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INTRODUCTION

In central America coffee trees are mainly culédatunder shade trees (Hernandez et al., 1997).
Coffea arabica originated from Ethiopian highland forests (Huxlagd Cannell, 1970), therefore
inclusion of shade trees in a plantation may bhiageficial effects. However coffee plants have bi
plasticity, and if enough fertilizers are suppligaklds may be substantially increased in full §Da
Matta, 2004).

Farmers from developing countries are concern \vitheasing revenues. Improving generation of
income from coffee is an important criterion. Howeweveloping Agroforestry systems (AFS)
practices may reduce the productivity of coffegpstdor example decreasing productivity when tree
cover is increased above a certain threshold tarm#henvironmental benefits. On the other hand AFS
practices may increase the quality of coffee be&ins.example in Nicaragua Vaast et al. (2006)
reported that altitude and shade enabled a betiertly of coffee cherries resulting in a higher gyal

of coffee beverage.

In order to contribute to maintaining and/or inieg the competitiveness and sustainability of the
agricultural sector of Mesoamerica a partnershiptfpim (PCP) was launched in 2007 by
CIRAD,CATIE and other 4 research and developmegibral institutions. One of its objectives is to
design, in collaboration with farmers, competitigaestainable and diversified management strategies
for AFS, suitable for particular biophysical as &g economic constraints and opportunities.

Farmers knowledge of agroecological processes irmmge of contexts has been found to be
remarkably detailed and a potent resource for rese@hapa et al., 1995). Thus, gathering local
knowledge from stakeholders could be used to cam@eientific knowledge in order to produce a
useful model integrating coffee productivity andiieonmental services.

On a first stage of the PCP project there is a neeghther knowledge. Thus, the aim of the research
was to build a conceptual model, assessing localvladge about the effect of the environment and
management on coffee farming systems, specifith#yeffect of the inclusion of shade trees on yield
and quality elaboration.

The first chapter placed the study in the contdxagroforestry research and Costa Rican coffee
production system. Chapter 2 outlines the objestiaed research questions. Chapter 3 presents the
methodology and provides a brief description of shedy area. The forth chapter presents the main
findings of the research and chapter 5 discussese sof the main issues, makes some
recommendations. Finally chapter 6 suggests fulities of the research.

1. Research context

1.1. Coffee production in Costa Rica

Since Costa Rica'’s independence in 1821, its agrdistory has been linked with the development of
coffee plantations (exclusivelgoffea arabica). This labor-demanding crop has been cultivated in
wide range of farm size and intensity of producfiactors (Samper, 1999)

The coffee marketing chain is formed by farmerspowitoduce and sell fresh coffee cherries to
primary processors “beneficios”. This first procéssisforms cherries into green coffee (dry coffee
beans). Coffee is mainly bought to the Beneficipgxporters, and exported as green coffee. Some of
it is roasted for the developing internal marketribg the recent coffee crisis, at the beginninghis
century, direct transactions have appeared, eibeween farmers and exporters, or between
beneficios’ owners and clients abroad..

The Costa Rican coffee Institute (ICAFE) regulatas chain, mainly by determining each year the
minimum price primary processors have to pay tomés. Moreover ICAFE technicians are in charge
of research on coffee, whose results are transféoréarmers.

In central America coffee trees are mainly cultdatunder shade trees (Hernandez et al., 1997).
Coffea arabica originated from Ethiopian highlamdetts (Huxley and Cannell, 1970), therefore



inclusion of shade trees in a plantation may bhiageficial effects. However coffee plants have bi
plasticity, and if enough fertilizers are suppligiélds may be substantially increased in full $§Da
Matta, 2004).

High input coffee production has been questionechibee of its financial vulnerability even for

successful farmers (Haggar, 2007). From 2001 to62@élds in Costa Rica decreased from 30
fanega¥ha to 24 fanegas/ha (ICAFE, 2006). For experts ithithe result of the world coffee price

crisis, leading to the reduction of coffee assistamand of investments for renovation of coffee
production techniques. Besides there is an impbreduction on coffee areas: 13.9% from 2000 to
2006 (ICAFE, 2006). At the same time, the crisighie coffee market provided an opportunity to
explore alternative cropping systems and markets.

Agroforestry Systems (AFS) are a mixture of différelant species, including perennial, cultivated
together in the same plot. Even if the effects ludde trees on coffee productivity are questioned,
agroforestry systems in the Tropics are suggesieprdvide a promising combination of natural
resources conservation and productivity (Steffam®der et al., 2007)). Indeed, there is in Costa
Rica an increasing concern about the use of natasglurces by agricultural systems, particularly
about loss of biodiversity (Gordon et al., 200Rgessive pesticide and fertilizer use (Arangureal et
1982) and consequent water pollution, soil erosioeh nutrients loss (Romero-Alvarado et al., 2002).

The estimation of environmental services providgdABS and their valorization could be a way to
improve the economic sustainability of rural commties and reduce they vulnerability by increasing
the revenue diversification.

Furthermore, AFS with its reduction on chemical utspand increased bean quality open new
marketing opportunities as organic, nature frieratlgpecialty coffees. The current strategy of IEAF
is to improve the Costa Rican coffee quality asdritage for a better access to the market. However,
organic coffee production represented only 0.7%atifonal production in 2005-2006 (ICAFE, 2006).

1.2. Coffee productivity in shade systems

A shade tree will be considered appropriate whenettis not competition with coffee and when its
improvements of soil fertility, soil conservationdamicroclimate are high. (Ong, 1996)

Shade trees improve soil fertility and moistureil $ertility is enhanced by nitrogen fixation and
recycling of nutrients. Soil moisture is enhancee tb the mulch created by increased rate of tallin
leaves and residues from tree pruning. Howeverfeeofmineral nutrition will also depend on the
synchronization between release from the minenadizaof the diverse organic compounds, and
extraction by the roots. Moreover, the net effdctlmde trees on the resource depend on the balance
between the tree own extraction and its returhecsiystem (Beer, 1987).

Shade trees can modify the environment or the eaffep development, and therefore indirectly alter
pest and disease incidence. Shade trees can cofopatérients, water and light with weeds. In Gost
Rica the competition for light has been show t@b@luable way to control weeds, pests and diseases
(Staver et al., 2001) . Nevertheless pest and skspablems may increase (ICAFE, 1989) or decrease
(Beer et al., 1998) with increased shade, dependinthe pest and on the environment. Excessive
shade increases the infestation rate Myfcena citricolor. However Hemileia vastatrix causes
defoliation in unshaded and shade conditions (Aeelet al., 2004). Shade trees can also host
pathogens. For example Inga spp, may be infectell.bgitricolor and act as a source of inocula.
Shade trees can increase the effectiveness ofgidaloagents without contributing to increased
Hemileia vastatrix levels or reducing yields. For exampauveria bassana, an entompathogenic
fungus, andCephalonomia stephanoderis, a parasitic wasp, persist better under shade.

The main effects of tree crop interactions can bmlifred by tree management: (i) the spatial
arrangement and density of trees, (ii) frequencypaining, (iii) trees diversity. Besides tree
management depend on site conditions. For exarop@gure a beneficial effect of shade trees, it is
recommended that the proportion of shade has tovier for cloudy and humid zones, and higher for

! Measure unit used by farmers and processors ita@isa. 1 Fanega = 256 kg of coffee cherriesqtramntity
supposedly needed to produce 100 Ibs of greenecoffe



dry and sunny zones (ICAFE, 1989). During humid dittons, the proportion of shade can be
decreased to avoid the incidenceavbyfcena citricolor by pruning shade trees.

