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Technology Generation and
Dissemination: The Role of Agro-
ecological Characterization

k GRO-ECOLOGICAL CHARACTERIZATION’ and’ characterization’ aretermsbanded about by

agricultural researchers, but what dothey really mean, and why isit soimportant toall ocateenough
resourcesto characterizationaspart of theoverall agricultural research program?Thelnland Valley Consortium
(I'VC)iscomingtotheendof itsFirst Phaseand characteri zation hasbeen amaj or component of theresearch

program. SothelV C presentstheperfect casestudy.

WARDA has the Consultative Group on International
Agricultural Research (CGIAR) ecoregional mandate
for inland valley development in Sub-Saharan Africa
Thelnland Valley Consortium (I C) for the sustainable
development of inland valley ecosystemsisaCGIAR-
supported System-wide ecoregional activity convened
by WARDA in collaboration with national and
international institutions working to improve the
productivity and sustainability of inland valley land use
systems.

Why characterize?

Farmers fields are diverse in their characteristics.
Compare onefield with another and you may well find
differences in soil structure, soil nutrient distribution
and water dynamics, among other factors. Go to a
different scale, and you will find that one farming
region differs from another in the same respects, but
also in population density, climate, geology, market
accessibility and others. Modern agricultural research

and devel opment emphasi zes the need for technol ogies
(such as crop varieties, farming practices, appropriate
machinery) to be specifically adapted to the biophysical
environment and to the farmer’s needs and resources.
How then do we decide what are the most relevant
sitesfor working with farmersto generate technol ogies
and evaluate them, and whether atechnol ogy devel oped
for onefarm or farming region is suitable for afarmer
or farming region elsewhere in the country or evenin
another country altogether? Trial and error is simply
too expensive, time-consuming and wasteful of
resources. The answer for saving resourcesis to work
in suitable test sites, which can be identified through
characterization—catal oging the characteristics of farm
communities and farming regions to determine broad
and specific similaritiesand differences.

The general term characterization is often used for
specific descriptions. Agro-ecological characterization
is a much broader approach and means a holistic
description of agro-ecosystems, including the
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Figure 4. Simplified and stylized cross-section of an inland valley

biophysical and socioeconomic characterigtics. ThelVC
developed amullti-level agro-ecological characterization
approach. This approach allows the selection of
important and representative sites for technology
generation and evaluation, and the quantification of the
main constraints to agricultural intensification and
diversification. Moreover, the results of the agro-
ecological characterization will be the basis for
technology transfer. Another application for agro-
ecological characterization is as an aid for setting
research priorities. Aswe determinethe characteristics
of inland valleys and the farming communities within
them, we will find some for which there are no
technologies currently available. Thisinformation feeds
back into the research-prioritization process to enable
technol ogy-devel opment research to betargeted at the
most needy farming systems.

Great potential for food security

Theinland valleys are defined as the upper reaches of
the drainage systems. Here, the dynamics of the water
flowing through the system are quite low, and may be

controlled by relatively simple water management
systems. Larger floodplains are excluded from the
definition. Inland valleys can be divided along the
toposequence (cross-section) into three different land
units (see Figure 4). The uplands (crests and slopes)
are the well-drained higher parts of the system. The
valley bottoms are the lower parts, subject to flooding
during the rainy season. The hydromorphic fringesare
the adjacent strips of land that have agroundwater table
near the surface during the rainy season, which is an
extra source of water for the crops grown in this zone.
Inland valleys present great potential for agricultural
expansion and intensification in West Africa, to help
feed the fast-growing populations.

The IVC was created in 1993 to explore the
potential for intensification and diversification of the
valley bottoms and their hydromorphic fringes. It is
estimated that there are between 20 million and
50 million hectares of this habitat throughout West
Africa (the wide range is explained by the use of
different definitions by various institutions and
individuals, and the incomplete knowledge of the
whole landmass of the region). Of this area, it is
again estimated that only 10-25% isunder cultivation—
hence the scope for expansion. If an extra 2 million
hectares of thisland were used to cultivate rice alone,
at an average yield of 3 tonnes per hectare, the West
Africaregion could halt the expensive importation of
rice from elsewhere! And, thisis only looking at the
ricecrop. Inland valleys present equally great potential
for crop diversification, such asvegetables, bananaand
cassava.

