-114.00 
-1665.03 

463.00 
366.00 
263.00 
161.00 
58.00 

543.00 
441.00 
33K.00 
224.Oo 
126.O0 

610.00 
495.00 
390.00 

.C 
15.00 

67.00 
545.00 
424.00 
2U0 0D C3. 
162.00 

665.00 
544.00 
4T3.00 

.0 
181.00 

665.00 
544.00 
423.00 
33W2.0m. 
181.00 

661.00 
541.00 
420.00 
E-".o0 
179.00 

658.00 
537.00 
417.00 
2 
177.00 

655.00 
535.00 
415.00 
27.00M. (* 
175.00 

655.00 
535.00 
415.03 

.O0 
175.00 

655.00 
535.00 
4!5.00 
295.00 
175.00 

655.00 
535.00 
415.0C 
295.0 
175.00 

65.00 
535.00 
415.00 
35.00 

175.00 

&55.00 
53.00 
415.0O 
295.00 
175.00 

655.00 
535.00 
415.00 

175.00 

55.00 
535.00 
415.00 
629.0029l.00 
175.00 

655.00 
535.00 
415.00 
275.00 
175.00 

655.00 
535.00 
415.C0 

.,0 
175.00 

655.00 
535.00 
415.00 
2r.0 
175.00 

2.0 T.P.C. WITHMID VILLAGE .PR 
NETBVEEFITS SCENRIO I 
NET BENEFITS SEENRIO 2 
PET BEPITS SCENARIO3 

-1916.00 
-1916.00 
-1916.00 

685.00 
685.00 
571.00 

1378.00 
1258.00 
E57.00 

203.00 
1364.00 
725.00 

213.00 
146&.00 
788.00 

2132.00 
1459.00 
7&6.00 

2131.00 
1458.00 
786.00 

2123.00 
1452.00 
782.00 

2115.00 
1447.00 
778.00 

2108.00 
24410.0 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
1441.00 
775.00 

2108.00 
144l.00 
775.00 

2108.00 
1441.00 
775.00 

210i.0W 
1441.0) 
775.00 

2108.009 
141.00 
77500 

2108.00 
1441.00 
775.00 

ET LBEN.FITSSCE4FI 3 - 10% 

NETBENEFITS SED4910 3  20% 
CT BENEFIIS SCEARIO 3 - 30% 

PETBENEFITS SCENAIRIO3 - A40 
PET BEUTTS S RI.O3 - 501 

-167.00 

-2019.00 
-207C.00 
-2122.00 
-2173.00 

468.00 

366.00 
263.00 
161.0. 
56.00 

549.03 

441.00O 
332.00 
224.00 
116.00 

61C.00 

43,.00 
3K. 00 
H5.00 
15C.00 

667.00 

54 5.0) 
424.00 
303.00 
182.00 

665.00 

544. 00 
423.00 
302.00 
181.00 

665.00 

544.00 
423.00 
3,'2.00 
16!.00 

£61.00 

!A41.00 
420.0) 
299.0O0 
17.00 

653.00 

537. 00 
417.00 
297.00 
177.00 

655.00 

535.00 
425.00 
295.00 
!75.00 

M.0W 

5375.00 
415.00 
295.00 
175.00 

55.0M 

575:.00 
415.03 
295.00 
175.00 

55.00 

535.00 
415.00 
25. 00 
175.00 

U.00 

535. 00 
415.00 
295.00 
175.00 

6.00 

535-'.00 
415.00 
295.00 
175.00 

65.00E 

53500 
415.00 
25.00 
175.00 

5.00 

535.00 
415.00 
295.00 
17-.00 

E55.C'T' 

535.00 
415.0) 
295.00 
175.00 

E65.0' 

535.0 
415.0 
295.00 
17Z.00 

E55.00 

535.L-00 
413.00 
M95.00 

175.00 

3.0 T.P.C. WIT OUTT.A. 
1T BENEFITS 5CMEID 1 
NETBE EUITS S 1RIO 2 
NETBE*YITS SCENA1RO3 

-938.00 
-338.00 
-938.00 

65.00 
6E5.00 
571.00 

137.00 
12±8.00 
657.00 

2003.(K 
1-364.0) 
725.00 

2136.00 
1462.00 
798.00 

2132.00 
145.00 
786.00 

E131. 00 
1453.00 
786.00 

2123.00 
1452.00 
782.00 

2115.00 
1447.0 
778.00 

£'105.00 
1441.0) 
775.00 

2108.00 
1441.0 
775.00 

2108.00 
1441.00 
775.00 

220a.00 
1441.00 
775.00 

2208.00 
1441.00 
775.00 

2208.00 
1441.00 
775.00 

2208.(0 
144!.0 
775.00 

2108.00 
.1441.00 

T75.00 

2103.00 
1441.00 
775.00 

210,.03 
144!.00 
775.00 

1(5. 00 
1442.00 

775.00 

NET P-E1ITS SCEP RIO 3 - 10% 
.ET PB-FITS SCENAIO 3 - 2% 
NETBENEFITS SCEIARIO 3 - 30% 
NETBSEFITS S ,ENARIO3 - 40% 
NETBEN9ITS SCENARIO3 - 50% 

