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INTEGRATING SMALL-SCALE IRRIGATION
DEVELOPMENT WITH THE EXISTING AGRICULTURAL
SYSTEM: A CASE STUDY OF SMALLHOLDER SWAMP RICE
SCHEMES IN SIERRA LEONE!

Karlheinz Knickel?

1 K UN T H PROJEC

11 Bridging_the Gap_Beween Development Theory and Project
Implementation

Effective agricultural development programmes are those that build on the
strengths of existing farming sysems and, at the same time, take due account
of the spedfic natural, socio-cultural, inditutional  and economic
environments.

Correspondingly, devel opmeht concepts need to be based on:

. a thorough understanding of é(isting and, under the given
conditions, efficient farming patterns;

. an appreciation of farmers needs, decison-making environment,
indigenous resources, capabilities, experience and socid structure;

. the identification of suitable, ecologicaly stable, socidly acceptable
and economicdly attractive development opportunities - farmers are
responsive to suitable opportunities,

! This paper is a synopsis of a PhD thesis submitted to the Cranfield Institute of

Technology, Silsoe College, UK. For the complete research report reference is made to
Knickel, Karlheinz: Farming Systems Development - Smallholder Swamp Rice Schemes
in Sierra Leone. Studien zur Integrierten Landlichen Entwicklung, Band 27, Verlag
Weltarchiv Hamburg (ISBN 3-87895-359-3).

2 Post-doctoral Research Associate at the Institut fur landliche Strukturforschung,
Johann Wolfgang Goethe-Universitét, Zeppelinallee 31, D-6000 Frankfurt/MI, Germany.



+ a socio-economic and institutiona rural enV| ronment conducive to the
adoption of technology;

e an implementation strategy which alows farmers to get to grips with
the new technology or practices and to adapt them to their specific
conditions of resources, risk and constraints.

The research presented here tries to gpply this philosophy to the problem
of effective implementation of small scae irrigation development: 75% of
the 250 million hectares (ha) irrigated throughout the world can be referred
to as peasant irrigation schemes, and expansion of smal scale irrigation will
be one of the mogt important issues in the coming years.

The posshility of conducting this research arose following a two year
assignment by the author with the Food and Agriculture Organisation of
the United Nations (FAO) in Sierra Leone, West Africa.  The work
included a wide range of fidd studies. After a preliminary anaysis of the
fidd data in Sierra Leone, a more thorough andyss was carried out at
Cranfidd Institute of Technology, Silsoe College, UK.

Besides deriving specific recommendations for svamp rice development in
Sierra Leone, the research amed to contribute to development of ex-ante
appraisal techniques for- the smdl scale irrigation sector. The central
element of the research could be described as a sysems approach to farm
andyds, planning and development. Mogt of the studies carried out focus
on the traditional agricultura system, including the economic, socid and
organisational aspects at the individud fam leved. Attributes of the
natural, socio-cultural, economic and ingtitutional environment are taken
into consideration as they affect farmers decision-making.

12 Swamp Rice Development in Sierra Leone

The main emphasis in current agriculturd development policies in Serra
Leone is on promoting more productive alternatives to the rotational bush
falow sysem (‘Shifting Cultivation’). Although this system is highly efficient
in terms of resource use under conditions of low population densties, its
productivity, measured as rice yidd, is not sufficient to satisfy urban food
demand in the long term. In addition, shortening falow periods, resulting
from more intensive use of the land, are leading to incomplete regeneration
of soil fertility. This has serious consequences for the sustainability of the
entire system.

At the same time, Sierra Leone has tremendous potentia for irrigated rice
production. It is estimated that the potential Inland Valey Swamp (IVS)
areain the country is not less than 360,000 ha. The possible benefits to be
derived from irrigation development appear substantia: firdly, decreased
dependence on rainfed agriculture and the ecologicdly fragile upland soils;
secondly, the potential for increased cropping intensities; and thirdly,
reduced risk of crop failure due to inadequate or erratic rainfal. The
climate is characterised by a digtinct dry season between December and
April.  Although average rainfdl far exceeds evapotranspiration, soil
moisture deficits restrict cropping during the dry season severdy. Heavy
rains during the wet season, in contrast, cause erosion, extensive leaching of
nutrients and. the flooding of lowlands. Humldlty is high throughout the
year. :

The situation described above applies to other West African countries of the
moist subhumid/ humid zone (ngerla Benln Ghana, Togo, Cote D'lvoire,
Liberia, Guinea). -

13 The Traditional Farmlnq S/stems

The structure of the agricultural sector of Sierra Leone is charactensed by
the predominance of the smallholder. Seventy-four percent of the.farms
were under 2 hain 1985.. _

The central element of traditional farming systems is the mixed upland farm
where rice is intercropped with a large number of other crops. The upland
farm provides the farm family with a wide variety of food crops and has, as
a result, priority over swamp cultivation. On 20-30% of -fams it is
complemented by the extensve cultivation of a smaller area of swamp land
(traditional paddy or lowland rice cultivation). The sNamps in the area are
generdly fertile, but flooded in the rainy season.

A tendency towards shortening fdlow periods and the farmer's desire to
generate a cash income make changes necessary. Maize and groundnut
farms are becoming increasingly popular and some farmers are producing
considerable marketable surpluses by udng their traditiona methods of
farming more effectively. Most of the fams studied can be considered to
be in a period of transition from subsistence to more commerual farming
(Knicke, 1986).