The inconsistency of the results of the effect lvdide trees on coffee productivity reported in the
literature lies probably on widely varying site ditions and management. Thus it is necessary to
adapt each AFS to its site condition.

1.3. Designing productive AFS

To explore and propose AFS on a short term, system@delling appears as a solution. However
there are not proved models taking into accountdfjee behaviour in AFS,(ii) the perennial coffee
plants characteristic, and (iii)the importance oéliy.

In Costa Rica there was a trial of coffee mechanistodelling “COFFEA” developed by Rojas
(1995) based on coffee distribution of photosynthessimilates. However it doesn’t include the
dynamic of shade trees.

An unpublished work of Van Oijen et al developedlat scale dynamic model of coffee and shade
trees growth. It included the physiology of coffglants and its daily response to different growing
conditions (management treatments, competition Ilfight, water and nutrients). The model
parameterisation remains uncertain and outputs camecentred on yields, stem volume and
environmental impact. Factors as quality and tiecebf pests, diseases and weeds are not taken int
account.

Thus on a first stage of the PCP project thererisexd to gather knowledge and to find out the main
aspects that will organise the simulation modelualioffee-shade tree interactions and its effents o
the biophysical system, thus in coffee yields anality.

1.4. Knowledgein Agroforestry systems

Agroforestry is a recent science, but it is aldoaditional practice and local agroforesters matgite
valuable knowledge on its management (Sanchez,)19886refore, the knowledge needed to identify
the best management strategy may be more scatietegen different kinds of stakeholders than is
the case for more industrial crops.

Local knowledge has been defined as knowledge basetkal life observations and experience
(Walker et al., 1995). Farmers based their prastare their understanding about natural process and
biological interactions in particular environmeritecal knowledge studies in Kenya showed that the
widespread recommendation on shade trees wasloiviedl by many farmers. In fact, based on their
experience farmers were able to find out whickdreould be grown without adverse effect on coffee
production (Lamond, 2007).

Research involving looking at local knowledge ins@oRica has proved to be useful. For example it
was reported a classification for trees accordmtheir effect on biodiversity and soil conservatio
showing farmer’s preference for particular shade specie (Cerdan, 2008). However until now there
is not a detailed study on coffee productivity kihedge in the PCP project.

Diverse knowledge must be stored in a form thawal different sorts of analysis and interpretatimn

be done. An explicit representation of the knowkeds it is collected is needed. Such techniques fo
representing knowledge on computers exist. AgrstoyekKnowledge Toolkit (AKT) is a tool for a
systematic collection of ecological knowledge. Thi®l is intended to be used as a part of a
participatory Rural Appraisal exercise to help egsbers maximize use of existing information. It
enables to create a knowledge base about a chogenbly collating knowledge from a variety of
sources -farmers, scientists, extension workerslkgvaet al., 1995). Data are recorded as a set of
qualitative or quantitative observations. Inpute ar collection of statements. Each statement is
referenced with the source of the knowledge. Ostpiitthe analysis can be display as diagrams to
investigate causal processes (appendix 1). Thus,fainction could be used to build conceptual
models, and compare knowledge of different origins.

2 KBS methodology has been developed by universityales, Bangor.



Finally AKT proposes a methodology to perform thewledge collection. It includes 4 stages: (i)
Scoping stage where the researcher identifies amahility within the community that could
influence the study: who knows what, and who wdagduseful to interview in terms of the research
objectives; (ii) Definition of domain to set prelimary boundaries to what the knowledge base will be
about and the areas to cover, (Dixon et al., 20@))compilation where selective key informante a
repeatedly interviewed and (iv) Testing the repnestéveness of the acquired knowledge across the
study area, requiring random sampling statisticalysis (Walker et al., 1995).

2. Objectivesand research questions

2.1.1. Objectives
The aim of this study is to build a conceptual madehe effect of the environment and management
of a coffee plantation on yield and quality elalbiora The model focused on the effects of the
inclusion of shade trees. Knowledge from differenigins is brought together in this conceptual
model, in order to achieve a comprehensive reptasen of the system, which is shared among
stakeholders.

To create a complete representation of knowledgecaffee yield and quality elaboration, we

interviewed actors in the coffee productive chaarmers, technicians, and first coffee processors

(Beneficios). Besides we looked for academic kndgée Once each knowledge representation was

created, we undertook a comparative analysis.

Our work is based on two hypotheses:

* Knowledge from different origins on coffee produii and quality is complementary and its
gathering can improve the comprehensiveness ofieepbual model.

« AKT is a suitable tool to gather and representrimftion from different sources, including
academic literature.

2.1.2. Research questions

(1) An exploration of farmers, technicians and pssors understanding provides a complementary
source of scientific understanding about biophysitaractions in coffee AFS in Costa Rica?

(2)Is AKT a useful tool to build conceptual modatsd compare knowledge to identify and prioritize
research objectives?

3. Materialsand Methods

3.1. Location of research

To increase the diversity of knowledge gatheredenrith our scientific model we looked for coffee
plantations in different agroecological situatioAgjroecological situations determine shade coffee
management diversity. Therefore covering a largegeaof situations provides a diversity of
information valuable for the knowledge base.

Our regions were selected among the coffee produabnes in Costa Rica (Figure 1): Turrialba,

Orosi ( both located in the Turrialba region) dradrazu. Costa Rica is divided by folded mountains
in two versants, the Atlantic one (Orosi, Turrigllzend the Pacific one (Tarrazu). The proximity to

mountains, hence their altitude, is the other difiee between the three regions. The resulting
ecological situations are presented in (Table 1).

Differences in altitude and rain distribution aralled to be the main differences between coffee
production in Turrialba, Orosi and Tarrazu.Cofféeld are considered low in Turrialba and Orosi
when values are less than 20 fanegas/ha/year agfdl Wwhen there are between 25 and 40
fanegas/hal/year. In tarrazu less than 30 fanedgs#ras considered low.

Turrialba low altitudes and high frequency of raare said to be the main causes of low yields and
coffee quality. The main yield is around 20 fanéigaslower than the national mean (25 fanegas/ha).
Some farmers opted for organic coffee.



.Relatively large coffee plantations are frequan®rosi, allowing higher technification. Furtherrapr
there is a market looking for Orosi coffee quaditién particular its big beans and sweet flavor,
therefore coffee reach higher prices than in TlipaiaYields are around the national mean. Organic
farming is rare, probably in relation to the siZe¢h® farms and to the quality niche.

Tarrazu is considered as a very good region foieegbroduction: productivity can achieve 35 to 40
fanegas/ha. Tarrazu coffee is known in the mafieits good quality (acidity, small size coffee
beans). It has a defined dry season, and coffedgbiens are located at high altitudes. Organideeof
is rare.

3.2. Coffee practices

Coffee practices differ in the three regions (Feg@). The only difference between Turrialba and
Orosi was the beginning of harvest. However Tarrdiftered in 6 out of 10 practices. From
technician’s point of view, the presence of a wiellined dry season from December until March was
the primary cause of that difference.