But...

However, just like any other farming ecology, or
potential farming ecology, inland valleys are diverse,
especially taking into account the hydrology of (that
is, water movements within) inland valleys. It is
generally understood that the basis for cropping
intensification and diversification of theinland valley
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lowlands starts with improving the water management
there. A certain level of water control will alow the
introduction of more productive, improved rice
cultivation practices. Full water control is not a good
option for the inland valleys—because the lowlands
cover alimited area, the cost of full water control will
never be covered by the increased rice production. A
much better option isto go for relatively simple, low-
cost water management systems. But, enough
information needs to be available to select a good
system. Hydrological characteristics depend on more
than just rainfall. Other parameters such as lithology
(baserock), land useintensity on the adjacent uplands,
and morphology play amajor role in determining the
overall hydrological dynamics of the lowlands.
Characterization is the key to understanding the
dynamics of the system and identifying technologies
developed elsewhere which are, or could be, adopted
at or adapted for a particular target site. The more
similar thetarget siteto another sitewhere technologies
have aready been successful, the more likely those
technologieswill beabletoimprovefarmingin thetarget
area. Where appropriate technologies are lacking, the
characterization generatesall theinformation required
to develop technologies to overcome the prevailing
constraints. However, when we decide to characterize
even a field there are numerous measurements we
could make, both physical—for example, daily
temperature regime, water and nutrient flows—and
socioeconomic—for example, availability of fertilizers
and pesticides, farm income, proximity to market or
trade routes. Clearly, to collect al such information
wouldtakeavery long time, and istotally impractical.
From experience, the Consortium identified * minimum
data sets' —see box (page 26)—which should allow
sufficient characterization for the purposes of
technology generation, evaluation and transfer. But
even these are too much for one institution to collect
and collate.
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The approach for agro-ecological
characterization

This is where the Consortium concept comes into its
own. The Consortium brings together national and
international organizations in a research and
development partnership that capitalizes on the
strengths of each partner and makes the work more
efficient (seebox, page 28). Even within apartnership,
there is still a danger that information collected by
the various partners may be incompatible or not
comparable. Thus, one of the first tasks of the IVC
was to determine standardized methods of data
collection to be used by al the partners. In thisway, a
valley in, say, Nigeria can be directly compared with
onein, say, Mali.

“But,” you may well ask, “we are talking about at
least 20 million hectares. How are we to compare
farming communities and valleys over such a wide
area?’ Of course, we cannot possibly characterize each
farming community in every inland valley in West
Africa; so, the IVC developed a four-tier system of
characterization. Broad, or ‘macro,” characterization
is done across the whole region; then, ‘reconnaissance
characterization is done at the national level; thirdly,
‘semi-detailed’ characterization is conducted for a
small region; and, finally, ‘detailed’ characterization
is done for single inland valley system (see Figure 5,
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‘Minimum data sets’ for three levels of agro-ecological characterization as used in Phase | of the IVC