Alternatives to irrigation development have not had the desired impact or
appear less appropriate:

*  The scope for |mprow ng the productivity of the mixed upland system
in terms of rice production is clearly limited. Tree crops and aley
cropping are ecologicaly more stabile on the fragile upland soils and
should therefore replace upland rice cultivation in the long term.

«  The use of large scale mechanised power in rice farming has not only
proved too expendve for. the country but aso unmanagesable.
Opportunities for farm-level or amal-scale mechanisation are limited.

Swamp rice cultivation is aready an important element of the exising
farming sysem - complementary to mixed upland farming. Traditionaly,
however, water control is not practised, resulting in relaively low yields,
limited productivity and limited development opportunities. There is
therefore tremendous scope for introducing improved water management:
The main components of such improvement are:

*  Adjuding soil moisture and flooding levels to those required for
optimum and uniform crop growth, including control of flood water
discharges and thus damage to crops,

. Reducing the effects of the pronounced seasona changes of rainfall
and bringing the advantages of dry season cropping to bear (eg
decrease in crop pests and diseases, more efficient crop growth, drying
of crops less difficult);

* Allowing more effective use of mineral fertiliser application and
modern rice varieties, improving the uptake of soil nutrients, and
reducing iron toxicity through drainage.

Consequently, there is considerable scope for increasing cropping intensity
by introducing diverse dry season cropping and by improving the use of
residud moisture. The introduction of water management practices can be
seen as a mgor step towards multiple cropping sysems. Farmers would, as
aresult, have more choice in terms of timing and cropping pattern, alowing
amore effective utilisation of family labour. Overdl, irrigation devel opment
would introduce flexibility into exiging faming sysems and increase the

sability of upland and swamp land use patterns.

15 Some Organisational and Technical Aspects

Most swamp rice development programmes in Sierra Leone are part of
larger integrated agricultural or rural development projects. Usualy, svamp
amelioration involves complete clearing and the construction of water
control facilities, drainage channels, gravity flow irrigation systems, land
levelling and bunding. After the physica improvement of land, farmers are
expected to intensify crop production, aming for both yield increases and
multiple cropping patterns. Fertiliser application and the use of shorter
duration varieties are the key eements of the more intensive cropping
sysem. Emphasis in _most programmes is given to maximum farmer
participation and farmer control in terms of: (a) Sze and management of the
scheme, and (b) labour and capital input.

Taking the traditional sysem as a starting point, swamp development can
be subdivided on the basis of degree of water control:

(0) Traditiona (uncontrolled water; cropping pattern and rice variety are
chosen according to given soil and water conditions)

(1) Better use of resdud moisture

(2 Bunding, land levdling

(3) Hood control measures

(4 Drainage

(5) Gravity flow irrigation sysem (in combination with [I]-[4])

Figure 1 shows a typicd layout for a gravity flow surface irrigation sysem
using basins (FAO, 1985).

In Sierra L eone emphasis in swamp development has for some time been on
the 'small scale approach, i.e on "schemes which are under’ locd
responsbility, controlled and operated by the local people in response to
their fdt needs' (Underhill, 1984). The inherent, potential advantages of
smdl scade irrigation development are the low-capital input, the cost
effectiveness and the mobilisation of loca resources, the sustainability of
developments, and findly, the positive effect on rural development. Schemes
amed directly at the farmer seem to be a particularly valuable aternative
to large scae, centraly planned schemes in  difficult  economicd
environments, and to developments in countries where there is little
experience with irrigated farming.



Figure 1: Typical Layout fo
(FAO, 1985)

r a Gravity Flow Surface Jrrigation System Using Basins
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Tnspite-of sméll :scale programmes beingravaid instrurment «of «deval oprnerit
policy, some wesknesses are ‘imextricably ‘interwoven with the potentid
strengths: farmers -are eminently sensitive in rejecting new techriologies; if
these «don't match their specific opportunities or goals: The problem is
aggravated if technologies are too tormplex to dlow farmers to experiment
with them, without incurring ‘torisiderable Tisks or substantial Tesource
reallocation. Participation and initiative of the target groups; however; isthe
single most important factor in terms of uptake of technology, -contired
operation, management and manitenance.

16 TheExperience

The technica feadhility and the potential -of irrigated Tice production tzh
be shown insmdl pilot programmes. .An &xtension-of the technology ona
wider scale has, however, generaly not had the desired impact. To daie,
famers are reluctant to adopt the new technology. - The diffusion of
improved water management practices; in particular; is minima. L&ss than
60% of the supposedly developed swamp land in the study areawas actudly
under crop production and less than 10% under double cropping (Knickd,
1985). A large scale yidd survey indicated that in 78% of dl swamps with
drainage and irrigation structures the rather modest minimum yidd required
to offsat total production costs (1.9 t/ha) was not reached (Knickel, 1986).

The mgor prob[ems seemed to be (in random order):

s The fragmented and diverse nature of the irrigation schemes result in
non-uniformity in their physicd, socid and economit characteristics.

e On the technicd side, there have been design, Tay-out and
construction deficiencies which are compounded due to lack of proper
maintenance and operational shortcomings. Farmers do not utilise

. dructures to control water. Standards of watercourse operation and
maintenance, and inHield irrigation and levelling, are often too low.