Coffea Arabica most used varieties are dwarf met&dturra, Catuai, Catimor, Costa Rica 95, and
some typica like Geisha, Villalobos, or Bourbonjdiged for their cup quality.

Coffee is a perennial shrub with continual growt$,centrifugal fructification causes an increase i
branch growing and old unproductive wood. Pruniggnécessary to decrease the amount of old
branches and stimulate the production of new pribekitissues. Besides, a certain number of trees
will wither and die each year, they must be repdade coffee plant can produce between 15 to 25
years depending on its assistance(Coste, 1968).

The main pathogens that farmers have to face aréutigal diseasklycena Citricolor called ojo de
gallo (American leaf spot) causing damage to leavesfruits, and the inseklypothenemus hampei
named broca affecting berries and beans. Orgamtraicagents are presented as an alternative for
chemical control, usually done with an organochlerinsecticide, endosulfan. However, the survival
of the fungi used for organic control of berry bocan be problematic, depending on site conditions
and reduces its use (Guharay et al., 2001). F@AFE point of view there is a decreasing concern
on controlling nematodes and rust.

Shade is variable in number, species, and manadeifieere is not an optimal density advised for
shade trees management. However it is considerad piré Erythrina poeppigiana) will help
increase yields. In fact this introduced speciesriapid-growing, nitrogen-fixing trees. But it Hasbe
pruned once a year and thinned at least two tineesypar, increasingly whith a higher ambient
humidity. Planting density might be between 6 X @&nd 12 X 12 m depending on ambient humidity.
Other shade trees are plantain and banslniea(spp), laurel Cordial Alliodora) and guaval ga spp)

In Costa Rica when coffee production factors arduced, farmers avoid: (i) atomization with
fungicide, nematicide, insecticide or fertilize(8) complete Berry borer control (iii) applicatioof
herbicides, and (iv)thinning coffee trees. Thiswscduring periods of low prices, or in farm where
production factors are scarce, particularly caitad workforce for crop management.

The effect of management on coffee plants yield gulity will depend on environmental factors, in
AFS the association of two or more species leadrtire complex biophysical system.

3.3. Building an academic model
3.3.1. Conceptual model: Coffee yield and quality € aboration

Representing a system by its biophysical interactiith practices and climate is a way to integrate
into a model the knowledge about yield and quaigporation. Coffee productivity is site specifittb
the mechanisms governing it are of general siganiite.

Conceptual models are used to gather knowledgeraplex systems. These models may eventually
lead to the development of simulation models, okeretool for discussion between different actors.

On participatory research farmers can be askedetp Wwith the model making. However it is
necessary to take into account that it is risky Wwegause farmers do not have the possibility tegro




their hypothesis (Doré et al., 2008). Moreover,reifethere is a large amount of interviews it is
necessary to confirm it by in field measures (Repéd al., 2006).

Conceptual models can be based on yields compgnehtse the value of each yield component
depends on the previously formed components andogmeental factors during the formation of the
yield component (Doré et al., 2008). A crop yisdisually defined as the quantity of useful biognas
harvested annually per hectare, for coffee it soad to the volume of cherries harvested per reecta
and per year. For coffee, we built an equationasgmting the variables or components affecting the
final yield:

Yield (bean weight/ha): Number of (N) plants/ha
X N vegetative nodes/plant
X N floral buds/vegetative node
X N flowers/floral bud
X N pinhead/flower
X N green fruits/pinhead
X N ripe fruits/green fruit
X mean fruit weight
X (bean weight/fruit weight)

Thus, it is possible to divide the study of coffg®ductivity within its components, however it is
necessary to take into account that coffee is anpéal crop, and its growth is indeterminate. Yseld
on successive years are interlinked and this paigguart of the yield elaboration scheme.

Fruit weight will not only influence yield but aseltits quality. The physic quality of coffee chies
depends on beans size and uniformity. Howeverhe&snical and organoleptic values are important
criteria (Guyot et al., 1996). Chemical compositie@s on coffee beans fat, acidity, caffeine and
sucrose contents. Sucrose and acidity will detezmsimme organoleptic characteristics as the aroma.
Other organoleptic characteristics are body, lites, and astringency. The absence of residues is
called “clean cup”, and is a criteria used to afgdsasted coffees (ICAFE, 2008).

Some quality variables depend as well on post Isateehniques and on the preparation of beverage
(Bertrand et al., 2006). However our biophysicaldelowill only take into account agronomic factors
affecting final quality of green coffee.

3.3.2. Building the academic conceptual model
A literature review and interviews were used tddan academic conceptual model. It is based on the
physiology of coffee, and outputs are coffee yatd quality. Coffee phenological phases were
chosen in function of their easy identificatiorthe field and their importance to determine final
coffee yield and quality. The value of each yietdnponent (e.qg. floral buds) depends on the
previously formed components (e.g. vegetative noaled environmental factors during the formation
of the yield component (e.g. Radiation).
Because the academic model is based on literatuiew most of the interactions cited are based on
monofactorial analyses. The period considered ésyaar corresponding in Costa Rica to one
reproductive cycle (Cannell, 1970) lasting fromo860 months (Frank, 2005).

The review was resumed in a Power point presentahowing five stages (Figure 3). For each stage
we then detailed factors as Carbon allocation awidt@mental factors cited below (see appendix 2).

The presentation was used as an iterative diagragtoi guide the interview with four researchers
working with coffee at Agroforestry departmentGATIE. Our aim was to (i) validate the model, (ii)
add cause and effect relationships, (iii) find patticularities for Costa Rican conditions.

Questions to the researchers focused on the agcofadbe selection of each stage and non-identified
causal relationships. We also asked to make arbfgraof factors for each stage, to simplify the
model.



The model was presented in a scientific meetindlb8 modeling in CATIE, to get inputs from other
researchers.

Entering the information on a knowledge base systAKT and use its diagram function was
proposed as a methodological modification to build conceptual model. It was also meant to
document each relationship (qualifying a each i@tantroduced in AKT only).

3.4. Knowledge incor poration to the academic model

Based on some hypotheses about the kind of knowelestgined by each type of actor, we chose and
designate four groups to assess a diversity of lediye and discuss the academic model. The
hypothesis were (1) Scientist knowledge is acadebdsed on literature information, unpublished
observations, experience and site specific evaost(\Walker et al., 1995) (2) Knowledge from
technical experts is a result of experience, coftgens evaluations and unpublished observations
(Thapa et al., 1995) (3) Coffee processors ar@tiyeones having an understanding of coffee quality
aspects in their region (Larrain, 2004) (4) farmemswledge is local, build from their observations
and work in the field and results from a relatividyge time span, they have much more intimate
experience of their production practices than ewtieprofessionals (Thapa et al., 1995).

3.4.1. Interviewers

The aim of our study was to gather the most difiesiunderstanding of factors affecting coffee
productivity. We were not looking for a group degton, but for a diversified knowledge. Therefore
selection is a non-random sampling method and dhepke was not intended to be representative of
the population under study. Rather, we lookedkey informants. A key informant is a farmer,
technician or coffee processor with experienceoiifiee work and possessing an ample understanding
of the relations between coffee management, cdiffelegy and their effects on coffee productivity
and quality.

a) Farmers

Our objective is to cover a diversity of coffee rmagaments to obtain an ample range of qualitative
knowledge. We hypothesized that interviewing fasmeith a wide range of coffee practices will give
us access to a diversity of knowledge.

