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Abstract:

Costa Rica is known for its exemplarity in terms of natcoaservation. However, the majority of its
agricultural landuse is dominated by livestock farming. Silvopastoral systems (SPS) have been investigated
for their capacity to restore ecological connectivity in atfnedscaps while maintaining a sustainablzattle
production. That is also the challenge that isfia63 G KS . A2f 23 A Ol fCerfra2\MoNai® 2 NJ 2 T
chain(CBVCT) where cattle farming is the dominant agricultural activity in terms of surface. This study aimed
to describe the types of SRSed in cattle farms of the CBVCT as well as tree uses and services perceived by
cattle farmers of this area. The next objective wasidentify determining factorsdr the adoption and
management of silvopastoral practices. 30 seatnictured interviewswere conducted with cattle farmers.
Traditional SPS were the most represented in our sample such as live fences (LF) and tree isolated in pastures
(TIP). Farmers mentioned 48 tree species to be present in their SPS but only few species were recurrent
between the farms. Farmers valued trees for their economic, environmental and social value but the
economic benefits were the most mentioned. In a general way, farmers reported limitations to the SPS
managemenbut mentioned as well breaksif SPS adoption. Westablished a farm typology that we related

to a typology of knowledge on SPS. Daamyrferstendedto havesmallerextensionsand higher animiaload

than extensive meat farmg hey were also characterized by a more limited knowledge on SPS while extensive
farmers presented knowledgmore focusedon tree species diversity and SPS. Each type of farms presented
different opportunities for 8S adoption and improvement. @Nidentified LF as a very interesting feature as

they could be multipurpose and could peitrto increase the efficiency of the landse.

Key words:silvopastoral systems, farmer perception, determining factors, Biological Corridotof I YI y Ol Qa
Central Volcanic chain (Costa Rica)
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General Introduction:

Costa Rica is a small country of Central America that is recognized by the international community for its
efforts in terms of nature conservation. Costa Rica is considered as exemplary in the domain oéilestain
development for its high investments in education and health but as well in the environmental $¢§&br

2016) It is the only country that managed to reverse tiheforestation phenomenon in Central America.
Indeed between 1970 and 1980, the annual deforestation rate was between 40 000ha &WDIGD but
GKSYs Ay GKS ¢dn Qi (RAMOS RREAGAIER20BE ypnnKlke&Sk N

However, cattle farming is still the dominant agricultural larsg in Costa Rica in terms of surfdBAMOS
URZAGASTE, 200@nttle farming was recognized as a main driver for deforestatitmeii€entralAmerican
region (MURGUEITIO et al., 2011)caused the decrease in tree cover in many landscapes leading to land
degradation and reduction of agricultural production. After, observing the negatimpacts of this
intensification, researchers from different institutions started to study a traditional practice in Central
American cattle farms: silvopastoral systems (SPS). SPS can be defined as the interaction of farm animals with
grassland and woad perennials species within the same production sys@@iLLANUEVA; MUHAMMAD;
HAENSEL, 201®PS were identified as an alternative to counteract the deforestation but as well in restoring
land fertility. They can bring many beitsfat the farm scale (economic, social and environmental) but also at
the landscape scale by restoring ecological connectivity. They could play an important role in the
implementation of the Mesoamerican Biological Corridor (MB@)t spreads from Mexicdo Panama
(RAMOS URZAGASTE, 2003)

The Biological Corrid@& ¥ ¢ | f [Qyfhtra)’ \Dlcai& chain (CBVCT) situated in the center of Costa Rica is
also part of the MBC. Its agricultural lande is currently dominated by cattle farming. Today, the challenge

of this territory is to reconcile farming activity with ecological connatgti CHAMAYOU, 2011few studies

KFR 0SSy fSIFRSR (2 ARSY(GATE FTIFINNYSNBQ &aAf @2 LJora G 2 NI f
and management of SPS systems in this specific area. This thesis aims to characterize SPS practices and
farmer knowledge on SPS in the CBCVT. The final objective is to study tmeinietgfactors and limitations

for the adoption and management &RSin the CBVCT. To reach this goal, s&noictured interviews were
conducted with cattle farmers after having reviewed the literature that was available on this theme and
region. Both qualitative and quantitative analyses were used to explore the ddkectenl during the
interview. Finally, we would propose recommendations to improve SPS adoption and management within the
farms investigated.



Chapter 1. SPS in Latin-America and Agricultural context of Costa Rica



1. Agricultural sector and cattle farming in Costa Rica

Asthis study took place in Costa Rica, we will start by describing the local context of this country of Central
America. We will go through general elements and tfiecus on Costa Ricagriculture and cattle sector
activity.

