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Preface

If farmers were resisting efforts to convince thenuse "improved" technologies, but were
still able to develop an agricultural system thaswerforming better than what science could
develop and offer them, what were they doing rightthis case study of agroforestry
systems in Rwanda, Dr Christoffel den Biggelaagrafits to clarify both that question and its
answer. This document is based on a long-termgmtidstudy, in which Dr den Biggelaar
aimed to gain an understanding of what farmers kawegvhow they obtained and further
developed knowledge. It reflects a spirit of leagnhfrom farmers about their tree growing
practices.

Top-down extension strategies have proven to hgpiagoriate for community forestry, with a
very low adoption rate by farmers of methods pressbby research stations dealing with



forestry and agroforestry. The concern of commufoitgstry is to find the right ways to learn
what farmers are already doing and support them.

This case study is the first in a series of pubilices on the topic of farmer initiated research
and experimentation - farmers' spontaneous expatatien and farmer-led research and
extension processes. The goal of the series isterdine more effective ways in which
farmers can be supported in their own processegpdrimentation and knowledge sharing,
while at the same time working towards a consalttedf local forestry knowledge.

Other case studies are being conducted in Africza And Latin America which focus on the
role of trees in farmers' lives, the current managgat/use of trees within farming and
economic systems, how farmers experiment to matterhgse of tree and forest resources,
how they share their knowledge with other farmarsl how intermediary groups and
research and extension institutions support thesa initiatives.

The material from these studies will form the badisegional synthesis papers which will
focus on the approaches, methods and tools negdeddarch/extension institutions to
design supportive research and extension stratdgédoth understand and respect local
realities, processes and organizational capacities.

Both the case studies and regional synthesis papkise inputs to an international
conference which will be held in collaboration withe Indian Institute of Management -
Ahmedabad, India in 1997. It is anticipated thatafuihe conference will come a Community
Forestry Note and a strategy for FAO and otherboltating institutions in support of farmer
initiated research and extension.

Through her leadership and support, Marilyn Hoskiihe former Senior Community Forestry
Officer, Forestry Policy and Planning Division, dodmer coordinator of the Forests, Trees
and People Programme (FTPP), made a valuable lootibm to the development of this
complex topic. Jean-Marie Laurent provided detadechments on the text, based on his
experience in both backstopping and coordinatiriyiies on this topic world-wide.

The publication of this case study is partly funtbgdhe Forests, Trees and People
Programme. Within the FAO Forestry Department,Rh@gramme is coordinated by
Katherine Warner, Senior Community Forestry Offidesrestry Policy and Planning
Division.

Author's Note

The idea for this research developed during yefngdking as a horticultural teacher in
Burkina Faso and as an extension agronomist iRP#&uple's Republic of Congo and the
Central African Republic. The difficulties of comging farmers to adapt "improved"
technologies made me realize that perhaps thedéaias were not really "improved”,
which was borne out in some on-farm trials shovtivag the local varieties and methods of
production were out yielding what the projects donfifer farmers. Were farmers doing
something right? I finally had to admit that perbaipey were, but what? How could they
develop an agriculture that was performing bettantwhat science could develop and offer
them, without the aid of fancy laboratories, softaged plant breeding techniques and field
trials, and statistical analyses? | think the fatgtp was to realize that farmers' agricultural
practices are not random acts of planting seedseamting livestock, but are deliberate, well-



reasoned choices based on extensive experiendeandtobservation of locally available
resources. It is not that farmers are not opereto ideas and technologies, indeed; | found
quite the opposite as evidenced by the many egotjes and trees widely cultivated by small
farmers in Africa. However, like consumers everymehehey are critical of what is offered to
them and choose only those technologies that appeanost useful and/or profitable for
their specific conditions.

African agriculture, therefore, is not traditioneickward or stagnant but, on the contrary,
very adaptable, vibrant and dynamic. The dynamiarezof agriculture, then, formed the
backdrop for my research on agroforestry systeninanda. The aim of the study was to
understand what farmers know of agroforestry and they obtained that knowledge and
continue to add to it. Field research was carrigdrothe southern prefectures of Butare and
Gikongoro between February and December, 1992 nDuhiat period, the situation was tense
at times due to clashes between supporters ofusagolitical parties, the bombing of taxies,
markets and other public places, and periodic iiighbetween the army and RPF troops
along the front lines in the northeast of the countlothing, however, prepared me for the
violence ensuing in April, 1994, shortly after lfeleded my dissertation. The pictures and
stories of the massacres taking place in the cpuwtrich were particularly severe in Butare,
at first took away any incentive to incorporate tbenments and recommended changes in
the dissertation. As the body counts mounted, t keRing myself questions about the
purpose of my dissertation: Why should | finish\ivhio will benefit from it? Would people
even be interested in the information if all they ¢hink of is survival and revenge? Will
people outside Rwanda be interested if they ontykabout its genocide and refugee crisis?
However, after several weeks, | realized that the¥ee still farmers in Rwanda who wanted
to pick up the pieces of their lives and who neeslgaport. Many refugees who escaped
massacres in 1959 and 1973 were returning and wadd support as well in order to re-
establish their lives in a country many had neeens| finally managed to face the
dissertation again and complete it. | convincedetfythat knowledge written down is
knowledge preserved and that completing the worldavbe the least | could do for the
farmers and/or their descendants, friends andivetatvho shared their knowledge and
wisdom with me and who may not have survived thesaeres, disease, famine,
homelessness and life in the refugee camps. FeetWwhio have survived, | hope that the
dissertation and this case study based upon ibeitdf help to re-establish your lives as
farmers and/or experimenters.

The field research for the dissertation was madsipte through grants from the Regional
Program for the Improvement of Beans in the Grediels Region (East Africa) of the Centro
Internacional de Agricultura Tropical (CIAT), thén&racterization and Impact Programme of
the International Centre for Research in Agrofage@CRAF) with funds from the

Rockefeller Foundation, and the Office of the ViRresident for Research and Graduate
Studies, Michigan State University. In particullawant to thank Drs. Louise Sperling and
Urs Scheidegger of CIAT and Dr. Steven Franzel, Mnadou Niang and Ms. Erika Styger
of ICRAF for their support and ideas shared in mous discussions. | also want to thank the
Département de Foresterie of the Institut des $eeAgronomiques du Rwanda for their
hospitality as the host institution for this resdarin particular Isaac Kabera and the late
Anastase Gahamanyi. Special thanks also to Audaocekkzi and Frangois Rugema, my
research assistants and translators in the fieydthsinks also go to Jean Baptiste Kayigamba,
Eugene Murekezi and Esdras Bucyobukiro for trabswgiand translating the tapes of the
community interviews and focus group meetings. hiwa thank the authorities of Maraba
and Karama for their hospitality in carrying ouisthesearch in their municipalities



(communes), and the numerous women and men indabiMaraba and Simbi districts for
sharing their knowledge and wisdom with me, withevhich this dissertation would never
have been written. While | cannot mention everymiévidually, | would like to express my
gratitude to the local tree experts who gave somaic¢heir time and themselves to me:
Bizinda, Gahirima, Gasamunyiga, Gasherebuka, Gla@ganabatwa, Habimana, Habiyeze,
Kajeguhakwa, Kanamugire, Karwera, Kinyangote, Mugeyn Mukabatsinda, Mukakalinda,
Mukeza, Munderere, Munyantunda, Munyashongora, tyautda, Mwererankiko, Ndereyehe,
Ndibwami, Ngezenubwo, Niyonambaje, Niyoyita, Nsdvaganwa, Ntamushobora,
Ntawukuliryayo, Ntawuziyambonye, Nyabyenda, Nyitiéti, Nyiradore, Nyirakamegeli,
Nzigiye, Ruberwa, Ruvuzampana, Ruzibukira, Rwanayr&ebahunde, Sebashi, Sebera,
Serinda, Vuguziga, and Zigama. To all, MURAKOZE ONR!!

| also thank my dissertation guidance committee be¥s) who provided many valuable
comments and support to strengthen this studyavithulti-disciplinary perspective: Dr. Mary
Andrews (Human Ecology), Dr. Lawrence Busch (Sagy), Dr. Michael Gold (Forestry)
and Dr. Richard Harwood (Chair of Sustainable Agtiwre, Crop and Soil Sciences). My
thanks also go to Dr. Paul Roberts, Assistantédiban in the College of Agriculture and
Natural Resources, for the research assistantshges the USAID Title XII Program
Support Grants which helped support me during mipPprogram.

The views and judgements expressed in this cady ate entirely those of the author, and
should not be attributed in any manner to FAO, IEREIAT, ISAR and Michigan State
University, to members of their Boards of Execuldieectors, the countries they represent
nor to their affiliated institutions.

Executive Summary

Although Rwandan farmers have used trees for numsgoarposes for centuries, the active
planting and management of woody vegetation ondasna relatively recent innovation. The
goal of this research was to determine and undetstamers' processes of agroforestry
knowledge generation underlying these changessmuree management and usage. In
particular, the study focused on farmer experimlantthods related to the integration of
trees on the farm.

The research focused on a group of 44 locally-ifledttree experts, chosen in a two-stage
process using a ranking game and community intes:ié comparison group of 70 farmers
was chosen randomly from those identified in thexg@as less knowledgeable about
agroforestry. Methods used to study knowledge/teldyy generation included biographical
case studies of tree experts using repeat visds,imventories and a socio-economic survey
of both tree experts and comparison farmers, guwed tours, participant observation, and
community and focus group interviews.

Ranking game participants identified tree expestiaamers cultivating a diversity of trees on
their farms in accordance with the Bantu-Rwandalogbphical meaning of knowledge:
"Knowing a plurality of objects or notions". In lothe ranking game and socio-economic
survey, results showed tree experts had more tea®s and tree species, but the tree density
on comparison farms was more than two times highi@s points to a differentiation in
knowledge between tree experts and comparison farme



Comparison farmers did have knowledge about tredgrae cultivation and understood the
need for and importance of trees. But they hale li#nd and resources and followed a
different agroforestry development strategy. Thalgnthe farm, the more they concentrated
on fewer, less-competitive species, resulting imglex systems of low diversity with a high
degree of integration of trees and crops. Low ditgthigh tree density systems require
farmers to have a higher level of management skiltsgreater knowledge of the various
components and their interactions. Therefore, gnefarestry knowledge of tree experts and
comparison farmers may indeed be different, configthe initial conclusions of the
knowledge ranking exercise. This study thus obskavdifference in both agroforestry
systems and agroforestry knowledge between indalgdand groups of individuals.

As the nature and content of agroforestry knowlediyees among (groups of) individuals,

the assumption that only some farmers (in thisystlottally-identified tree experts)

experiment proved incorrect. In reality, farmergach of the "knowledge groups" created by
the ranking game participants were engaged in¢hergtion of their own particular kind of
knowledge of trees and tree cultivation, althoughall farmers were equally active
experimenters. Relying on local perceptions thatpgérsons most knowledgeable about trees
and tree cultivation are the most active experigeninay, therefore, not provide satisfactory
results. There are multiple ways of knowing aboe¢$ and tree cultivation, and each is based
on, and evolves from, its own forms of knowledgedurction.

This research found that almost all farmers instluely areas practice agroforestry. However,
no two farms had a similar agroforestry system bsedhe farmers designed their own
systems to meet their multiple needs using avalaggources. This individuality was
reinforced by a large species diversity, multigasons for planting trees and the many uses
farmers have for trees.These factors have ledviersk agroforestry systems with very
complex arrangements of species over space amav@r The individual agroforestry systems
resulting from these differences in resources,atbvjes and contexts require better farmer and
researcher collaboration to identify problems apdastunities and to develop a range of
technologies that reflect these differences.

The plants found on the farm in the indigenous fagestry systems that the farmer-
consultants called "trees" included not only traed shrubs but also annuals and perennials.
The latter ("don-trees" by Western world definifi@montributed to the species diversity found
in the study areas and gave an additional layepoiplexity to the indigenous systems. These
"non-trees" should not be ignored. They providaisicant benefits to the farmers and often
are grown in specific niches not usable for cropsees.

Farmer-consultants were well aware of, and sesitythe biological interactions of trees,
crops and soils. These interactions were the mi#ria used in decisions about where to
plant species within the farm and/or the field, #meh to evaluate performance. However,
farmers cited utility and other tangible benefgstlae primary reasons behind species choice.

Farmers considered agroforestry the only solutasrobtaining tree products in the future.
With the increasing competition between trees aogscfor a limited land base, farmers
recognized that decisions concerning species sabeghd arrangements were becoming more
and more difficult. The present differentiationagfroforestry systems will, therefore, become
even more pronounced in the future with increafiagmentation of farms. In view of the
continued decrease in farm size and farmers' satysto biological interactions, farmers



repeatedly stressed that it was imperative to $ipecies and arrangements with the least
negative influence on crops and soils in ordeutther agroforestry practices.

Regarding farmer experimentation, it was diffidoltdistinguish new from existing practices
or to differentiate experiment from normal practiecdarmers' fields. Farmers considered
each season an "experiment" in which new knowlesigbétained and new ideas are
generated. The tree experts consulted in this sthdyefore, considered the process of
gaining knowledge through experimentation (igeragéa be a part of everyday agricultural
activities, not separated from them as is the rati®e scientific knowledge system. However,
in spite of the interweaving of experimentation awdmal production practices,
experimentation was a conscious effort on the gfaitte farmers to build upon the body of
endogenous agroforestry knowledge.

The tree experts did not use specific researchadsthnd procedures for experimentation
with trees and tree cultivation. Trees take sewsats to mature or to yield usable parts, so
most farmers (even those with large farms) couldafford to tie up land for experimenting
with new tree species or arrangements. Thus, eéstsw tree species or tree management
methods were integrated within existing fields anops which explains the interweaving of
experimental and everyday agricultural activities.

Farmers faced a fundamental problem with the supphew technologies to test on their
farms. To experiment and develop agroforestry systdt is necessary to have a range of
technology options available and accessible. Faziaer able to make qualified assessments
of what can (potentially) work in their individusituations, but they are obviously limited to
their immediate surroundings as a main supplyrf@rmation and ideas.

The diversification of species and the resultirgyease in complexity of land use systems
resulting from farmers' experimental efforts haeerba deliberate strategy of farmers trying
to overcome ecologic and economic uncertainties@wking toward a better and more
secure livelihood. There was an implicit understagdhat not experimenting with new ideas
would lead to stagnation and would compromise ezadly precarious existence.

The major difference in knowledge production betmverperimenting farmers and scientists
iS not in experimental procedures and trial evaduat but the way new knowledge and
technologies are validated. In the scientific kredgle system, the primary aim of
experimentation is the advancement of knowledgdid®faon comes from active
communication of experimental results to fellonestists and researchers. By contrast,
knowledge production in the endogenous agroforeststem is primarily use- and user-
oriented. Validation comes from other farmers (hbmurs and friends) who imitate the new
ideas/knowledge. In other words, efforts are vaéidaby the final technology users, not by
fellow experts. However, there was not much actiffert to share new knowledge.

There is also a difference in how experimentingnans and scientists distribute and
communicate knowledge. Communication networks fanvikdedge sharing and distribution
were neither very extensive nor very well-organiZéarmer-consultants identified this virtual
absence of local communication and information arge networks as a major barrier to
agricultural and agroforestry development. Bettanmunication is needed (1) among
farmerexperimenters to enhance endogenous agrofoke®wledge production through the
sharing of methods, procedures and results, anoe{@®)een farmer-experimenters and the
general farm population to disseminate the residilksiowledge and technology generated.



Related to methodological issues:

- Future studies of endogenous knowledge of agestoy should combine qualitative
and quantitative, participatory and formal datdestion methods to provide both
complementary and supplementary perspectives.

- Future studies of farmers' experimental actigised knowledge production
processes should not rely exclusively on the fasnaentified by other community
members as the most knowledgeable about agrofpréstample of farmers from
different "knowledge groups" identified by a rardigame may better cover the wide
range of agroforestry knowledge and associated lketge production processes
among (groups of) individuals.

- Future studies of agroforestry should follow taemers' definition of trees and
should not assume that "non-trees" are weeds vhhe.

Related to furthering agroforestry practices in Roa

- Extension workers should initially focus on wonfarmers to convince them of the
benefits of new tree species and other agroforéstiynologies, and subsequently
explain to the men how to put these improved teldgies into practice on their

farms. As many species (especially medicinal and frees) were planted by the men
on the suggestion of their wives, this would nebive a major change in practices
for the farmers. It would, however, involve a chamgthe habits of extension workers
who primarily talk to men. Involving both men andmen in the decision-making
process about new species, where and how to plamnanage them, would make
new agroforestry technologies more acceptablenid agloptable by, a wider range of
farmers.

- Researchers and extensionists should considenutigle goals and needs of
farmers, and differences in availability of andessto resources, in the search for
new species and intercropping arrangements.

- With the help of participatory approaches, lquadple and communities should
identify, implement and evaluate their own pri@gtifor tree growing, which will
generate more reliable research and extension agehdn top-down approaches.

The following recommendations related to furtheraggoforestry practice were made by the
farmers themselves:

- There should be more research on suitable sptriasrease the options available to
farmers. The availability of a variety of tree spsqboth indigenous and exotic) and
tree management options enhances the traditiorsaégt of diversification to
overcome economic and ecologic uncertainties. Harprefer a cafeteria system of
new species and technologies for a range of biopalyand socio-economic
conditions from which they can choose accordinthér needs, goals and resources.

- New tree species to be introduced should be cobipand non-competitive with
crops and non-shading; have tap roots and theyatalibe used as live stakes; and



according to many of the very small farmers, shqu@tuce fruit and (fuel)wood
simultaneously.

- Research and extension should ensure that néndlegies (species) are made more
accessible to farmers.

Related to farmer experimental practices:

- The multinational organizations and internatiomegearch centres should develop
and distribute visual documentation (video, filrd;rom, etc.) of indigenous
agroforestry systems and practices from arounavtrée, and of farmers'

experimental methods and procedures related tdebelopment of same, to serve as
a source of ideas for farmers' own experimentavigies. This visual documentation
should be accessible to institutions and persdesasted in furthering farmer research
and extension practices.

- Researchers and scientists involved in agroforésthnology development should
be evaluated in terms of the acceptance of theulieby farmers instead of by the
number articles published scientific journals. Twsuld go a long way towards
increasing collaboration between the researchet$aamers and lead to
development-oriented, rather than knowledge-oreintesearch.

Related to enhancing informal extension networks:

- There is a need for persons with both endogeanddNestern knowledge of
agroforestry systems to find new methods to shdogmation with farmers in an
informative, non-prescriptive manner that treatsiers and their knowledge with
respect. Possible means to accomplish this areeddam visits and community
and/or focus group discussions.

- Research, extension and NGO's should stimulatéotimation of groups and/or
networks of experimenting farmers which may or mat/be technology and problem
specific. These could take the form of study clubshich farmers can discuss
specific problems and work out solutions togetfiée group or club members can
test the solutions on their own farms using thain @xperimental methods and then
communicate their results to the larger commuiitysearchers, extensionists and
NGO personnel should, however, only act as fatdisaand resource persons.

Both farmer-derived and researcher-derived agreforé&nowledge and technologies have
their strengths and weaknesses, and both have #orplay in developing and furthering
agroforestry technologies and practices. The nsjategy to enhance farmer research will,
therefore, be a synthesis of the two knowledgeesystthat takes the strengths and
weaknesses of each into account.

The greatest strength of formal (Western scientrgsearch is its access to information,
ideas, and technologies. Formal research, therdfasean important role in agroforestry
development in increasing the options (speciesagmment practices) available to the
farmers. The design of specific agroforestry systenbest left to the farmers who are more
skilled in incorporating technologies generatecagh of the knowledge traditions in ways
that are locally applicable and beneficial.



This study concludes that collaboration betweentedge systems may be beneficial for
both and, thus, it is important to understand tloegsses of knowledge production. For this
reason, this study has been short on specificldetiaput particular agroforestry systems, tree
arrangements, species uses, etc.; the latter §réacts used to help understand the logic of,
and reasons behind, what farmers do. By themsdiles, (tree species, agroforestry systems,
cropping arrangements) are meaningless. It is paspb give meaning to them. Future
studies of endogenous knowledge systems shouigftine, give less emphasis to collecting
facts and more to process-oriented research towsc¢he logic and reasons behind such
classifications, uses, or specific agroforestryesys and practices.

Synthesis between knowledge systems will increaseffectiveness of ongoing scientific
agroforestry research and development as well aeeer, legitimize and enhance the
existing endogenous capacities for identifying jpeots and developing solutions. This
synthesis should not lead to a formalization ofriar experimental methods nor to a
relaxation of the rigor of scientific research. Tgual of the synthesis is to build upon the
comparative advantages of each knowledge tradigaing to a participatory and
collaborative strategy in agroforestry technologyelopment. Such a strategy will assure
that technologies are client-oriented, culturafip@priate and acceptable, and grounded in
local dynamics of socio-economic and agroforesayedbpment.

Chapter 1

Background
Introduction

Forest resources in Rwanda have steadily decreasedime, especially since the beginning
of this century, due to rapid population growthlipated land base and growing competition
for resources. But, in spite of dwindling tree na@ses, the cultivation and management of
woody species remains important in Rwandan farrysgems. Trees are the primary sources
of energy and construction material. Their cultivatis encouraged to prevent soil erosion, to
increase soil fertility through mulching and greeanure, and to provide products such as
fruit, medicine and fibres. Over time, farmers hgemerated extensive knowledge about the
management of indigenous tree species for thesmpes. In addition, they have acquired
and adapted knowledge about exotic species anduilwal practices introduced since the
1930s. However, researchers have generally pdelditention to farmers' knowledge-
building processes which allow them to adapt taremwnental, political and socio-economic
changes. Surveys, rapid rural appraisals and agysystem analyses done by numerous
development projects in the country have basiallgn the impression of stable and static
agricultural and agroforestry systems because lthgg only dealt with one point in time.

The goal of this case study?2 is to examine theohestl and contemporary processes involved
in the generation and adaptation of agroforestoykedge and technology by farmers in
Rwanda. It does not aim to describe existing agestoy systems, although some description
IS necessary to understand the processes of kngavtadiding. What farmers know is a
reflection of what they do and vice versa. Thusrehare extensive interactions between the



processes of knowledge building, existing knowledge the actual agroforestry practices
observed in farmers' fields.

It is important to know the inner workings of thedegenous knowledge system, who the
experimenters are within the system, and what tigectives and methods are, in order to
improve the integration of agroforestry and tresnfihg policies and practices in each
country, and its agrarian economy (CTA, 1988). Bing into existing networks of
experimenting farmers and thus choosing peopladyréamiliar with experimentation can
reduce the cost of on-farm research.3 This cant@ffmmprove the designs of both on-
farm and on-station experiments. Building links between farmers' endogenous
knowledge systems and researchers’ scientific knowledge systems can lead to
synthesis between them. That synthesis will strengthen, empower and legitimize
endogenous capacities for identifying problems and developing solutions and will be
an important step toward enabling rural people themselves to alleviate their poverty.

Description of Rwanda

Rwanda is located in eastern Central Africa, bordered by Uganda, Tanzania, Burundi
and Zaire (see Map 1).



Map 1: Rwanda: location of the country in Africa, m ajor cities and rivers

Of a total area of 28 338 km2, approximately 18 725 km2 is usable for agro-
sylvopastoral activities (Djimde, 1988). The remainder is national parks and natural
forest areas. Estimates of the amount of land being cropped vary from about 8 000
km2 in 1970 (Delepierre and Prefol, 1973; World Bank, 1977) to 13 500 km2 (Niang
and Styger, 1990). The additional land is being cropped at the expense of natural
forest areas, pasture land and land only marginally suitable for cultivation (i.e. land on



very steep slopes, highly readable land and the very acid, low fertility soils of the
ZaireNile Divide).

Estimates of forest land range from about 126 000 ha (World Bank, 1977) to 225 000
ha (Sorg, 1980). Both estimates include natural forests as well as forest plantations.
Using an average of these two estimates and a population of 6 million, Niang and
Styger (1990) evaluated the area of forest available per inhabitant at 0.3 ha. Wood is
used for 95 percent of Rwanda's energy needs, particularly at the household level.

Relief: The country ranges in altitude from 1 000 m in the east to 4 500 m in the
northwest. The highest peaks are the Birunga volcanoes found in Volcanoes National
Park which straddles the border of Rwanda, Uganda and Zaire. It is the home of the
famous mountain gorillas. A 160 km mountain range in the western part of the
country forms the division between the Zaire and Nile watersheds (see Map 2).

A series of long, sharply-defined hills, with steep, convex slopes and flat ridges are
intersected by deep valleys, the bottoms of which form marshy plains. These steep
slopes do not prevent farmers from using the land for cultivation. The steepest slopes
are found along the Zaire-Nile Divide and in the northern highlands. Seventy percent
of the area cultivated has slopes greater than 10 percent. Fields on five percent of
the cultivated area have slopes greater than 80 percent (Rossi, 1984).