From already existent coffee farms typologies inrritlba, based on a description of practices,
(Cerdan, 2008; Llanderal Ocampo, 1998; Porras, R0ifférences in coffee yield between an
intensive, and a traditional (less intensive) cnggnagement and between organic and conventional
farms on the other side are reported. Moreovas idrgued that organic farmers have a lot of
knowledge about agronomic interactions.

A more detailed description of practices in coffgntations has been done in CATIE for Costa Rica
and Nicaragua (Haggar and De Melo, 2008) (see ap@&).We add yields estimations, shade trees
pruning for each group given by ICAFE technicians.

Following that farmers stratification the selentiof experimented, available, “like to talk” farmser
was made enquiring some ICAFE technicians, Catidesits, farmers and some technicians from
processors plant of the Tarrazl zone.

Finally 24 key informants were interviewed (TablgFPom the initial objective to interview 2
informants from each category, we had to adapsdmaeple to take into account the actual existence of
such farmer in each zone. For example, organicdesnim the Tarrazu region are rare, and we could
interview only one farmer for each category, andréfore we interviewed 2 more farmers in
conventional categories.

Table 2 Farmersinterviewed

Extensive organic Intensive organic Moderate Conventiona Intensive

Conventional
Turrialba 2 farmers 2 farmers 2 farmers 2 farmers
Tarrazu 1 farmer 1 farmer 2 farmers 4 farmers
Orosi 1 farmer 1 farmer 2 farmers 4 farmers



The number of non shaded coffee plantations irséimple was low, but this was congruent with the
situation in the regions, were few such plantatigdigsexist. In the region of Tarrazu there is jose
farmer and he wasn’'t recommended as a key informian®rosi most of non shaded farms were
introducing shade trees, we interviewed two cdsesurrialba we visited one intensive full sun farm
but its interest on coffee production was decrepsind they were replacing some coffee trees with
palmito trees.

b) Technicians

In total 8 Technicians were interviewed: 4 in Taillba and Orosi, 1 in Orosi, and 3 in Tarrazu. To
select technicians and processors we asked inalharand Los Santos regional offices of ICAFE to
select the most ancient and experimented on cqifeduction. ICAFE regional office for Turrialba
also covers the Orosi region. Not all techniciamsked at ICAFE, some also worked at Beneficios.
We just made sure that they were in charge ofingsfiarms and not in processing coffee.

c) Processors

We visited 6 processors: 1 in Turrialba, 2 in Qraad 4 in Tarrazl. In Tarrazu there is an indregs
number of farms with their own beneficio. Thus, weluded 2 farmers in such situation because we
thought they might have more knowledge about gualid its relation to coffee management.

3.4.2. Interviewing
Based on the knowledge learnt from the construaticime academic model, we build the interviews.
A diagram based on yield components and generalgdhavas built and used differently depending on
the group interviewed.

All interviews were recorded for later processinging AKT software. Farmers and processors
interviews lasted at least 2 hours, while technisianterviews took no more than 1 hour.

a) Farmers

In the interviews we delimited with farmers a ceffelot, unit of similar management and site
conditions (soil conditions, shade amount, shadersdity, coffee plant age and varieties). We then
identified yield components, we did not ask dingdtr each yield component. For this coffee plants
were used as a support to find out morphologidéminces and elucidate knowledge.

Then we looked for how environment affected thasmmonents, and finally we tried to find out how
shade trees could modify those relationships. AsHor practices was a way to make a relation
between what farmers do and what they see onfikllr besides it let us to have a brief descriptio

of practices for our classification.

A diagramming was used to follow the knowledgeitton (appendix 3t allows the interviewer to
follow the keywords to check if all the big themeere treated, and at the same time ask open
guestions in a semi structured way on the basighat interviewees saw in their coffee plots. We use
occasionally as well a detailed questionnaire a@amying this diagram to ensure a more detailed
support (appendix 3)

When there were responses that seemed to be ircives tried to ask questions in slightly different
ways to check if knowledge was there and just ned¢debe triggered off by the right questions.
Incoherencies between knowledge and actual practieere frequent when we interviewed the
manager, as he had to do what the owner of thegtian ordered.

b) Technicians

The same semi-structured interviews used for faghieterviews were used for technicians. However
the diagram, which was used as a check list witiméas, was used in this case as an iterative



diagramming. Thus, technicians were called indigljuto complete cases and explain interactions.
This method was useful to involve technicians givinem a support for their answers and to organize
their knowledge about factors affecting producyinith one productive year and at plot scale.

Interviews began defining different stages of oeffgeld elaboration. Then based on what the
interviewee defined as a stage, we draw it on esmpapnd see how factors like: climate, coffee
management, pest and diseases affected eachatagerefore yield. Finally we find out how shade
trees have a direct or indirect effect (modifyingagiices, diseases, pests, and climate) on yield
elaboration stages.

c) Coffee processors

Processors interviews were carried out in two tinid® interview used for the technicians was used
as a first step. However, the processors did notige much detail on the first four phenological
phases and we spent more time on the fifth phamee&ch quality characteristic cited we asked to
link it to conditions or practices in the field. \&tnthe answer was considered too general, wettiied
put the interviewee in the situation of a produesking what he would do to improve coffee quality.

For the second part we visited the processing phahtle processors explained each step of the
process, we ask for coffee bean characteristicgirea at the end of each step. Then we ask to link
those characteristics to field.

Just 2 from 6 interviews were not realized on taapbecause the meetings did not took place in the
processing plant.

3.4.3. Processing with AKT software

As a result of the workshop presentation we find tbat our power point model version needed a
more detailed presentation. AKT toolkit has beesigieed for the representation of knowledge
elicited through semi-structured interviews. Theref AKT toolkit was presented as a way to (i)
organize information as a knowledge base, (ii) @ixphrrows connecting cause and effect, and (iii)
with an objective of comparison, the use of a dyicadiagram representation letting to hide or show
paths we wanted to explore, was interesting.

a) Entering interviews
Each record of interview was processed in the effitntering interviews the same day it was done, as
it is recommended on AKT manual, was not alwayssitds. Processing an interview of 2 hours with
AKT took 4 hours. We tried to concentrate varionteiviews in the same field trip. Therefore,
processing was done some days after the intentitomever, we visited each region at least twice;
this allowed to check some interviewee to checksimme incoherencies or needed precisions that
appeared when processing the interview.

Each interview has its referent, so each piecanofedge is attributed to its source. In the cdgbe
academic model built with literature we called sdwrce “scientific literature”, and to complete the
scientific database we added scientist interviéwss.farmers, technicians and processors, eachesourc
was identified by its name and some farm charatiesireferred as a “Mema”.

To process each interview we (i) looked for andemteéd knowledge about coffee productivity, (i)
build a statement and entered it into the knowleddgee on AKT5 software, (iii) make detailed
diagrams.

Conceptual model were obtained by a diagram funabio AKT. Each cause and effect linkage was
diagramed from stored statements, and each linkahadue qualifying each relationship (examples
given in results section).Therefore each staterhadttwo terms: one is a cause, and the other an
effect. Each causal statement can be built comgedach term into a process (natural events),ractio
(practices), or objects. The relation is enteredraattribute value for each term.