1.1.Costa Rica: general context

Costa Rica is an independent country of Central Aeadbordering with Nicaragua in the north, Panama in

the south and Ecuador with ocean frontigffggure 1). The pgulation in 2013 was 4,875 million of habitants

with a density of 75 habitants/km2. The rural population is representing 25% of the total. The population is
dominated by descendants from European origins and mixed origins. However, it remains about 1,7% of
native people, 1,% afredescendants and 0,2% Ghineseorigin over the total populatioiFAQ, [rd.]).

The GDRs about 49 6200 millions of USD where agriculigreounting for 5,6% of the G@hind the third
sector and industry(FAO, [rd.]). In 2006, agricultural importations represented about 9,1% of the total
importations (mainly maize, soybean and wheat were imported in 20X9ncerning agricultural
exportations, they represented about 31% of the total of exportation with pineapple, bananas gartane
being the main commodities exported in quantity in 2QE¥O, [n.d.]; FAOSTAT..did). It is interesting to
observe that although the quaity of coffee exported is very few compared to others commodities cited, it
ranks at 4 place in terms ofalue (FAOSTAT, h]). This is making this production quite important for the
economy of Costa Rica.

Concerning the HDI (Human Developmerttdx), Costa Rica is reaching a value of O(F&®, [rd.]). Thanks

to the combination of polittal stabilityand steady economic and social growth over the past 25 years, Costa
Rica reachedne of the lowest poverty rates in Latin America and the CaribbiEa®014, it remained 2% of

the populationthat was considered poor, and 4®extremely poor(about half of the Lati America and
Caribbean averag€y/VORLD BANK GROUP, 20185%0f the poverty is concentrated in rural areéiSAO,

[n.d]).

The life expectancy is about 78 years for man and 82 years for women. The alphabetization is very high with a
value of 97,4% in 2012. Moreover there is almost no differences between man and women for
alphabetization ratdFAO, [rd.]).

JAMAICA

PACIFIC

Figurel: Map of loalization of Costa RicaMvw.lahistoriaconmapas.cor
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1.2.Cattle activity at the national scale

As we saw in the previous introduction, Costa Rica as a quite strongtalole economy compared to the
others countries of the area. Agriculture is representing about 35% of the whole country area which means
about 1819 thousands of ha. As an indication, forest cownt$1% of the lanadise(FAOSTAT, fah]).

Although livestock farming is not mentioned as a main exportation product, it is an importéityafor the
agricultural sector. In 2014, a national census was carried out for agricultural activities. Resulting that coffee
and cattle farming were thenain occupations of the farms fbosta Rica as it can be observed infigare2

This is implyinghat crops destined to exportation like bananas or pineapples are found in large farms.
Moreover, the average farm size for the country is about 26ha where the province of Cartago has the
smallest farm size average with 9,7ha and Guanacaste the highgsB¥6ha(INSTITUTO NACIONAL DE
ESTAMTICASNEC, 2015)This shows that the agricultural activity in CdRtea remain quite small scale.

m Cattle (bovine)
m Coffee

m Others

B Fruits

m Basic cereals

m Vegetables

Other: is including timber plantation, sugarcane, natural forest, ornmental, palmoil,
pastures, tubercules,tourism rural and other landuses

Figure2: Distribution of farms of Costa Rica (%) by production tyBSTITUTO NACIONAL DE ESTADISINEGS2015)

Concerning livestock farming, it is dominated by bovine farms. Indeed, 48% of the livestock farms are dealing
with bovines, 19% with pigs, 3% with goats and 2% with sheep. The two provinces that have the highest cattle
number are Guanacaste and Alajudteated in the northern side of the countryThe dairy production
concentrates especially in Alajuela whereas the meat is locat&@uanacaste, as it is shownfigure 3

From a laneuse point of view, livestock farming represent 33% of the agriculted avhere 38% of the
farms are doubleurpose, 34,1% of the farms produce meat, 20,9% produce milk and 7,1% are dedicated to
animal breedindVERGARA et al., 2015)

In conclusion, attle farming is representing in important sector of agricultural activity in Costa Rica. A lot of
FIENYSNEQ O2YYdzy A (A S avity, ahB it iRMBingiBg/dRnangisin agdyecodorit Béadhad (0 A
help themto ensuretheir livelihood strategies in rural areas. However, it is well known that intensification of
cattle farming can lead to massive deforestation, which is an issue that igkmvelh in the region of Central
America (FAO, 2009) Costa Rica is a country that is recognized for its efforts to conserve biodiversity
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(INSTITUTO NACIONAL DE BIODIVERSIDAD,ti2@149oking for alternatives to conciliate agricultural
activity and biodiversity conservation seem to be very relevant for this country.