« Lack of a tradition in the. discipline of irrigated agriculture; and of
knowledge of the benefits of improved rice varieties and fertilizer is
exacerbated by the ingbility of the greater proportion of farmers to
buy these inputs.

«  Marketing is inadequately organised and seems not to provide
incentives to produce more.



. Smdl farmers may wel prefer current low leves of income if higher
levels are associated with additional risk. Present VS development
appears to reflect government policy objectives and meeting targets of
agricultura development projects, rather than a podtive decision by
farmers for involvement.

. Many swamps have been partly developed and then abandoned, or
farmed only for a few years and dlowed to revert. Only a few
swamps have been continuoudy farmed for lengthy periods.

. Farm inputs and services, such as supplies, credit, advice, and
marketing, appear insufficient to support more commercia farming.
Inadequate in-service training, limited daff mohbility and lack of
incentives reduce the capacity of the extenson system.

. Land tenure problems seem to discourage investment in swamp
amelioration in some cases.

If we look more carefully at the above list, some of the points appear to be
symptoms and others causes. The research project attempted to ascertain
the true underlying causes and to find the most appropriate manner in

which to develop VS crop production within the exiding traditional farming

sysem. Concurrently, an attempt was made to identify practica ways of
integrating farming systems research with production-oriented projects.

2.  CONCEPTUAL. FRAMEWORK. DATA COLLECTION AND
ANALYSS

21 Conceptual Framework

The unique possbility of linking research and development during the fidd
work phase enabled close coordination of the diagnoss, implementation and
monitoring stages of the project. The research approach applied was
essentidly two-pronged: firdly, studying the existing agricultura system, and
secondly, defining the developed swamp system in terms of input-output
relationships. Findly, both systems were combined by means of (i) on-farm
testing and fam case studies, and (ii) mathematical programming analyss
and partia budgeting.
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The fird stage provided an understanding of the exigting traditional farming
sysem and identified inherent development opportunities: Why do farmers
fam the way they do? What are the advantages of traditiona cropping
systems, and are there posshilities for increasing their productivity? What
are the factors which determine "farmers response to new technological
opportunities'? (Tiffen, 1987).

The second stage defined the new technology under consideration in terms
of input-output patterns and resource demand. This was linked to testing
the compatibility of the new technology with the existing farming system,
particularly with regard to criticaly limiting factors and to determination of
the demand for externa inputs and adjustments (anaysis of the wider
agricultural system).

The hypotheses which were tested evaluated alternative levels of technology
and aternative time scaes of development. These are listed in Sections 34
and 35.

22 Data Collection and Analyss

Weinberg (1975): "If we want to learn anything, we mustn't try to learn
everything.” :

Each study or survey was based on earlier studies to provide continuity and
to ensure that only relevant and adequately precise data were collected.
The fam case studies and sample surveys conducted are summarised in
Annex 1. In order to mitigate the limitations of a two year study, svamp
rice development was examined at various stages of the devel opment process
on different farms. Technical coverage was restricted to core information.

A combination of Statistical, economic and modelling approaches were used
for data andysis. Reatively smple models have the advantage of ‘being
relatively easy to use, and of permitting the chain of causdity between
assumptions and model output to be more readily understood. Partia
budgeting was used to assess the financid viability and comparative
profitability of irrigated rice production. Different time periods for appraisal
were considered by means of discounted cash flow andyss, to reflect the
planning horizon in farmer' decison-making.

Treating svamp rice development more rigoroudly as a resource alocation
problem requires linear programming (LP) analyss or smilar methods for

11



optimising the complete farming system. Using LP, different farm resource
base situations were tested as they dfect the compatibility of the new
technology with the traditional rainfed sysems. key resources were
identified, and the effect on farm incomes and on the production of
marketable rice surplus was assessed. Improved crop vectors with reduced
levels of cash inputs were included in the matrix in order to dlow a closer
coordination of farm plans with given resource situations.

3. ION OF RESULT.

31 Aagricultural Support Services and Spcio-Economic Environment

Technologica change requires both the organisational structures necessary
for diffuson and adoption, and the people's participation. Disincentives for
rice producers extend well beyond the pricing mechanism. Farmers may
refuse to adopt new practices because externa factors, such as inadequate

input supply and advisory services or disincentive marketing policies.

discourage them. Agricultura support services need to be reliable and
predictable. They need to be coordinated with the requirements of new
technologies.

Advisory services The vast mgority of farmers in the study area perceived
the qudity and capacity of the exiging agricultural services as inadequate.
The group of farmers particularly affected were those primarily concerned
with more intensive swamp cultivation. . Effective advisory services are
especidly required if the intensive rice system is to be implemented as a
package within a short time frame. Longer term development, in contrast,
is less dependent on the capacity of the extension system.

Farm input supply A characteristic of mixed upland and traditional swamp
farming is that both sysems do not depend on externa production inputs.
Immunity from the effects of unreliable or generdly inadequate input
availability is an important consideration in farmers' decision-making, and
confidence in supply lines is a precondition to farmers willingness to adopt
more input-intensive production systems.