For example a farmer from Orosi (Jose Franciscm). S$&ore shade on coffee plants diminish the
amount of leaves falling, this is good because the amount of leaves on the plant increase”. This
statement has 2 causal statements:

1. More shade on coffee plant diminish the amount efvés falling, becomes:
att_value(process(shading,coffee_plant),rateisefeausesilway att value(process(falling,
coffee_leaves),rate,decrease)

2. A reduction in the amount of leaves falling incredise amount of leaves on the coffee plant,
becomes: att_value(process(falling, coffee_learas)decrease)causeslway
att_value(coffee_leaves,amount,increase)

Then if another farmer said the same it is apperidethe statement. If farmers reported some
condition for the causal relationship it was adttethe statement, and written on the diagram.

It was possible to differentiate from what intewers have seen and what they have learnt from other
sources. Before we entered the statement, the a@ftask if it is an observed, a literature, or arthe
statement.

Moreover AKT gave a way to detect incomplete oohgrent information. Each region was visited on
two times, at the end of the first visit we lookaddispended statements using an option of AKT.
Those relationships correspond to statements witiioy link in the model.On the second visit we try
to do more precise questions to append those staterto our model.(appendix 3)

For each group of actors we made one knowledge basaake easier the diagram construction for
each group and comparisons.

b) Analyzing the knowledge

The purpose was to analyze the knowledge and elinit possible gaps in scientific knowledge or
richness of each knowledge base.

An option called “Boolean search” let us to selettat we wanted to diagram. For example if we

wanted to see what factors affect the amount o#lflouds, we select floral buds on the option. This
allows us to zoom on each stage, and compare hgual\superposition and highlight gaps between
different groups. However all the statements wertediagramed in a comprehensive way. We had to
organize each statement, with its variables, aadl&scription of the relationship between them.

A final model including all knowledge bases was reatlized because the program did not allow us to
diagram all the knowledge bases together.

4. Resultsand discussion

We entered 228 statements in the knowledge baséhéoncademic model, 520 statements in the
farmers’ knowledge base, 150 statements in thahefprocessors and 190 statements in that of the
technicians.

In the next pages, we present the models produmad the AKT knowledge bases. The main
processes responsible for the yield componentoedtibn are presented first. All the four models,
produced from the four knowledge bases are presemtee subsequent sections detail the processes
and the factors acting on each yield componentudireg shade. In this section, we will follow the
same scheme: the academic model is presenteddirdtthe contributions of the models produced
from the other knowledge bases are then studied.

Each stakeholder’s group produced its own modets&€models are presented in appendices (5 to 8)
as they are relatively repetitive and their dethilExamination is cumbersome. Only the main
differences are detailed in this text.
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4.1. . Description of yield components

We obtained four diagrams showing the successiocooiponents: Vegetative nodes, floral buds,
flowers, pinhead, green fruits, and ripe fruits amto

To validate the consideration of each yield compbiy the different groups, we have to look at (i)
the connection with the previously and the follogviformed component (blue zone) and (ii) the
processes modifying it (green zone). Component@ndesses related to quality (orange zone) are
illustrated in the diagrams.

For easier interpretation of diagrams arrows andefowvere arranged at different places in each
model. In the academic model some information waiscontained in boxes and was represented as
conditional statements under the arrows, this wadifferent way to link to boxes when we entered the

literature information

Yield components were 6 for the academic (Figureadd farmers’ models (appendix 5), 7 for
technicians’ model (appendix 5) and 5 for processmiodel (appendix 5). For the academic model,
we validated the components and processes foumd#ég iliterature; however, for the other sources
we let them to build the “history” of the ripe ftuiThis shows what components were mentioned as
important by the different sources.

Processors did not mention the vegetative nodege sthe details for the quality zone are the most
numerous, thus confirming that their knowledgemgartant for quality aspects. Farmer’s model is
more detailed than technician’s model. It couldbeeause while technicians were interviewed they
felt “like they were passing an exam”, thus theggented mainly the knowledge they had from
literature, and did not take the chance to pretbait own observations and experiences.

Finally red circles show processes that do not appe the academic model. For farmers the moment
the flowers were formed influences the size oftéurhe first flowers formed are bigger and produce
bigger fruits. This illustrates the link with thenaunt of carbon available: first flowers would have
more carbon available for their development, hdacéuit growth.

Therefore were areas of knowledge where the academdel was more explicit (eg. Initiation and
induction processes), but general process (Faliimd,formation, ripening) were well understood by
local informants. In farmers model it was confusigith the meaning of flowering (see 4.4) but this
did not stop the interviews.

Comparison of these models revealed complememyritiith each knowledge system also providing
added individual detail that did not contradict ttker. Higher events of flowering were considesed

a process affecting the amount of floral buds (Bseors and farmers) or flowers (farmers). It is
expressed differently “crazy flowering, frequendyflowering” however it expresses the undesirable
effect of rains, explored in 4.4

Farmers reported other interactions that were agievo their site conditions and questioned the
academic model. They reported that falling of gréreit was not just during the pinhead stage, it is
the only group who linked the process of fallinfeafing the amount of green fruits.

In the processors model we see that the rate ligdruits decreases the amount of ripe fruits and
reduces coffee quality because farmers pick fereaefnuits from soil.

Thus for the amount and quality of fruits dependamgthe competition for carbon is a process that is
included in the models, in an explicit way or ndhis model has been explicitly included in the
academic model, and less explicitly in the farmergidel, who described the tiredness of coffee
plants.

11



4.2. Carbon production and allocation

The amount of carbon available for organs developniepends on: (i) Carbon interception and
conversion (photosynthesis rate, the sources)th@) different uses of this carbon in respiration,
growth, accumulation as reserves etc. (the sinks).

Photosynthesis depends on factors like radiatemperature, water and nutrients availability, ,CO
atmospheric concentration, leaf age, and plant tgpro(Alvin, 1953). Besides Silva et al. (2004a)
show that stomatal limitations reduced carbon aksion. This vegetative carbon assimilation is
affected by microclimate, when the effect of friatsa sink is eliminated. Cannell and Huxley, (3970
proposed a seasonal pattern: roots developmeimgdire dry season and aerial development during
the rainy season resulting from a modification afbon assimilation. Studies on those patterns are
shown on (table 3).

Table 3 Expression of different patterns on vegetative growth for brancheswithout fruits

Rainy season: vegetath Dry season : absence of
growing vegetative growing
Net carbon assimilation Increase Decrease
(Cannell and Huxley.P.A,
1970; Silva et al., 2004b)
Aerial vegetative growth (Da Increase Decrease
Matta and Cochicho Ramalhc
2006)
Number of leaves (Morais et Increase Decrease
al., 2003)
New leaves size (Morais et al Increase Decrease
2003)
Falling leaves rate (Morais el Decrease Increase
al., 2003)
Carbon allocation preference Leaves and branches Trunk and roots
(Huxley.P.A and Ismail.S.A.H
1970)

This seasonal pattern was observed in regions wirgrand rainy season were well defined, however
the photosynthetic rate could be determined byatians in solar radiation and temperature. For &£ost
Rica conditions, Frank (2005) reported that int oo dry conditions stomatal conductance and
photoinhibition are factors decreasing carbon aaiion.

Other environmental factors can modify that carlassimilation, therefore growth (Table 4). For
example in extreme temperature, radiation and wstteiss conditions nitrate fertilization improve
coffee plant vegetative growth (Coste, 1968). Iot faitrate activate mechanisms protecting the
photosynthetic apparatus and increase water aasionilefficiency (Carelli et al., 2006).