—z

Mar Caribe

Océano Pacitico
Panama

Number of Bovines

Figure3: Distribution of bovine animals per distric{INSTITUTO NACIONAL DE ESTADISVETAR015)

2. SPSin Latin America

We can define silvopastoral systems (SPS) as an option of agricultural production where woody perennials
species (trees, shrubs or palms) irgtet with herbaceous specie and fafanimals in an integrated system.

The aim is to maximize the economic, social and ecological farm be(éfiitEANUEVA; MUHAMMAD;
HAENSEL, 2010hose systemghat at the beginning were trational practicesdrew attention of scientists

to answer specific issues of agricultural intensification in Latin America.

2.1.Latin American issues with deforestation and land degradation: how SPS can
help?

The tropical areas of Central America and LatireAcan bring attention to the scientifitcommunity because
of their vulnerabilityto the issues of deforestation and land degradatiémdeed, in tropical region, during
the years 200€005, deforestation rates increased by 8.5% whichresent 10,4 millio of hal/year Latin
America and the Caribbean continue to account for the largest percentage of forest losses, that reaéhed 4
in 20032005.The deforestation due to oveagrazing is a common characteristic 6entral America and Latin
America(FAO, 2009)This is mainly due to shifting cultivation to largcale agriculture an@vestock is often
cited as a major driver for tropical deforestatiolhose industriabystems aremore andmore criticized
because they appear to be less productive than expeciée. damages caused to ecological services of the
landscapes by industrial agricultuaee recognized to lowguroductionyields(MURGUEITIO et al., 2011)

Another anthropic threat tdropical foress ispopulationgrowth and agricultural pressure on natuileas
caused by this growtindeed, ppulation grew from 300% from 1961 to 1999Qentral AmericaThe area
under pasture increased by 67% during this ti(DAGANG; NAIR, 2008) 1970, 60000ha of tropical forest
had been converted to pasture in Co®é&a Much or the deforestation took place in the North Atlantic zone
which includes the region of San Carloghjch produces now about 60%f ahe national milk production)
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(MOULAERT et al.,, 200Ine deforestavn for cattle production without any environmental concern has
leaded to land degradation in many countries. From Central America to-Amtarica there are many
examples of this phenomeno@nly in Brazil, about 50% of pastures are degraded or arersjadi degrade

(FAO, 2000)The situation in Central Amen shows that most of the landscapes are fragmented and
deforested because of agricultural pressure. 40% of the landscape is used for grassldfd@ed% of that
grassland islegraded. Pasture degradation is leading to many negative consequencesvimynenent but

also for agricultural productivity: erosion, losses in fertility, desertification, losses of biodiversity, water
contamination and emission of CQZOBAR LOPEZ; MUHAMMAD, 2008a; VILLANUEVA; MUHAMMAD;
HAENSEL, 201@eforestation and land degradation are the main responsible fadtmr§&HGemissions in
extensive grazing systenisAO, 2009)

To respond to this situatioin the Latin and Central Americanraext, sivopastoral systemsSP$appeared

to be part of the solution. They have brought a lot of attention in scientific communities in all Latin American
countries for their potential to respond to issues of deforesiati and losses of productivilpPAGANG; NAIR,
2003)

2.2.The types of SPS in Latin-America
2.2.1. General typology:

The concept of SPS isrydroad, that is why some authors intended to-sgt a typology according what
could be found in traditional &ming systems but also what hbsen deggned by researchers in this field.
The ypes of SP&an be separated into two big groupthe systematic SPS and the ngystematic SPE&AO,
2000; RIVERA HERRERA, 2015; VILLANUEVA; MUHAMMAD; HAENSEL, 2010)

1 Systematic SPS are designed by human; they usually havenusip@cial distribution of trees. In this
group we can find the following modalities:

Forest plantations with cattle grazingCattle playa secondaryole in this system. It issed for controllingthe
understorygrowth (to limit fire, limit invasiveplants, etc.). The principal activity is timber production.

Photo 1: Pinus spassociated with sheep grazing in a meat fakisited during our study



Fruit plantation and grazingThis modality is similar to previous kagecies are used for fruit production like
citruses, mango, avocado, guava etc.

Livefences (LF)The most commorsPS in the rural tradition and landscape. This system is reported to use
more than 100 speci¢¥ILLANUEVA; MUHAMMADAENSEL, 2010) ensures connectivity of landscapes; it
has the potential to evolve into mictoiological corridors.