Map 2. Isohyet and relief map showing the correlati  on between altitude and
rainfall

Climate: Rwanda is located just south of the equator. Because of its high altitude, its
temperature and rainfall are more moderate than the surrounding hot and humid
equatorial regions, even though the climate follows the same annual cycles. Average
temperature on the central plateau is about 19-20° C and changes about 0.5°C with
every 100-m change in altitude. Temperatures are rather stable, with small annual
variations.



Precipitation increases with higher altitudes and varies from about 800 mm in the
east to about 1600 mm in Volcanoes National Park (see Map 2). Rain falls in a
bimodal pattern. In the first rainy season (September to December), about 27 percent
of the total annual precipitation is recorded. This is followed by a short dry period
(mid-December to January) during which rains do not stop completely except in the
eastern part of the country, but slow considerably. Forty percent of the annual
precipitation falls during the long rainy season (February until mid-May or early June)
followed by the long dry season which lasts from two months in the northwest and on
the ZaireNile Divide to four months in the east (mid-May to mid-September).

Population: Rwanda has one of the world's highest population growth rates (3.1
percent). Its population density of 252 persons per km2 is comparable to
Bangladesh. According to the 1991 census, Rwanda has a population of 7.1 million,
2.3 million more than in the 1978 census. The population is not evenly distributed
over the country and local densities may be as high as 800 persons per km2
agricultural land.

Ninety-five percent of Rwandans live mainly from subsistence farming. The largest
city, the capital Kigali, has about 200,000 inhabitants. As early as the 1920s, Belgian
colonial rulers predicted wide-spread famines in Rwanda because of the rapidly-
growing population, which at that time was between 1.5 and 2 million, and severe
land degradation due to over-cultivation and deforestation. In spite of these
predictions, agricultural production of subsistence crops broadly kept pace with
population increases until about 1977, mainly by expanding to new land in the east
and by draining the previously uncultivable valley bottoms. Since then the area of
land annually made available for subsistence crops has increased by only 1.4
percent (Reyntjes, 1991) and crop yields have decreased because of erosion and
declining soil fertility.

Economic conditions:  According to 1989 estimates, gross national product (GNP)
was equivalent to US$ 310 per capita. These same estimates pointed to an annual
1.3 percent increase in GNP although on a per capita basis the GNP declined by 1.9
percent during that same period.

The agricultural sector accounted for about 40 percent of Rwanda's gross domestic
product and 91 percent of the labour force in 1989. About 95 percent of the total
value of agricultural production is provided by subsistence crops including, in order of
importance, bananas, sweet potatoes, cassava, beans, sorghum, rice, maize and
peas. The major export crops are coffee (65 percent of export revenue in 1990) and
tea (21.5 percent of export revenue). Until the mid-1980s, there was considerable
revenue from pyrethrum (Rwanda was the third largest producer in the world in 1980)
and quinquina, but production and revenue of both these crops has severely
declined.

Rwanda's small industrial sector is dominated by processing plants for coffee, tea,
sugar and tobacco, and a brewery. The country has mineral deposits, mainly gold, tin
and wolframite, but its long distance from any ports (Mombasa, Kenya is 1200 km
away) and volatile world prices make profitable exploitation difficult.



Land use systems and their principal constraints: There have been several
attempts to divide the country into areas with similar characteristics in order to
facilitate agricultural policy and development planning. The most widely used is the
agro-ecological zones defined by Delepierre (1974). He distinguished twelve north-
south zones based on topography, soils, altitude and precipitation but did not include
farm crops or animals.

To assess the potential for agroforestry, however, it is necessary to consider not only
biophysical conditions but also socio-economic factors, present land-use patterns,
cropping systems and trees. A nation-wide diagnosis and design (D&D) exercise
conducted in 1987-88 by ICRAF, with the help of the Institut des Sciences
Agronomiques du Rwanda (ISAR) and the Université National du Rwanda (UNR),
divided the country into five zones, namely Plateaux et Collines, Non-Volcanic
Highlands, Volcanic Highlands, the highlands of the Zaire-Nile Divide and the Eastern
Lowlands. Table 1 provides an overview of the major features of each zone, its
farming systems and the major constraints which could potentially be solved by
agroforestry.

Solil erosion, declining soil fertility and shortage of wood for fuel, timber and staking
material are major constraints throughout the country. In spite of considerable
development efforts for more than 50 years, these problems remain similar to the
ones identified by Belgian colonial rulers in the 1920s and 1930s (Thomas, 1940,
Tondeur, 1937) except for the occurrence of periodic famines.

An arboretum was established at Ruhande in 1932 to identify suitable species to
reforest the countryside and prevent erosion and soil fertility decline as well as to
provide various wood products to the local population. Similarly, the Belgians
introduced a number of new crops, both subsistence crops (cassava, vegetables,
potatoes) and export crops (coffee, tea) to combat Rwanda's frequent episodes of
famine in the first decades of this century (Fallon, 1930). These introductions have
had a profound effect on the agricultural systems of the country, in terms of crops
produced and woody vegetation found in the landscape. The present acceptance and
cultivation of cassava, eucalyptus and grevillea introduced at that time provide
evidence of the changing nature of agroforestry systems, point to the necessity of
agricultural research to bring about such changes, and provide an example of how
the successful blending of en- dogenous and exogenous knowledge can make new
technologies and crops work in the local context.



TABLE 1: CHARACTERISTICS OF THE AGROFORESTRY SYSTEM ZONES

SOURCE: Djimde 1988; Niang & Styger 1990
History of tree growing practices in Rwanda
Deforestation is believed to have begun in Rwanda as far back as 3000 BC and was

well underway before the Tutsi pastoralists arrived in the 1500s. By the early 1900s,
dense forests had decreased to about three percent of the Rwanda-Urundi? territory,
or 6.5 percent if including the savanna areas (Everaerts, 1939). Colonial agronomists
often considered trees more of an obstacle than an aid for agricultural development
and, other than fruit trees and a few economic woody species such as coffee, tea,
and oil palm, they made no mention of trees in their descriptions of the farming
systems (see for example Mortehan, 1921 and Everaerts,1939).

A later ethnographic study by Bourgeois (1957) provided more extensive information
on traditional agroforestry systems, confirmed the lack of economic woody species in



the farming systems. Bourgeois' study described the planting and use of several
indigenous species and gave detailed descriptions of trees and shrubs planted in and
around the home compound (rugo), including a number of species propagated by
planting large leafless branches.2 The latter were often used to build dense
enclosures to protect against animals and thieves but also provided food; wood used
for cooking, construction and fabrication of utensils and tools; bark for fibre to make
clothing and rope; and medicines for people and animals. Trees within the compound
were primarily planted for timber. No information was given about the use of woody
species outside of the compound.

Reforestation and tree cultivation have been promoted in Rwanda since the 1930s.
Due to the imposition by the Belgian territorial administration, numerous rapidly
growing exotic trees (eucalyptus, grevillea, black wattle, cypress, cassia, etc.) were
planted in community and private woodlots and along contours as a means to limit
deforestation, provide fuelwood and timber, and help combat soil erosion (Lens,
1949; Dubois, 1954; Languy,1954; Derenne,1989).2 In spite of severe deforestation,
the cultivation and management of woody species on farm actually increased. Before
Independence, farmers depended on the natural vegetation in the landscape to meet
their needs for tree products, but over the years they began to plant and manage
trees and shrubs on their land to provide products and services such as fruits, fuel,
medicines, fibres, fodder, fences, boundary markers and staking materials.

Agroforestry, as it is now called, is not a new idea in Rwanda. An extensive
knowledge system has developed around the incorporation of both indigenous and
exotic trees in its farming systems, especially during the last 30 years. For example,
Balasubramanian and Egli (1986) found that 86 percent of the farmers in the
BugeseraGisaka-Migongo (BGM) region of southern Rwanda had an average of nine
fruit trees (avocado, citrus, mango, guava, jack and passion fruits) on their farms, in
addition to many other species (Eucalyptus, Grevillea, Ficus sp., Sesbania, Cassia,
Markhamia, etc.). Hummel's research in Muyaga (Butare Prefecture) counted an
average of 89 trees per farm (84 per ha).



These people are standing against the backdrop of a tree known locally as
umuravumba (Tetradenia riparia). It is widely known locally as a medicinal plant,
used to treat various illnesses.

Farmers' knowledge has become more extensive over the years as they have
become tree producers as well as tree consumers and as ideas from outside have
been incorporated into the local knowledge system. Farmers now plant exotic fruit
trees such as mango, avocado and prune, and timber/fuelwood species such as
Grevillea, cypress and Eucalyptus. Some of these species have become so firmly
entrenched that farmers have given them names in the local language (umuzonibari
/cypress and inturusu/eucalyptus).

Rwanda's oldest agroforestry project, the GTZ financed "Projet Agropastoral de
Nyabisindu”, which started in 1969 and was still operational in 1992, promoted the
use of trees on farms as a low-input, ecologically sustain able method of agricultural
development. The project served as a model for agroforestry projects elsewhere in

Africa and has been described extensively in the literature. Since 1980, many other
projects in Rwanda have had agroforestry components or were established to
promote agroforestry systems in a particular area of the country (CARE-Gituza and
Muhura/Ngarama projects in Byumba, the BGM project in Kigali/Kibungo, Swiss



Aid Projet Pilot Forestier in Kibuye, UNDP/FAO Projet d'Intensification Agricole in
Gikongoro, USAID Farming System Research and Natural Resource Management
projects in Ruhengeri, etc.). These projects have been successful in developing
agroforestry technologies or what Thrupp (1989) called "scientized packages". They
work under research station conditions and with large inputs of technical assistance
but there have been low rates of adoption of the packages as a whole (Kerkhof,
1990; N'Diaye, 1988), even though farmers do plant large numbers of trees. The low
success rate, as elsewhere in Africa, has been due, mostly, to the imbalance of
technical and social expertise (oversimplification of production systems,
"homogenization' of landscape, acceleration of resource degradation and
impoverishment of the poorer farmers, especially women) and from lack of
accountability to their rural clients (Rocheleau et al., 1989). For example, in Rwanda
most projects emphasize alley cropping using leucaena, sesbania or cassia, and
thereby neglect any locally-developed systems that integrate indigenous species into
the landscape. Given a choice and without pressure from (project) extension agents,
farmers appeared to favour fruit trees or Eucalyptus and Grevillea for timber
production instead of leguminous species for soil fertility and fodder (Kerkhof, 1990).

Research questions

The existing tree-crop-animal systems of Rwanda have evolved from centuries of
experience and reflect peoples' needs choice of plants and animal species, and their
ideal spatial and temporal arrangement. Even though the systems are "not well-
managed agroforestry systems" (Balasubramanian and Egli, 1986) as defined by
outsiders, they are not necessarily bad, static nor unchanging. From the local point of
view, they offer the best that can be achieved to guarantee a sustainable, albeit
minimal, subsistence income and food supply.

Thus, for agroforestry to be relevant as an approach, it needs to be implemented with
sensitivity to peoples' needs, priorities and sociocultural and economic conditions.
Surveys can assess existing farm situations and determine peoples' needs, priorities,
problems and constraints, but they have three major limitations: (1) they provide only
a static picture (a snapshot) of a situation at one point in time; (2) they do not reveal
the context of the needs, priorities, problems and constraints; and (3) they do not give
an historical account of why particular systems exist and farmers' roles in developing
those systems, as producers of crops and livestock as well as landscape managers
and reproducers of the systems. That is why it is important to determine how such
systems and technologies came into being, what the meanings are that people
assign to them, how the knowledge upon which they are based is generated and how
they evolve because of changes in sociocultural, economic, political and
environmental conditions. When viewed this way, the systems appear to be in almost
perpetual flux to meet new needs and adapt to ever-changing conditions.

This case study concentrates on the active role of farmers who take existing ideas,
technologies and uses and then experiment to arrive at new ideas, technologies and
uses that optimize integration of woody species on their farms. It also focuses on the
time and space needed to adapt agroforestry practices within prevailing and evolving
socio-economic, cultural and political conditions. The active role of farmers in these
efforts should be seen as diametrically opposed to the passive adoption of externally-
developed technology packages from the formal research/extension establishment.



However, such technology packages (e.g. alley cropping) are not entirely useless,
even though they may have very low adoption rates. They are often a prime source
of inspiration and material for farmers who tinker with them to make them work in
their own farm conditions or develop new technologies on the basis of them
(Sumberg and Okali, 1988). The numerous exotic crops, fruit, timber and fuelwood
species introduced by Belgian researchers that now form common elements of the
farming systems attest to both the extensive tinkering of the farmers and the
usefulness of scientific research.

The basic assumption underlying this case study is that not all farmers have the
same propensity for experimentation and risk-taking because of differing socio-
economic and political positions within the community and differing biophysical
conditions on their farms. Neither does every farmer have the same aptitude towards
experimentation and innovation. Thus, different farmers experiment with different
technologies, methodologies and approaches. Even if farmers experiment with the
same technology or basic idea (i.e. a certain tree species), they may arrive at
completely different solutions. A pastoralist may emphasize leaf and pod production
while a sedentary farmer may be more interested in timber.

The following questions guided the research and aimed at understanding farmers
and their experimental practices within the changing agricultural landscape of
Rwanda.

1. How have tree growing practices changed over time, in general or as a result of
experimentation?

This question includes such topics as species choice, arrangement, uses,
placement, management, intercropping practices and interactions between
trees, crops and animals. While the answer to this question could be a case
study in itself, this information is needed to build a frame of reference in which
to place the other questions.

2. Who are the experimenting farmers and what differentiates them from other
farmers in the community?

This includes socio-economic status, farm size, land quality, external sources
of income, travel, gender, connections, political position and aptitude.

3. Why do farmers experiment? What are their objectives for experimentation?
4. Where did the idea, practice... forming the basis of the experiment originate?
5. How do farmers themselves define "experimentation™?

a. Are there common elements in the methodology experimenting farmers'
use?

b. What, how, why and how long was testing done before adoption or
rejection?



c. What are the adoption/rejection criteria (why or how is a particular practice
better or worse than existing practices)?

d. When and under which conditions can a new practice or technology be
used?

During a visit to a woodlot to discuss its history and inventory its trees, the woman
pictured here (centre) with her daughter and grandchildren, collected medicinal
plants. Although the greater part of the woodlot consisted of Eucalyptus spp., a part
was left under natural vegetation especially to preserve its many medicinal trees and
shrubs and to attract wildlife (which were occasionally trapped for food). The farmer
left the woodlot open to enable people to collect medicinal plants as needed

Overview of the case study

This case study consists of eight chapters. Chapter | introduces the topic, the basic
characteristics of Rwanda and the history of its tree growing practices. Chapter Il
addresses the methods used to study and understand the agroforestry knowledge-
building processes. Chapter Il also explains the choice of study areas: Maraba and
Simbi districts (secteurs) located in the municipality (commune) of Maraba (Butare
Prefecture); and Kibingo district in the municipality of Karama (Gikongoro Prefecture).
Chapter Il describes their characteristics and major features.

Chapter IV focuses on the farmers who participated: 44 locally-identified tree experts
(i.e. farmers highly knowledgeable about trees and tree cultivation) and 70
comparison farmers. The chapter analyses a socio-economic survey of demographic
characteristics, education, socio-economic status, farm size, land quality, livestock,
external sources of income, political position and connections.



Chapter V is based on extensive discussions with farmers and presents their
perspectives on historical agroforestry practices and present possibilities and
reasons for practising agroforestry. It also looks at tree cultivation practices in relation
to gender and farm size and presents the results of a tree inventory that shows the
richness and complexity of contemporary agroforesty systems. The diversity of these
systems shows that multiple solutions are possible even though they are based on
similar principles that come from a small but expanding knowledge base.
Experimentation is not so much carried out for the development of a specific
agroforestry system, but to gain new knowledge about trees, their utility and their
interactions with crops, soils and animals.

Chapter VI discusses knowledge and experimentation. Since experimentation is
above all a knowledge-generating process, the farmers' connotations of "knowledge"
and "being knowledgeable about agroforestry" are explained, followed by a
discussion of farmer experimentation.

Chapter VII covers farmers information gathering/sharing. Farmers acquire new
knowledge and technologies from a variety of sources, but not all farmers have equal
access to nor are equally active in seeking out new information, discussing problems
or sharing experiences. Chapter VIl examines farmers' knowledge acquisition in
three categories: the active seeking of new species and ideas during travel; the
passive acquisition of species and tree management ideas from visitors to the farm
(eg. researchers, extensionists, friends, etc); and cooperation with development or
other agencies for on-farm testing of new practices. This chapter also describes how
farmers share experiences with new species and methods, and the accessibility of
help from extension or specialists.

The concluding chapter summarizes the key findings related to the strengths and
weaknesses of farmer research, gives recommendations to enhance farmers'
knowledge building and communication processes, and gives an overall conclusion.

It should be noted that none of the chapters specifically addresses research question
1: How have tree growing practices changed over time in general or as a result of
experimentation? However, the information obtained from this question is woven
throughout to provide the context in which the other questions are placed.

1 The population density in 1948 was 77 persons per km2, 150 per km2 in 1970, and
277 per km2 in 1990.

2 Participants in an international seminar on agroforestry at Kigali, Rwanda (CTA,
1988) recommended the study of farmer-based processes of innovation as the main
strategy to further agroforestry practices in Africa.



3 For examples of such participatory technology development, see Chambers et al.,
1989; Farrington, 1988; Farrington & Martin, 1988; Rhoades, 1987.

4 Ruanda-Urundi was the name of the Belgian protectorate. In 1962, the territory was
split into two independent countries, Rwanda and Burundi.

The species so propagated were not identified. The author gave the impression that
all species planted in dense hedges around the compound were propagated by
branch cuttings, which may or may not have been the case.

8 Everaerts (1939) estimated the total area reforested at the end of 1938 at 22 000
ha, 9 723 ha in Ruanda and 9 878 ha in Urundi, the difference being tree plantings
along roads and private woodlots. Communities were obliged to establish one ha of
forest per 300 people each year in order to combat a shortage of fuelwood and
timber as well as to combat the irregularity of rainfall (although Everaerts admitted
that this would take thousands of hectares to accomplish).

Chapter 2
Methods

This case study goes beyond merely describing ipagiroforestry systems or examining
individual farmers' agroforestry knowledge. It seys farmer-designed agroforestry systems
and determines how they have evolved and how tnestibn. Methods were chosen that
allow interaction of with the persons most knowlealgle about the subject and most active in
producing knowledge. Figure 1 provides an ovenadéwhe methods used in the order that
they were implemented.



FIGURE 1: FLOW CHART OF THE METHODS USED



Choice of study area

Two assumptions were made before selecting aasitiné study. First, it was assumed that
farmers everywhere would be involved in (agrofargdtnowledge and technology building
processes; that such processes would not be tegaoticular geographic area. Second,
while it would be ideal to study the processesiiferent places along an ecocline to
determine whether farmers use different methodsappdoaches, such methods and
approaches were assumed to be much more uniformthbaactual agroforestry systems
resulting from farmers' experimentation. Time amgidtical constraints prohibited including
several widely-separated sites along an ecocliogeder, the mountainous character of
Rwanda and the fact that farmers' fields are seattever hilltops, slopes and valley bottoms
to take maximum advantage of micro-ecological fesgstill permitted a study of
agroforestry under a range of conditions, albeia@maller scale.

The case study area were chosen after consultatibnmesearchers of ISAR and local
authorities in Rwanda. ISAR researchers suggeséedrifa municipality (commune) in
Gikongoro Prefecture. Karama is located in the zufraction of Projet Agro-Pastoral de
Nyabisindu (PAP), and ISAR was interested in arpehdent assessment of the impact of
this project in promoting agroforestry. The initiasit to discuss the study with local
authorities revealed that there was a second prpjemoting agroforestry in Karama, the
Projet Agricole de Karama led by a Belgian volunt&nce the objective of this case study
was to understand how farmers build agroforestomkaedge on their own, there was a
concern that the presence of these projects wauldly influence these processes. However,
because ISAR was the host institution, it was j@ality impossible to reject Karama as a
study site. Thus it was determined to look for @osel site that had never been part of a



development project. Within Gikongoro Prefecturd amighbouring Butare Prefecture, three
such locations existed-the muncipalities of Mardbahashya and Rusatira. Maraba was
chosen as the second study site. Ruhashya wateckjeecause the main ISAR research
station, Rubona, is located there, which meansféhaters are frequent targets of surveys by
Rubona researchers and are suffering from “sumatggule'. Rusatira was rejected because its
location made it too awkward to coordinate actgtat the two sites. The location of the two
chosen sites is given in Map 3.

The specific study sites within Maraba and Karameaenselected after discussions with the
local authorities and extension personnel. In Mayalhe two districts (secteurs) of Simbi and
Maraba were chosen. They are located in the canttéhe southwest part of the municipality
respectively. In Karama, Kibingo district was chask is a long and narrow, L-shaped
district that dissects Karama from north to soMbre detailed descriptions of the research
sites will be given in Chapter IlIl.

Selection and training of research assistants

Two local research assistants were chosen to heipgithe actual data collection (May-Dec,
1992), one from Maraba and one from Karama. Thely bad knowledge of French, a
willingness to travel on foot within the chosenasgethe ability to listen to and learn from
farmers but no agricultural education or trainiige lack of training in agriculture was
deemed necessary, as previous experience in Afnda review of the literature on extension
activities in Rwanda indicated that people withiagtural schooling often dismiss farmers'
practices as too traditional or backward. A stutlgralogenous knowledge, however, requires
a non-judgmental approach in which farmer practaresrespected and questions are asked to
gain understanding of the logic behind farmersbastand tree cultivation practices.

As neither assistant had experience with datactaie interviewing or conducting meetings,
and as the research methods were developed anddefs the study progressed, constant on-
the-job training, supervision and adjustments weeessary.

The assistants participated in all stages of teeareh from organizing the initial meetings
with farmers, to executing tree inventories andembing historical data on agriculture and
tree cultivation practices from participants. Tlsistants mostly worked independently, with
the researcher alternating between the two resa@aecs two or three days a week. When the
researcher worked with the assistants, new dataalEsted in the morning and previous
work reviewed in the afternoons. At least once atimgothe researcher invited an assistant to
visit and work in the other district, so the assis$ could work together, learn from each
other and learn about agroforestry in a differeaaaThe researcher and both assistants
attended the majority of focus group meetings wihadilitated leading discussions and

taking notes.

Sample selection

The objective of this study was to investigatewlags farmers acquire, adapt and/or generate
agroforestry knowledge and technology, so it wgsoirtant to work with the farmers most
knowledgeable about agroforestry. Thus, a randdectsen of participants was out of the
guestion. Instead a two-stage process of sammetsrl was used to identify local tree
experts and choose the right farmers for a moepth study of knowledge building.



"Knowledge" and "being knowledgeable about agraftygg were defined by the people

themselves.

The first stage used an adaptation of the "wealttking game” (Grandin, 1988), because it
was suitable to determine the study's subjectst Whawledge" means in the local context,
and how this knowledge is distributed within themrounity. The second stage consisted of

13 community interviews.

Wealth ranking procedure (adapted from Grandin 1988 )

In wealth ranking, three to four respondents,
either from different predetermined social
strata or picked at random, are asked to rank
the farmers according to their wealth.
Before proceeding with the ranking game,
the term on which farmers are to be ranked
(in this case wealth) has to be
operationalized in local language so that
informants will be sure of their meaning.
The name of each head of family in the
community is written down on a 3-by-5
card, and respondents group these cards in
as many piles as they want from rich to
poor. After that, respondents are asked why
they divided families in the number of piles
they did and what the differences

between the various piles are. The
classification of each person ranked is
converted into a score. The scores obtained
from different informants are averaged and
ranked from high to low with the help of a
spreadsheet, which gives researchers an
idea of the relative wealth of each member
of the community. The ranked scores are
then divided in a number of strata of
persons of similar wealth. One thus obtains
an idea of wealth strata in the community
in local terms from a local perspective.
These strata can then be used for more in-
depth formal or informal surveys.

Stage 1:The ranking game: An adaptation of the wealth rapkrocedure was used to
stratify the community on two variables: good farsn@Abahinzi-borozi beza) and farmers
knowledgeable about trees and tree cultivation (iim@-borozi nyamwete or Abahinzi-
borozi bafite ubumenyi bw'ibiti bwinshi). As dedmd in Chapter I, tree growing practices
have been promoted in Rwanda for 60 years to clstiberosion and promote fuel wood
production. The variable "good farmers" was chdsettetermine whether, after all these
years of promoting tree cultivation, farmers equitégth good farming practices. The second
variable, "farmers knowledgeable about trees/atlin", was crucial to identify the local

agroforestry experts.i

The game was used with two modifications. Firgheathan ranking wealth, it identified the
individuals most knowledgeable about agroforesgcond, the cards did not have the names
of heads of household but of individual male anddke farmers. In many societies, it is the
female farmers who collect and cultivate the bulkree crops, and they would be excluded
because only around 20 percent of Rwandan housshaddheaded by females.