Processes and organs determining the initial amotunoarbohydrates are illustrated in the academic
model (Figure 5).
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Figure5 Carbon conversion and allocation diagram : Academic source

A lack of production regulation by coffee plantsozause a shortage on C in comparison to the
amount of sources and C available in reserves. @otigm for carbohydrates between cherries and
branches were studied in Costa Rica, showing thoitance of cherry sink strength (Vaast et al.,
2005).Even if the production and conversion of oarincreases and taking into account that green
fruits have a photosynthetic activity satisfyingand of 12% of total carbon fruit need (Frank, 2005
the amount of carbon available for growth decreasdabe presence of fruits. The effect of fruits
competition on yield components or processes isvshdtable 5).

A “tired coffee plant” was reported by farmers aedhnicians as a condition of the plant affecting
quality and vyield. It is reflected by a changehie amount, size and colour of leaves (Figure @&uFr
technicians point of view this occurs when the agé/or the rate of productivity are high. In adutiti

to that harvest (destructive and frequent), a gk of diseases, and a decrease in the amount of
shading were reported as factors increasing thed‘tistatus of the coffee plant.

An increase in the amount of tired coffee branclhesease the probability to have a tired coffee
plant. To avoid this, farmers can: (i) increasenprg, or (ii) shade or (iii) select a less produeti
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variety. Thus, it was a way to avoid a shortagecarbon, hence favour flowering and controlling
fungal diseases.

Comparing the academic and farmer's model we rfudé lioth take into account (i) the amount of
fruits as a sink, and (ii) the effect of a lackcafbon on: fungal diseases, the amount of leawveisthe
amount of flowers. These are factors affecting thie of net photosynthesis and the amount of
reserves leading to lower amounts of carbon availabto a “coffee plant tired”. However farmers
did not report fruits as a source.

A decrease in the amount of new coffee branchesrtegh on farmer’'s model, and a change in the
amount of vegetative nodes reported on academiechwd affected by a shortage on carbon, thus
decrease vegetative growth.

4.3. Vegetative nodes amount

This stage is the first yield component. These aade the ones developed during the preceding year,
however fruiting can takes places on the precegiag productive nodes.

Beer et al., (1998) cited Montoya et al. (1961) wieported a positive correlation between the
increase in the number of nodes per branch andsypr plant the following year.

Single variable studies on environmental factofscihg the amount of vegetative nodes are exposed
on table 6. Shade trees can modify vegetative drdwt a modification of those environmental
factors. For example in Kenya (Cannell, 1985) shibwikat shade trees avoid an excess of
temperatures decreasing the rate of radiationdepted by coffee trees. This protected coffee kave
by maintaining their temperature at values belowt@@5°C, promoting an optimal photosynthetic
rate.

Adding the information from interviews the modealized in the amount of vegetative nodes and in
the rate of growth is exposed on (Figure 7).

The effect of wind on the internodes length regbrb@ literature, was argued on interviews as an
effect on the water status of the plant. This clkdanghe stomatal conductance, hence carbon
assimilation and the strength of competition oboarfor growth

Table 6 Environment factors affecting the number of nodes (from literature)

Environment Number of nodes variables Shade trees
Factors
Plant Nitrate status Applying N, notably in N@form, +/- Decrease soil loss and

increases the amount of nodes per avoid a fast decomposition of
branch. (Maestri and Barros, 1975) residues on the superficial
layer.(Coste, 1968)

Positive balance for systems
with inga.sp as a shade tree.
(Aranguren et al., 1982).

Ambient Low temperatures (less than 14°C) + Maintains temperatures
Temperature decrease branch growth rate, becat below sensibility
they decrease stomatal photosynthetic
conductance.(Amaral et al., 2006) threshold.(Cannell, 1985)
Wind Decreases internode lenght (Da Me + Diminish wind

and Cochicho Ramalho, 2006) speed(Coste, 1968)
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Montoya et al. (1961) and Castillo and Lopez (1966%d by (Beer et al., 1998) using artificial dba
treatments, found significant increases in the remath nodes per coffee branch and flower buds per
node as sunlight levels increased, in farmers msldatle favours the amount of vegetative nodes. In
fact farmers argued that increasing shade increheesize of plants and it was entered in the maslel
an increase in the amount of nodes.

In Costa Rica, because seasons are not definedbas model, vegetative growth can take placeat th
same time as the growth of fruits. In that casedbhmpetition for carbon is higher, but it favours
fruits. Shade avoiding overbearing will decrease dtrength of fruits competition favouring growth.
This explains why farmers reported an increasézm s

Radiation has an effect in the amount of nodes,elvewshade trees effect is not monofactorial, and
farmers said that changes in temperature, soil ¢itynor soil nutrient status favours as well the
amount of nodes (Table 7).

Finally the effect of altitude and fog on vegetativodes amount can be related to the effect of low
temperatures on growth explained in (Table 7). €Hastors were said “impossible to change” even
with shade trees.

An increase in the amount of vegetative nodes fdrmas positively correlated with the amount of
floral buds(Alvin, 1962; Majerowicz and Sondahl, 2005). Thtigre is a link between vegetative
nodes and floral buds.

4.4. Floral buds amount

Floral buds growth has four successive stagesaFlaitiation, latency period, bud stimulation or
induction and growing, and anthesis (Cannell, 1985

The answer of initiation signal is the beginnindlofal bud development; it determines the amotnt o
floral buds per node.

Initiation depends on the presence of a signahoalih there is not a common accordance on the
signal: Temperature, radiation or water stress I€F&8h In addition, the time to arrive to a matyrit
stage to perceive signals as well as carbon cotgueivith fruits are factors that can delay floral
initiation. Majerowics and Sondahl,(2005) show ttia first reproductive nodes initiated by light
formed firstly the floral buds.

This signal arrives during the dry season, ansl @ipressed by GA and ABA accumulation. After the
latency period floral bud substantially grow durihg dry season (Rojas, 1995)

In the academic model (Figure 8) we observe tlaalffinitiation (stimulation for floral buds growth
depends on the dry season and induction (stopeofatiency period) of floral buds depends on the
amount of radiation.
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Figure 8 Academic model : Factors affecting floral buds amount

In all the 4 models we find the term “stress” (Fig®). Behind this term is hiding the time and
intensity of radiation exposition and water stregee plants had for floral buds induction anddlo
initiation.

For farmers an early arrival of rains or an inceegsthe amount of shade reduces coffee plantsstres
Technicians’ and processors’ models show that theuat of radiation or an increase in temperatures
causes coffee plant stress. Thus the higher sgesached with an increasing in time and intensity
radiation, water stress, and soil or ambient higmperatures (Figure 9).Therefore even if the
processes initiation and induction are not nanfeslférm “stress” replaces them.

Farmers reported temperatures “hot summer” as iablardifferent to stress (Appendix 6). In fact
farmers explain the complementary effects betweslation and water stress saying that if water
stress was high there was no necessity to inctbagate of radiation, hence to prune shade trees.

Shade trees, by decreasing the stress of coffeesphaight reduce the amount of floral buds. Thesw
the explanation given by farmers to justify the suen pruning of shade trees.

Finally farmers said that floral buds could fall plgysical damage, or because the coffee plant was
tired. This falling rate should be added to thedacaic model.