-389.00 
-1041.00 
-2032.00 
-2244.00 
-1195.00 

463.03 
366.00 
263.00 
161.00 
58.00 

543.00 
44.00 
332.00 
224.00 
116.00 

61C.O 
4K.0 
350.00 
2E,5.00I 
150.00 

667.00 
545.00 
424.00 
303.00 
182.00 

665.00 
544.00 
423.00 
302.00 
181.00 

U5..00 
544.0 
423.00 
302.00 
181.00 

661.00 
541.00 
420.00 
299.00 
179.00 

658.00 
537.00 
417.O0 
297.00 
IT7.00 

655.0) 
535.00 
415.00 
219.00 
175.00 

655.00 
535.00 
415.00 
295.00 
175.00 

£55.00 
'35.00 
415.00 
295.00 
175.00 

655D.00 
f35. 00 
415.00 
295.00 
175.00 

655.00 
535.00 
415.00 
295.00 
175.00 

655.00 
535.00 
415.00 
295.00 
175.00 

E55.03 
5-5.0-
415.00 
295.00 
175.00 

655.00 
53.00 
415.00 
295.00 
175.00 

655.00 
535.00 
415.00 
29.00 
175.00 

655.00 
535.00 
415.00 
295.00 
175.00 

655.00 
53.00 
415.00 
295.00 
175.00 



SENSITIVITY ANALYSIS
 

CIAFFHC 5 YEARS 10 YEflAS 20 YEARS 

1.0 Total Project Costs (T.P.C) 
NPV @ 15% SCENARIO 1 2406.86 5946.00 8561.10 
NPV 6 15% SCENARIO 2 1627.51 40(8.57 5836.23 
NPV 2 15% SCENARIO 3 445.69 1749.35 2710.79 

NPV @ 15% SCENARIO 3-10% 126.54 1229.07 2041.64 
NPV @ 15% SCENARIO 3-20% -193.22 708.22 1371.92 
NPV @ 159 SCENARIO 3-30% -513.03 187.28 702.12 
UPV @ 15% SCENARIO 3-40% -832.30 -323.11 32.85 
NPV @ 15% SCENARIO 3-50% -1151.45 -853.07 -635.97 

IRR SCENARIO 1 77% 88% 89% 
IRA SCENARIO 2 63% 75% 76% 
IRR SCENARIO 3 31% 47% 48% 

IRR SCENARIO 3-10X 20X 37% 39% 
IRR SCENARIO 3-20% 8% 20% "1% 
IRA SCENARIO 3-30% -4% 18% 23% 
IRR SCENARIO 3-40% -17% 9% 15% 
IRA SCENARIO 3-50% -32% -3% 7% 

2.0 T.P.C with paid village labor 
NPV @ 15% SCENARIO 1 1965.12 5504. 6 8119M3 
NPV @ 15% SCENARIO 2 1185.77 2606.84 5394.49 
W'V @ 15% SCENAIO 3 3.96 1301.61 2,69.05 

NPV @ 15% SCENARIO 3-10% -315.20 787.33 1599.90 
NPV @15% SCENARIO 3-20% -634.96 266. '8 930.18 
NPV @15% SCENnRIO 3-30% -954.77 -q. 46 2M0.38 
NPV e 15% SCENARIO 3-40% -1271.04 -774. 85 "10883 
NPV @ 15% SCENARIO 3-50% -1593.19 -1294.80 -1077.71 

IRR SCE1RIO 1 55% 69% 70% 
IRR SCENARIO 2 43% 57% 58% 
IRR SCENARIO 3 15% 33% 36% 

IRR SCENARIO 3-10% 6% 26% 30% 
IRA SCENARIO 3-20% -3% 19% 24% 
IRR SCENARIO 3-30% -13% 11% 17% 
IRR SCENARIO 3-40% -24% 3% 111 
IRR SCENARIO 3-50% -37% -7% 49 
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SENSITIVITY AlNALYSIS
 

CBFFHC 5 YEARS 10 YEARS 20 YEARS 

3.0 T.P.C. WITHOUT T.A. 
NPV @ 15% SCENARIO 1 2815.55 6354.69 8969.80 
NPV@ 15% SCENARIO 2 2036.21 4457.27 6244.32 
NPV @ 15% SCENARIO 3 854.39 2158.05 3119.48 

NPV @ 15% SCENARIO 3-10% 535.24 1637.77 2450.31 
NPV @ 15% SCENARIO 3-20% 215.48 1116.92 1780.62 
NPV@ 15% SCENARIO 3-30% -104.33 595.?9 1110.01 
NPV @ 15% SCENARIO 3-40% -423.60 75.58 441.55 
NPV @ 15% SCENARIO 3-50% -742.75 -444.37 -227.27 

IRR SCENARIO 1 113% 121% 121% 
IRR SCENARIO 2 98% 10G% 106A 
IRR SCENARIO 3 58% 69% 709 

IRR SCENARIO 3-10% 41% 559 56% 
IRR SCENARIO 3-20% 26% 42% 44% 
IRR SCENARIO 3-30% 10% 30% 33% 
IRR SCENARIO 3-40% -E% 17% 22% 
IRR SCENARIO 3-50% -25% 3% 11% 
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THE CAMBIA
 