Choice of informants and sample size- After initradetings in each district with farmers and
authorities, local counsellors were asked to peepdist of all male and female farmers in
their respective areas, subdivided by cellule aiithe. There were 2 159 households in the
three districts (704 in Maraba, 746 in Simbi, 70Kibingo). According to Grandin (1988), if
the level of agreement within a community on theknag criterion is high, three or four
informants are sufficient. In Rwanda, the smalégsninistrative unit with which farmers
identify is the colline (hill), and this unit wased as a "community" during the game. Given
the number of informants necessary per communityth@ number of collines in the three



districts combined, the sample size was deterntiod@ 241 informants, or about 11 percent
of all households. A systematic sample of everyimmame was taken from the lists prepared
by the counsellors, alternating men and women aditlal sample contained 121 men and
120 women.

After selection of the sample size and the deteation of informants for the game, 2 159
cards were prepared with the name of each farntdeithree research areas. The cards
contained a code for the study area (districtutetnd colline), a number for the household
and the name of the person. The cards were prepattethe husband's name on one side and
the wife's name on the other; for single househade of the sides remained blank.

However, men and women were ranked separately.syetem was advantageous in
eliminating many "unknowns" during the ranking gamgpecially among women. Women
move to their husband's farm upon marriage, and/meene unfamiliar with the names of
other women unless they could place them at acpéatifarm identified through the

husband's name.

Stage 2:Community interviews: The results of the rankixgreise were presented to the
people in a series of 13 community interviews oizgohin the cellules during July and
August, 1992. Dates, times and meeting places aleysen in collaboration with the
counsellors of each district. The meetings weraendpeall. Invitations were extended orally
through the counsellors and the chiefs of theulssl The meetings were held in a central
outdoor location within each cellule. On averagen#n and 12 women attended each
meeting.

The purpose of these community interviews wastqliscuss research activities of the first
two-and-one-half months of the study; (2) to disciie researcher's observations and
impressions of agricultural and tree cultivatioagiices that were contradictory or not well
understood; (3) to question people further on tipgctof knowledge (what it means, how one
gets it, gender differentiation); and (4) to discasd confirm the ranking criteria that
differentiated good from less-competent farmerd, laghly-knowledgeable from less-
knowledgeable farmers. A list of ten questions papared to help guide the discussions.
Toward the end of the meetings, the names of 1pet&ons (men and women) were given to
confirm whether they were indeed the best and/astkeowledgeable farmers. From the list
of most knowledgeable farmers, the audienc, was dlsked to choose 2-4 persons who
would be asked to participate in the second phideeaesearch (the biographical case
studies, tree inventory and socio-economic survelye. audience members were also free to
choose names not mentioned in the list if they ghtothe other persons were particularly
knowledgeable but somehow had not been identifiéa tive ranking game. A special effort
was made to include persons specializing in locadinine who were often not ranked very
high in the game although they possessed greatledgesabout trees and vegetation
histories. This helped include women since theyewecognized as the most knowledgeable
regarding local healing practices.

This two-stage sampling procedure resulted indbatification of a sample of 44 tree experts
(11 each in Maraba and Simbi and 22 in Kibingo)owirere invited to participate in the
second phase of the study: an in-depth investigatidknowledge building processes through
experimentation.



Biographical case studies on the history of agrofor estry

The 44 persons deemed most knowledgeable of treesee cultivation were asked to serve
as consultants to help the researchers better staddrtree cultivation and use practices. A
biographical analysis (the method described ingbion is adapted from Box, 1988) was
done for each consultant selected. These biograpisied two key questions: What trees were
grown on the land when you started your farm? Whyewhey grown?' This information was
then expanded to include the tree species growind® farm up to the present in order to
determine discontinuities in tree cultivation, changes in species and/or varieties, cultural
practices, placement or uses. The historic coredithe reasons for each discontinuity were
reviewed to make sure that they were understodiaeirsame terms.

Participant observation and guided farm tours

This method included several components broadlymgd as "participant observation" and
included observation of farm activities, guidedraours and informal discussions with
people on their farms or at the market. The purpeseto (1) obtain an understanding of the
daily routine of rural life; (2) observe farmingaatices first hand; (3) observe any
experiments under way in a total systems perspeand (4) engage in discussions to
understand the logical relationships between prestand experiments, and among trees,
crops and animals. The fact that their systemspaactices were not ridiculed or considered
backward or primitive, that they were actually tigects of a study, helped gain the
confidence of people and piqued their intereshendutsider who wanted to learn about their
agriculture and their knowledge of trees and trdevation.

Inventory of trees

As the objective of the case study was to obtaatal perspective of agroforestry, the term
"tree" was interpreted broadly and defined by #venkrs themselves, who were asked to
show all the trees [ibiti (sing. igiti) in Kinyarwda] they cultivated on their farm. Many
species thus identified do not qualify as "treesthe Western sense. What was found was
much closer to what Kagame (1958) provided asrsktion of the word ibiti: plants that are
not grasses.

The inventory was undertaken with two groups ofriars (the 44 tree experts and a sample of
70 non-experts, further referred to in this case\ysias "comparison group"). The selection of
the tree experts has been described above. Theatmp group was chosen randomly from
among the persons identified in the ranking prooe@s having little to no knowledge of
agroforestry.

In the tree expert group, inventories of all trpe@es were taken in conjunction with
repeated visits to discuss the history and farrk@mivledge of tree cultivation for different
"blocks" of the farm. A "block" is a group of inddual fields used in a similar manner. Four
blocks were distinguished for this research: hoorapound (rugo), banana fields (intoki),
food crop fields (imirima), and woodlot (ishyamba).



FIGURE 2: DIAGRAM OF A RWANDAN FARM (adapted from G otanégre et
al. 1974)

Inventories of farms of the comparison group memsbere done in a single visit that
combined the fielding of the survey with the cdiien of socio-economic household data.
The same information about each tree species wiesten from both groups. However, due
to time constraints, the information on tree usesfthe comparison group is less detailed
and, in some cases, was not obtained at all.

A form was prepared to record information abouhdagee species, including species name,
age, number of trees per species, tree tenurenaatidn; why, when and who planted the
species, or in case species were natural, why faaftehem; how the species was used and
which parts of the species for each particular bee; the species was maintained, by whom
and when; and who harvested the species and ah winie of the year. A code sheet was
developed to facilitate entering the informationtbe form.

Socio-economic characteristics of tree experts and comparison farmers

This study aimed not only to understand the dynaratare of agroforestry knowledge, but
also to determine the difference between localérgxerts and the general population in the
study areas. It was, therefore, necessary to tadlentical information from each farmer in
the two samples that could be statistically analyseorder to draw profiles of local
agroforestry experts and non-experts accordinggsécond research question: Who are the
experimenting farmers and what differentiates tifiemm other farmers in the community?

A formal survey was designed to obtain a minimahdzet to differentiate the two groups of
farmers. The instrument was based on the reseaestigns plus various elements identified
in the literature as important in distinguishingnf@rs who experiment from those who do



not. Questionnaires previously used by other ptsjgcRwanda were used as a guide in
developing the instrument and formulating the goast

In order to determine what differentiates tree etgfeom other farmers in the community,
characteristics were grouped in eight categories.

1. Past and present residence

2. Family status: marital status, number of chitdi@ge, years of farming experience
3. Education and training

4. Past and present employment and/or communitgstiturs

5. Land: farm size, soil quality, fragmentatiomuege, changes in size in the last five
years

6. Labour: family labour, hiring labour in or out

7. Livestock: total number present on the farmidesg non-owned animals, owned
non-resident animals

8. Awareness of and openness to new ideas thraughats with the outside world,
I.e. access to information and new (agroforeseghhologies through travel, visitors
to the farm or collaboration with projects and/gtemsion; sharing of new
knowledge/technologies with others; and the seesirtelp in case of problems on
the farm. This information helped determine thersewf the ideas for any
experiments or of particular species and arrangeofenees found on the farms.

After the instrument was passed for comments tCAERSAR researchers and pre-tested
with several farmers, suggested modifications weade to questions and accompanying
instructions. The questions were in French on ¢ fout were translated in Kinyarwanda
during the interviews. The instrument and the

instructions were discussed with the researchtassssbefore the actual start of the data
collection, so they would interpret the questioinsilarly.

Focus group interviews

A series of focus group meetings was held afterptetion of the biographies and the data
collection (November-December, 1992). The meetihg&] indoors because it was the rainy
season, were hosted by one of the tree experth.lgaeting was held with four or five tree
experts and their spouses. A total of 90 persdesddd eight meetings. Discussions focused
mainly on the findings of the case studies wittagtipular.emphasis on the nature of
knowledge (knowledge building in general and agrestry knowledge in particular). The
farmers' research methods and their methods oli&wad) experiments were also discussed
and hypothetical situations were presented talest approaches and reactions to problem-
solving and experimentation.



Each meeting lasted between one and two hours. \Mb&sible, both assistants attended so
one could lead the discussions, while the otheldciake notes and assist the discussion
leader as necessary. Tape recordings of all théimgsewvere later transcribed and translated
into French by various persons who had univergtsll linguistics training but had not been
involved in the interviews.

A group of women during a community interview indaa.

Chapter 3

Characteristics of the Study Areas

There are two classifications of the agro-ecoldgicaes where Maraba and Karama are
located. According to a classification using climatata (Delepierre, 1974), Maraba and
Karama are both located in the Central PlateauaBetrding to a diagnosis and design
(D&D) exercise conducted by ICRAF that used sodor®mic variables, soils characteristics
and actual land use systems in addition to clin@aiz, Maraba and the eastern and central
sections of Karama belong to the Zone des PlateaGwllines, but the extreme western part
of Karama is part of the Zaire-Nile Divide zone i(Dgle, et al, 1988).



Maraba

Maraba is located in the western part of Butardeletere and borders Gikongoro Prefecture
(see Map 4). It is bisected by the main, paved faoad Butare to Gikongoro and Cyangugu.
Maraba has gentle, sloping hills dissected by nomestreams with fertile valleys that are
intensively cultivated, especially during the deason. The slopes become steeper in the
south where the Huye mountain chain forms a bondlér neighbouring municipalities. The
highest point in the Huye mountain chain is 2,278nactically all land up to about 2,050 m
is cultivated or occupied by communal forests. Hesvedue to increasing pressure on the
land, new farms are being carved out of the pastame forests above that level.

The area is one of the oldest settled areas in Bavand had one of the highest population
densities in the country before Independence. Atlingrto the 1948 census, the
Bwanamukare region, to which Maraba belonged atithe, had a population density of 183
persons per km2 with 356 persons per km2 of adablké (Prioul, 1981).

Since the census of 1948 was based on a diffedsningstrative division, data from that
census cannot be compared directly with those tliten However, taken on a population
per square kilometre basis, the population demsisyincreased by more

than 300 percent since 1948. The growth rate, hexyevas lower than the national average
of 3.1 percent during the 13 years between thawastensuses, in 1978 and 1991. The lower
population growth rate can be explained by therogt-ation resulting from land scarcity.

Most have migrated to the Mayaga region in eadeitare, Bugesera in southern Kigali
Prefecture and Kibungo Prefecture in the eastertropséhe country. Less than one quarter of
the population has migrated within Maraba, printtyplay carving out farms on steep slopes
and former pastures only marginally suited for @gture.



TABLE 2: POPULATION AND POPULATION DENSITY IN MARAB A
COMMUNE AND THE TWO RESEARCH SITES, 1978 AND 1991

SOURCE: Min. du Plan 1982 and 1992



FIGURE 3: PERCENTAGE DISTRIBUTION OF HOUSEHOLDS
ACCORDING TO FARM SIZE, MARABA COMMUNE

SOURCE: Commission Communale de Planification 1989

The high population density is also reflected im shize of the farms in Maraba. More than
half the households cultivate less than 0.25 Haraf, with only 14 percent of the households
cultivating more than 1.5 ha (Figure 3). Farm sippears to be independent of household
size, since the amount of land cultivated doesnarease with the number of persons in the
household and farmers with more land do not neagssave more children. For example,
the majority of households of more than eight pessstill cultivates less than 0.25 ha. Given
the traditional inheritance pattern of dividing thed equally between sons, it is not difficult
to imagine the future of farming in Maraba.



TABLE 3: CHARACTERISTICS OF AVERAGE HOUSEHOLD

SOURCE: Commission Communale de Planification 1989

FIGURE 5: PERCENTAGE OF HOUSEHOLDS WITH FARM ANIMAL S OF
VARIOUS KINDS AND AVERAGE NUMBER OF ANIMALS PER
HOUSEHOLD

SOURCE: Commission Communale de Planification 1989

Livestock rearing was prominent in Maraba befodejrendence, when large tracts of land
were reserved for the royal cattle. Due to increggiopulation pressure and declining farm



sizes, the majority of households can no longardfto keep animals. Nearly 62 percent of
all households have no animals, the others haweard or two. Goats are becoming more
numerous than cattle, a reflection of decreasing fizes and lack of sufficient pasture for
larger animals. Figure 5 shows the distribution tiednumber of different animals per
household.

Also, a majority of houses can no longer afforéééep woodlots. On average, 40 percent of
households in Maraba do not have woodlots. Existingdlots are usually very small, less
than 500 square meters.

There is a small market twice a week on the bobbdeveen Maraba and Simbi that attracts
farmers from a wide area. During the coffee markgegeriod from June to September, many
merchants try to sell their wares (cloth, usedngst luxury items, hardware, etc.) to take
advantage of the flush of money during these weBks.buying and selling of animals also is
more active during this period, with many farmezhisg off their animals before they lose
weight in the dry season.

Social conditions:Simbi and Maraba districts each have one primangaic The Simbi
school is run by the Catholic mission, while theca in Maraba is a state school. The
mission also operates a small clinic, maternity laealth education centre.

SOURCE: Commission Communale de Planification 1989

The two districts have good drinking water in caltiyrlocated spigots. A municipal
employee maintains the water pipes, spigots andrntanks. There is also a national
electricity network which few can afford.



Karama*

Karama is in Gikongoro Prefecture approximatelg flm north of Gikongoro town and 36

km from Butare (see Map 5). The dirt road betwedo@oro town and Karama is a major
road and is passable year-round. Karama is athehalevation than Maraba and covers two
agro-ecological zones, Plateaux et Collines iretdst and the Zaire-Nile Divide in the west.
Eastern Karama looks much the same as Marabara¥iting hills intersected by many
streams and valleys. Kibingo is located betweeriltezones where there are steep hills with
narrow valleys, and gully formations and landslides common. As a result, Kibingo has
only a few springs which are trickles originatimgrh numerous places along the hill crest.
The western and southern borders of Kibingo anedalr by wide valleys whose cultivation is
shared with farmers from other districts. Parttheke valleys have been improved with better
drainage systems and improved field arrangement.

Before Independence, Karama belonged to the chieftéchefferie) of Bufundu. Bufundu
roughly covered the area of the present municipalbf Mudasomwa, Nyamagabe,
Kinyamakara, Karama, and Rukondo. According to Ndd@tumu (pers. com.), a former sub-
chief (sous-chef), the entire area of Bufundu fess than 20,000 population in 1955. By
1978, the population of Karama alone was 24,7186 aipop ulation density of 328 person
per km2 (Delepierre, 1980). According to the cersus991, the population had reached
30,631, and the population density increased topgdson per km2. In the period between
1978 and 1991, the population of Kibingo increaseh 3,465 to 4,895, while the population
density increased from 347 to 490 persons per lkrin Table 4, it can be seen that
population growth rates in Karama were much lovwantthe national average of 3.1 percent
between 1978 to 1991. The growth rate for Karant@mparable to Maraba's. However, the
rate for Kibingo has been much faster, indicathmag people still see opportunities to expand
farming by bringing pasture land into cultivatiomathus see less need to migrate out of the
district.



The average household size in Karama is 4.87, whishghtly above the national average
but less than Maraba.

Economic conditions:As in Maraba, the main occupation of people in Kgm is farming.

The crops grown are much the same, except for baramd coffee. Kibingo is a long, L-
shaped ridge ranging in elevation from about 1 /M08 the southeast to 2,100 m in the centre
and about 1,800 m in the north. Most of Kibingatlierefore, above the range for bananas.
Farmers do not grow much coffee, because Kibing® al@ost exclusively pasture land until
Independence, with crop cultivation limited to #rea immediately surrounding the home
compound. Pastures still occupy about 40 percetiteoland area (Technosynesis, 1987).

TABLE 4: POPULATION AND POPULATION GROWTH RATES IN
KARAMA COMMUNE AND KIBINGO SECTEUR, 1978 AND 1991

SOURCE: Min. du Plan 1982 and 1992



The major food crops are sweet potatoes, cassangijen, peas and beans. The latter crop
has made rapid inroads into the farming systentegime introduction of climbing beans by
ISAR/CIAT. Previously, farmers produced bush bdautsaluminum toxicity caused by soil
acidity and over-cultivation and diseases almostrdged the crop.

Because of the presence of two development projeétarama, many of the valleys have
been improved in the last ten years, streams haer tanalized and a fish bone pattern
drainage system installed. However, these impromesrigave not benefitted the majority of
farmers. Many farmers previously had access tolgmedes of land in the valleys but after
improvement, the land was redistributed to "coofpeza” to which mostly wealthier farmers
belong. Thus, small marginal farmers have beewffdtom a valuable source of land for dry
season cultivation critical to their family's swai.

Cattle ownership is more prevalent than in Marabthare are still extensive areas in pasture.
Many farmers raise goats and sheep, but thereeaser fchickens, bees. pigs or rabbits than in
Maraba. Land pressure is not (yet) as extreme Btanmaba, so farmers can still afford large
animals and have not been forced to abandon tiaeitional attachment to cattle.

There is no market in Karama, although some farseligheir produce daily near the
secondary school and many travel five km to thei@aty market in Gikongoro town.

Kibingo's roads are in bad condition. The bridgesumstable and roads that are passable in
the dry season are almost impossible after a Aafood-for-work project started in late 1992
to maintain the internal road system should makeesmore isolated areas more accessible.

Social conditions:There are no primary schools located in Kibingbild€en walk to the
mission school in Cyanika or the government sclhm8&uhiga along the main road to
Gikongoro. The mission in Cyanika also runs a seladlc and maternity, as well as a
secondary school.

There was no running water in Karama until the @nt992, when a water system with
centrally- located spigots became operational. $imtem extended into Kibingo, but not all
areas have spigots. Electricity is available in@ia but not in Kibingo.

Because Kibingo was settled later than the distiicthe eastern part of Karama, the
settlement pattern is somewhat different. Most Bba&ls are scattered over the hills, but
some houses are located along the roads (particuiathe southeast) and in groupings in the
north. This settlement pattern was chosen to ceasaritivable land. Houses were built on
flat hilltops or land unsuitable for cultivatioroft shallow, rocky, etc.). The fact that the hills
are much steeper in Kibingo than in the researtels é Maraba also forced people to
concentrate their dwellings on more level ground.

Land and tree tenure

By law, all land belongs to the state in Rwandawketeer, farmers have permanent usufruct
rights, which can be passed on from father to Besause usufruct rights are permanent and
heritable, farmers consider themselves to have mhigover the land even though they do
not have formal title deeds. Officially, land cahbe sold, but due to economic hardship
(especially among near-landless farmers) an intrg@agimber of plots is sold surreptitiously.
Women do not have rights to land and are not altbiweown it. Widowed heads of



household manage the land of their deceased huslaadcan make decisions about its use,
but they do not accrue any ownership rights oveddihd. These women merely function as
temporary caretakers for their sons, and whenatterlso wish, they may reclaim all land
without granting usufruct rights to their mothdbsvorced women are often in a more
precarious situation, since they cannot claim esgretaker status for the land and cannot gain
access to land independently.

Ownership rights to trees are independent of ovimergghts to land. Women cannot own
trees, but an exception is made for female heatdlsugehold. People justified single
women's ownership of trees with the statementtthaslates roughly as "Women without
husbands are men". As single women are equatedweith they can also plant trees and
make farm management decisions, something whiobtigllowed of married women. The
latter ruling is due to the fact that the landwmed by the husband. However, local custom
does allow married women to plant medicinal and trees on their husbands' land, as it is
women's traditional role to feed and care for dmaify.

’Since we were not able to obtain a copy of the CamahDevelopment Plan for Karama
commune, the information in this section is lessmikd and exhaustive than that provided for
Maraba.

Chapter 4

Socio-economic Differences Between flee Experts

Demographic characteristics

One hundred fourteen farmers participated in ticersé phase of the study. Almost all were
married and most were male. Of the females whaqgi@ated, 60 percent were widowed or
divorced and acted as heads of the household.eBheapresented their husbands or were
acting farm managers for their husbands who haisdljobs and were mostly absent during
the week. The average percentage of female heanesgholds was 19 percent in the
comparison group and nine percent in the tree expeup. The actual percentage of female
headed households in the region is more accuregigcted in percentages in the comparison
group, since the farmers in this sample were chomstiomly, whereas the tree expert group
was selected by the ranking game.

Age and years of farming experienceThe average age of the tree experts (57 years) was
higher than the comparison farmers (45 years).rm@e@mum age of both groups did not
differ much, however the minimum age of comparitrmers was 22, but 34 in the expert
group. Tree experts had farmed their present landrf average of 33 years, comparison
farmers for an average of 22 years. This indicaxpertise can be attributed, in part, to



greater experience. Almost all farmers have alwiagsl on the land they presently cultivate.
The average consultant established his/her fartrbeniveen the age of 22 to 25.

Number of children: The average tree expert is both older than the adsgn farmer and
has more children. The average tree expert housélasl 7.3 children, of whom 5.2 are living
at home. The average comparison farmer househel8.tiachildren, with 4.2 living at home.,

There is a significant difference in the numbeboys who have moved outside their parents'
district. There is little future for many young ma® land becomes scarcer due to equal
division of land among sons, so many have leftattea to seek land or employment (1.2 sons
of comparison farmers and 2.5 sons of tree expéntspite of the generally large farm sizes,
migration is particularly high in Kibingo, wherersohave left 20 percent of comparison
farmer households and 45.5 percent of tree expertdholds.

Division of land takes place when sons get marmed when the male head of the family

dies. From the average age of farmers and the agaat which sons establish their own
farms, it is apparent that farm sizes will startexrease when the male household head is
between 45 and 50. The total amount of farm landemivmay decrease even though there still
may be a need to cultivate all of the land to feredremaining family membétsThe

dynamic of farm sizes engendered by this inheritance system may have important
implications for agroforestry development.

Education

About 70 percent of the male heads of househaltebih groups have an average of four years
of primary education, slightly higher than averé&gethe area. A number of farmers,
especially in Maraba and Simbi, reported complesibgut three years at vocational schools.

Education of women and girls in Rwanda is genenallech lower than for men and boys.
Only two of 14 female heads of household amongtimparison farmers and one of four in
the tree expert group had received primary educatio

Fifty-one percent of the wives of comparison farsrend 31 percent of the wives of tree
experts attended primary school, much higher tbafeimale heads of household.

Employment and community functions

Although salaried employment and non-paid commuifnitictions offer stature in the
community and access to additional resources #lptdvercome dependency on farming,
there is a near- absence of employment in the aneas to absorb the surplus labour
available. Five farmers (all men) said they also regular salaried jobs at the time of the
research. Five comparison farmers and ten treetsqoelicated they had held jobs in the
past. The number with non-paid community functiasas higher (five comparison farmers,
eight tree experts), although the number of comtgudanction holders among tree experts
has decreased as older farmers have retired fraue acvolvement in the community.

Families also acquire additional resources thrdabglsalaried jobs of their children, although
children with jobs do not always help their pareisarly one-third of tree experts reported
that they had at least one child with a salariéedot only 5.7 percent of the comparison
farmers. Although the farmers in the comparisorugravere generally poorer, younger and



had smaller holdings, three out of four said teemployed children helped. In the expert
group, only half the farmers said their employeddcén provided help. Often, these children
were married and had their own families, plus gdanumber had moved outside their
parents' districts, making them feel less obligetdlp.

Resources: farm labour

The question of whether farmers work for other farsiresulted in a mirror image of the
guestion about hiring labour, with 37.7 percentanparison farmers but only 9.1 percent of
tree experts stating that they worked as labodogrsther farmers.

Resources: land

Almost all of the farmers (98 percent) said theg bafficient labour to carry out all
agricultural tasks. Whether or not this was acyudle case, or whether farmers did not
understand the question is not clear, because r8émeof the tree experts sometimes hire
farm labourers. A smaller number (8.5 percenthen¢omparison group also hire labour.