Discipline Level
Reconnaissance Semi-detailed Detailed
Agronomy Main crops; lowland Landuse; croptypes, Crops:variety; cycle; density; planting method;
areacropped (%) associations, rotations; managementsequence; associationsand
fertilization; crop rotations; agroforestry; organization andlength
protection; water offallow; production; yield-limiting factors;
management; potential inputs; land and watermanagement
constraints; mechanization; Livestock:description, watering points
animal husbandry
Socioeconomics Administrative unifs; Population(demography, Farms:family size, composition and ethnic
ethnic groups; genderandethnic group group; labor availability; genderandland
populationdensity related activities, migration); tenure; distance tofields
anddistribution; main infrastructure (markets, roads, Economy:prices ofinputsand outputs;
activities; infrastructure schools, health); landand incomes; markets, distance, supplies,
andmarkets watertenure (accessto inputpurchase, credit
lowlands, gender, ethnic Farmers’ organization; landtenure and water
groups, fraditional beliefs); management; subsidies; development
productionaims; extension agencies; health; education; farmer
service activities perception of technologies
Climatology Rainfallregime; AsReconnaissance Daily precipitation data; minimumand
potential maximum temperature; radiation; average
evapotranspiration; windspeed; atmospheric pressure; relative
length of humid period humidity; evapotranspiration; pan evaporation
andsurplus of water;
temporal variability
Geology Morpho-structuralunit Lithology Lithology
(sedimentary basin,
basementcomplex);
lithology
Geomorphology Landform, slope Descriptionofland Landsub-elementsand theirerosionrisks;
classes, relief sub-elements(slopes, erosion featuresandindication of
length, width, surface); severity; analysis of major erosion-controlling
areaofwatershed factors

Soils Major soilunits (from Characteristicsalong Standard descriptionto 1.2m; depth of

nationaland FAO toposequence; chemical impermeable layer; general biological activity,

systems) andphysicalanalysis; condition and degradationrisk to top-soil;
degradation; classification detailed chemicaland physicalanalysis
(nationalandFAO)

Hydrology Drainage density Flooding characteristics Surface water:totaldischarge; base flow;
(frequency, depth, period); discharge regime; water quality; modelrainfall-
streamdischarges (if data discharge
available); groundwatertable Sub-surface water:fluctationsin groundwater
fluctuation; waterquality; table; sub-surface flow; water quality
drainage density

Flora Type of general Type of vegetation Vegetationstructure, composition,

vegetation; characterizing different cover (bylandsub-element)
classification landsub-elements;
classification
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Figure 5. The four levels of agro-ecological characterization
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Partners in the Inland Valley Consortium

Countries (partners include NARS, extension
services, NGOs and universities)

s Benin = Guinea

s BurkinaFaso = Mal

s Cameroon = Nigeria

s Cofed’Ivoire = Sierraleone
s Ghana = Togo

International Institutions
»  WestAfricaRice Development Association (WARDA/ADRAO)

s Centrede coopérationinternationale enrecherche
agronomigue pourle développement (CIRAD)

Food and Agriculture Organization of the United Nations (FAO)
Internationallnstitute of Tropical Agriculture (ITA)
International Livestock ResearchInstitute (ILRI)

Winand Staring Centre forIntegrated Land, Soiland Water
Research (SC-DLO)

s Wageningen AgriculturalUniversity (WAU)

Collaborators

» Institutderecherche pourle développement (IRD, formerly
ORSTOM)

»  Conférencedesresponsablesde larecherche agricoleen
Afrique del'Ouest et du Centre (CORAF) networks

s International WaterManagement Institute (IWMI)

s Infernational Program forTechnology Researchinlrrigation
andDrainage (IPTRID)

Donors

s TheNetherlands(DGIS) = France

page 27). Themedium-term planistorelatethedetailed
characterization to the other levelsand determinewhich
biologicd, physica or climatic characterigticsat themore
general levels have the greatest influence on the
characteristics of the valleys at detailed level. Once
thisisdone, preliminary targeting of technologies may
be done from reconnaissance or semi-detailed
characterizations.

The actual approach for agro-ecological
characterizationisnot afinal output by itself. After the
characterization of 15 key areas in 10 West African
countries, wewill have amuch better understanding of

the inland valley systems and the parameters at the
different levels which are the main driving
characteristics for inland valley properties. The final
output of the characterization exercise will bedecision
toolsfor technology selection and transfer, with methods
for the most efficient collection of the required data.
This should represent a major saving in research
investment.