Producer prices Pricing of agricultural produce in relation to the price of

fam inputs is a key factor in determining the optimum intensity of
cultivation. In the case of Sierra Leone, recent pricing policies justify

12

investment in swvamp rice development. Farmers appear generaly content
with producer prices for rice.

Marketing facilities Wide producer price fluctuationsfor rice arelargely due
to the limitations of the existing marketing facilities. (storage, transport,
market transparency), and the fact that mog - farmers seII their rice a
harvesting time or soon a‘ter

Credit Financia assstance can eadly undermine sdf-reliance and motivation
if not carefully attuned to farmers own resources. It is not necessary 'if
swvamp rice development dtrategies are conceived in such away that the
improved cropping system evolves as a result of a series of discrete changes
to the exiging system. The package approach, in contrast, competes heavily
for resources, which is aso expressed in the need to hire additional [abour.

Land tenure Some anadysts argue that the commund land tenure system is
a disincentive to investment in land amelioration. Although problems with
respect to land tenure were more common among swamp farmers, this did
not generdly seem to be a primary constraint to an intensification of svamp
cultivation. In cases where land tenure is a problem, the possibility of
long-term lease arrangements could be explored with the loca authorities
as custodian.

32 Farmers' Objectives and Decision-Making

Subsistence Mixed upland farming is the cropping system which provides
farmers and their families with most of the food crops they need. To secure
family food requirements is farmers most dominant objective. Commercid
farming is increasing in importance, but is Hill secondary to subsistence
farming. .

Commercial orientation Sole cropped upland maize is more orientated
towards provision of a cash income for farm families. Fertilizer is required
and mogt of the maize produced is for sale. The fact that maize farms are
becoming increasingly popular in the study area, clearly indicates that
farmers are becoming more inclined to produce for the market. For an
estimated 20-30% of the farmers, production for the market seemed to be
a primary objective.

Minimising risk Combining mixed upland with swamp farming can be seen
as a measure to minimise the risk of inadequate or erratic rainfal which

13



would result in insufficient rice production. The mixed upland system in
itsdf isarisk aversion strategy: spreading risk by cultivating a range of crops
in a mixed stand.

Efficient utilisation of availableresources Resourcesarealocated to optimise

benefits at the' whole-farm level. One of the main concerns of the farmers
studied was making the most effective use of available family labour by
coordinating upland and swamp farming activities accordingly.

33 The Integration of Upland and Lowland Cropping_Systems

Moddling traditional farms showed how well upland and lowland cropping
gydems are attuned to each other and to the given resource base. Themain
advantages of combining mixed upland cultivation with low-input svamp
farming are:

*  Climatic uncertainties and risk are minimised by making use of the two
ecologicdly very different environments.

e Family labour input is more evenly distributed over the year by
phasing upland and lowland crop caendars (Figure 2). In addition,
al available land types are utilised, dlowing farmers a lower intensity
of land use.

*  The greater flexibility farmers have, as a result of combining upland
and lowland cropping systems, dlows them to respond more egsily to
changing market and climatic conditions.

Empirical data on production and income was supported by LP andysis:
farms based soldy on swamp or soldy on rainfed upland cultivation were
less profitable than farms which combine both sysems.  Swamp-only farms
achieved gpproximately haf the potential increase in total crop net revenue
possible from irrigated farming.

There are two main conclusions from this;
(@ Conddering the limited range of available resources and their already
efficient allocation in exidting traditiona farming systems, it is doubtful

whether there is much scope for improving resource use efficiency
without introducing some form of new technology.
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Figure 2: Integration of Upland and Lowland Cropping Systems in the Traditional
Farming System - an Analysis of the Phasing of Labeur Input

(a)  Traditional mixed farming system (farm plan derived from LP-analysis)
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(b} Corresponding phasing of labour input (based on the above farm plan)
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Source: Knickel (1988)
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(b) Compatibility between the main components of the exising farming
sysem and the improved swamp rice technology is a fundamental
issue. Less outside labour needs to be hired if sharp peaks in the
demand for a workforce are avoided. In addition, the cost of fixed
inputs, such as developed land, is lowered by improving the use of
variable resources.

34 Levd of Technology

Generdly, a flexible approach towards svamp amelioration is necessary to
dlow for the heterogeneity of dte conditions. Shortcomings in design,
lay-out and construction create mgor operational problems (Weatherhead,
1984). A considerable proportion of technically sound water control systems
are not used properly because the farmers have never been aufficiently
introduced to the basic principles of irrigation water management.

With respect to the technical appropriateness of swamp development, more
applied research seems to be needed on such issues as linking a specific set
of soil-water parameters with the mog suitable amelioration pattern. This
work must consider the pronounced seasondlity of rainfdl, the fluctuation
in stream flows, the water availability during the dry season and, as aresult,
the engineering design required. The problem of choosing an appropriate
levdl of technology is discussed below by considering five different
hypotheses.

Hypothesis 1: "Farms which include an ‘intensive swamp rice production’
enterprise are superior to traditiona farming systems in terms of total crop
net return and total rice production per fam and year."

Rice yidds in traditional swamp cultivation range from below 1 t/ha to
above 4 t/ha, with the highest 10% of yidds averaging 36 t/ha. There s,
therefore, tremendous scope for increasng swamp rice yieds with
compardively low capital input. Some 'better farmer practices could be
identified. Experimenta yields in ameliorated swvamps were commonly in
the range 35 t/ha Rice yidds obtained in farmers improved swamp
cultivation were on average, however, not sgnificantly higher than theyields
obtained in traditional swamps.