The results of the ranking game indicate that faiza is an important determinant for
separating farmers according to their level of kiealge about trees and tree cultivation.

Farm size: There is a significant difference infduen sizes of comparison farmers (0.18 ha
average) and tree experts (1.27 ha average). Ingootps, farm sizes were largest in
Kibingo (0.24 ha and 2.17 ha in the comparison &ramd tree expert groups respectively).
In Maraba and Simbi, the maximum did not exceechd,leven among tree experts. The
smallest farms encountered were around 200 squetersnwhich is barely enough to build a
house and have a small kitchen garden, let alolwate enough food to feed a family.

The larger farm sizes in Kibingo need to be quadifiMany Karama farmers obtained land
grants at the time of Independence, which werellyslaeger in size than the average farm at
that time. The largest farms were mainly in thetmem part of Kibingo, where much of the
land is not suitable for cultivation. Many of thdaems had not been subdivided among sons
for their inheritance at the time of this study aathined their original size. Thus, many of the
Kibingo farmers with two or more hectares only malte a small portion and leave the
remainder in pasture or in woodlots. In contraginpgarison farmers and the majority of tree
experts in Maraba and Simbi obtained their landugh inheritance and much of it has been
subdivided since they started farming it.

Access to valley bottom land, which can be culiedayear-round, is especially important for
small farmers, for whom a harvest of sweet potamaswvelcome addition during the dry
season. Less than two-thirds of the comparisondestultivate valley land compared to 91
percent of tree experts. Almost all indicated thesed the val ley land they cultivated. Only
one comparison farmer and five tree experts ldasedlley land. Comparison farmers own
and cultivate smaller pieces than tree experts.



TABLE 5: TOTAL FARM SIZE, VALLEY LAND CULTIVATED AN D OWNED,
AND SIZE OF VALLEY BOTTOM LAND

Note: 1 are = 0.01 hectare
SOURCE: den Biggelaar 1994

Land tenure: Almost all comparison farmers, 95.7 percent, algdiland through inheritance
compared to 61.4 percent in the tree expert grdopiever, 18 tree experts (43.2 percent)
received their land as a gift from the authoritespared to five in the comparison group.
Two farmers reported having purchased their land.

The low number of land purchases is due to thetkattall land belongs to the State.
Although families/clans are granted permanent ustifights which resemble ownership, it is
not legal and people do not have official titlehe land.

Land leasing: In contrast to the near absence of a market tcahdysell land, there



is an active market in leasing land. Leasing alléaveners access to land in different micro-
ecological niches not found on their own farms. E®mparison farmers (10 percent) lease
land to other farmers, as most have small farmsoigrthe tree experts, 27.3 percent rent
land to other farmers. In both groups, about oire-tleported renting land from other
farmers.



TABLE 6. MEAN, MINIMUM AND MAXIMUM NUMBER OF FIELDS
ACCORDING TO THEIR MAIN USES, AND NUMBER OF CONSULT ANTS
REPORTING HAVING A PARTICULAR FIELD TYPE

SOURCE: den Biggelaar 1994

Fragmentation of holdings:Each farm is divided into fields at various distesi¢rom the
home compound and not necessarily contiguous.ld iBedefined as a unit of land with



distinct management characteristics cultivatedafparticular purpose, i.e. food crops,
bananas, coffee, permanent pasture, fallow and lwtsod he banana fields are planted with
fruit and medicinal trees, condiments, tobaccofandcrops, but are so-named because
bananas form the dominant overstory. There areisddated banana trees on the food crop
fields. Mixed cropping is practised on both typésields. Banana fields are located closest to
the home compound, while woodlots are the farthigst. difference between fallow and
permanent pasture is only a matter of the lengtimtd in which a field is left to regenerate.
Fallows often last only one season, particularittfsmallest farms, and the vegetation on
the fallows consists of weeds and low quality geass

Comparison farmers have an average of 12.7 fialdsaging 142 square meters. The large
number of fields indicates both farm fragmentatoa intensive micro-management of the
land to take advantage of variations in soil candg, slope and aspect. Tree experts have an
average of 17.2 fields averaging 738.4 square sietddmost all farmers in this group
indicated having fields with food crops, bananadfee, and trees.

In both groups, pastures and fallows were beingtehed and/or abandoned altogether,
because as farm sizes diminish, all land is neéatectop production. Converting fallow and
pasture land to crop land also means less foddehvidads to a decreasing manure supply.
Soil fertility thus suffers from shortened or abandd fallows and pastures as well as from
diminishing manure supplies.

Soils: Two soils could be specified for each field typpae names of the soils that farmers
gave were the Kinyarwanda names. The table belowiges an overview of the main
characteristics of the soils found in the threé¢ridis of this study.

Farmers soil preferences for particular crops ateahsolute because not all farmers have
fields with desired soil types. In general, urusevgs the most preferred soil type, followed
by mugugu; both these soils were used for foodsg;rbananas and coffee. Mugugu soils and
less desirable soils such as inombe, umusengayatnyi, were the most common soils
under pasture, fallow and woodlots. Very few peapdge cultivating urunombe soils.

TABLE 7. MAJOR CHARACTERISTICS OF SOILS COMMON IN
SOUTHERN RWANDA

SOURCE: ISAR 1991

The choice of soil for a particular crop dependdomation, slope, aspect and distance from
the home compound. For example, people do not pminas at the fringe of their land even



if the soil is optimal because of the risk of théfhey are out of sight. Such land was used for
woodlots. The matter is even more complicated bex#ere is much variation within each
soil type, even though it still is called by thereaname (the data for each soil given in Table
7 are averages calculated from a number of samplesch soil type taken in a Département
d'Etudes de Milieu et des Systémes de ProductiMSEE) of ISAR study. Also, due to the
mountainous nature of the Rwandan landscape, cilvary greatly even over a short
distance.

These soil variations explain in part the activekatin leasing land in order to gain access to
plots of land with slightly different conditionsh& high number of fields and their seemingly
fragmented nature provide access to an arrayes aitth diverse soil and ecological
conditions which can be managed (as much as pe¥siblhomogenous units.

Resources: animals

Animals, especially cattle, are an important pARwandan farming systems. Traditionally,
cows not only had symbolic value, they were a sifjwealth. Today, cattle are still a sign of
wealth but are also a source of manure. Havindecattans being able to maintain soil
fertility and, thus, good harvests. In the rankgagnes, animals were mentioned more than
farm size to differentiate good and highly-knowledple farmers from others.

The results of the socio-economic survey confirttiedfindings of the ranking games. Fewer
comparison farmers possess animals (71.4 perceatngbarison farmers compared to 90.9
percent of tree experts), and even if they haveailsithey have fewer than the tree experts.

Only 20 percent of comparison farmers have cattleaverage one cow per farm, compared
to 63.6 percent of tree experts with an averagaigiitly more than two cows. Pigs are the
most common animal, followed by goats. Sheep ardettst popular of the larger domestic
animals but are kept as companions for cows, darceers believe sheep make cows more
docile and easier to handle. They are not keptfeait since, according to local preferences, it
does not taste as good as goat or beef.

Chickens and rabbits are not widespread, even ththey are not land dependent. Bee
keeping is practised by a small number of farmanacipally for honey. Honey gets a good
price on the market and is also used to producel raed to make sorghum and banana beer
sweeter and more alcoholic.

Animals' presence on the farm does not necessaagn that farmers own them. As in the
case of land, animals can be leased. A farmerligeabto take care of a leased animal but has
the benefit of manure and milk. Animal owners withsufficient pasture land can maintain
ownership while leasing their animals to other farsnwho feed and take care of them.

8The total area cultivated, however, may be enhabygeénting or borrowing land from
other farmers to make up for the lost amount ofedviand. As is discussed later in this
chapter, renting and borrowing land is common endtudy areas.



21n contrast, people in the Buberuka Highlands irthern Rwanda rear and eat sheep on a
larger scale than farmers in southern Rwanda.

Chapter 5

Farmers' Perspectives on Indigenous Agroforestry
Practices

Photographs taken in Rwanda in the early yearsietentury show landscapes almost
devoid of trees-a stark contrast to the preserg.cbmbination of farmers' efforts and
external pressure to plant more trees has resultaad increase in the number of trees in the
landscape and affected the agroforestry systemmlfouRwanda today. In order to get a
more specific picture of those agroforestry systeins chapter presents the results of
community and focus group interviews with both neatel female farmers about on-farm tree
cultivation practices in relation to farm size, denand crops.

Agroforestry: historical and contemporary viewpoint S

According to the literature, agroforestry is a triatdal land use system in many African
countries, but participants in the community ancugroup interviews expressed
contradictory opinions as to whether or not agmredtny is traditional in Rwanda.

The majority of those present at the interviews shat agroforestry was not practised in the
past because:

people had no interest in planting trees, as tbeydcbe found freely on the hills;
suitable trees did not exist;

even if farms had trees, they were strictly segarétom the crops; and v people did
not know the importance of trees and tree planting.

Over time, farmers have learned the importanceeefstand have incorporated trees in their
farm systems. The participants agreed that agrstigrées possible, but that integration of
trees, crops and animals depends on the specidglaintbcation and arrangement. In their
opinion, all indigenous trees and a number of extiit trees can be used for agroforestry, as
they are less competitive with crops.



How farmers view trees species for agroforestry sys tems
Species that work well:

- Euphorbia tirucalli, Dracaena afromontana anda8gmium grantiifor fences around
the fields and as boundary markers; the first taw &lso be used for the construction
of the home compound. v Senecio mannii planted éetverops brings "freshness”
to the fields and can be used as live staking nadtier beans and yams.

- Carica papaya, Euphorbia tirucalli, Markhamia&tVernonia amygdalina,
Tetradenia riparia, Ricinus communis, Coleus kilahschari can be planted on the
anti-erosion ditches and associated with all crops.

- Ficus thonningii, Markhamia lutea, Tedradeniari@, Vernonia amygdalina,
Erythrina abyssinica, Citrus aurantium vulgarer@tlimon, Cajanus cajan, Ficus
vallis-choudae, Botryocline ugandensis, Ricinus cmmis, Nicotiana tabacum (wild
tobacco), Sesbania sesban and Ocimum suave amnaghktible with crops and can be
planted in a variety of arrangements, includinggnation within the field.

- Sesbania sesban, Cajanus cajan and indigofaca iack especially compatible with
leguminous crops (beans, soybeans and peas).

Species considered problematic:

- Most exotic trees are considered unsuitable doofarestry as they are too
competitive or damage the soil.

- Eucalyptus sp. is considered the worst in terfsamaging soils. It provides a
multitude of products, but can not be grown on $faams because its risks are toc
great. Farmers have learned from experience naatd Eucalyptus in and around
their fields. Eucalyptus is so widespread that spownger farmers referred to it as an
indigenous tree species . Cedrela serrata and eradaucocephela were mentioned
as exceptions v Avocados damage crops in a cifale to eight meters around the
base of the tree but because they provide foodmecfrom the sale of surplus fruits,
and occasional fuel wood, it is considered posdlelant two or three avocado trees
since the production of avocados far outweighgtioeluction of food crops lost.

- Grevillea is widely planted on Rwandan farms agralary markers, windbreaks, to
stabilize terraces and in woodlots but as Grevijeavs larger farmers experience
negative effects. Food crops growing close to tbestdry out, which farmers attribute
to increased leaf fall and slow leaf decomposit@revillea leaves are used as
mulching material under coffee bushes. Howevergthee negative effects from large
Grevillea trees growing next to coffee fields, hesmof shading and competition for
water and nutrients in the soil.

*The word that was used by the person who translidgedape of this meeting was fraicheur,
it is not known whether this means fertility or daand coolness



A minority of interview participants stated thaeyhhad practised agroforestry in the past
when the soils were still fertile and yields coblel obtained from less land, leaving more
space for tree cultivation. However, the trees W&t found and maintained on the farm in
the past were not planted but occurred naturadgded by birds or left from abandoned home
compounds. Thus, farmers practised passive agsifgrd hey were not actively engaged in
planting and integrating trees with crops or paswn their land. The examples they cited
were the maintenance of naturally-occurring Sesba@sban, Markhamia lutea, Ricinus
communis and Indigofera erecta within crop fieldd ghe maintenance of trees as indicators
of property borders. As soil fertility declined apdpulation increased, more land was needed
for crop production and gradually trees were elated. The stories related by these farmers
implied that agroforestry is only possible on fersoils and is not seen as a means to restore
fertility, one of the main selling points of agroéstry by projects in Rwanda.

In the discussion in the next sections, more in&trom will be given about the reasons
farmers plant trees and the relationships betweenglanting and gender, farm size and field

type.
Reasons for practising agroforestry

Farmers cultivate a wide variety of trees mainlgawese of what the trees provide, i.e.
fuelwood, medicines, timber, stakes, etc. Prefexrdoca certain species, individual
knowledge of trees and enthusiasm for plantingstveere rarely mentioned.

All consultants agreed that having many speciesii@ntageous, because of the many
problems farmers face, particularly medical proldem order to avoid travelling long
distances to find a plant when a family memberroamaimal is sick, farmers plant various
trees in combination with crops as a precautionwiisbe seen later in this chapter, the
variety of tree species found on the farms studigmimarily due to the large number of
species planted for medicinal uses. In most houdsha number of woody species are used
as a "family pharmacy" which becomes more elabaateextensive as knowledge of healing
practices increases. During the biography intersieseveral tree experts mentioned that they
had introduced species on their farms after bemated by a healer using that particular
species.

Tree planting and gender

Women are primarily responsible for household fpaztluction in Rwanda but custom does
not allow them to plant trees. An exception is miatdruit and medicinal trees, both of
which increase household food security and welhdpeBy considering that fruit trees are
food crops instead of trees, women have been aldedumvent the traditional ban on tree
planting. Several women explained that they cotdd sell fruits on the market in order to
buy foods they did not produce in sufficient quangparticularly beans) and household
necessities such as soap, cooking oil and salt.

The question of whether or not women could plaetdrgenerated much discussion among
group interview participants. This appeared to lelated to any cultural taboos but more to
the fact that, as in much of Africa, the act ofipiiag a tree establishes ownership of the land
on which it is planted. This was confirmed by tketament that women can plant trees, but
the trees they plant belong to their husbands Isecehe land on which they are planted
belongs to their husbands. Thus, in Rwanda, irdieré rights override rights to land that the



simple act of planting trees would establish, astef these trees are planted by women. In
addition, almost all land in Rwanda is being usedthe custom of establishing ownership
through tree planting has all but disappeared.



Women and Tree Planting

It is customary for men to plant trees and for plaen in particular. The idea of women
planting trees is inconceivable.

The men say:

1. Women have a short-term perspective and predgsdhat occupy the soil
for a short time and produce something edible.

2. Women cannot forecast the utility and valueeés.

3. Women have no time for trees because of houdeiholres, child rearing
and cultivating food crops.

4. Women lack strength.

5. There is not enough land. Even though women teaplant trees on the
fields they manage, the small size of the field&esat impossible to plant
even a single fruit tree because the competitidh f@iod crops would be too
great.

The women answer:
1. Women have arms also.
2. Women can project the utility of trees in theufe as well as men.

3. Women's responsibility for the family's food sty is the main reason women
should plant trees that produce fruit, condimemtspecies, because these trees help
attain and increase food security.

The notion expressed by some men that women dbawet time and prefer to use the
land for short duration food crops was also nopsuied by women.

Although one of the men explained his objectiongdry strong terms-....

Normally, the planting of trees requires a lot toésgth, for example to dig the plant holes
when the soil is hard or to transport 30-40 segdliover a long distance from the nursery 10
the house. These activities, as well as othersaddra lot of effort that women are incapable
of providing. On the other hand, Rwandan men carfaoexample, sweep the house, cook
and wash the dishes other than in an emergencyet#was these activities are important,
men want women to take care of these chores whelenen take charge of the outside
activities considered difficult for women, includitree planting. In my opinion, this is the
reason why women do not plant trees.

....some shifts are occurring in traditional rodtprns. Two persons (supported by several
others) mentioned that nowadays husband and wiéa bielp each other with various
agricultural tasks on the farm, including tree plaghand management.



Even though there is (no longer) a formal prohamitagainst women planting trees, women
are not allowed to plant forest trees or treesghauv tall unless it is National Tree Planting
Day, if they are widowed or divorced, or if theirdbands are absent or sick. In effect, a
woman without a husband is considered a man.

A number of people who were interviewed also stétaetl many species on the farm were
planted by the husband at the suggestion of his betause she felt it necessary to have
certain species to maintain the health of the ofwicand to diversify the food supply. But this
was rarely admitted. In fact, it was said that "rappropriates all that is done by a woman".

Tree planting possibilities in relation to farm siz e

Farm size appears to be related to both numbeees$ and species diversity. During the
community interviews, two questions were asked abimipossibility of practising
agroforestry in relation to farm size: (1) Is agmefstry possible for farmers who have little
land? and (2) What will be the effect of decreadarg sizes on tree planting in the future?

Participants in the meetings not only discussegthblem, but proposed several solutions
ranging from simple (better arrangements for crep/integration) to radical (regroup people
in villages and redistribute the freed land).

The majority of participants agreed that eitherdf@oops or trees can be planted on a small
piece of land but not both. If the choice is betw&ees and crops, one woman explained, she
would choose crops because you cannot feed treeluagry child. In her opinion, trees on
small holdings may lead to chronic malnutritionnmlst everyone present agreed that it is not
possible to plant trees on a small farm, as treeghaompatible with crops and damage the
soil." In the farmers' experience, once treesrdareduced, crop yields will visibly decrease.
Even bananas, a traditional staple widely cultigaparticularly for the brewing of banana
beer(urwagwa), were mentioned as hindering the abdevelopment of associated crops
such as sorghum and beans. In the farmers' opiaibinees damage the soil because all trees
have roots and give shade. Damage to the soilsref@narily to trees' negative effects on soil
fertility, even though some species (particulargmioned were papaya, orange and guava)
are less damaging than others.

A majority of farmers did not see the possibility planting more trees on their farms, as
most of their parcels are already very small arcteBse with every generation. The
following quote from one participant summarizes dipenions of many:

They have forced us to plant trees in our smalllingls instead of planting them in
uninhabited areas. My son has to have a piecendfda his inheritance and for his survival.
Therefore, | do not see how this land can suffazenfy son, his brother and myself if, in
addition, we have to practice reforestation. Weugia that you (the researcher) were going to
redistribute the trees planted here and there. @t see any other possibilities.

Others, primarily men, were more optimistic, andsidered agroforestry the only way to
have tree products in the future despite the negatifects of trees on their soils. Much
depends, in their opinion, on the proper arrangesnghe best place, according to the
audience would be along the anti-erosion ditched)choice of species with the least
negative influence on soil and crop production. g¢iwere not so supportive of their



husbands' ideas for increasing the number of treg¢ke farm, since, in their opinion,
agroforestry would only further decrease yields.

The future of farming and agroforestry: solutions p roposed by the
audience

Participants in the group interviews not only dssed the difficulty (if not impossibility) of
practising agroforestry on small farms and the wage future of agroforestry because of
diminishing farm sizes, but also offered both ldraded and treebased solutions.

Land-based solutions:Although the inheritance system and populatiomginovere
acknowledged as the primary forces behind decrgdamm sizes and farm fragmentation, the
audience did not offer concrete suggestions of whdb about it. People with large farms
were urged to reserve some land for a woodlot,enthié State could redistribute the state and
communal forests to provide families with smalinfgrwith small pieces of land for planting
trees. Another suggestion was for the State teas® the land holdings of each family so that
each family would have an equal piece of land. Wasild require reform of the land tenure
system. But even if this could be done for the gmeégeneration of farmers, they had not
thought how it would affect future generations asall families have equal numbers of sons
to inherit the land. Redistribution of land to pidey equal amounts of land to each family
would, therefore, only be a temporary cure.

The most radical solution proposed was for coNectarming; making the State the sole land
owner with a simultaneous regrouping of peoplev® dén the least fertile places:

The State must look for means to house people etedst fertile areas and reserve the good
land for agriculture and trees. We notice thatftiest has been planted on the good soil and
the farmers live on the crests of the hills. Anragpée is the Nyarucyamu and Nyarurembo
forests where the trees are planted on good dudlsd forests have to be divided among the
people to practise agriculture. Another forestlsamlanted on the crests of the mountains.
Alas! The land where the forest of Rugarama istled¢&ould feed a thousand people!

Tree-based solutionsSolutions in this category stressed the importarigdanting trees that
are less competitive, do not damage the soil andeagrown together with crops so that the
harvests will be sufficient to feed the family. #apants suggested limiting competition by
planting trees on the home compound, along theesosion ditches or as hedges around the
property. It should be noted that some of thesengements were already being used. One
participant suggested that people could speciatiae;farmer could grow trees, another
bananas and other food crops, and subsequentlyibelgd exchange their harvests.

In each of the thirteen meetings, participantsedatin the government for more research on
trees that do not the destroy the soil and dantagerbps. Some of the older farmers
disagreed with this, saying that in the past fasmsinted a number of species (such as
Euphorbia tirucalli, Markhamia lutea, Ficus sp.d &ajanus cajan) that would be suitable as
agroforestry species today. But farmers would tkkencrease their options, which means
trees that are compatible and non-competitive antips, do not provide too much shade, do
not spread roots too far out into the solil, cap &is used as live stakes for climbing beans,
and produce fuelwood and fruit simultaneously.



Considering the small size of our properties, lehagen trees that resemble Sesbania. These
trees grow like Sesbania, but do not have a loowigg cycle and do not occupy our soil for
a long time. One can plant them in a field of beansl they can provide support to climbing
beans. After the first bean harvest, we weed thesncan plant another crop of beans.
Normally, they are planted along the anti-erosidcheés. They do not give too much shade
and do not damage the crops. They can also beassielwood. They give an abundance of
seeds, so that we can multiply the trees ourseResearchers must do everything they can in
a search for trees which can provide fuelwood amtl $imultaneously on our small farms.

Potential locations of trees within the farm

The objective of this question was to learn moreuaitand tenure and its effect on tree
planting and agroforestry. However, participans®ahcluded soil and tree characteristics,
crops to be grown and, in one case, aspect.

In general, farmers can plant trees on all lanépkéand that is rented, borrowed or land
which belongs to the extended family and is mandyyeits oldest male member; the latter
can cultivate this land himself or can loan alparts to other family members if they have a
particular need for extra land. Planting trees arepts' land is prohibited, even though it is
known which piece of land will be inherited, becatise land is not yet owned. Similarly,
trees can only be planted on land obtained frommtaeicipality if the municipality has given
permanent usufruct right8 Within the household, women can only plant trees on the
location(s) indicated by their husbands or, in case they are widows, by their sons. An
exception is trees planted by women during National Tree Planting Day. Thus, even
though women cultivate the land intensively, they do not accrue any decision-making
rights over that land beyond those associated with seasonal crops.

In addition to tenure, farmers take a number atfofiecinto account in deciding where to plant
which species within the farm:

One cannot plant trees in all the fields one categ because there is a risk that the trees
would compete with the crops. | cannot conceiva béld in which sorghum, Pennisetum,
bananas, sweet potatoes, Ficus thonningii and Ebhorucalli are mixed. A certain
weighting is essential. For this reason, one ugreotne bananas so that the sweet potatoes
can grow well.

If there is enough land, separation of crops amelstis the preferred agroforestry
arrangement. On large farms, trees are most oftertgqal on infertile pieces of land
unsuitable for crops, such as shallow soils, ragkmps, gravelly soils or soils with a
hardpan close to the surface. Small farmers alstepto cultivate food crops and trees in
separate fields but decreasing farm sizes makesapdration increasingly impossible and
new, more intimate arrangements of trees and ampbecoming necessary. How many trees
can be planted in or around fields depends onriheto be planted, the characteristics of the
tree species, and the placement of the trees. Famkégenerally chose to plant trees so as
to minimize completion such as planting along te&lfboundary, to protect against soil
erosion such as planting along the contour or alomigerosion ditches, or to produce a high
value product such as fruit trees.



Species diversity in indigenous agroforestry system S

A total of 152 tree species was found on the faofithe 114 study participants. Including
trees observed during visits and guided toursrofisaundertaken during the ranking game,
193 species were found in the three study areas.diersity of species is remarkable
considering most farmers said that there were rfeveitrees on the land when they started
farming, and there are many more trees now thamtey were young. The only farm trees
they remember were those planted on the home comdpand between the bananas
immediately surrounding the home compound, whicameeall species presently found on
the farm have been purposely planted and manag#dtlgrmers in the last two to three
decades (most farmers in the samples started fgrihéir land between 1960 and 1970).
Many different tree species are planted and maiathio meet the diverse needs for such tree
products as fuelwood, poles, lumber, food, frudkes and medicines. While wood needs for
fuel and timber can be satisfied with few spedigs, necessary to plant many different
species to treat the many diseases and parasitesmMhich people and animals suffer. A
complete list of all species encountered on coastdt farms during the ten month research
period, giving both the names in Kinyarwanda ararthatin equivalents, is found in the
Appendix.