The data collected at each level of detail are
different, both qualitatively and quantitatively, and so
are the tools used to collect them. For macro
characterization, the major agro-ecological zones of
the region are identified on the basis of the length of
the crop-growing season. Thisis combined with other
data, such aslithology and morphology, taken from other
national and regional studiesto define‘ agro-ecological
units.’

Reconnaissance characterization also depends
heavily oninformation from other sources(for example,
maps and reports), but may also involve discussion
with extension services on broad agricultural
characteristics, and quick field inventories of land use
and farming systems. The idea of the reconnaissance
characterizationisto divide the macro agro-ecol ogical
unitsinto agro-ecological sub-units, using parameters
which will not change at more detailed levels, such as
lithology, rainfall, major cropping system, population
density and drainage density.

Semi-detailed characterization is carried out on
a‘key area’ of 50 x 50 km (2500 km?) representative
of a reconnaissance-level agro-ecological sub-unit.
Satellite images and aerial photographs are used to
identify four watersheds (each comprising at least so-
calledfirgt-, second- and third-order valeys). Interviews
are conducted at each village using the watershed to
generatevillage-level (rather than farm-level) data, and
transect (cross-section) studiesare made at 8-10 places
in the watershed for morphology, soilsand land cover.
After all these data are processed, one valley system
whichismost typical for the agro-ecological sub-unitis
selected for detailed characterization.

_____________________________wtas _________________________



Themain objectivesof thedetailed char acterization
are to understand the functioning of the inland valley
agro-ecosystem, to quantify the constraints and
production potential, and to assess the variability of
characteristicswithintheinland valey.

In particular, thevariability of water availability dong
the valley affects technology development and
evaluation. Detailed characterization involves
socioeconomic and agronomic interviews at household
andindividual level; observationsof farming practices;
detailed measurement of biological and physical aspects
of the farming ecology; detailed measurements of
rainfall and water movements; and surveys of soilsand
land use.

It isthis detailed characterization that enables usto
identify thefarm-level problemsin thefarming systems,
anditismostly these problemsthat haveto be addressed
by the technol ogies devel oped by agricultural research.
Thus, if we can find links between characteristics at
the reconnaissance and semi-detailed levels of
characterization which can be used to predict the
characteristics at the detailed level, and therefore the
problems facing farmers in a particular system, we
should be ableto identify technol ogieswhich have good
potential for adaptation and adoption in the target
watershed. Where these technol ogies do not exist, the
same approach gives feedback to research on
technol ogiesto be devel oped.

The agro-ecological characterization approach has
elements of known research procedures. Agro-
ecological characterization through biological and
physical measurements such as climate, soil, and
seasonal changes in water availability is standard
methodology. So too, are the socioeconomic studies
used in this work, although these are much more
difficult to quantify. What is novel about the IVC
approach is the combination of biophysical and
socioeconomic characterization at different levels of
scale. A second novelty in our approach isthat al the
stakeholders (scientists, farmers, extension officers,
etc.) areworking together in the key siteson constraint
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Interviewing farmers for general information on cropping
practices for semi-detailed characterization

Measuring the direction of a transect for semi-detailed
characterization

analysis and selection of technologies to be evaluated
or to be generated.

Although Phase | isalmost complete and not all the
characterization has been done, it cannot be assumed
that implementation of the approach takes five years.
Considerable time was alocated in the first two years
to devel oping the common methodol ogy, and bringing
together and organizing the different stakeholdersin
the IV C member countries. In addition, the macro and
reconnaissance characterization are only conducted
once. In new key sites only the semi-detailed and
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Outputs from the IVC Phase |

Basic outputs

Muchprogresswasmade inthe characterization exercise during the First Phase of the IVC (see map opposite). Inafew countries, the agro-ecological
characterizationisyettobefinalized. Thisisdue in partto the fime that some countriesbecame members of the IVC—thisis the case for Guinea (1996),

andCameroonandTogo (1998).