In spite of this, a samdl number of farmers showed that substantial increases

in rice production and a diversification of cropping patterns following swamp
development are possible and linked to higher faam incomes. LP anaysis
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indicates that total crop net revenues, which constitute nearly three quarters
of farm income, can be increased by 18% through irrigation development in
seasona swamp areas. In areaswhere svamps have perennial surface water
the corresponding increase is 32%. With regard to partial development of
swamps, net revenues could be raised by 17% in seasona and by 26% in
perennial swamps. The figures given are based on yidld leves of 2-2.5 t/ha
They apply to technicaly sound irrigation development and depend on a
full utilisation of the given production potential (Table 1).

Table 1: Linear Programming Solutions for Improved Swamp Systems

Water regime: SEASOMAL PERENMIAL
Degree oi.water camvivod: control partiplly  irrgated sontral  partially itrigarad
. developed developed
B

Net ravenue {LUS0) 845,17 75310 78199 704,54 880,24 929,82
Increase () . 14,7 1.4 . 24,9 5.5
Farm compaosition thasfaemb:
upland:
maize ¢.7 0.1 . 0,3 01 -
plantation 1.0 1.0 1,0 1.0 1.0 1.0
groundruts - 0,4 Q.5 - 0.4 0.1
mixed 1,6 1.1 o] 1.4 1.1 0.7
swamp {rainy saasony
Swaet potatnes - - - 0,44
traditional rice 0,24 - - Q.92 - -
improved rice - 0.9 1.2 - Q.9 1.5
swamp (dry season): .
vegetables - - o1 . . 0.7
groundmits . 0.3 - - 1.0 -
Cradit required (USD):

| . 2284 3063 [ . 2287 29,48
fAice production lmarketable swplus (zbove 2205 kgfyeark:
kpfyear | B2 12268 1833 | 671 1254 2586
Sources: KNICKEL (1988}
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It could be argued that economicaly optimal plans (as derived from the LP
andyds) will not be achieved in redlity and that, for this reason, predicted
increases of 20-30% in total crop net revenue are not sufficient. Two
aspects, however, ought to be considered. Firdtly, producer prices for rice
fluctuate widdly, reaching their peak between June and August. Irrigation
development would give farmers the flexibility to produce rice ready for
harvesting at times of peak price. Secondly, the flexibility farmers ultimately
have in finetuning improved faming systems, will tend to increase
whole-farm productivity rather than decrease it.

Conddering total annual rice production per fam and the production of
marketable rice surplus (defined as rice production above 2.2 t/year), LP
andyds indicates that improved fam systems are superior to traditional
sysems. Irrigation development in perennial swamps would raise total
annual rice production per faam by 67%, which corresponds to an absolute
surplus of about 26 tlyr fam. Overdl, there appears to be sufficient
evidence to support Hypothesis 1.

Hypothesis 2; "Intensive swamp rice production is compatible with farmers
overdl objectives - conddering needs, resources, dternatives and
constraints."

Farmers tend to shift to more intensve lowland farming where rainfed
upland farming is becoming more difficult. Examples are the drier northern
and the more densdy populated coastd areas. The decison to shift
emphasis from mixed upland to swamp farming, where mixed upland farming
is becoming less productive, or equaly, where swamp farming is becoming
more productive, can adso be smulated by LP.

In terms of efficient use of scarce resources, an intendfication of land use
is not an obvious development in light of the relative abundancy of land.
Nevertheless there appear to be three important aspects justifying irrigation
devdopment.  Firdly, the efficiency of labour use will be increased.
Secondly, returns to labour are generdly higher in irrigated crop activities
than in traditional activities. Thirdly, the opportunity cost of family labour
during the dry season, when the mgor engineering works would be carried
out, is low. The labour peaks in the traditional sysem are May-August
(planting) and October-December (harvesting).

Farmers ams to remain relatively independent of external inputs and to
minimise capital input aso seem condstent with - a least a Sepwise -
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intensification of swamp rice production. Externa inputs into smal scae
swamp amelioration are minimd, the man inputs are labour and locd
materials. Nevertheless, more emphasis should ill be given to reduce the
need for externd inputs after swamp ameioration has been completed.
Crop rotations with leguminous crops, for example, could reduce the need
for minerd fertilisers and would at the same time widen the variety of crops
produced (considering subsistence needs and food crop production).

The poditive effects of intengfication of swamp rice production on farm
income and rice production levels are obvioudy consistent with farmers
objectives. All in dl, Hypothesis 2 is supported by the findings of this study,
particularly if the points made in Section 14 are aso taken into account.

Hypothesis 3: "Intensive swamp rice production can be integrated with the
traditional mixed upland farming system with respect to the family labour

Whole-farm resource use and specificdly the avalability and allocation of
family labour are central issues in the traditional fam system. Traditional
extendve and 'late planted' - or aternatively, broadcasted - swamp rice fits
well with the mixed upland sysem (Figure 2).