Farm size, species diversity and tree density

In addition to having larger average farm size=e &xperts have both a greater variety of tree
species (34.4 vs. 11.7 species) and a greatemiatatber of trees (929 vs. 304 trees) than
comparison farmers (see Table 8). Species divasspgrticularly high on the food crop

fields and the banana fields of the tree expertis amn average of 16.8 and 15.5 species,
respectively. However, in spite of a lower numbkirees and species on comparison farmers'
land, tree density is more than twice the densityntl on tree experts' farms: 1,683 trees.ha 1
(ranging from 1,320 to 2,563) compared to 747 treasl (ranging from 632 to 1,407
trees.hd). Thus, there seems to be an inverse correlagbmeen land size and tree density.
With declining farm sizes, farmers cultivate fewrees of fewer species, although on small
pieces_ of land, the systems become more compléxanhigher degree of integration of

trees and crops.

Thus, differentiation in both agroforestry systeamsl agroforestry knowledge can be
observed between the two groups of farmers.



TABLE 8: MEAN NUMBER OF TREES PER SPECIES, MEAN NUM BER OF
SPECIES, AND MEAN NUMBER OF TREES PER FARM AND PER
HECTARE

SOURCE: den Biggelaar 1994



TABLE 9: TOTAL NUMBER OF SPECIES AND MOST IMPORTANT
SPECIES USED FOR PARTICULAR PURPOSES

Utilization Total Most important species*
no. of
species
used
Fuelwood 60 | Grevillea robusta, Eucalyptus sp., ¥sia

amygdalina, Euphorbia tirucalli,

Cupressus sp., Acanthus pubescens, Ficus

thonningii
Construction 27 | Eucalyptus sp., Grevillea robusta, Cupressus sp,
poles Vernonia amygdaiina
Timber ry 28 | Grevillea robusta, Eucalyptus sp., €apus sp.,

Ficus thonningii, Euphorbia

tirucalli

Woodworking 23 | Ficus thonningii, Euphorbia tirucaftersea
gratissima. Clerodendrum

rotundifolium, Makhamia tutea

Food, fruit, 32 |Persea gratissima, Psidiumguajava, Coffea sp.,
spices Capsicum frutescens, Carica

papaya
Mulch 30 | Grevillea robusta, Eucalyptus sp, Pavetta

ternifolia, Acanthus pubescens,

Pinus sp.

Yeast for beer 13 | Vernonia amygdaiina, Euphorbiecalli,
Vernonia sp.

Fodder 32 | Ficus thonningii, Vernonia amygdalinaaithus

pubescens, Draceana

afromontana, Leuceana leucocephela

Stakes 43 | Grevvillea robusta, Cupressus sp, Acanthu
pubescens, Vernonia arnygdalina,

Eucalyptus sp, Clerodendrum johnstonii/fuscum

Medicines 106 | Vernonia amygdalina, Euphorbia titijca
Tetradenia riparia, Synadenium grantii,

Clerodendrum johnstonii/fuscum, Clerodendrum
fuscum, Vernonia sp

Fencing 34 | Euphorbia tirucalli, Dracaena afromoatdticus



thonningii, Vernonia amygdalina,

Cupressus sp., Eucalyptus sp.,

Shade 4 | Persea gratissima. Acacia sieberiana, btanih
glaziovu, Ficus thonningii

Compost Tephrosia vogeli, Crotolaria incana, Ueia
amygdalina, Cajanus calan

Rope 7 | Ficus thonningii, Acacia mearnsii

Carpets/mats 1 | Ficus thonningii

Other 38 | Erythrina abyssinica, Ricinus communis

* Bold means species used by more than 50% ofixperts and comparison farmers
combined.

SOURCE: den Biggelaar 1994

__The tree experts had extensive experience ctificya great diversity of tree species
and thus were considered the most knowledgeablet &tees and tree cultivation in
the eyes of their fellow farmers. They followedteategy in which trees were grown

in less intimate associations with crops (most $ecies were growing in woodlots),
leading to highly diverse but low density agrofangsystems.

_ Comparison farmers had complex systems with |pecies diversity but a high
degree of tree/crop integration in a small spatés lemands a greater awareness and
knowledge of component interactions and a highezllef management skills to
balance the multiple requirements of the familyfood and tree products.

In addition to the decreasing number of trees aediss diversity with declining farm sizes,
there was a shift in planting locations. The larigems in Kibingo had large woodlots with a
greater number of trees than the other two distrimiit fewer trees on the home compound.
The inverse relationship between number of treegindlots and the number of trees on the
home compound was particularly noticeable in thegarison group. Overall, fewer than half
the farmers in this group had a woodlot, and tivase did have woodlots had an average of
only three species. However, as woodlots were etefar land to feed the family or to
provide sons with their inheritance, more treegasfous species were planted on the home
compound where they would not compete with crops.

Use of tree species

Most trees are used according to their originann{i.e. trees planted for fuelwood are used
for fuelwood), but are also put to other uses. Strees are planted for a very specific use,
such as for a medicinal product. Even they, howewaly be used for other uses. Use
pressure increases and the necessity for multigerpees becomes more acute as farm sizes
decrease. This does not mean that all uses hdesknown or that the multipurpose character
of a tree species has to be clearly establishemtddfis introduced. Farmers are capable of
adapting existing resources for new opportunifi@s.example, after the introduction of
climbing beans in 1987, farmers showed great afigatn producing stakes from existing



tree species (especially from Grevillea robustaatso from Cupressus lusitanica and Pinus
sp.) (Twahirwa, 1992).

An overview of species actually used by farmersvlrious purposes is provided in Table 9.
The table shows that two-thirds of the total nunmifespecies inventoried on consultants'
farms are used for medicinal purposes (106 speciesf a total of 152). The species most
commonly used as medicine (Vernonia amygdalinakanghorbia tirucalli) are also used as
fuelwoods by a majority of consultants and, tosség extent, as yeasts for brewing beer, for
fences and for a number of other purposes. Sixtgiep are used for fuelwood. By giving an
indication of the multipurpose character of spedies table shows that people manage and
use a much greater number of tree resources thlmoaly assumed. The diversity of
species is not only the result of what is ecoldtyiqgaossible to produce on the farm with the
available resources (many of the species foundpycspaces unsuitable for cultivation which
would otherwise remain unused), but it is a de@beistrategy to spread risk in order to meet
unexpected events (drought, flooding, hail stomisgases, etc.) and economic uncertainties.

%n Rwanda, as in much of Africa, the State is thie fand owner. Farmers (farm families)
are given permanent usufruct rights which can &esfierred from father to sons. In practice,
farmers interpret the permanent usufruct rightsvasership.

Chapter 6

Farmer Experimentation: Building Knowledge

One of the premises of this case study is thatrexpatation is a knowledge-building

process. It is not a process aimed at designimgpeific agroforestry system. When an
agroforestry system is created as the result odmx@ntation, it does not mean the process is
completed. As stated in the introduction, agrofoyesystems are dynamic and adapt to
ecological, economic and social changes. This endpbks at farmers' experimental or
knowledge-building activities, in terms of how fagra themselves define knowledge.

Previous chapters described how the combined sftdfarmers and outsiders have led to
enormous changes in the landscape and createdeoagpioforestry systems. Farmers have
evolved from being primarily exploiters of natuvalgetation to active tree planters and
managers. Simultaneously, their knowledge has egzhfrom knowing only the uses of
trees to knowing about tree planting and manage practices.

The second part of this chapter looks at farmeetb@snovations in agroforestry related to
these changes. Farmers use experimental methaisbiksg Western methods for food

crops (Richards, 1986 and Box, 1988). But is thge #he case for trees, which can take years
to mature? Tree cultivation is so interwoven wighieultural production and daily activities
that during the guided farm tours and ranking gaiseussions, consultants could not recall if



they had used a trial period before deciding tqpadmew species. This may have been
because farmers had been obliged to adopt manyu#tgral technologies (i.e. anti-erosion
ditches, the planting of Grevillea alongside thaitsehes, Eucalyptus woodlots and cassava
cultivation).

Three processes can be identified through whiahndes acquire agroforestry knowledge:
1. The generation of new knowledge through thein @xperimental efforts.

2. The adaptation of ideas (knowledge and/or telolgies) from exogenous
knowledge systems. This may or may not involve exrpentation.

3. Wholesale adoption of exogenous knowledge attthtdogies without further
adaptation.

There are a number of inter-related activities eissed with these processes including
decision-making about species choice, farm and fadation and planting methods;
implementation of a species trial; and evaluatioth determination of suitability, usefulness
and benefits.

The biographical information about the 44 tree ebgo@as gathered during repeat visits
which offered the opportunity to learn how treetigation and knowledgebuilding activities
fit into the farmers' lives and which experimentathods they had used when trying new
species or tree management practices. Howevecaeestudies did not yield sufficient
information about the specifics of farmers' expembation with trees, so it was decided to set
up a species trial in collaboration with the ICRESAR programme in Rwanda as part of the
field research. The ICRAF/ISAR programme provideddlings or seeds of 15 tree species;
some were already widely cultivated in the researelas, and some had not yet been tested
on-farm and were unknown to farmers. ICRAF alsovjgied short descriptions in
Kinyarwanda of each species and consultants w&eslds chose the species they would like
to try on their farm on the basis of these desiomgst During the focus group meetings,
several questions were asked dealing with condslteinoices, risk associated with testing,
experimental methods they intended to use, andiaiah criteria.

What is knowledge and how is it obtained?

Discussions identified four factors that have tgbesent for a person to be recognized as
knowledgeable: intelligence, experience, commuimoaand putting information in practice.
Being knowledgeable about something means knowsngse, holding its secrets and
showing a sustained interest in it. Some consideneavledge to be "natural” (i.e. a gift of
God)2, some stated that it comes from experienbdewthers felt it comes from being well-
informed and having gone to school (although tr@ysaered knowledge learned in school
"artificial knowledge"). But, whatever the souregperson must use the information to be
recognized as knowledgeable. For example in the easiedicine, a person will be
recognized as a healer if he or she is capablarofgdiseases. Thus, the knowledge of a
healer is revealed through his or her actionslasader. Or, a person who has planted many
species of trees and then takes good care of thiélmewecognized as being knowledgeable
about trees.



Individual versus collective knowledge:People in the meetings emphasized the differences
in their knowledge. In the words of one participant

We have diverse knowledge because we do not haviamk and place to exchange
our knowledge. Having meetings where we could |é&am each other would allow
us to have collective knowledge.

While some collective knowledge is necessary forsotiety to function, the person who
provided the above information probably referredgooforestry knowledge in particular. In
addition to meetings, another participant statedgéneral, collective knowledge is acquired
in the classroom. Beyond that, each of us posseg&gksswe can exploit in our own
individual ways." Based on this premise, there du#sappear to be any collective
agroforestry or tree knowledge, because such krgelés not acquired in school.



Why does agroforestry knowledge differ?

Many explanations were given for the different lew& agroforestry knowledge, many of
which are beyond the control of the farmers.

..It starts at birth because God does not equipyewe with equal intellectual abilities
... There is a difference in the knowledge passebyoancestors... Whether someone
becomes a carpenter, blacksmith, healer of covaskseor a farmer depends on
education and training provided by parents ... @@dzrognized as highly
knowledgeable or as a specialist depends on howmitred information is used...
People differ in character, interests and tast&ome are more serious in their tree
planting activities than others ... Some have anigdor experimentation and research
and are constantly tinkering in search of new kieolge and technologies, others are
satisfied with what they have and know ... Econoomcumstances affect knowledge
...A large farm offers more opportunity to experimand acquire knowledge.

There is also the problem that there is not a eggorganized way for individual exchanges
of information to take place, as this conversatietween a female healer and the researcher
demonstrates.

Q: Do you have a collective knowledge of treeytimer words, is your knowledge of
trees similar to that of other people?

A: No, it is different. N. treats ifumbi from whidhis mother suffers. He has his own
knowledge about the treatment of this disease dnasvé mine. But, now we have
exchanged our knowledge and we have harmonizetteatment of ifumbi.

Q: But can you confirm to us: Do you know wheth#ven healers treating ifumbi
have the same knowledge that you have about ifamtbits treatment?

A: No! We do not know what they know, as they adsonot know what we (i.e. N.
and 1) know.

Agroforestry knowledge and gender

During the ranking game, an equal number of mervanden were asked to rank the other
farmers on their colline. The resulting scoresafples were combined because many
informants stated that if wives are knowledgeableua trees, their husbands must also be
knowledgeable. This may have been because ofdtidmal belief that women cannot
admit they have more knowledge than their husbéBdsyobukiro, personal
communication). In addition, since knowledge watneéel primarily as having species
diversity on the farm which could only be possitiieough the efforts of the husband, he must
also be knowledgeable about trees. Ranking gamétsedso indicated that the nature of
trees and agroforestry knowledge differs between amel women. To confirm this and to
determine whether farmers consider men or womere kioowledgeable about trees, a
deliberately-ambiguous question was asked duriegtimmunity interviews: "If tree
knowledge differs between men and women (men knomvtie plant and manage trees,
women can identify species and know uses of tred®),has the most knowledge of trees?
Who are the real experts?". The subsequent dignssen this question were the most



animated and contentious in each of the thirte@mngonity interviews. Table 10 provides an
overview of the opinions expressed and the respivegaency.

In spite of the fact that 286 men attended thetsviews compared to 156 women, the
majority said that women are more knowledgeablaiatvees. They also felt that men's and
women's knowledge is not the same.

Men's knowledge relates to big trees (Eucalyptusyiea, Markhamia, etc. ), tree planting
and management, the introduction of new specie®eandrieties of trees, and the decision-
making aspects of species choice, place, plantmgstand harvesting (i.e. cutting of the
whole tree). Women's knowledge is confined to gsemlentification, naming of species, and
the use and harvesting of tree products such ads/fa brewing beer, seasoning, medicine,
fuelwood and love potions. As knowledge of the aeees, particularly for medicinal
purposes, is highly valued and as women are edlyeskdled in human healing practices,
women were considered more knowledgeable abowg the®@ men. However, there were men
with extensive knowledge of healing plants and pcas and there were women who knew
nothing about them. Knowledge depends on inteltgesbtained at birth, education, training
by parents and interest in discovering and learnmg things. Since these factors vary with
individuals, regardless of gender, there are kndggable and non knowledgeable persons in
each group.

Is knowledge about trees essential for tree plantin g and agroforestry
activities?

Consultants were equally divided on the questiowlwther prior knowledge about a new
species or practice is necessary to practice agstfy. For traditional (i.e., indigenous) tree
species cultivated by ancestors and inherited thi#gHand, no additional knowledge is
necessary as people observe them from early clutiiiféor newly-introduced, exotic trees,
people need instruction because "you cannot plénetea



TABLE 10: FREQUENCY OF STATEMENTS ABOUT AGROFORESTR Y
KNOWLEDGE AND GENDER



SOURCE: den Biggelaar 1994

which you have just seen for the first time". Thugh new species, farmers need information
about (1) the utility of a species, (2) method afgagation and where and how to plant it and
(3) where to obtain the necessary seeds, seedlingsgtings. Other farmers, especially
neighbours, were cited most frequently as inforomatiources:

One plants a tree species because one has saélityt$or a neighbour. Until now,

we have not planted trees without first learningudtiheir utility. But there are
recently-introduced species, such as Pinus andptivdich we planted after we heard
talks about their utility and the beauty of its loen.

Farmers also become interested just by hearingtabebenefits of certain new technologies.
However, according to this Rwandan proverb:

A second group of consultants maintained that fesroan cultivate a new species without
prior knowledge of its name, planting and managemesthods or its utility. The necessity of
prior knowledge depends on personal preferencdwidglual spirit of research, the amount of
risk s/he is willing to take, imagination of podsitiuture benefits plus the aspect and physical
form of the tree. This group of consultants wadimglto take risks and look for new
technologies that might contribute to a betterlihad. They all said that it was possible to
discover the benefits of a species during growthftar its harvest. If the tree did not meet
expectations, it could be cut and replaced withtlarospecies. It was also a source of pride to
leave something new for posterity or to providdavecase for neighbours who could try the
innovations on their farms. For the majority of ffepulation, observing what neighbours or
friends have done and asking for information inesri follow their examples remains a
powerful motivation to adopt new technologies:

If we notice a certain tree is useful for a neigiave introduce this tree on our own
farms and then pass on the knowledge. This happeitedhe introduction of fruit
trees, coffee, and eucalyptus in our region. Eeforle we had agricultural officers
and extension workers to help us, we always foltbexamples.

The importance of neighbours and friends as a soofr&nowledge and new ideas is also
expressed in the following Rwandan proverb:



Taking risks and learning

These three consultants offered anecdotes tordiiestvhy it is a good habit to take a risk and
try new species without any prior knowledge in ordelearn something new.

Consultant 1: One day | went to Butare. | stopped at Rwabuyesba bit when | saw a plant
that | did not know but fell in love with. | uprced it and the next day | planted it on my farm.
| learned later that it was a guava tree which m@sknown in my region when | planted it.
Therefore, it is possible to plant a tree withonbWing its name or its utility.

Consultant 2: Walking in a forest, | came upon gapeli (Physpdisuviana) plants. | observed
them with a lot of curiosity. One day, | boughtitheeeds from a boy for 15 ERw. | planted
them among my coffee trees. After a while, | dedlctevhole field to the young
seedlings.This field enabled me to deliver fruitsKONFIGI for a total sum of 150,000 F.R.
When one discovers a tree, one observes it. Ifiads the tree can provide a benefit, one
takes this tree home. This is true of medicinahfdaTheir importance and utility are learned
from neighbours who have used them. One does éwegypossible to introduce these plants
within one's own fields.

Consultant 3: What | can add to the above is that in most cdseseighbour provides the
information concerning planting such trees anddyi&he person who introduced gapeli
spread this species among us and we have cultitaigedlant in our region for more than 1.5
years.

Farmer experimental practices

In each of the three processes of agroforestry ladye-building (knowledge-generation/
acquisition/adaptation), farmers need basic infailonaabout species choice, location for
planting and method of planting (from seed, seedlior cutting). How does the farmer

determine if a new species is beneficial? How didles evaluate trials with new species?

Choice of speciesA species is chosen because of its benefits ality, tecause it has been
seen on another farm, or it has been talked abobigcause of tradition. In a few cases,
consultants mentioned having no choice, becausenbee forced by the State to plant
certain trees, for example Eucalyptus sp. duriegBélgian colonial period, and
Grevillea_robusta as part of many tree plantingedriby various rural development projects.
Mostly, though, farmers planted trees becauseeir thility, even before the arrival of the
‘white people' and the establishment of nurseFies.example, a father would show his sons
how to construct a home compound using such tie€scas thonningii, Euphorbia tirucalli,
Vernonia amygdalina, Tetradenia riparia , Erythabgssinica. These traditional species, still
used because they grow quickly and form a soliddenan also be used as fodder (Ficus,
Vernonia), medicine (Vernonia , Erythrina , EupharpTetradenia ), or to protect the
inhabitants and their possessions from unwantetbkgg Erythrina ). Copying what other
farmers have done is the most common way consaltditose a species to try. As was
explained in one meeting, "Rwandans are imitat@&Serving how the species developed
and whether it was damaging to the soil and/ostweiated food crops also helps determine
if and where a species fits, i.e., if it conformghwother elements of the farming system
(especially competition with crops), where it gravest (in the woodlot, fields or home



compound) or its possible function (boundary markece, food production, medicine, anti-
erosion, etc).

Other criteria mentioned were availability, eas@lahting and whether or not the species
demands a lot of manure or fertile soils. One fentainsultant stated that it was a matter of
chance; she planted many trees of various kindauseconly some would survive. While
most of the consultants chose their species c#yetbky concluded that it is always good to
try one or two trees to determine the results utitkeconditions of one's own farm.

Species location within the farm:There are no rules to govern where a species&an b
planted. Location depends on what the species pesdor provides, its competitive and/or
allelopathic effects, and its social benefits. Example, many smaller farmers plant fruit
trees (particularly avocado) on the home compoimdtder to free space in the banana fields
for crops. In addition, Eucalyptus is often foundtbe home compounds of small farmers
who can no longer afford to maintain woodlots.

Species location in the fields

There are several rules of thumb that farmers\iolidhen determining where a
species should be located within a field.

- Timber and fuelwood trees and - Ficus was traditionally
those that are highly competitive planted on the home

and/or allelopathic will be planted compound to provide fodder
in woodlots distant from crop fiel but, as animal ownership has
(for example Eucalyptus, declined, many are presently
Cupressus, Pinus, Grevillea). found in the middle of the

fields (remnants of former
home compounds) where,
according to the consultants,
they contribute to soil
fertility through leaf litter.

- Species that are good for holding - Fruit and medicinal trees
the soil are planted along anti- are grown in the fields
erosion ditches or on terraces closest to the home mostly
(Grevillea, Vernonia). for social reasons (fruit trees

because of the risk of theft
and medicinal trees in case
of necessity). The exact
location also depends on the
farm's size.

How to plant speciesDiscussions of planting methods included plantinges, use of
manure, time of planting and type of propagatiomemal necessary (seedlings, cuttings or
seeds). Most consultants again emphasized theynelitenuch information about planting
methods through observation of other farmers andskyng for additional instructions if
necessary. The size of the plant hole dependseospicies: timber trees need big holes, but
small holes suffice for species used as vegetablagedicine. Consultants disagreed on the



necessity of adding manure. Some maintained thaeak need manure, just like crops.
Others felt this wastes scarce manure becausétieye manure is only necessary for fruit
trees

To produce high quality timber, it was consideredtlio plant seedlings. Cuttings grow faster
and are best for making a fence around the compadthelconsultants agreed it is important
to plant all the desired species at the same timenvbuilding a home compound, so they
develop together and make a strong, dense fence.

Consultants differed about the best time to plesgs. One group maintained that trees should
be planted at the same time as other crops, itkedieginning of the short rainy season in
September. Another group said that the seedlingddadry out if planted that early and

should be planted in late October-November, whersrare more plentiful, which is also the
time to obtain seedlings from the nurseries. Adiegpecies has it own planting method, both
groups could be right. Seedlings are generallytpthm late October-November, but cuttings
and seeds of some species are often planted edtiey did agree that, in view of the
uncertainties of rainfall, plant diseases, maragidjoats, landslides or weeding accidents, it is
often necessary to replant a species several tiefese it survives.

Are the decision criteria regarding species, locatn and planting methods the same for
all farmers? A minority of the consultants responded that thieiga are the same for alll
farmers because they follow the example of theiepiz or imitate what neighbours have
done. In some cases, extension workers, througimttienation they provide, push farmers
to make uniform decisions. But, the majority of soltants said the criteria inevitably vary
because farmers have different motivations andctilbgs.

Our criteria cannot be the same. Some people eatcthe benefits they will obtain
beforehand and plant few or many trees as a ré3ilier persons are more carefree.

Some can plant Vernonia amygdalina along the aosien ditches. Others can plant it on
their home compounds or even on the ditch, buter own ways.

There are many variables to be taken into accoudéciding about species, location and
planting methods. The consultants said they consigdeh elements as utility, benefit, desired
end product of the tree, farm size, soil conditjaigpe, competition between trees and crops,
allelopathy, preferences, motivation, interestasgibility of theft. And, because there are
many species available, some of which provide #mesor similar benefits, an almost
unlimited number of variations in agroforestry gyss is possible. This diversification of
species within an increasingly-complex farming sgsshows a deliberate strategy used by
the farmers to overcome ecologic and economic t@oges. Thus, the tree experts who
participated in the species trial preferred toumiknown species.

The tree experts' species trial: studying farmer ex  perimentation in action

A minority of the 44 tree experts chose to try sgethat they knew. One choose Grevillea,
and less than five chose to try Leucaena leucodgpBalliandra calothyrsus or Sesbania
sesban. The remaining tree experts all rejectetiéleespecies they already cultivated and
provided a number of reasons for why they were@sted in the new and unknown species.
These reasons speak for themselves:



We walk forward for progress. We want to plant thee for future generations who
will discover that once upon a time this tree wasoiduced to the region by us.

We work for the Rwanda of tomorrow. We are pregadnrselves for times to come.

For us, it is a sign of development. Fairly recgriHucalyptus was introduced in the
same manner. Now, there are new species availabie it is very important for us to
have these new species, even if we will not oldain benefits. Our descendants
certainly will benefit from them.