ACRICULTURAL DEVELOPMHT PROJECT 11 

EX-FARM ECONOHIC VALUE OF PADDY 

1984 19855 1986 1987 1989
1988 1990 1991 1992 1993 1994 
 1995-2004
 

FOB Bangkok. Thai 5% Broken
 
Hilled Rice
 

Current US$/at.1/ 285.0 297.0 370.0 
 443.0 516.0 589.0 663.0 
 705.0 747.0 789.0 831.0 
 873.0
 
Constant 1984 US$/mt 2/ 285.0 266.0 305.0 334.0 380.0357.0 403.0 401.0 400.0 399.0 398.0 
 397.0
 
Constant 1984 Diat 2/ 997 931.0 1067.0 1169.0 1249.0 1330.0 1410.0 1403.0 1400.0 1396.0 1393.0 1389.0 

Adjustment for quality difference 

15Z D/r 
 149.0 
 140.0 160.0 175.0 187.0 199.0 211.0 210.0 210 2090 
 209.0 208.0 

Quality adjusted value Thai Lice 
.Constant 1984 D/at 848.0 791.0 907.0 994.0 1062.0 1131.0 1199.0 1192.0 
 1196.0 1187.0 1184.0 1181.0
 
Freight and Insurance DNt 95.0 95.0 95.0 95.0 95.0 95.0 
 95.0 95.0 95.0 95.0 
 95.0 95.0
 
CIF Banjul Rice Det 
 943.0 886.0 1002.0 1089 1157 1226.0 
 1294.0 1287.0 1285.0 1282.0 
 1279.0 1276.0
 
Port Handling Charges DNt 26.0 26.0 26.0 26.0 26.0 26.0 2&.0 26.0 26.0 26.0 26.0 26.0 
Harbor Dues DiNt 4.0 4.0 4.04.0 4.0 4.'0 4.0 4.0 4.0 4.0 4.0 4.0 
Landed Banjul Rice 

__ Constant 1184 D/nt 973.0 916.0 1032.0 1119.0 1187 1256 1319.0 1317.0 1315 1312.0 1309.0 1306.0
 

Internal Transport and Handling
 
Costs at Depots D/Mt 25.0 25.0 25.0 
 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
 

Retail 	Value Rice
 

Conr.ant 1984 D/mc 998.0 
 941.0 1057 1144.0 1212 1281.0 1344.0 1340
1342.0 1337.0 1334 1331.0
 

Equlvalent Value Paddy
 
(60% milling.rare) D/m 599.0 
 564.0 63.0 684.0 727.0 
 768.0 806.0 804.0
805.0 802.0 800.0 798.0
 

Hilling. Transport and Storage
 
of Paddy Costs DiNt 
 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0
 

Ex-Farm 	 Economic Value of
 
Paddy Constant 1984. D/nt 519.0 484.0 554.0 614.0 
 647.0 688.0 725.0
726.0 724.0 722.0 720.0 718.0
 

1/ Current Prices: The current 
prices of FOB Bangkok. Thai 5% broken milled rice estimated by the Economic Analysis and Projection.
Department of the World Bank. January 1984, have been used.
 

2/ Constant Prices in 1984 US$: The Manufacturing Unit Value Indices estimated by the Lconomic Analysis a~d Projections 
 Department 

of the World bank. January 1984. have been used to convert 
the current pricer to constant 1984 prices.
 

3/ Exchange rates: The prevailing exchange rate of D 3.50 US$1.00 has been used to obtain the price of rice in dalasi. 



AGRICULTURAL DEVELOPMENT PROJF.CT IT
 

EX-FARM ECONOMIC VALUE OF PADIaY
 

ADJUSTMENTS USING 1986 AVERAGE EXCHAlNGE RATE OF US$ 1 D 6.50 

1986 -- 554 / 3.50 = 158.28 x 6.50 = 1,028.35 = 1) 1,029 
1987 -- 614 / 3.50 = 175.42 x 6.50 = 1,1/0. 28 = D 1, 140 
198'] -- 647 / 3.50 184.85 x G.50 = 1,201.57 = D 1,202 
19139 -- 0,1 / 3.50 = 196.57 x 6.50 = 1,277.71 = D 1,27B 
1990 -- 726 / .3.50 207.42 x 6.50 = 1 ,348. 213 I I,348 
1991 7 25 / 3.50 207. 14 x 6.50 = 1,'/:6.4.2 P 1, 34 
19 ) 7-4 / 3 50 20G. 85 x G. 50 = I 344.57 0 t1,745 
1993 -- 722 / 3.50 2 G06.28 x 6.50 = 1, 3/:C.85 P3 1, 341 
1994 -- 720 / 3.50 205.71 x 6.50 = 1 337. 14 =D 1, 37 
1995 -- 718 / 3.50 = 205. 14 x 6.50 = 1, 333.42 D I ,333 
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