Interviews among farmers concerned with improved swamp cultivation
indicated that the availability of family labour and cost and availability of
hired labour are limiting to the cropping intensity and cultivated hectarage.
Optimad fam plans obtained from the LP anadyds show that an
intensfication of dry season crop production in swamps would lead to
relatively even labour profiles and good utilisation of available family labour.
This would largely be achieved by coordinating the crop calendar in
improved swamp cultivation with the mixed upland calendar. Coordinating
crop caendars in turn implies that agronomic recommendations take the
whole-farm labour profile into account. Choosing an appropriate planting
method is an obvious example: transplanted rice requires more labour for
crop establishment but less for weeding. Wet seeding in improved swamp
systems and the broadcasting of rice in traditiona systems, in contrast, are
characterised by the opposite pattern of labour use. Both direct seeding
methods have advantages as long as swvamp farming is to be combined with
mixed upland farming. Direct seeding enables farmers to establish alowland
rice crop before the planting of upland farms.  Yidd losses due to late
transplanting (i.e after planting of upland farms had been completed) are
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thus avoided. Similar considerations apply to choosing an appropriate weed
control method.

Overdl, it must be concluded that intensive swamp rice production can be
integrated with the mixed upland sysem provided that agronomic
recommendations and the planning of crop rotations take the whole-farm
resource use pattern into account. Hypothesis 3 is therefore supported.

Hypothesis 4: "In seasonal swamp areas partial water control systems are
superior to traditional swamp cultivation in terms of total crop net return
and total annual rice production per fam."

The results of the LP andysis indicate that partial development of swvamps
with seasonal surface water availability is, in financid terms, worthwhile.
Total crop net revenue would increase by 17%, and marketable rice surplus
from nearly zero in the traditional sysem to more than 12 t per fam and
year (Table 1). Hypothesis 4 is therefore supported.

Hypothesis 5: "In seasonal swamp areas partial water control systems are
superior to complete water control systems in terms of costs and benefits."

Irrigation development is most appropriate for swamps with perennial
surface water, dlowing year-round cropping without the need to pump or
store water. In perennia swamps, irrigation development adds another 6%
to the increase achieved with partia development, giving an overal 32%
increase in total crop net revenue (Table 1).

Mog of the increase in total crop net revenue and marketable rice surplus
per farm in seasonal swamps is, in contrast, dready achieved with partial
development. Irrigation development would, on average, add only another
1% increase on top of that, which agan on average, does not justlfy
additiona costs. Hypothesis 5 is therefore supported.

Where other factors are particularly favourable (eg farmers' interest in
multiple cropping systems, experience with partial water control, other
agro-ecologica factors), irrigation devel opment could il be recommended.

35 Time Scae of Development

As important as the right type of technology is an appropriate strategy for
its introduction. Swamp amelioration means investing limited resourcesinto
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a production sysem from which substantial benefits accrue only from year
three to four onwards. A comparison with the traditional swamp rice
systems shows that incremental benefits are less than incremental codts
during the firgt three years (i.e during the development phase). Farmers
time horizon thus plays an important role in deciding on adoption or
non-adoption of the improved rice production system.

In the case of implementing the system fully within the first year, net
benefits are aready substantid in year two. One major disadvantage of this
approach is, however, the rdaivey high take-off point, i.e specificdly the
much greater expenditures during year one.

Hypothesis 6: "The introduction of 'intensive swamp rice production’ as a
package is feasible from a farm management point of view and in financia
terms worthwhile.

Production packages have been developed to capture the synergitic effects
between several components. A typicd example is the swamp rice package:
water control - fertiliser application - improved rice variety. One dilemma
with technology packages is that they soon become too complex, too risky
or too demanding in terms of capita investment and manageria capabilities.
The adoption of the complete irrigated rice cultivation package would
require mgor or complete change to the exigting farming system. In optimal
farm plans, the mixed upland rice areais reduced by nearly 40% in seasond
swamp areas and by 50% in perennia swamp areas (Table 1). Although this
isin financid terms an attractive long-term goal, the changes required do
not seem feasible within one or two years.

Initial resource requirements To implement the irrigated rice system
completely within one year, available family labour during the man
development period February-April would, on average, only be sufficient for
about 025 ha per fam household. For larger areas labour input into
development would have to be hired which is associated with additional
costs and the need for credit.

Experience Characteristic of the extensve nature of traditional swamp rice
cultivation is that comparatively labour intensive water control practices are
generdly not used. Farmers have, as a consequence, no background in
irrigation to build upon. In fact, the traditional crop management concept
is totaly different (Knickd, 1986, 1988).
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Mog farmers who actualy completed svamp amelioration, had not altered
cropping patterns in line with irrigation possibilities. Differencesin cropping
pattern between improved and traditional swamp farmers were, apart from
the use of improved rice varieties, margina. Particularly criticd practices
with respect to the effectiveness of improved rice sysems were the late
planting and inadequate levels of minerd fertiliser application or, in more
genera terms, the problem of soil fertility management. Until now farmers
have relied amost exclusvely on the rotational falow system to sustain soil
fertility, in upland as wdl as in swamp farming. Multiple cropping is hardly
practised.

Complexity Swamp rice development requires a wide range of changes. The
innovation comprises engineering works, irrigation water management,
different agronomic practices and substantial financid management -
specificdly, investment in land improvement, purchase of production inputs
and marketing of produce.