Among these species, there is no doubt one thiabeviinore important than the
species we are used to. When we have passed deagtion of the father will be
recognized by his descendants. The best informesbpg will talk about their
economic or medicinal importance and advise peoppido cut these trees.

When Grevillea was introduced, we did not knowutitty. The same for avocado.
We only had heard talks about them. But, we plattiedh anyway. Now, we will
plant this unknown species as part of the trialbodor bad, we will plant it.

Once, many of us were adverse to eating avocadanBny people, especially older
ones planted them and only later noticed that tildren were eating them. Then
everyone realized that its fruits were a new soofegealth. For this reason, we want
to introduce these new species which will perhapedible or have other, similar
importance.

This is to increase the number of tree speciesave ht our disposal, to have as many
varieties (species) as possible.

Even if we do not know these trees yet, we waiigoover if they have any use.

Later we will be able to determine their importarités possible that the new species
will provide greater benefits than those we havéwvated until now.

From the above statements, several themes emerge,« which were already mentioned in
the discussion of the nature and distribution adedge. On one hand, these themes relate
to individual characteristics of tree experts saslturiosity, desire for knowledge, an internal
drive for discovery and the hope to leave a bettetd for children. On the other hand,
consultants expressed strong feelings about theriaamce of experimentation with new
technologies for development and progress. TheyHat lack of experimentation would lead
to stagnation and make an already precarious existeven worse, that constant adaptation
increases subsistence security by providing a sityeof species for farmers to choose from,
and that the benefits of these new technologiekl@xceed those of presently available
species.

In a follow-up question, consultants were askatiwfere possible for all farmers to plant and
experiment with unknown species. The vast maj@grieed that everybody needs trees and:

Every person has a need to develop and to know keéhdbes not yet know.



Others talked about the benefits of planting unkmepecies, even though they may not
always be obvious at planting:

Experience has shown that it is always beneficiglant unknown trees, and
everyone can do it. It was the same with Grevidled cypress which are now found
all over the area and with vetiver which we werepsical about introducing.

One consultant stated that most farmers would letatplant unknown species if they
received sufficient information about the potentiahefits, planting methods and best
location for planting beforehand. Some qualifiegitlanswers by saying that the possibility
of testing any new species depends on the sizaad$ darm:

Someone who has plenty of land can accept, but@oeen@ith a small farm cannot. It
is too bad if you do not have a large enough farnitfese trees.

The others plant new tree species, and you remiinempty hands.

Thus, in principle it is possible for everyone typ new technologies, but in practice not
everyone will do so because of a lack of interestupiosity or because of insufficient
resources, especially land. For farmers who hdtle kand, the risk associated with
experimentation may be too great because theyaletdht land to produce sufficient food
for their families.

How do farmers deal with risk associated with intralucing new, perhaps unknown,
technologies?Consultants were well aware of the risks in trymegv technologies, especially
if they had not been able to observe them somewdisee But, such risks are also associated
with well-accepted and common agricultural practidéor a farmer, it is impossible to escape
risk:

Almost everything has negative aspects which osadaccept no matter what. When
a cow gives a good milk yield but also attacks [Eopu do not sell it. Synadenium
grantii, Euphorbia candelabrum and Euphorbia graatie been cultivated for a long
time in Rwanda. If one of these trees is closdaéohome compound, all the children
are informed about the nature and poisonous claratthese trees.

When one says to a child to be careful with thithat, he will do so. One teaches him
continuously what is harmful and what is not.

Part of dealing with risk is accepting that ithete. Through education and training from a
young age, farmers are made aware of the risksiassd with cultivating some tree species.
Consultants want prior information so they can et possible negative effects of new
species. In addition to the inherent risks (i.@idity, thorns, prickles, etc.), there may be
negative effects on the soil or competition witbps or other tree species. If negative effects
appear, the consultants can simply remove theespé&am the field, either by uprooting it or
by replanting far from any food crops, preferalnyaiwoodlot. If the species still shows
promise and possible benefits to the farmers,rtfeemation gained from the experiment will
be passed on to neighbours, friends and futurergbomes.



Farmers' reactions to a new, unknown species: a hyp  othetical scenario

As an additional test of how they react to new nedbgies and how they would approach the
incorporation of such technologies into their famghsystems, the consultants were presented
a hypothetical scenario. First, they were showeealing of a species they did not know,
Chamaecytisus palmensis. This species had beexl tiestseveral years on the ISAR stations
of Rwerere (Ruhengeri Prefecture) and Gakuta (KebRsefecture) but none of the farmers in
southern Rwanda had seen or heard of it. The sgpdhs passed around to the people at the
meetings who sniffed its leaves, touched it, olsents stature and speculated about what it
could be and how it could possibly be used. Thievahg dialogue illustrates the initial
reactions of the farmer-consultants when askedhenetr not they knew the species.

No. This is the first time that we have seen it
[this species].
Is it umuruku (Tephrosia vogelii)? Me, | do not knd.

This tree does not yet exist in our region. Itnsunvegenyege (Sesbania
sesban). No, no, ...

It is umuruku.
We do not really know.

After this introduction, the name of the speciesga&en (farmers who had tested it around
Rwerere had tentatively baptized it ‘'umuvumbukat)rio additional information about its
potential benefits. Consultants were asked whatwwaild do if they were given 500
seedlings of this species. This high number waseamhaleliberately to provoke audience
reactions. The tree experts at these meetingsinterested in testing new species and would
very likely have accepted any proposition involvorgy a small number of seedlings. But the
idea of 500 seedlings took them aback.

You are imposing these 500 trees upon us. Youtit@smuch on this! Keep our
small farm sizes in mind! Are you going to plant$k 500 trees of which you do not
know their utility on a property of 20 meters? Jlant them in the area where |
wanted to plant another crop, what will | do? Woblant these trees if | do not
know whether they are going to produce fruit ophaly son?

A number of consultants emphasized that it is irtgrdrto get some information about the
species before any decision is made about plab@gseedlings:

Thank you! If you proceed like that, you are ontynplicating my life.
Without explanations regarding the utility of thésees for my son, well, without
explanation on how | am going to be able to folkbnir growth, | tell you | will not

accept these trees.

Although most consultants felt it would be difficth plant 500 seedlings of a species without
knowing their utility, they did not completely rejethe offer. One consultant stated that he



would accept all 500 seedlings, but instead oftpigrthem all on his own farm he would
distribute 2-3 seedlings to each farmer in theutelIMost consultants would accept from 2-4
seedlings so they could test performance and futadrmre about the utility of the species. If
the seedling showed positive aspects such asrastly potential for profit, non-competitive
behaviour and provided useful products, the coastgtwould increase the number of trees.
In one meeting, consultants accepted much highabets of seedlings (100 to 200) after one
consultant speculated out loud that, since umuvikabesembled a Crotolaria species, he
could plant all 500 seedlings because, just liket@aria, it probably would fertilize the soil.
Following are comments regarding the consultatdsi for testing the umuvumbuka
seedlings.

A farmer in Karama pointing his climbing bean staka total of 16 species were observed in
this pile: Eucalyptus and Grevillea were the mastadble (lasting six seasons), while
Pennisetum and Vernonia were the least durableiig®nly one season).

One starts with a small number to determine the iwayhich they grow and their utility.
Me, | will accept four seedlings which | will plaolose to the home
compound. But if they do not provide anything foy son to eat, | will get rid
of them.

Give me my two seedlings as | have a small farrthdée are profitable, | will
ask you for additional ones.



After | have discovered their utility, | can loos&rfplaces to plant additional
trees/species you give me by eliminating and remdasome trees | already
have.

| cannot plant more than 10 seedlings in the beggn start with a trial. If the
results are positive, | can plant up to 1000. dftinal is not successful, | will
eliminate them and will leave two trees only.

Farmers' approach to testing and evaluating tree sp  ecies experiments

As mentioned previously, the species trial begaheend of the field research period in
Rwanda. The following discussion is, therefore, lmaded on observations of what consultants
actually did with the species they were given, douinteractions. during the focus group
meetings. Consultants used the Kinyarwanda woréxXperimentation, igerageza, when
talking about this species trial, which is quitéetient from the connotation of researchers
trained in the scientific tradition. It is derivé@m the verb kugerageza, meaning to submit to
a test. For trees, there does not appear to bepauyfic research method and tree
experiments are not done on a separate piece afliaicontrast, farmers do something
resembling a scientific experiment when testing f@wd crop varieties. For example, to test
new bean cultivars, women use small plots of landlant beans first in pure and later in
various mixes of cultivars repeated over severasses on different locations and soils
(Sperling, 1992; Sperling et al, 1993; Sperlingspeaal communication). As trees take
several years to mature or to yield any usablesparbst farmers cannot afford to tie up even
a small piece of land for several years just tbdasone particular tree species.

When farmers test a new tree species, they obsex/evaluate it over a certain number of
years in order to determine whether it meets tpe@ls and expectations. They also study
whether these new species will provide more bendian the trees they already have. Most
consultants are concerned with an end producteinfbelwood, construction poles, stakes,
etc. If the species produces the desired produbimthe predetermined time frame, the trial
is considered a success and the farmer may dexialarit additional trees of the species:

If | discover that a certain species only provifileswood, | will not ask for additional
trees of this species. But if | discover that thecses will yield timber, 1 will ask for
many seedlings from the ICRAF project.

Consultants less fixed on a particular goal stetatiother products or benefits may
beobtained from the species being tested that magerknown at the onset of the trial:

Among these species, those that yield timber wab &e useful for other
purposes. We all know very well that guava, in &ddito its fruits, provide
a medicine against diarrhoea. Rwandans themsetvésed little research.

If it is a species that provides timber, we arengdd saw it for boards. If it is a fruit
tree, we will consider it as that. If this speaas be worked to provide utensils, we
will also discover this. In brief, we will discovéne utility of these trees afterwards.

A consultant in Maraba told of planting one Trem@atalis to test it for timber production.
He was not able to explain what had happened hieutrée turned out to be a very bushy



shrub. He realized that this shrub would neverdysly timber and the experiment as such
had failed. He was, therefore, not interested amfahg additional Trema trees but kept the
one he had so he could at least harvest some fodlWwom it. These examples also explain
why the few farmers who had planted Calliandrattgisus had done so primarily to
produce timber, not fodder, stakes or green mamge&an be seen from these examples,
fuelwood is often not a major objective for plagtinees 3 Farmers experiment primarily to
discover the utility of a new species and to deteemnwhether the species provides more
benefits than those they already cultivate:

We are going to consider these species, and welantland others of those that prove
useful to us. Or, we can even ask you for other $pecies that we do not yet know to
enrich ourselves.

How do consultants evaluate their experiments andedermine whether the new species
will be of interest to them ?Consultants evaluate new species by size, forrapyatrof
growth per year, diameter, health and the effestsrops and soils:

To observe the growth of these trees, we obseive ifree is hard or pliable. If the
latter is the case, we replace it with anothera@mngrovide a support. We also observe
if the tree grows straight, its diameter and its.dfjthe tree does not grow, we will
uproot it. We also observe if the tree yields agg$ior seeds to distribute to other
farmers.

Almost all consultants talked about distributingmtl material of the new species they
would be testing to their friends and neighboutgsextension appears to be an im
portant part of the evaluation and validation & #uccess of these new technologies.

We are going to do a common experiment. If it peowseful, everyone will benefit. If
it fails, we will still be together. If we spot eet that does not grow as it should, we
move it to another area, or we isolate it so thabilonger harms other trees.

If this species does not harm my crops, | willagluce it in my farm and take care of
it. If it gives seedlings, | will plant two mysedind give a third to my neighbour. 1 will
do the same if the species gives seeds. | will har

vest them and share some with the neighbour.

In any case, this sharing depends on whether #ngesppproduces well or not. But if it
grows well, it will get the attention of the neighly by itself.

If these species do not reproduce, the neighboilireave nothing as a consequence.

This emphasis on extension of information and keogé gained from consultants'
experimentation should not be a surprise, sincenmonication of knowledge is a major part
of being recognized as an expert on trees ancttigeation. In the consultants' opinions,
agroforestry knowledge is largely individual; calize agroforestry knowledge is built by
sharing technologies and knowledge gained througls.tHowever, there is no central
depository for this knowledge and this knowledgeasrecorded in any written form, so any
collective knowledge remains stored in the wisddmany individuals.



Chapter 7

Building Knowledge Through Information Gathering and
Sharing

Introduction

Farmers acquire new knowledge and technologies &w@ariety of sources, but not all
farmers have equal access to nor are they equailyean seeking new information,
discussing problems or sharing experiences. Tlaptein sheds more light on differences in
knowledge acquisition and sharing between the avopde groups of farmers, based on
guestions in the socio-economic survey on farnaaess to information about tree species,
tree management methods and new cropping anddsikestaring practices. Questions are
divided in three categories: active seeking of species and ideas during travel, passive
acquisition of new species and ideas from visitorthe farm (researchers, extensionists,
friends, etc), and cooperation with developmenjguats or the agricultural extension service
for on-farm testing of new practices.

Active searches for new information: travel to othe r places

This chapter also looks at farmers' informal comitations networks, how they share
experiences with new technologies and methodstreneccessibility of extension or
specialists. Chapter lll referred to demographid smcio-economic characteristics of tree
experts and comparison farmers and to differencéseir resources. This section looks at the
knowledge flow among those involved in an agricdtlknowledge system and helps explain
why tree experts are called "experts."

In spite of poor transportation, people do tramedearch of work, to visit relatives or to attend
ceremonies (marriages, funerals, baptisms, etighty=nine percent of the tree experts had
travelled compared to 54 percent of the compariaoners. While travel destinations are
varied, the data showed that the majority of comsparfarmers (60.5 percent) travelled only
short distances, either to other districts witlait municipality or to neighbouring
municipalitiest! Only in Simbi had the comparison farmers who hadelled ventured as far
as other prefectures or other countries. In the ésgert group, not only had a larger
percentage of consultants travelled, they had lezenuch further. More than half had
travelled to other prefectures and onethird hagellad to other countries, or to the city
(meaning Butare or Kigali).

Travel does not automatically lead to knowledge ttavel offers the opportunity to increase
experiences, to obtain new crop varieties anddpeeies and to observe new tree
management methods. Of the 38 comparison farmevshati travelled, only six (15.8



percent) had brought back seeds or seedlings otmeespecie¥ All six had planted their
new seeds or seedlings to determine their suitphbiider their own farm's conditions. A

much higher percentage of tree experts (48.7 pgrhad brought back and planted new
species.

When asked if they had observed new methods of gnagnarees (pruning, coppicing,
planting, fertilizing), the answer from both groupas a resounding "No." This could be
because farmers are not interested in differeetrtranagement methods or these methods
were not significantly different from what they wealready doing® Farmers do not have a
fixed set of management practices for each speoigsjse a range of practices according to
their circumstances, objectives, needs and deJires.management also varies with the
location of the species on the farm. For examplpress located on the home compound will
be managed intensively to form a dense hedge, fhasted as a windbreak along the fields
may be managed for stakes while those plantedvoaallot are managed for timber.

Passive acquisition of new ideas from farm visitors

Farmers rarely receive visitors to discuss agtcaltproblems in general and agroforestry
practices in particular. Only six comparison farsngd.6 percent) had received visitors who
brought them seeds of new tree species, while figesons (4.3 percent) indicated that
visitors had shown them new tree management peactio the tree expert group, the
situation was similar. Of the tree experts, 15.@&@et (all of them living in Kibingo) had
received visitors who brought them tree seedsextlseys, while three persons (6.8 percent)
had received visitors who described new tree managemethods (two in Kibingo and one
in Maraba). The higher number of farm visits in iKdp can be ascribed to the presence of
two agroforestry projects (Projet Agropastoral dablsindu and the Projet Agricole de
Karama) in Karama. All but one comparison farmet alhtree experts had tried the new tree
species. The reaction to the new management pegactias more favourable than those that
people observed during their travels, with two @iuihree persons in each group trying them.

In the comparison group, visitors were predominaloital (parents, municipal agricultural
officer, municipal counsellor or burgomaster). Queeson mentioned a visit by an ISAR
researcher with whom she was collaborating forrafaom trial. As extension workers had
poor training and few improved technologies to ofé&mers, the influx of new ideas and
information was all but non-existent. In the exmgdup, the visitors who provided tree seeds
were predominantly outsiders (ISAR researchersagmdnomists of the PAP and PAK
projects). Only one person mentioned that theansitho brought seeds was the municipal
agricultural officer. The municipal agriculturalficer was the only visitor mentioned who
showed farmers new tree management methods. laeppberefore, that the collaboration
with ISAR and the agroforestry projects in Kibingdimited to the provision of tree seeds or
seedlings and that farmers are not given advidd®n maintenance and management. The
low number of farm visits reported (particularly éxtension workers), even in the tree expert
group, is testimony to the low level of activitythie agricultural extension services, even
those supported by development projects as wasagein Karama. Even when extensionists
and researchers did visit farms in Karama, it wisenoonly to visit project participants. The
vast majority of farmers in the community were iggth



Sharing information and experiences about new techn ologies and farm
problems

Sharing experiences with new tree species and mareagent methods:More than 80
percent of the comparison farmers said they nergeusdsed their experiences with new tree
species or management methods with others, compaady half of the tree experts. The
remainder of the farmers discussed their expergfroen time to time. The percentage who
shared their experiences with new technologieslawasst in Kibingo in both groups in spite
of the two rural development projects and the gowvemt extension agents working in the
area. This is an indication that technology dissetmn through pilot farmers may not be the
most appropriate operation, since they appearep Keeir new information mostly to
themselves.

As in the case of farm visitors, comparison farnstare their knowledge and experiences in
their immediate surroundings. Of the comparisom&as who discussed their experiences
with others, neighbours, friends and family were thost frequently mentioned (63.6
percent), followed by municipal agricultural offisg(36.4 percent). Only one consultant had
discussed experiences with ISAR researchers. Itrélbeexpert group, experiences were most
frequently shared with municipal agricultural oéfrs (63.6 percent), followed by neighbours
and friends (40.9 percent).

Seeking solutions to farm problemsAlmost one-third of comparison farmers and two-
thirds of tree experts said they discussed farrlpros with others in order to get advice or
seek solutions. Almost all consultants mentionegussing farm problems with others,
namely the municipal agricultural officer (60.9 gemt of comparison farmers and 71.4
percent of tree experts), followed by "other" (3geBcent and 64.3 percent respectively).
"Other" in most cases referred to the veterinasyséant. Since comparison farmers have
fewer animals, it is logical that they have lesschéor consultations with this person than tree
experts. Consultants also discussed farm probleithswighbours and friends, ISAR
researchers and project agronomists.

Consultants in Maraba and Simbi appeared to be maek active in discussing problems
and experiences than their counterparts in Kibimgspite of the development assistance
provided to farmers in Karama. This could be duthéofact that these projects worked with a
few pilot farmers to the exclusion and neglecthaf §eneral farm population, creating a small,
select group of elite farmers on whom resourcesediiodts were concentrated. Most farmers,
therefore, felt by-passed and were of the opinii@ab &gricultural services were neither
targeted at nor accessible to them. This situatia® made worse by the fact that pilot farmers
received improved seeds, fertilizer, tools, tragnamd advice free of charge, something not
available to noncooperating farmers. The absengeopcts in Maraba and Simbi made
farmers operate on a more equal basis and moreasewilling to sharing ideas and
experiences. The market on the border between Mamath Simbi also contributed to the
greater openness of farmers in both Maraba andi®iynbroviding an opportunity to meet
other farmers, the local extension workers, local distant functionaries, and traders (buyers
of coffee, fruits, surplus crops and animals ankgeof farm inputs and consumer goods).



Relationships with research, extension and developm ent agencies:
access to and on-farm testing of new technologies

For a more concrete look at farmer-consultantsamia with research, extension,
development projects, etc., we asked farmer-caasisitif they had cooperated with
agricultural extension or project personnel to testv cropping practices, improved crop
seeds, new tree species, new tree management reetbxitizers, lime or terracing. In the
comparison group, a higher percentage of farmekéaraba and Simbi indicated that they
had done so than farmers in Kibingo (see Tablelhlje tree expert group, a higher
percentage of consultants in Maraba and Simbi aabge with the extension service to test
new cropping methods, improved seeds, fertilizadslame. For the other technologies, new
tree species, new tree management methods andingirthe percentage of farmers in
Kibingo was greater, which is not surprising ag/thvere the main technologies being
promoted by both PAP and PAK. Particularly notideab the high percentage of tree experts
in Maraba and Simbi who cooperated to test feetiBZ90.9 percent), improved seeds (72.2
percent) and new cropping practices (72.7 peraah68.6 percent in Maraba and Simbi
respectively). Of all the technologies mentionée, lbwest percentage was found in new tree
management methods in both groups of consultaotgirming earlier observations of low
interests in such methods.

Overall, tree experts had more access to new témfies than the comparison farmers.
However, this may be due to the fact that they vimaoee actively seeking new ideas and
technologies. Again, the situation in Maraba amdisiappeared to be more egalitarian than
in Kibingo. A higher percentage of comparison fargna Maraba and Simbi had tested one
or more of the technologies than in Kibingo. Ingreh, though, access to these new
technologies was gained only if farmers (be theg gxperts or not) actively sought them by
going to the extension offices to ask for themwiss discussed earlier, waiting for extension
workers, ISAR researchers or project agronomistasibwas an exercise in futility.



TABLE 11: NUMBER AND PERCENTAGE OF CONSULTANTS WHO HAVE
COOPERATED WITH PROJECTS OR EXTENSION TO TEST NEW
AGRICULTURAL/AGROFORESTRY TECHNOLOGIES

SOURCE: den Biggelaar 1994

1 Since more than one destination could be mentigmexdentages may add to more than 100
percent.

12"New" does not necessarily mean that the speciesoic to the area. It refers to being new
to the respondent's farm, where it previously watsfound. Thus a new species could be
either an exotic or an indigenous species.

2 During the focus group meetings, they did admit faandan farmers are imitators, and
that "seeing is believing." In general, they adeditthat they do copy practices from their



friends and neighbours, but when asked directhutlbpothey would either deny that they did
so or said that they could not remember where sh@yor learned a certain practice.

Chapter 8

Summary, Conclusions and Recommendations

The goal of this case study was to survey and siaed the historical and contemporary
processes involved in the generation and adaptafi@nowledge and technology of trees and
tree cultivation by Rwandan farmers. In particutars study focused on: (1) the dynamic
aspects of Rwandan agroforestry systems, i.e. mwdy these systems came into being
and evolved over time, (2) the active role of farsna the development of the agroforestry
systems, and (3) agroforestry knowledge/technofpgguction processes (i.e. processes of
acquisition/adaptation of knowledge/technology frelsewhere, and generation of
completely new knowledge/technologies based ondeshown ideas and efforts).

The primary aim of this study was not to descrimdgroforestry systems in the study areas.
Agroforestry was used as the medium to understamddcially-constructed nature of the
knowledge upon which these systems are based. i$hal artefacts (i.e. the things we see in
and on farmers' fields) are but the outcome, acglin of farmer knowledge. Contrary to
common assumptions, this knowledge is not staticbanges each growing season with the
implementation and maintenance of these artefAstsve saw in the discussions in Chapter
VI, putting ideas into practice in order to gairpexence with and from them is an important
aspect of "gaining knowledge" and of being recogghias "being knowledgeable" about
something, be it crop cultivation, livestock regtiblacksmithing, carpentry or healing
practices. Within agroforestry, there are extengiteractions between agroforestry
knowledge production and actual tree/crop/animatipction activities (the agroforestry
systems) on the farm. Often, the two activitiessaréhoroughly interwoven that it is hard to
distinguish experimental practices from everydacpces. This is reinforced by the fact that
most (new) knowledge generated through farmers' effants does not concern major
changes in the systems or in species compositidrgdnsists of serendipitous, seemingly-
innocuous innovations involving a better or new okexisting resources. By consequence, to
study knowledge production, one must also studythsical, observable artefacts
constituting "normal” agroforestry systems and pcas. The brief descriptions of particular
agroforestry practices given in the main text af ttase study provide a context to understand
the nature and content of endogenous agroforestwlkedge and the processes involved in
producing this knowledge.

This chapter provides a summary of the main fingliagd recommendations that can be
formulated on the basis of these findings. The t#ap divided in four sections: (I
)Methodological issues related to the identificatad local tree experts; (2) Farmers'
perspectives on agroforestry and tree plantingtipes; (3) Farmer experimentation: A
comparison of methods and procedures with sciemgearch; and (4) Enhancing local



communication networks: The key for advancing agredtry knowledge production and
farmer experimental practices.