Strategic outputs

In additionto the standard agro-ecological characterization, several countries carried out supplementary activities.

e Therole of women (farmers)intheinland valleys (Benin and Ghana).

Amethodology to use satfellite images at the semi-detailed level was developed (IITA).

The potentialforusing the natural vegetationto characterize the extent of the hydromorphic zones (WAU).

Asetof socioeconomic indicators was devised forsemi-detailed characterization (WARDA).

Allofthe characterization data from Benin was uploadedto acomprehensive database (Benin).

Much ofthe characterization datacollected by the IVC partners was consolidatedinto ageographicalinformation system (GIS) (IVC Regional

CoordinationUnit).

o Arapidappraisalto characterize the inland valley hydrology and a decision support system for the selection of the most appropriate water
managementtechnologyinthatvalley were developed (CIRAD, Maliand Ghana).

Applied/adaptive outputs

Member countriesthat completed the characterization exercise proceeded with aplan ofinland valley lowland development with active farmer

participation. Two examplesare givenhere.

Benin

Inthe Gankpétinkey site, simple contourbunds were constructed by the farmers toimprove water distributionin the slightly concave valley bottom.

Thisresultedin considerable pay-offs:

e theculfivation of maize as apre-rice (pre-flooding) crop wasimproved (incooperation with IITA);
e riceproductioninthe mainseason, whenflooding occurs, hasbeenincreased by the introduction ofimproved varieties, modified planting

densityto combat weeds, andbetter use of fertilizers;

e post-rice culfivation of vegetables profits from the increased availability of residual water, due to the increased storage of water by the

infroducedwatermanagementsystem.

Theintroducedtechnology packages are sosuccessfulthat farmers are spontaneously developinginland valley lowlands downstream of the

projectsite.

Ghana

Inthe Mankrankey site, rice alone is cultivatedin the narrow andflat valley bottom. The rice fields were bunded, and a central canal constructed

(forirgationanddrainage).

e Theimprovedwatermanagement allowed theintroduction ofimproved varieties and cropping fechnigues, including fransplantinginrows, and

the use chemicaland organic fertilizers.

e BecausethissiteissituatednearKumasi, farmers are producingrice formarket (ratherthan forhome consumption), and are able toinvest more

infertilizersand otherinputs.

detailed characterizations have to be implemented.
The *minimum data sets' collected in Phase | are now
available for assessment. We will use this to identify
the essential data sets for future characterization,
which will consequently be smaller and therefore
easier to collect. Thiswill includeidentifying the most
efficient ways of sampling the defined parameters;

for example, it may be determined that acritically timed
measurement of water flow once per year can be used
instead of monitoring throughout the year—we aim to
develop such rapid appraisals to replace detailed
measurements. With the refined minimum datasetsand
the rapid appraisals, full characterization can be
implemented in 1 to 2 years.

oy _________________________
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Progress of agro-ecological characterization in IVC member countries,
West Africa
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m Detailed characterization to be finalized in 1999

- Reconnaissance characterization finalized and integrated in GIS 0 150 300 450 Kilometers
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l:l Reconnaissance characterization to be integrated in GIS

Limit of the study area

Phase 1I—1999 and beyond
In 1999, most of the countrieswill start devel oping the
lowlands of their key sites and evaluating improved
production technologies. Where the technologies are
adopted and adapted by the farmers in the key sites,
the national extension serviceswill be able to transfer
thetechnologiesto other farmersin thedifferent regions.
In the second phase of 1V C, starting in 1999, more
emphasis will be put on technology evaluation and
transfer. Apart from finalizing on-going characterization
activities, some new characterization activitieswill be
initiated. These will focus on quantification of the
dynamic processesininland valleys, including hydrology
and nutrient fluxes, and theimpact of land use changes
on these dynamic processes. The results of this
characterization will be used to estimate the impact of
improved technol ogies on the natural -resource base, in
other words, the sustainability of the newly introduced

. Maintaining an irrigation canal—an essential activity for
technologies. sustainable rice farming