The improved cropping system is too complex to be learned within a short
time. It is too different from traditional production sysems. Farmers do
not have the essential agronomic foundation and hydrology skills. They lack
knowledge of the practices needed to fully utilise the potential.

Advisory services and production inputs The capacity of advisory services
appears inaufficient to sustain the reatively high level of technology aimed
for: long-term agricultural investment and environmental control (i.e
irrigation water management and fertiliser application) are fundamentaly
different manageria concepts which would require a very strong extension
sysem.

Risk Consdering the points made above the new technology probably
appears too risky to farmers, athough it would ultimately reduce risk and
uncertainty.

Financial The most important reasons for farmers reluctance to adopt the
new technology are not economic. Breakeven yidds are relaively low, 17
t/ha for irrigated and 1516 t/ha for partialy developed swamps. The
problem is.that .potential yields in improved swvamp rice cultivation are
generdly not achieved at present, and that purchased inputs are not
effectively transformed into additional crop output. A number of technical
and management problems associated with too rapid an introduction of the
new rice technology are largely responsible for the relaively low yields.
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In summary, the complexity of the innovation, its high initia resource
requirements, the lack of experience with irrigated agriculture in the region
and the limited capacity of agricultura services exclude the possihility of a
package approach towards the intengfication of swamp rice sysems. The
evidence from the research appears aufficient to refute Hypothesis 6.

Similar difficulties with regard to the implementation of complex technology
packages are reported by other anadyds. Collinson (1980), Norman et d
(1985), Barlow et d (1986), Byerlee et d (1986) and CIRAD (1987).

Hypothéﬁis 7. "The introduction of ‘intensive swamp rice production’ in a
sepwise, incremental manner is feasble from a farm management point of
view and in financia terms worthwhile."

In response to the problems involved with extending technology packages,
various authors have suggested disaggregation of packages into component
subsets. These should dlow criticd interactions to be exploited. Initid steps
should be with the components which are relatively compatible with farmers
exiding resource alocation. More complex steps will be possble as fam
productivity and farmers confidence in absorbing new technology improves
(Byerlee et d, 1982) (Norman. et a, 1985).

Anaysing the question of time scale of development again, thistime in view
of an incremental approach, shows that the main problems described above
can be a least reduced, if not completely by-passed. In contrast to a
package approach, an incremental approach would give farmers time to
gradudly develop the necessary skills and experience of irrigated farming.
This is dso in line with two other aspects. firdly, the need to drike a
balance between the large loans required for one-off development and the
low household incomes (the cash flov pattern for an incremental approach
is better suited to the limited financid resource base); secondly, the need to
upgrade agricultural support services.

With respect to financid benefits, yield increases obtained with relaively
smdl changes, such asimproved agronomic practices or fertiliser application,
are considerable. Financia returns to such improvements are, at enterprise
levd, correspondingly high. The fact that net present value is only dightly
higher in the long term for a package approach indicates that the additional
resources and extension service cagpacity required for this are not justifiable.
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Changes in agronomic practices should be seen as a means to initiate longer
term swamp rice development programmes. When recommending practices
which seem favourable at enterprise level, such as early transplanting, |mpact
on overal resource efficency aso needs to be considered.

Suffidient fidd experience with a more incrementa approach towards the
intengfication of swamp rice cultivation is not available. This research;
however, indicates that fiedd-level programmes should generaly give more
atention to the question of an appropriate time scale of development.
Taking the available evidence into account, the conclusion is that Hypothesis
7 is supported.

4. IMPLICATIONS FOR INLAND VALLEY SNAMP (TVS)
DEVELOPMENT POLICIES

41 'I_nt_egrixy of IVS Development Programmes

The problems of development and production need to be separated.
Development involves people as well as land and water and must therefore
start with the farmer and his or her traditions (Carter ‘et a, reviewing
irrigation development in Nigeria, 1983). The studies carried out in the
framework of this research project indicate that the same applies to smdl
scale irrigation development policies in Sierra Leone.  Farmers need to
understand the basics of the improved production sysem at an early stage
because understanding is directly linked with motivation and participation.

There is a need for better ingtitutional coordination and cooperation
particularly in the fidds of agricultural support services and applied research
programmes. . Research, extension and the farmer should idedly form a
sgngle sysem, expressed in the link between on-farm testing, monitoring,
evauation, anadyss and training. Pilot svamp development programmes
smultaneoudy provide a possibility to test technology under loca farmer
conditions, to train extension g&ff, to collect farm level datain key areas, to
organise fidd days and to learn farmers views. Implementation, monitoring;
evauation and planning should be continually in progress, each influencing
the other (Sequential Programme Planning and Implementation, GTZ1984).

The requirements of the new technology need to be coordinated with the

capacity and qudity of agricultural services. Farmers concerned with more
intensive production sysems have been facing difficulties with regard to
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input supply and insufficient technical guidance. Weatherhead (1984) points
out that the engineering knowledge required must reman within the
capability of fiedd Haff.

Projects should seek target outputs instead of target areas. This would
involve more longer term, continuous efforts in aready reclaimed swamps
and in the fidd of actua rice production. Carruthers and Upton (1982)
point out that new forms of cooperation are needed to sustain irrigation
development over longer periods.