At this point, there is a note of caution concegrine formulation of recommendations for
various outside agents (FAO, CGIAR centres, NG&hid, national research and extension
organizations) that aim to strengthen endogenoaw/lkage production and extension
processes. It should be noted that farmer res@aatiextension are, above all, activities of,
by and for the farmers. For this reason, any effaytenhance farmer R&E should be based on
their suggestions and be implemented by and inutat®n with the farmers. Studies of
endogenous knowledge systems and farmer experititentaight not only preserve
knowledge itself, but, more importantly, preserwe way in which it has been generated (and
continues to be generated) for future generatibhs.importance of this is all too clear in
view of the events of 1994 in Rwanda. But, whersiolet agents (i.e. people who are not part
of an endogenous knowledge system and activelygeam its reproduction) try to
strengthen local knowledge production and diffugomcesses, they must be careful not to
co-opt and formalize farmer practices and methatig;h could harm the system they want to
help. The recommendations that are made in thigtehare (with the exception of those
related to methodological issues) largely baseleas and suggestions made by the farmers
themselves. The researcher has developed logitaigans and inferences to translate the
farmers' words into feasible and practical guidsdifor rural development agencies.

Methodological issues related to the identification of local tree experts

Identification and characterization of tree experts According to the philosophical

definition provided by Kagame (1958), knowledgeUurenyi) implies knowing a plurality of
objects or notions. Farmers concurred with Kagahhey equated knowledge of agroforestry
with experience in the cultivation and/or use ohgndifferent tree species. Thus, the tree
experts, as identified through a ranking procedume community interviews, were all

farmers who cultivated many trees of a large sgedieersity on their land. During the

ranking game, informants explained that the largenber of trees and species diversity was
possible because experts had more land, more anandlmanure, better soils, greater wealth
and were more active in tree planting activities.

The differences between tree experts and compafasorers (the non-experts in this study
representing the general farm population) wereemiesntly confirmed by a socio-economic
survey. The survey results showed that tree experts older, more experience t and further
advanced in the family life cycle. They had greagsources (land, labour, animals, manure)
and therefore could better absorb risks associitbdexperimentation. Tree experts were
also better informed through travel and more olzdref =yew species and practices during
travel. In addition, they were more aggressiveeieking help and advice from extension
workers, neighbours and/or veterinary assistantsjrapursuing extension and projects to
gain access to new technologies, such as impraaesss

tree seedlings, fertilizer, lime, management pcastiof trees and crops. Although not all
variables included in the t r ,nal survey were nwem@d as criteria by informants for the
knowledge ranking exercise, the results indicad¢ itiformants were able to accurately
distinguish groups of farmers within the populatmmkey variables such as resources, wealth
and tree species diversity, even if only on a ndagcale. The ranking game data and
observations made during game implementation peavichluable contextual information
about agroforestry practices which proved invalaablinterpreting the overall results of the



study. This information could not have been obtaibg relying exclusively on the formal
socio-economic survey.

It would be wrong to say that comparison farmedsrait have any knowledge about trees and
tree cultivation, nor understand the need for amgbirtance of trees. They had little land and
resources which made their choice of species aaciesplocation more critical. The smaller
the farm, the more farmers in this group conceetr#ibeir efforts on fewer, less-competitive
species, resulting in complex systems of low diemsith a high degree of integration of
trees and crops. The agroforestry knowledge ofdrperts and comparison farmers may,
therefore, indeed be different, confirming theialitonclusions of the knowledge ranking
exercise. Low diversity/high tree density systeetpuire farmers to have higher levels of
management skills and greater knowledge of the@uarcomponents and their interactions.
As agroforestry research in particular concernsstbdy of the integration and interaction of
trees, crops and/or animals, the agroforestry systd the comparison farmers would make a
more appropriate object of study to learn aboubgedous agroforestry knowledge and the
logic behind these systems.

Beans and bananas are commonly intercropped. Ab806 metres bananas do not grow
well and look scrawny, as in this photograph. Hehe, land is being prepared before sowing
of beans. The soil is often hoed twice to remogestbloniferous roots of Eragrostis grass, a
major weed. The roots are piled together to dry arelthen burned. Photo: JM Olson

This study thus observed a difference in both agestry systems and agroforestry
knowledge among individuals and groups of individult confirmed observations by
Scoones and Thompson (1994) that contrary to siieekmowledge, endogenous knowledge
is manifold, discontinuous and dispersed, not dargeohesive and systematized. As a result
of "development" and other political, socio-economnd demographic processes of change,
the definition of knowledge defined by a societg@margely dependent upon gathering its
tree products (i.e. having experience with a vgridttree species particularly concerning



their utilitarian aspects) no longer appears applie to today's situation in which people
actively plant and manage trees on their own l&nchore extensive kind of "knowledge of
trees" is developing which includes knowledge ahbatplanting and management of trees,
their integration and interaction with crops andinimals, as well as knowledge of their
utility. It is therefore recommended that:

Future studies of endogenous knowledge of agrafyreembine qualitative and
guantitative, participatory and formal data collestmethods to provide both
complementary and supplementary perspectives omalex reality (den Biggelaar,
1995).

For this research, it was deemed important, inrastudy the various processes involved,
to find and interact with the farmers most activehgaged in agroforestry knowledge
production. The basic assumptions of this rese@het individual knowledge of agroforestry
varies because of differences in socio-economicpatitical position within the community
and because of varying biophysical conditions @nféinm; and that not all farmers would be
equally active in knowledge generation due to d#if¢ interests, motivations, propensities
and abilities towards experimentation) proved tadeect. However, as the nature and
content of agroforestry knowledge varies betweeougs of) individuals, it was wrong to
assume that only some farmers (in this study, tpeseeived by their fellow farmers to be the
most knowledgeable about trees and tree cultivati@uld engage in experimentation for
knowledge production. In reality, farmers in ea¢the various "knowledge groups" created
by the ranking game informants were engaged igé&meration of their own particular kind
of knowledge of trees and tree cultivation, althougt all farmers were equally active
experimenters.

Relying solely on local perceptions of the persmast knowledgeable about trees and tree
cultivation to identify experimenting tree farmées was done in this research) may,
therefore, not provide satisfactory results. As sla@wn in this study, there are multiple ways
of knowing about trees and tree cultivation, anchga based on and evolves from its own
forms of knowledge productiofft is therefore recorr mended that:

Future in-depth studies of farmers' experimentaViies and knowledge production
processes should not rely exclusively on the fasnantified by other community
members as the most knowledgeable about agrofpréstample of farmers
stratified into different "knowledge groups" credtgy ranking game informants may
better cover the wide range of agroforestry knogtednd associated knowledge
production processes present among (groups ofjithdils.

Farmers' perspectives of agroforestry and tree plan ting practices

Agroforestry: historical aspects: Discussion with individuals and groups of indivadisi
revealed that Rwandan farmers traditionally did praictice agroforestry. Farmers satisfied
the household needs for tree products by explottieghatural vegetation on the hills and
along valley bottoms. In addition, they practispdssive agroforestry”, an agroforestry where
naturally-seeded trees were purposefully maintaorethe land. Active tree planting only
involved planting of cuttings of Euphorbia tiruéaWernonia amygdalina and Ficus sp. as
live fences around the compound. With increasingugation, more land was needed for the
cultivation of food crops, leading to the virtuadabpearance of forests and forest galleries
from the landscape, and making it less and lessilleso depend on natural vegetation to



secure the necessary tree products. Since peapteatgnize the need for tree products and
the benefits trees provide, they became more aittipianting trees on their own land. Over
the years, many indigenous and exotic species e incorporated into the agricultural
systems, facilitated by the overthrow of the kingdio 1959 and the abolishment of
traditional chief-client relationships based ortleatwnership and the necessity of keeping
land in pasture free of trees. In addition, redeart suitable (exotic) trees and reforestation
efforts, started by the Belgians in the 1930s, landarious development programmes since
Independence, have helped provide suitable techissido the farmers to encourage them in
their own tree planting activities.

Agroforestry: present situation: This research found that in 1992, almost all fasme the
three study areas practised agroforestry. How@&eetwo farms had a similar agroforestry
system because farmers design individual systeato#st meet their multiple needs given
their resources. This individuality is reinforcegld large species diversity (as was seen in
Chapter V, 193 species were found in the study2ontiee multiple reasons for planting trees
and the multiple uses farmers make of trees. Ttaeters have led to agroforestry systems
with very complex arrangements of species overespad/or time.

Tree inventories from previous studies of agrofoyeim Rwanda diverge greatly from the
results of the present research because they utiidrant definition of "tree."

Previous studies inventoried woody species (tradssarubs) defined from a Western
conception. Farmers in this research talked aleastusing the definition given by Kagame
(1958): "Trees are all plants that are not grasgdsls, the plants found in the indigenous
agroforestry systems that correspond to this temtitfee" included not only trees and shrubs
(as defined in the Western world), but also annaats perennials. This contributed to the
species diversity found in the study areas and gaw&dditional layer of complexity to the
indigenous systems. However, these "nontrees" (&dkestern perspective) should not be
ignored as they provide significant benefits tofdr@ners and often are grown in specific
niches not usable for crops or trekkss therefore recommended that:

Future studies of agroforestry follow the farmelefinition of trees and should not
assume that these "non-trees" are weeds of no.value

Farmer-consultants were well aware of, and semsitythe biological interactions between
trees, crops and soils. These interactions werenthe criteria used in decisions about where
to plant a certain species within the farm andderfteld, and to evaluate its performance.
However, utility and other tangible benefits weited as the primary reasons behind farmers'
choices of certain species. As many species meatitierse needs of farmers, which species
actually are planted depends on gender, farm gsa@spnal interests, motivation, preferences
for certain species and the initiative of each per&Vomen were primarily interested in trees
producing food (fruit, spices, seasonings, yeasts) and medicines, whereas men preferred
lumber trees and those producing construction pbdlegher gender expressed much interest
in fuelwood trees, and fuelwood did not appear laghhe list of farmer priorities to be
addressed by agroforestry research.

During many meetings with farmers, it was repeatstited that it was imperative to find
species and arrangements with the least negafivemte on crops and soils in order to
further agroforestry practices. In the opinionarnfier-consultants, all trees are competitive
and damage the soil, although they stated thataalitional (i.e. indigenous) trees can be used



for agroforestry as they do not exhibit these ott@rgstics. This seeming contradiction may
be a reflection of their long observation of ang@nence with planting and managing a
variety of indigenous tree species. The passivefaggstry practices of the past may, in fact,
have been less passive than assumed or admittidpes's may have eliminated trees that
did not provide direct benefits, were too compeitor had the wrong form and shape. The
"all" in the above statement may indicate thatessehnd/or competitive indigenous trees
have been eliminated over time, leaving only this¢ are compatible with crops and provide
direct, tangible benefits. While farmers consultethe study were not able to verbalize
whether or not they had engaged in experimentatipes related to this selection process in
the past, it is obvious that these past experiewees and are being used in designing the
agroforestry systems found in the study areasesept.

Farmer-consultants indicated that they value kndgdeabout the uses and benefits of trees,
especially for medicinal purposes, more than kndggeof tree planting and cultivation. This
IS not surprising as people have been using toregfious purposes for centuries, but the
intentional planting and management (outside thmehoompound) is a relatively recent
phenomenon. As women were better in identifyingdrand more skilled in treating everyday
ailments using a wide variety of trees, they wenestcdered more knowledgeable about trees
and tree cultivation practices. As utility and téodg benefits were the primary reasons behind
farmers' choices of certain species; and as wonaza deemed more knowledgeable about
tree uses and benefits; and as men were saidntmteknowledgeable about, and had the
responsibility for, tree planting and manageméns recommended that:

_ Extension workers initially focus on women fars&y convince them of the
benefits of new tree speciess and other agrofgresthnologies, and subsequently
explain to the men how to go about putting thegeraved technologies into practice
on their own farm. As many species (especially wiadls and fruit trees) were
planted by the men on the suggestion of their witreas would not involve a major
change in practices for the farmers. It would, heaveinvolve a change in the habits
of extensionworkers who primarily talk to men. Ihwinog both men and women in the
decision-making process about new species, whetrd@n to plant and manage them
would ensure that new agroforestry technologiesheilmore acceptable to, and
adoptable by, a wider range of farmers.

Agroforestry: future perspectives: Although farms in the three study areas were ayread
very small and continue to diminish in size eveeperation, farmers considered agroforestry
the only solution to obtaining tree products in tiieire. With the increasing competition
between trees and crops for a limited land basmefes recognized that decisions concerning
species selection and arrangements were becomirggand more difficult. The present
differentiation of agroforestry systems will, themee, become even more pronounced in the
future with increasing fragmentation of farnitsis therefore recommended that:

Researchers and extensionists take the multiplis god needs of farmers, and
differences in availability of and access to resesy into account in the search for
new species and intercropping arrangements of @@ €rops.

Agroforestry development efforts in Rwanda in e 11980s and early 1990s were often
narrowly focused to address a limited number obfams defined by outsiders (for most
projects, these problems were fuelwood, green neaznd mulch to combat declining soill
fertility, and erosion control’). Most projects caump with one (standard) solution, ignoring



differences in resource availability, goals anddseef farmers. There are two problems
related to such narrow focus. First, new techn@eg@roposed may not be perceived as a
solution by the farmers. For example, in the cdggeen manure for solil fertility
improvement, farmers believed that plants by théwasecould not add anything more to the
soil than what they took up to grow, so how cotlelytimprove the soil? Second, some
farmers' needs may not be identified as major problin a diagnostic exercise but
researchers and extensionists should not assunéhése other needs (for medicines, spices,
fruit, twine, etc.) are already being met or wiltamatically be met if farmers adopt new
agroforestry technologies. In this regard, it ipartant to keep differences in agroforestry
practices and tree planting objectives in mindtipalarly as they relate to gender and farm
size. For example, the results of this study ingi¢chat women and micro-holders were
primarily interested in planting trees that conitédto the family food supply, whereas men
and larger land owners preferred to plant treesifaver and construction poles. Women on
both small and large farms also expressed greaests in planting medicinal trees.

As these differences in objectives and contextceia, collaboration between farmer and
researcher to identify problems and opportunitesl to look for solutions, helps develop a
range of technologies that reflect these differenteall cases, existing agroforestry
knowledge and practices should form the startingtgoom which to move towards
solutions. To help bring this abotitjs recommended that:

With the help of participatory approaches, locagle and communities identify.

implement and evaluate their own priorities foetggowing, as this will generate
more reliable research and extension agendas alpaaown approaches (adapted
from Scherr, 1992).

The farmer-consultants themselves made researcbexaedsion recommendations, which
they felt would best support their efforts in adwiaigy agroforestry practice$hey
recommended that:

_ There should be, more research on suitable spaxriacrease the number of options
available to farmers. Farmers do not want to besttamed in their choices and put

into a straightjacket by research and extensiorchvbffers them standardized
solutions to the very diverse conditions of thamis. They demand a cafeteria system
of new species' and technologies suitable for gearf biophysical and socio-
economic conditions from which they can choose @ating to ' their own needs, goals
and resources. They stressed that the availabfligyvariety of tree species (both
indigenous and exotic) and tree management optaissimportant to enhance their
traditional strategy of diversification to overcoe@nomic and ecologic

uncertainties.

- New tree species to be introduced should be ctbipand noncompetitive with
crops, non-shading, have tap roots and the abdibe used as live stakes. Ideally, and
this was suggested in particular by many of thg gemnall farmers, research should
introduce trees that produce fruit and (fuel )wsodultaneously.

- Research and extension should ensure that néndlegies (species) are made more
accessible to farmers.



Farmer experimentation: a comparison of methods and procedures with
scientific research

Identification of specific shortcomings, insteadlué wholesale dismissal of local
technologies as inadequate, can be an importaritanesnm to generate knowledge: it
can be one of the means with which local knowleciyebe developed in a fertile
interaction with other knowledge. In this way, sfie@reas of local technology can
be improved so that existing shortcomings are alted and a solution will be found
with greater local relevance than whichever "extkétechnology (van der Ploeg,
1991).

Many farmers intuitively followed this advice. ltag their strategy to solve particular
problems and shortcomings by borrowing from anysesiavailable (other endogenous
knowledge systems, research and extension, etarjit@ at workable and profitable
solutions for their conditions. It was, howeveffidult to distinguish new from existing
practices or to differentiate experiment from nokrpractice. For farmers, each season is an
"experiment" in which new knowledge is obtained aetv ideas are generated. The tree
experts consulted in this study, therefore, desdrknowledge production through
experimentation (igerageza) as an activity intersvowith everyday agricultural activities,
not separated from them as is the case in thetsmdmowledge system. These findings
confirm the results of Box (1988) with cassava expenters in the Dominican Republic, in
which one of his research subjects explained tkgrémentation can only be understood if it
is grounded within everyday life experiences and/aies.

Although Plumeria alba is known to botanists a®aramental shrub with sweet smelling
flowers, farmers in Maraba regard it as a medicipédnt and call it umudwedwe. Women
use its sap to increase lactation and it is giverdws for the same reason. Interestingly,
neither its local name, nor its medicinal uses warewn to botanists and foresters. The tree
was not found in Karama and farmers in that areawmothing about the tree or its
medicinal properties.



However, in spite of the interweaving of experinaion and normal production practices,
experimentation was a conscious effort on the gfaitte farmers to build upon the body of
endogenous agroforestry knowledge. The diversiGioadf species and its resulting increase
in complexity of land use systems resulting frommfers' experimental efforts were a
deliberate strategy used by the farmers to overau®gic and economic uncertainties, and
approach a better and more secure livelihood. Thgierimentation with new agroforestry
technologies was considered necessary to disc@vefibs not available from existing species
and practices, or to determine whether they coetdsgnilar benefits more quickly and
efficiently. Thus, although farmers were reluctmtry new technologies without having seen
them in practice or use somewhere else, the majofiree experts chose to try species with
which they were unfamiliar in the species trial getas part of this study (see Chapter VI).
Farmer-consultants justified their choice by stresshe importance of experimenting with
new ideas and technologies for development andressgWithin the group of tree experts,
this was expressed as a greater sense of curiasigsire for knowledge, an internal drive for
discovery and recognition for leaving descendaristeer world. There was an implicit
understanding that not experimenting would leastagnation and compromise an already
precarious existence.

A fundamental problem facing experimenting farmees the supply of new technologies to
test on their farms. They identified the availdbiknd accessibility of a range of options as
necessary for their experimentation and systemldereent. However, the options to be
offered to farmers do not have to originate fromesific research. They can also come from
other endogenous knowledge systems around the vatdhers are able to make qualified
assessments of what can (potentially) work in tbein situation, but they are obviously
limited to their immediate surroundings for infortioa and ideas. An important role can be
played by FAO, ICRAF, and other CGIAR centres liatlie gap. It would be ideal to take
farmers on guided farm tours in different regiond aountries to see new technologies in
practice and to talk with their colleagues direchiyt this is often impossible due to costs and
restrictions on travel (especially across bordévie)dern technology (video, cdrom, 3-D
computer programmes) could provide an answer hpgalarmers on "virtual" farm tours to
expose them to new species, practices and systemsafound to world. These media could
show how farmers in other countries or regions laeadt with (similar) problems and what
solutions they have devised to solve these probléhmsse media should be visually oriented,
as farmers stressed the importance of seeing tégies in action in order to determine their
suitability for their own situation. It would noelecessary to provide specific solutions,
particularly not for the experimenting farmers. lgpse of what other farmers have
developed could provide ideas to push experimextalities in new directions. As FAO,
ICRAF and other CGIAR centres have a global preseaed as they have collected and
documented extensive information on agricultura agroforestry systems from many
different countries and/or indigenous peopless recommended that:

- The multinational organizations and internatioregearch centres develop and
distribute visual documentation (video, film, cdwoetc.) of indigenous agroforest y
systems and practices, and farmers experimentdlogetand procedures related to
the development of same. They also should assaieaailability and accessibility
to NGO's, farmer organizations, extension servacesother persons and institutions
interested in furthering farmer research and exb@ngractices.

Such virtual farm tours need to be carefully comeéito guarantee that farmers receive the
right message. Anthropological studies of farmeceptions of messages from televised



media show that there are fundamental differencé®w people from different cultures
perceive the images they see (Crowley, personahuantation). The following suggestions
are made to take such differences in perceptidnsaiccount:

Involve farmers in the script writing for thesetuml tours, perhaps first producing a
tour of their own agroforestry systems and expentaeactivities for outsiders. This
will ensure that specific factors and aspects fdrabers deem im portant are included.

Have farmers produce their own video, photo antineaterials necessary for
producing a virtual reality tour. Most modern videad camera equipment is easy to
operate. However, some basic training will be ndestecamera operation, framing
and presentation.

With the help of visual, object-based computer piogming, the practices and
systems depicted should focus on a single ideatipea method, etc. The users of
these programmes (for example, extension serid@€)'s or other organizations) can
subsequently create the appropriate tour for thediences.

Simultaneously, there should be more in-depth etudf the logic and reasons behind
specific agroforestry systems and practices arideomethods and evaluation factors
of farmers' experimental activities. These studidisprovide the necessary
background information for the visual material.



Traditional healing practices are still widespreabhis woman, one of the tree experts
consulted in the case study, specializes in trgaiimgworm in children. The oval balls
drying on banana leaves are made of clay mixed hdkes from various trees and plants.
The clay preserves the healing powers of the leamdsnasks their identity. It also facilitates
application.

Experimental methods and proceduresThe processes by which knowledge is added, used
and lost to the stock of knowledge of a social grate similar in both the endogenous
knowledge system and the scientific knowledge syste both systems, we find a certain
specialization and differentiation between a smgadup of knowledge producers (generaters,
adapters, acquirers) and a large group of knowledges. But there are also fundamental
differences in the way knowledge and technologypaoeluced and validated.

The tree experts did not use specific researchadsthnd procedures for tree and tree
cultivation experiments. Trees take several yeamdture or to yield usable parts, so most
farmers (even the large ones) could not affordetap land for several years to experiment
with new tree species or arrangements. Thus, ¢ésisw tree species or tree cultivation
methods took place within existing fields and croplich explains the interweaving of
experimental and everyday agricultural activitieked about earlier in this section. The topic
(most often a new species) and objectives of empariing and the methods to be used
depend on:

Resources (farm size, labour, animals, manure);

Location within the farm (slope, soils, crops, digte from the home compound);
Gender; and

Personal interests, motivation, initiative and prehces.

While there is no uniform method for testing newddgrestry technologies, farmer tree
experts did adhere to more or less standard vagdblevaluate the experiment:

Will the species meet the objectives for which aswlanted? (fuelwood, timber,
stakes, etc.);

Intercropping ability (i.e., allelopathic effectsympetition with crops and/or other
trees, shade);

Effects on the soil (excessive water use and mittptake);

Growth (primarily height);

Disease and pest problems (in particular, ternmteant attacks); and

Other possible uses or benefits not initially inted or envisaged.

Risks associated with experimental methodsthe tree experts were well aware of the risks
in trying new, untested technologies as can be seenthe above list of evaluation criteria.
However, they stated that such risks were alsocadsa with normal production practices;
weather, pest and disease outbreaks, and markditioos cannot be predicted. The emphasis
on observing (new) species and practices on o#nerd (to study their stature, growth pattern
and possible negative effects on soil, crops ahdrdtees) aimed at minimizing risks, since
knowing potential risks helps in dealing with thedawever, risks would not automatically
preclude them from trying new technologies, esplgdiathe utility and benefits were
perceived to be greater than the risks.



Validation of experiment results: The major difference in knowledge production betmwe
experimenting farmers and scientists is not foumexperimental procedures or trial
evaluations, but in the way new knowledge and teldwies are validated. In the scientific
knowledge system, the primary aim of experimentaisothe advancement of knowledge.
There is an active communication of experimentsliits (in journals, conferences, seminars,
etc.) among scientists and researchers. By conkrastviedge production in the endogenous
agroforestry system is primarily use- and userrieid. Consultants consider communication
of experimental results an important aspect ofdpeatognized as "being knowledgeable”,
but there was not much apparent effort to sharekrewledge. Validation of new
ideas/knowledge comes when efforts are imitatedthgr farmers (neighbours and friends),
in other words by the final technology users, notdllow experts engaged in
knowledge/technology productioh.is therefore recommended that:

- Knowledge sharing and extension of the resulfsiwher experiments (i.e.,
experimental outputs) were beyond the scope ofthdy. This research was
concerned with the sharing of ideas as inputsdonérs' experimental activities.
However, farmer-to-farmer communication of expenaé results is important to
enhance indigenous agroforestry practices andwéke a fruitful area of research.
Some topics that should be addressed in studiedosfal extension networks have
been provided in the section "Research questiansriag future investigation”
below.

Knowledge sharing and extension of the resultsuohér experiments (i.e., experimental
outputs) were beyond the scope of this study. fidssarch was concerned with the sharing of
ideas as inputs for farmers' experimental actwitieowever, farmer-to-farmer

communication of experimental results is importarénhance indigenous agroforestry
practices and will make a fruitful area of reseaf@bme topics that should be addressed in
studies of informal extension networks have be@vided in the section "Research questions
requiring future investigation" below.