4.5. Flowersamount

Floral buds development is an important stage oéténg the amount of flowers ready to open. For
Rojas, (1995) cytokinins coming from the root syst&A (Giberellins) liberation and a decrease in
temperature caused by rains, activates floral lgndeth and causes flowers opening. Frequent and
heavy rains at the end of the dry season wereiyalgitcorrelated with flowering wave@-rank,
2005).

During 48h (Cannell, 1985) after anthesis the fl®vean be pollinated. Coffee Arabica is a bi-
pollinate species, the effect of wind or insectpalfinator is minimal.

After fecundation, fruit formation begins. In thase deformed or infertile flowers and physiolobica
shedding can affect the formation of fruits.
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In literature environment variables affecting thmoaint of flowers (Table 9) are mainly factors
increasing the amount of infertile flowers (stanfers), which affects the rate of fruit formation.

Flowers amount were directly linked to fruit forneet rate and yield by farmers (appendix 6).
Farmers reported physical damage (rain dropsnépliranches or shade trees damages) as a factor
increasing the rate of flowers falling. Researchand technicians added the effect of shortage on
carbon determining the physiological shedding lawérs.

Wind was said by researchers as a factor that adtédt the rate of pollination and decrease theewa
status of the plant. However for technicians iinddlowering and for farmers it increase the amount
of falling leaves (Table 10).

Table 10 Factor s affecting the amount of flowersnon reported by the academic model

Environment Factors Effect on Flowers Shade trees

Wind Increase the rate of falling leaves by decreasing the speed of wind
(Farmers) - if physical damage
Slow flowering (Technicians)

Nutrient deficiency or Crazy flowering No report.

soil humidity

In farmers model we see that fungal diseases asl®jgallo and roya , or nematodes increase the
amount of leaves falling (appendix 6). This affeitts amount of flowers and the flowering rate. In
fact for farmers the higher amount of leaves thghéi amount of energy the plant dispose to
withstand to the “stress” and emit flowers. Highddwpa citricolor infestation rates have been regorte
in Costa Rica in zones and periods of excessiveiditymrand rains, and when the lesions of coffee
leaves are abundant because it increases the amibth residual inoculums. (Wang and Avelino,
1999)

Rain was reported by all sources as a factor mofdngard anthesis. It divides flowering in diffeten
periods because for some floral buds the stressaasnough. Harvesting is a very labour intensive
operation; the succession of flowerings causesaggeting on harvest. This is sometimes limiting
because it is supposed to continuously mobilisdabeur necessary to ensure high-quality harvesting
In the other hand some farmers reported that itdcbe advantageous when there is a shortage on
labour because workers can be shared between farms.

Crazy flowering was reported by farmers as an ewdr@n flowers open on different times (Figure
10). it decrease the amount of flowers becauseefiswere more exposed to fall, and because it
increase the heterogeneity in the formation otgrldading to more harvest times.
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&8
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hurmidity T

Figure 10 Farmers model: Factors affecting the amount of crazy flowering events
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4.6. Pinhead and green fruitsamount

After fruit formation the number potential of freiis determined. Even if coffee plants might have
fruits of different size, the development pattesriie same for all Arabica coffee varieties (Detf@as
and Marraccini, 2006): (A)The pinhead stage,(B) rdqgeid swelling stage, (C)the stage of suspended
and slow growth, (D) the endosperm filling stagd #re ripening stage (Figure 11).

Perisperm Endosperm Endosperm
(maternal phase) development (perisperm = silver skin)

O - Cara—Co—aO,

000000 O© 0O

Cendivision‘;e\cngaén ' |
of the perisperm

A . -

- - . —v_ . . V_ -
Cell division Cell elongation Pericarp maturation
of the endosperm of the endosperm
Storage phase

Figure 11 Key stages of C.Arabica var.fruit development (De Castro and Marraccini, 2006)

A low supply on carbohydrates causing physiologfaait shedding decreases the amount of fruits.
Canell and Huxley (1970) reported shedding as anaboccurrence between 8 to 12 weeks after
flowering, while cherries are in the rapid expansstage. In latter stages fruits can also sheheif t
amount of carbon is low (Alvin, 1962). In Academiarmers’ and technicians’ models, we see that
fruit formation rate is affected mostly by the ambof nutrients in the soil and in the plant and by
carbon available (farmers identify the first forngdhead as the biggest ones).

e ure nentdetcdey  The emission of non fertile flowers, affecting foemation of
fruits, was cited in literature as a variable difeg the potential
amount of flowers. However in the academic modede(s

\li’ appendix 7) researchers recommended not to ta@eaodount
T because it was not a current event in Costa Rindittons. The
star_flowers amount of star flowers (sterile flowers) was repdrby farmers
as factors reducing the rate of formation of frditas hasn't

been reported in the technicians neither processoc®l.

— Figure 12 Casual factors affecting the

formation amount of star flowers (sterile flowers)

rate

Green fruit growing stage is a period while the bemof fruits can change, and the potential number
of seeds per fruit is determined.

Fruit growth is substantially during endosperm c@lision and cell elongation stages (A and B) see
(Figure 11): the filling stage is the most carbafaye consuming.

The size attained by the locules at this time deitezs the potential size of the bean (Frank, 2005).
Kenya it was found that practices as irrigation amdching which improves water status increased
bean size (Cannell, 1970). This hasn’t be provefista Rica conditions.

In literature we found that temperature and soilstooe act on green fruits growth (table 11).
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To explain the importance of nutrients availabilfor coffee plant, we can see complementarities
between knowledge sources (figure 13). In techngimodel an “accurate” soil nutrient status will
affect growth. In farmers and academic model wetlsaegreen fruits growth rate is increased with an
increase in the amount of nutrients apply. Furtltoeemin farmers model a decrease in shading
increases the growth of green fruits, in fact tbad@mic model we see that it increases the rate of
photosynthesis, thus the speed and rate of growth.

Growth determines the size of green fruits in &k tmodels, thus quality. Details on quality
elaboration will be developed on the next point.

On the other side the amount of green fruits dependberry borer entrances, and falling of fruits.
Berry borer(Hypothenemus hampei) lives on coffee berries. Humidity, rains, and @vipromote its
dispersion, and infestation of coffee berries. duses big damages on yield and physical quality
(Dufour et al., 1999). Control biological agente @resented as an alternative for chemical control.
However for berry borer this is not well expandeshstly due to its variation of effect in accordance
with site conditions. However farmers reported sgitroorganisms as affecting the amount of berry
borer on soil fruits.

Comparing the technicians and farmers models wd 6ut that not only recommendations of
technicians are reported, but as well that altitaioe the frequency of harvest decrease the presénce
berry borer.

4.6.1. The amount of ripe fruits
The final number of fruits depends on the rateadiirfg of fruit before harvest. After ripening chies
tend to fall on a short time. This time varies umdtion of coffee specie. C.arabica ripening idefias
than C.Canephora (Coste, 1968).
The amount of nutrients available for plant, ansedses as Berry borer and Mycena citricolor are

environmental factors affecting the amount of fditarvested cited on literature, this is described
Table 12.