42 Nedd for a Long-term Strategy

The process of development must be dow and incrementa, with low
investment sustained over a long period (Kay et d, 1985). An incremental
approach to the extension of the irrigated rice system appears feasble and
ought to be tested in pilot programmes. Practica on-farm trias are
necessary' in order to enable farmers to appreciate the possible benefits of
swvamp rice development.

During the firs one or two cropping seasons only minor adjustments should
be amed for in order to minimise risk to the farmer and build trust in the
programme; farmers need to be introduced to the concept of soil fertility
management on continuoudy cultivated land. Date of planting, plant
gpacing and density, crop care and the prevention of post-harvest losses are
other important fields. Idedly, the production levels achieved and farming
practices used by more productive fams should form the basis for
production targets and recommended practices that are used by the less
productive farms. At regional level, emphasis during the firg phase should
be given to upgrading agricultural support services, i.e to training, the
mobility of extenson g&ff, to input supply and marketing facilities.

After fanners have acquired some experience with more continuous and
intensive cultivation patterns in swamps, the need for better water control
will become obvious to the farmers themselves. Building on farmers
motivation to improve the sysem further and on their willingness to shift
emphasis gradualy away from mixed upland farming towards more intensive
svamp cultivation, introduction of smple water management practices
should only be a andl step. In perennial swamps this would lead to the
construction of irrigation structures. Mechanised swamp clearing and
possibly land leveling services, the two operations requiring mgor [abour
input, could be offered to farmers on semi-commerciad or commercid lines.
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43 Integrating Ranfed Upland with lrrigated Svamp_Cultivation

The mogt profitable and, with respect to the diversity of enterprises, stable
farm structure is achieved by integrating rainfed upland with irrigated swamp
cultivation. Bush fdlow sysem and irrigation development should not be
regarded as mutualy exclusve, but should be developed smultaneoudy in
the areas suitable to each. This will dlow farmers to shift emphasis
gradualy from upland farming to more intensive sivamp cultivation and gives
them the necessary flexibility to experiment with theirrigated rice technology
on a smdler, less riky scae: cautious learning is possible, economic
vulnerability is minimised, and the capital resources required are margind.

44  Straifying_Recommendations

(8 Swamp amelioration patterns need to be better adjusted to the given
agro-ecolpgical and fam resource Situation. "Extenson advice must
recognise that swamp rice is only one element in a sophisticated mixed
farming system, dlow for the divergty in farms and take more account of
individua circumstances' (Weatherhead, 1984). The recommended
amelioration pattern ought to reflect:

4  swamp characteristics water regime over the year, soil type,
catchment, flood discharges, topography.
structure of the exiding farm system, given
resource base and dlocation, management
skills, experience, goals, alternative production
systems and non-farming activities,

+ environmental factors natural, ingitutional, infrastructural and

socio-cultural aspects.

4 farm situation

(b) More attention should be given to flexible cropping patterns. Crop
rotations should include drought tolerant upland crops, as well asrice, in
order to utilise available soil moisture and low rainfall during the tail end of
the rainy season more effectively.

(©) In areas where perenniad swamps are not available, emphasis should be
placed on the study of possibilities of creating smdl reservoirs upstream of
the svamp for supplementary irrigation in the dry season. An aternative to
reservoirs could be the use of smple devices for lifting irrigation water from
shdlow wells
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ANNEX 1

Field Surveys and Case Studies

The following field surveys and case studies were carried out between October 1984 and
August 1986 in Moyarnba District, South-Western Region, SierraLeone. The study area
accommodates nearly 20,000 farm holdings, corresponding to about 9% of the country's
total. Seven percent of the holders are women.

(1) Baselinesurvey Sample size 100; random sampling; Moyamba District; multiple
choice.

(2) Farmers perception of alternative rice cropping systems Sample size 75; stratified
random sampling; Moyamba District; 28 options; translated into local language
(Mende).

(3) Extension workers' views on swamp rice development Sample size 17; al senior and
intermediate level extension gaff in Moyamba District; open-ended questions.

(4) Utilisation study of existing developed swamps Sample size 20; complete survey of
swamps developed before 1983; Moyamba District; multiple choice questions.

(5) Fieldyield assessment (FYA) 1985/86 Sample size 300 (swamp rice), 30 (mixed
upland rice); stratified random sampling; Moyamba District; crop cuttings in
farmers fields, three plots of 10 sq m each per fidd (i.e per sample);
questionnaire on the history of the particular crop stand sampled (17 factors);
multiple choice; Subject: To obtain a reliable and comprehensive data base on
rice yields and cropping patterns at different levels of technology and at various
management levels.

(6) FYAfollow-up survey: 'High' and 'Low' yield groups Sample size 45 (and 35 in
control group); Moyamba Disgtrict; stratified random sampling (traditional,
improved); above 2.3 t/ha 'high', below 13 t/ha 'low'; multiple choice questions.

(7) FAOIMANRF Pilot Svamp Development Programme 1985 16 participating farmers
representing the recommendation domain; Moyamba District; Subjects:
Implementation of irrigation development at farm-level; labour input records;
followed by a crop production programme; al participating farms were included
in (5).

(8) Multiple visit survey (MVS)l Smplified farm accounting (FA) 10 participating
farmers (MVS), including 6 farms where daily records were kept (MVS/FA);
Moyamba District; farmers selected as representative or typical; survey extended
over one farming calendar year.
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