Enhancing local communication networks: the key for advancing
agroforestry knowledge production and farmer experi mental practices

While the two knowledge traditions vary in the matand the content of their knowledge, the
primary difference is in the distribution of thatdwledge. Communication networks for
knowledge sharing and distribution among tree egparbetween tree experts and other
farmers, were neither very extensive nor very weglanized. Farmerconsultants identified
this virtual absence of local communication andinfation exchange networks as a major
barrier to agricultural and agroforestry developm&n enhance communication among
farmers in generalt is therefore recommended that:

Mechanisms for local and regional information exaebe created tc facilitate
communication among farmers and advance the kngeleflboth exogenous and
endogenous agroforestry technologies. Possible srteaaccomplish’ this are guided
farm visits and community and/or focus group distuss such as undertaken' in this
research. To implement such a strategy, thereéed for persons with both
endogenous and Western knowledge of agroforesstgss find new methods to
share information with farmers in an informativenrprescriptive manner, that treats
farmers and their knowledge with respect.



Better communication is needed among farmer-exmariers to enhance endogenous
agroforestry knowledge production through the sttpof methods, procedures and results.
Opportunities exist for research, extension and MG®identify (potential) farmer-
experimenters and organize them around particutdslems to be solved or technologies
(species, practices or arrangements) to be testieded group of socalled "pilot farmers”
involved in pretesting and/or demonstrating all ieshnologies offered by a project or
research (as was used by PAP-Nyabisindu in Kibimgaodt recommended, as, for various
reasons, few technologies spread beyond the gropifpbfarmers to other members of the
community.2 Additionally, it limits farmers' own p&rimental practices and "technology
development from within." As interests and resosineay among farmers, different farmers
or groups of farmers may be involved in experimenivith different technologies (for
example, Chamaecytisus palmensis for stake pramuoti Euphorbia tirucalli for erosion
control), and multiple networks may be in operasamultaneouslylt is therefore
recommended that:

Research, extension, and NGO's stimulate the fawmaf groups and/or networks of
experimenting farmers which may or may not be tetdgy and problem specific.
These could take the form of study clubs in whestmfers discuss specific problems
they want to solve and work out solutions togetBeibsequently, the group or club
members can test the solutions on their own farsnmgytheir own experimental
methods in order to determine the best solutionsgdoous situations and conditions
before communicating their results t the larger camity. Researchers, extensionists
and NGO personnel should, however, not be the orgianizers of such groups, but
only act as facilitators and resource persons..

These farmer study clubs should be organized, mdr(iapossible) financed by the farmers
themselves in order to ensure their independendesastainability. In addition, independence
will ensure that problems addressed and solutiengsdd will be truly based on farmers' own
beliefs, values, norms and experimental activigegn though they may decide to borrow
ideas and technologies from elsewhere. As it velbifficult, if not impossible, to organize
and run such clubs with farmers scattered in a webggraphic area, the clubs will of
necessity be of a local nature. By consequencertdems they will address and solutions
to these problems will be of a local nature. Redgagxtension and NGO's may, however,
help facilitate information exchanges between eiogic meetings of study clubs in different
villages, regions, countries or even continentgeemslly for clubs struggling with similar
problems.

NGO's, for example, could provide information exal@ services through newsletters that
include lists of problems the study clubs are askirgy and stories about specific solutions
devised. Information exchanges between clubs feréifit countries and continents could be
made possible through, for example, the EcovolurReegramme of the Environment

Liaison Centre - International (ELCI) in NairobieKya. This programme at present links
more than one hundred NGO's across the globe thrilngginternet precisely for this purpose.

Research questions requiring future investigation

More in-depth research is needed to study pathwhggroforestry development and
agroforestry knowledge generation. Research shHmuldirected to investigate intensification-
extensification processes of agroforestry systernssa agro-ecological zones, land use
systems and/or countries resulting from farm fragtagon and declining farm sizes.



The basic assumption of this study was that notyefaemer would have the same knowledge
of agroforestry nor be equally engaged in agrofoydsiowledge production. Thus, a large
part of the study was devoted to identifying therars most knowledgeable about trees and
tree cultivation and most active in creating newwkledge about the subject. These farmers
were then surveyed in detail about their knowledige experimental practices. However, due
to differing pathways of agroforestry intensificati(high diversity/low density vs. low
diversity/high density) both agroforestry systemd agroforestry knowledge differ among
(groups of) individual farmers. A logical extensiofithis finding is that the kind of
knowledge produced, and, by consequence, the meséy which this knowledge is
produced may vary among (groups of) individualsval. As this study focused primarily on
the group of locally-identified tree experts, auigt study aimed at the group of comparison
farmers (or, even better, aimed at both groups)ldvbe a welcome addition to the topic of
farmer research and extension. Such a study stamakdnto the question of differences in
topics, objectives, methods, and evaluation catased by experimenting farmers who follow
different strategies in agroforestry development.

An interview being conducted with a tree expertutibe history and management of his
woodlot.

A topic that has not been dealt with in great di@ahis study is the informal extension of
ideas, technologies and practices developed thrtaugker experimentation. This research
only touched on the subject as far as it concetinednput of ideas for farmer experimental
practices, but did not look at how results (thepatjtof these experiments diffuse through the
community. Farmers did consider communication efrtexperimental results an important
(if not the most important) aspect of their beingsidered "knowledgeable about trees and
tree cultivation," but they did not appear to makeactive effort to spread the results of their
research efforts. This seeming contradiction eglisnany questions and would make an
interesting topic for study:

Why do farmers remain so passive in communicasglts of their experiments?



Is the passivity due to a lack of an enabling emment? Some of the things that
come to mind here are: fear of government autheritich monopolizes "invention”
and diffusion and does not allow deviation fromitihecommendations; no return on
investment in experimental activities if resulte ahared with a large public without
compensation; lack of legal, financial or witcht¢narfotection if the technologies they
"invented" do not turn out the way they should thieos' farms.

What are the farmers' own ideas and suggestiooietde a more enabling
environment for informal extension of the resultsheir research?

How can these ideas and suggestions subsequeritignstated into practical and
doable plans of actions for governments, offickeearch and extension organizations,
NGO's, CGIAR centres and others without destroyimeginformal extension practices
in the process?

Conclusion

Endogenous agroforestry knowledge is neither stagmar inherently "worse" than scientific
agroforestry knowledge. One can study and comperéto knowledge traditions, but one
cannot, and should not, judge them by each otsrrglards. Science-derived agroforestry
knowledge and technologies now dominate (or apjoedo so) because their adherents
(researchers and extensionists) are more effigiedhistributing information on a large scale,
not necessarily because their products are inHgreatter. In reality, both the scientific and
endogenous knowledge system are hybrid systemsakatincorporated each others'
technologies and ideas, even though researchersxéesionists do or may not want to
recognize this. On the other hand, the farmer-dtansis in this study did recognize the value
of agricultural research, since without resear@y thould never have been able to obtain tree
species such as Grevillea, Eucalyptus, avocadteesafypress and pine, and crops such as
cassava, potatoes, wheat and climbing beans thhatlominate the rural landscape in the
study areas. Both farmer-derived and researcheévedeagroforestry knowledge and
technologies have their strengths and weaknessklsadh have a role in developing and
furthering agroforestry technologies and practidé® major strategy to enhance farmer
research will, therefore, be a synthesis of the kmmwledge systems (den Biggelaar, 1991)
taking the strengths and weaknesses of each intbuat

The greatest strength of formal (Western scientrgsearch is that it can access information,
ideas, and technologies from a much greater nuofi®yurces and a wider geographical area
than farmers can. Formal research, therefore, ih@s@ortant role in agroforestry
development, not so much to design specific agestoy systems but to increase the number
of options (species, management practices) avaitalthe farmers. The design of specific
agroforestry systems is better left to the farmasshey are much better skilled in
incorporating technologies generated by each oktlesviedge traditions in ways that are
locally applicable and beneficial.

For this to happen, an understanding of the presestknowledge production is of major
importance. Future studies of endogenous knowlsgigiems should, therefore, put greater
emphasis on process-oriented research. Howevet,regesarch on endogenous knowledge to
date has been aimed at collecting specific faci$ ¢mssifications, tree uses, indigenous
medical or veterinary practice, etc.) that sit astg bookshelves because no one knows what
to do with the collected facts. They become detadicsepresentations of ever-evolving,
dynamic knowledge systems. This study has beerested primarily in knowledge

generation processes. For this reason, it hasdiehon specific details about particular



agroforestry systems, tree arrangements or speséss The latter are only facts to help
understand the logic of what farmers do and theore®ehind it. By themselves, facts are
meaningless; it is people who give meaning to thEms is perhaps best stated in the
following quote from Jahn (1990): ".... Kuntu [mditlg determination of a ‘thing"] is of
higher value than Kintu [being without intelligenoething; in Rwandan philosophy, these
include minerals, plants, animals, objects, matgoads, etc.] and so they gladly alter things
and their organization yet keep their own style.

Two research assistants conduct a ranking gameavitrmer and son, who were herding
their cattle in a pasture in Karama.

They [the Africans] are convinced that it is nag thing which determines the style and the
person, but that man through his style can and giustthe thing a meaning, that the dignity
and force of man lie in his capacity to give megrtm things, even when the things
themselves were made for a explicit purpose" ({feXt]' added by this author). For example,
a diagnostic study of agroforestry systems in Bdragontains a number of diagrams of farms
showing tree locations, but this does not contaliatan understanding of how the system
functions, why it was put together, how it evolee®r time and which forces influence these
changes. The drawings are but Bintu (things), tieye no meaning. This case study has
moved beyond this, not to show the Bintu (spea@ficoforestry systems and practices found
in the study areas) but Kuntu (the modality anetdaination of the systems and practices) as
indicated in the subtitle: "A case study of the ayncs of agroforestry systems and
agroforestry knowledge".

The development of a synthesis among knowledgesigswill increase the effectiveness of
ongoing scientific agroforestry research and dgualent as well as empower, legitimize and
enhance the existing endogenous capacities fotifigiag problems and developing solutions
(den Biggelaar, 1991). Farmers seem to have attivetgense of the importance of such a
synthesis between the endogenous and exogenousekigaasystems. The major challenge



will, therefore, be to convince researchers, extensts and policymakers of the necessity
and benefits of such a synthesis. This synthesisldmot lead to a formalization of farmer
experimental methods nor to a relaxation of therr@f scientific research. The goal of the
synthesis is to build upon the comparative advagaj each knowledge tradition, leading to
a participatory and collaborative strategy for dgrestry technology development and
assuring that technologies are client-orientedgandnded in local dynamics of socio-
economic and agroforestry development (Scherr, Y1993

Appendix

LIST OF ALL TREE (IBITI) AND OTHER PLANT
SPECIES CULTIVATED ON THE SAMPLE FARMS IN
THE COMMUNES OF KARAMA AND MARABA

EXOTIC TREE AND OTHER PLANT SPECIES

LOCAL NAME

. Amacunga

. Avoka

. Calliandra
. Callitrisi

. Cassiya

1
2
3
4
5. Amapera
6
7
8
9

SCIENTIFIC NAME
Euphorbia cotinifolia
Acrocarpus fraxinifolius
Prunus salicifolia
Citrus sinensis/ C. aurantium vulgare
Psidium guajava
Persea gratissima
Calliandra calothyrsus
Callitris sp.
Cassia spectabilis

10. Casuarina/umubunda Casuarina cunninghamia
11. Gereverya Grevillea robusta

12. Icyayi Camellia thea

13. lgifenesi (jacquier) Artocarpus integrifolia

14. | kawa Coffea arabica

15. Ikinyomoro/itunda Cyphomandra betacea
16. Indimu Citrus limon

17. Inturusu/intusi Eucalyptus sp.

18. Ipapaya Carica papaya

19. Ipapaya y'umusozi Carica cundinamarcensis
20. Isederera Cedrela serrata

21. Jacaranda Jacaranda mimosifolia
22. Lesena Leucaena leucocephala/L. diversifolia
23. Mandarine Citrus reticulata

24. Pinusi/umubunda Pinus sp.



25.
26.
27.
28.
29.
30.
31.
32.

Seremoliya
Umudwedwe
Umukunde/ltenderwa
Umunoferiya
Umutima w'imfizi
Umuzonibari
Umwembe

Annona cherimola
Plumeria alba
Cajanus cajan, c. indicus
Eriobotrya japonica
Annona reticulata
Cupressus /usitanica
Mangifera indica
Dovyalis caffra

INDIGENOUS TREE AND OTHER PLANT SPECIES
LOCAL NAME

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.

54.
55.
56.
57.
58.
59.
60.
61.

Akaziraruguma
Amadwedwe
Bambuwa
Barakatsi
Bugangabukare
Iboberi
Icyicamahirwe
lcyuyuyu
lcyumwa
Idaforoma
Idoma

Igicucu
Igicumucumu
Igicunshu
Igihungeri
Igihondohondo
Igikakarubamba
Igikakarubamba kizungu/taburini
Igikambal/itabi
Igisura
Igitabitabi

Igitenetene
Igitoborwa
[gitotsi
Igiturabuguma
Igitovu
Ikararambwe
Ikegera
Ikibonobono

SCIENTIFIC NAME
Begonia meyeri johanni
Euphorbia grantii
Coryza sumatrensis
Acacia mearnsii

Hygrophila auriculata
Morus alba

Tithonia sp.
Pavonia urens
Trichodesma zeylanicum
Vinca rosea
Vernonia aenulans
Manihot glaziovii
Botriocline ugandensis
Coleus kilimandschari
Protea madiensis
Dracaena steudneri
Aloe dawei

Aloe sp.

Nicotianum tabacum
Urtica dioica

Nicotianum tabacum (wild
tobacco)

Kalanchoe sp.
Solanum capsicoides
Blumea alata (syn lagera)
Hibiscus diversifolius
Acanthus pubescens
Rubia cordifolia
Senecio ladiensis
Ricinus communs



62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

Ikibonobono
Ikigwarara
Ikiha/umuduha
IkKimungu
Ikinyankurwe
Ikinyondonyondo
Ikizimyamuliro
Ikiziranyenzi
Ikura

Imbabazi
Indarama
Inkeli/umukeli
Intobo

Intoryi
Inyabarasanya
Inzirane

Iralire

79 Ireke/lginetenete

80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.

95.
96.
97.
98.
99.

Isonga
Kamenamaseke
Kavunjahomo/akavunjahoma
Mahuru

Magaru
Nyirakayenzi
Quinquina
Rubamba
Rubilika
Ubuhandanzovu
Ubutwiko
Umubazi
Umubilizi
Umubogora
Umucaca

Umucucu
Umucundura
Umucyuro
Umufatangwe
Umufumba

100. Umufumbageshi

Psychotria sp.

Berkheya spekeana
Euphorbia candelabrum

Opuntia vulgaris/O. ficus indica

Cl/erondendrum fuscum/johnstonii

Kalanchoe sp.
Guizotia scabra
Clerondendrum rotundifolium
unidentified sp.
Microg/ossa pyrifolia
unidentified sp.
Rubus rigidus
Solanum aculeastrum
Solanum melongena
Bidens pilosa
Cassia floribunda
Senecio stuhlmannii (syn.
cydonifolia)
Kalanchoe beniensis
Ocimum americanum
Polygala luteo-viridis
Chenopodium ambra=soid
Leptactina platyphilla
Hypoestes verticillaris
unidentified sp.
Cinchona sp.
Sanseveria sp.
unidentified sp.
Tribulus terrestris
Helichrysum fruticosum

Monechma subsessile (epiphyte)

Vernonia amygdalina
Cissus quadrangularis

Cynodon aethiopicus/C.
ulemfuensis

Solanum incanum
Triumfetta sp.

Cassia didymobotrya
Ceasalpina decapetala
Ekebergia capensis

Balthasaria schliebeniivar.
intermedia



101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

Umuganashya
Umugasa
Umugano
Umugombe
Umugote

Umugwamporo/umuboboli

Umuhanga
Umuharakuku
Umuhashya
Umuhati

Umuhati kizungu (has red leaves)

Umuhatu
Umuhe

Umuhengeli/irandani

Umuhikakiza
Umuhokoro
Umuhombo
Umuhuhu/gapeli
Umuhuhwe
Umuhumuro
Umukamambogo
Umukaragata
Umukiryi

Umuko
Umukobe
Umukoni

Cussonia ho/stii
Toddalia asiatica
Arundinaria alpina
Chenopodium ugandae
Syzygium parviflorum

Trema orientalis
Maesa lanceolata
Rhyndosia hirta
Dalbergia lactea
Dracaena afromontana

Dracaenarainbana?
Pavonia patens
Clerondendrum fuscum

Lantana camara
unidentified sp.
Mikaniopsis tedlei
Ficalhoa laurifolia
Physalis peruviana
Croton dichogamus
Maesopsis eminii
unidentified sp.
Embelia schimperi

Virectaria major

Erythrina abyssinica
Ficus sp.

Synadenium grantii

Umukoni kizungu (has red leaves) Synadeniumpaztum

Umukonora
Umukorokombe
Umugosora
Umukubayoka
Umukumbuguru
Umukurazo
Umukuzanyana
Umulyawabasaza
Umumenamabuye
Umumeya
Umunanira
Umunkamba
Umuno
Umunyegenyege

Gloriosa simplex
Grewia similis
Verbena officinalis
Cassia floribunda

Clerondendrum buchholzii

Vernonia hochstetteri

Clerondendrum myricoides

unidentified sp.

Pavetta ternifolia
Albertisia exelliana
Rhamnus prinoides

Clematis sinensis/C. hirsuta

Clausena anisata

Sesbania sesban/S. macrantha



142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.

Umunyinya
Umuravumba
Umurehe
Umurerabana
Umuretezo

Umurogora/umukaka

Umuryogera
Umuruku
Umusagara
Umusange
Umusarenda
Umusasa
Umusave
Umusebe
Umusebeya

157.Umusekera

158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.

Umusena/umuseno
Umusene
Umushubi'
Umushunshu
Umusororo
Umutagara
Umutagarasoryo
Umutakaforo
Umutarishonga
Umutinsyi
Umutobotobo
Umutozo
Umuturirwa
Umuturuturu
Umuvumo
Umuvumu/gasuru
Umuyenzi

Umuyogera/kayogera

Umuyogoro
Umuyoka
Umuzabibu
Umuzibaziba
Umwamira
Umwange
Umwanzuranya

Acacia sieberiana

Tetradenia riparia
Ficus vallis-choudae
Vernonia adoensis
Anisopappus africanus

Bersama abyssinica
Crotalaria recta
Tephrosia vogelii.

Rhus vulgaris
Entada abyssinica

Triumfetta cordifolia
Sapium ellipticum
Markhamia lutea
Cassia floribunda
Albizia sp.

Macaranga neomilbreadiana

Ficus asperifolia

Dasylepis racemosa
Maytenus sp./Dovyalis sp.

Solanum incanum
Indigofera erecta
Senecio mannii

Solanum anguivi/S. indicum
unidentified sp.

Cluytia abyssinica
Erytrococca bongensis
Solanum aculeastrum
Hibiscus fuscus
Waltheria indica
Schefflera goetzenii
Vernonia sp.

Ficus thonningii
Euphorbia tirucalli

Crotalaria incana sp. pegoens

Millettia dura
Cassia occidentalis
unidentified sp. [raisin]
Mitragyne rubrostipulata
Terminalia mollis?
Senecio angulatus

Vernonia smithiana



183. Umwenya
184. Umwisheke
185. Umwumba
186. Umwungo
187. Uruberwa
188. Urubingo
189. Uruhehe
190. Uruheza
191. Urukwamo
192. Urusayura
193.Urusenda

Glossary

French words

Agronome de commune
Banque Populaire

Cellule

Colline

Commune

Conseiller

Foyer Social

Jeunesse Ouvriére Chrétienne

Préfecture
Secteur

Kinyarwanda words

Amashyamba
Bintu
Kintu

Ibiti
lgerageza
Igishonyi
Igiti
Imirima
Ingo
Intoki
Ishyamba
Rugo
Ubumenyi

Ocimum suave
Chenopodium ambrosoides
Prunus africana
Polyscias fulva
Hibiscus cannabinus
Pennisetum purpureum
Botriocline longipes
Phyllanthus niruri
Pennisetum sp.
Thunbergia alata
Capsicum frutescens

municipal agricultural officer
workers bank
neighbourhood
hill
municipality
municipal counsellor, alderman
Social Centre

Young Christian Wer@atholic youth
organization)

prefecture, province
district

woodlots

things
being without intelligence; thing
trees

experiment

light coloured chalk soils mixed with raic
tree

crop fields

home compounds
banana plantations

woodlot

home compound

knowledge, experience, science



Umurima crop field

Urutoki banana plantation

Urwagwa banana beer

Urwuri permanent pasture

Inombe red, lateritic soil more clayey and
heavier than urunombe red, lateritic soil

Mugugu heavy clay soil

Umusenga sandy soils, but with better
water retention than urusenyi

Urusenyi sandy soils

Urubuye coarse, gravelly sand soil

Urunombe red, lateritic soil

Definition of terms

Indigenous: "Existing, growing or produced naturally in a gior country; innate, inherent,
inborn." (Webster's New World Dictionary of the Antan Language, Second College
Edition, 1986). Tree species that are native amdrally occurring in the study areas.

Endogenous:"Developing from within, originating internally(3ebster's New World
Dictionary, 1986). Used to describe the natureaafners' knowledge that is developed from
within a local social system (ethnic group, peopidh a defined geographical or biophysical
area) and based on that system's beliefs, valuba@ms, and definitions of problems and
acceptable solutions.

Exogenous:All knowledge that comes from outside the localigbsystem, i.e. from people
from different geographic areas, different ethmigups, or from (formal) research and
extension. While researchers and extensionistsldmlbng to the local social group, the
knowledge they possess and advocate is (for thé paosand in most cases) not based on the
belief, meanings and values of the social groupjsbderived from elsewhere. Thus,
researchers and extensionists represent and bl@mexogenous (namely the scientific)
knowledge system.

Scientific: Knowledge and technologies that are developedyusiientific methods, i.e.
inductive and deductive reasoning, hypothesestgstontrolled experiments. This research
was carried out in two phases with different groofpfrmers who are distinguished as
informants, tree experts, consultants and compafewners. Each of these terms is described
below.

Informants: The first phase of the research concerned theifci@tion of farmers within the
community deemed the most knowledgeable about &neg$ree cultivation in the eyes of
their fellow farmers. A variation of the wealth kiimg game was used to extract information
from a sample of farmers about the knowledge oérotommunity members. The participants
in the ranking game are the informants.

Tree experts: The farmers who know a lot about trees and tretévatibn are considered
"experts" by their fellow farmers. It would be wipto call them "expert farmers”, as a



number of farmers referred to as tree experts wetréhought of very highly regarding their
farming skills.

Comparison farmers: Farmers who practice agroforestry and have knaydexbout trees

and tree cultivation that is different from the @fgrestry systems and agroforestry knowledge
of tree experts. This group of farmers was choseepresent the general farm population for
comparison with tree experts, in terms of educasoecioeconomic and political factors,
access to resources, etc.

Consultants or farmer-consultants: The term is used to refer to all farmers (both tree
experts and comparison farmers together) who fzatied in the second phase of the study.
These farmers acted as teachers for the reseanstidnis assistants, provided services, expert
advice and helped explain their agroforestry systeheir underlying knowledge and the
processes behind the generation of this knowledge.

The objective of studies of endogenous knowledge show that farmers do have
knowledge, are actively engaged in research toldp\this knowledge and can be experts in
specialized fields just as people who have forrdakation and training based on scientific
principles. If it is accepted that farmers have ami@nt contributions to make to development,
and if they are considered equal participantsdhrelogy development, they should be
treated as such and referred to with the same words

Acronyms and abbreviations

BGM Bugesera-Gisaka-Migongo
CARE Cooperative for American Relief

Everywhere (US NGO)

CGIAR Consultative Group on International Agricu#il
Research
CIAT Centro Internacional de Agricultura Tropical

International Centre for Tropical Agriculture

D&D diagnosis and design

ELCI Environment Liaison Centre - International

EMSP Etudes de Milieu et Systémes de Production
(Characterization and Farming Systems Department of
ISAR)

GNP gross national product

GTz German Agency for Technical Cooperation

(Gesellschatft fur Technische Zusammenarbeit)
ICRAF International Centre for Research in Agro&irg
ISAR Institut des Sciences Agronomiques du Rwanda

(National Agricultural Research Institute of Rwahda



NGO Non-Governmental Organization

PAK Projet Agricole de Karama

PAP Project Agropastoral de Nyabisindu

R&E research and extension

RPF Rwanda Patriotic Front

UNDP United Nations Development Programme

UNR Université National du Rwanda

USAID United States Agency for International Devwizent
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