Table 12 Environment variables affecting ripe fruits amount (literature)

Environment | Ripe fruits amount variables Shade trees

Factors

Soil nutrient Ripening needs high amounts of nitrate. The 95f%

status of total nitrate consumed by fruits is absorbed at

this stage (Majerowicz and Séndahl, 2005)

Ambient Increasing temperatures speed up ripening Slowdown ripening

temperatures | (Huxley and Cannell, 1970)

Berry borer Decrease the amount of ripe fruits t8bke 14

Mycena Decrease the amount of ripe fruits + if Avoid essige shading

citricolor in humid zones(Wang and
Avelino, 1999)

Comparing the four models these effects are distéhgd (i) The competition for carbon detailed in
4.2, (ii) the importance of nutrients (iii) the et of shading on ripening and (iv) the effect afuest
techniques (see appendix 8)

That knowledge is in accordance to farmers pragtiéa early (before fruits are mature) and non
selective (picking fruit by fruit) harvest are theys reported as decreasing yield and quality tsau

the final amount of green fruits is high. To impeothe rate of ripening farmers prune shade to
accelerate ripening and pick selectively the ripgt$ (“granea”) to decrease the competition for
carbon with the other fruits. However it has beemdnstrated that a slow ripening improves coffee
beans quality.
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4.6.2. Cherries quality

Coffee quality is mainly assessed thought the mlaysaspects of coffee beans such as bean colour,
size, density and physical defects, whereas culityjisathe main criterion in consuming countries.

Beans quality is determined by endosperm absorptioi0% of the total carbohydrates produced by
the coffee tree, slowing the growth of the treegsfteet al., 2006).

In literature we see that quality depends maimicoffee varieties, altitude, roast quality procasd
the use of shade (Table 13). It was demonstratedtiie effect of shade is similar to the effect of
altitude and that in low elevated conditions shaddereases coffee qualities, thus there are
complementarities between shade and altitude. Hexwetade experiments along environmental
gradients like different altitudes should help t@aqtify the effect of shade in different environnsen

Coffee quality was defined differently between t@ctans, farmers and processors (Table 14).

Table 14 Coffee quality definition

Quality Researchers Farmers Technicians Processors
Physic Granulometry, | Beans structure, Colour, size ripg Beans: size
Plot fissures, size| fruits density, structure|
homogeneity holes, form: holes, form:
“caracolillo”, “caracolillo”
Ripe fruits: Ripe fruits:
colour, colour,fermentatior
fermentation
density.

Organoleptic Acidity, Aroma | Acidity, amount Acidity, fermented
on honey  of chocolate, fruti of
beans, beans sweet taste
color.

Biochemical Fat content| Pesticides as “Fruit Residues:

sacharose residues. composition” pesticides

Processors and researchers were the only that anlaikde between quality characteristics, for example
a hard coffee bean increases the final acidityrmees knowledge don't reflect knew knowledge,
however it show the transfer of processors knowdednally technicians detailed less the quality
aspects.

5. Discussion

A model for each yield component was proposed. ififi@mation suggested to be added to the
academic model was represented in synthesizedstabiese suggestions were based on agronomic
factors affecting the yield components.

A synthesis of literature in tables permits an &asomparison with the output as diagrams, and help
to find out gaps, inconsistencies or complemeligarin knowledge.

Components take into account in the academic mpadsled to be easy to identify with by field
experts. However the pinhead component, evenwit easy visible in field, factors affecting it wer
not too different from factors affecting the preeet(flowers) and the following component (green
fruits). Thus, it is proposed to include (i) thdeet of sterile flowers on the fruit formation ihet
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precedent component, (ii) the shortage of carbarsing shedding and the effect of nutrients in the
amount of green fruits.

Studying the different sources was useful to: (Jcilate how process as carbon allocation and water
stress are represented by field workers, (i) shatlver environmental factors affecting each
component, and that could affect the monofactodehddemic relationship (eg. The effect of
temperature on flowering) (iii) Detailed factordeafting quality and show the gap between processors
and experts. The last point limited the definitiminpractices-site conditions interactions improving
quality.

It is clear that to increase the information onliua&haracteristics it was good to see procesdens.
quality knowledge is divided. For experts in fielghysic characteristics are reported as well as
environmental factors affecting it. Although prosess reported the same, their knowledge on
biochemical and organoleptic qualities is more itktla However this is not always linked with
practices on field or with physical quality aspects

There was no new knowledge on factors affectingmyreuits and ripe fruits amount. However the
other components and processes reported (starrpfleral buds falling) were not linked with shade
trees.

In fact new knowledge about the direct effect cddntrees on productivity did not appear. The &ffec
of (i)decreasing the amount of carbon avoiding bearing , (ii)the negative effect of reducing ceffe
plant stress and (iii)the reduction ®ycena citricolor, were the only direct effects on yield
components. Besides indirect effects like redutiigamount of weeds, increasing soil structure and
nutrients conservation, or favouring control orgam were considered and linked to the amount of
nutrients or water available to coffee plant anth®disease rate.

Some knowledge as the amount of nutrients providgdshade trees (“poro” as a permanent
fertilization :fast growth, permanent falling ofales, and fast decomposition) but its impossibitity
quantify did not lead to modify practices.

The lack of new knowledge about direct effectstade trees on yield components can be due to the
high technology of farms interviewed, having a elaslation with technicians: they practice what
technicians taught them. The organic farms shoiel gs more information about interactions, in fact
they know detailed aspects of indirect effects lndide trees, however when we talk about direct
effects on productivity there was no new informatio

Nevertheless some methodological limitations cdwédthe reason of this gap. In fact more time is
needed to do a quantitative analysis to validatsaaand effect relationships. As it is recommended
by Walker et al., (1995) a questionnaire surveyl Wl needed to establish how representative the
knowledge obtained from key informants is of the@wledge in the broader community, to make a
hierarchy of factors from farmer’s experience.

On AKT methodology it is recommended to make repadigtinterviews, but this was not possible
because there was some transport and time coristraifiact each interview lasts at least 2 hoains,
we came back to the regions one week after. Wheaskefor a new date farmers found it to hard.
One way could be by having feedback sessions veittmdrs (Lamond, 2007). However farmers
interviewed for each region where at least 24 knafaay, it was difficult to determine a central moi
and a day when all where available.

AKT was proved to be useful to process interviewsjescribe causal relationships and to detect gaps
on scientific knowledge. Its diagram representatizake easier the explanation and comparison of
knowledge. But its diagrams outputs are not alwagar. In fact its diagram function is not well
adapted to show clearly many relationships, wishcibnditions at the same time. This is necessary
when we have not the representativeness of the lkdge, and when we want to build conceptual
diagrams showing the diversity of factors.
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6. Conclusion

The conceptual models created can be used to duilomeric model taking into account that: (i) some
relationships qualifications as “change” have to leview and qualified, (i) knowledge
representativeness has to be studied to validgiesex interactions.

Relations validated by interviews should be studieda control field experiment; this will give
gquantitative information on factors affecting pdteh yield components. However this is time
consuming, so the only existent unpublished platessnodel (Van Oijen et al.pf coffee and shade
tree growth which includes a model for microclimateffee growth and production, tree growth, soil
processes and competition between coffee plantdraad . This model could be used to evaluate the
variability of these effects of the factors on protvity. However this model don’t take into accoun
diseases, pathogens and weeds, and we show tliatgieponents are directly dependent on it.

Much of this work remains descriptive but provideasis for pursuing a more rigorous and
gquantitative investigation of the nature and extlocal knowledge. Although the study interpret
some processes from experts point of view, givergs that could be used to built a discussion tool.
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