Wind breakyY ¢ KS& | NB O2yaidAiddziSR 2F AAYLX S 2NJ YdzZf GALX S
animals (especially youngnes that are more sensitive).

Grasslands with tresplanted in lines:Trees are associated with fodder production (cut and carry system) or
can be grazed directly. The objective is to improve nutrient cycling, limit erosion and reduce negative impacts
of cattle trampling.

Multiple strata SPScut and carry systemst can be applied to multiple farming systems from agribusiness to
small producers to produce fodder. Tree/shrubs species are cultivated alone or with other vegéagton
It is especialladapted for fragile soils.

Fodder bankg(FB) It is a variation of the previous system but with specialized plants to transform solar
energy into soluble sugar or starch. It is using crops like sugarcane, yucca, sweet potatoes, oil palm, other
native speas of palm mixed with trees.

SPS with high tree density or intensive SPS (ISASPSare mainly presentn Columbia(MONTAGNINI;

IBRAHIM; MURGUEITIO RESTREPO, #G83combination of fodder banks with woody species planted at

high density(more than 10000 trees/ha). It aims to reachigher yield or/and detter YA YI £ Qa ¢ SA IK
with low inputs and modern technics of rotational graziRtfVERA HERRERA, 201%)so was successfully

adopted in someeagions of Mexico and PanarfldURGUEITIO et al., 2011)

) 4 V) 1) ; o

R
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Photo2: Lives fences in a fartandscapevisited during our study



1 Nonsystematic SPS: contrary to the systematic SPS, tlke trave a heterogenic distribution within
the pasture and most of them come from natural regeneration.

Isolated trees in pasturegTIP) This phenomenon is very frequent in Latin America with species that can
adapt a wide range of conditionB1 most of the caseghose species are comirfgpm natural regeneration
and are selected and maintained by farmers.

SPS with management of vegetal successinranagement of invasive tree/shrub species into the grassland.
It is a very economical solutida establish SPS but need aogdnowledge of native species.

2.2.2. Focus on SPSin Central America

If we now focus on the case of Central America, lives fences, wind break and dispersed trees areecbnsider
as a traditional practicand they can be widely oberved in this aregHARVEY et al., 2005, 2011; PAVEL,
2012; TOBAR LOPEAJHAMMAD, 2008a)

Studieshave identified some main characteristic of SPS in Central America. In productive areas, trees in SPS
come from 90% of natural regeneration and 5% are planted. Farmers usually manage less than 35 species and
within those, 10are dominants ong of the aea (TOBAR LOPEZ; MUHAMMAD, 2Q0Bepersed tree in

pasture usually come from naral regeneration or forest remnan{$lARVE®¥t al., 2011)

2.3.The positives externalities of SPS

The SPS focus the attention of the resdmars of Latin Americand @ntral America because they could
bring a lot of benefits to the farmer while contributing to environmental issues. The folloggntjon lists
those posities externalities of SPS addressémyironmental, social aneconomicbenefits.

2.3.1. Environmental benefits

Concerninghe environmental point of view SPS bring some benefits to the agricultural system.

1.1.1.1.  Climate change mitigation
SPShelp to mitigate climate change and increase carbon sequestration. Indeedathbyal processes SPS
remove GH®f atmosphere and can be a tool to reach positive balance in the farming syBlARANJO et
al., 2012) However,the amount carbon sequestrated varies according to the SPS (it all depentseo
design, soil and climaticonditions). For example, timber and fruit tree species attain the highest values of
carbon sequestratiofMONTAGNINI; IBRAHIM; MURGUEITIO RESTREPOH@0&8gr, it is still not cleaf
the carbon sequestration is always higher in SPS than in a conventional systems witho(MD&SRQUERA et
al., 2012; VILLANUEN@PEZ et al., 2015 another hand, SPS contribute to climate change mitigation at
the farm level by providing shade and creating a microclimate. It helps to improve animdieivejl by
enabling them toregulate their corporal temperaturghrough the provision of shady are@slONTAGNINI;
IBRAHIM; MURGUEITIO RESTREPO, 2013)

1.1.1.2.  Effect on biodiversity
SPS are considered to support biodiversity in agricultural landscapes by providing habitats fopeoieg s
but as well to improvescological conectivity at the landscape leveHarvey and Haber in 199found 90
woody species in pastures on a single farm in Costa Rica, and inldicatelispersed and remnant trees can
shelter and nourish forest animal spec{&AGANG; NAIR, 2003)



This appliesespecally for birds in LF (live fencea$ trees are mportant food source and enablinem to
move into the landscapdt be could observed that birds prefer trees witlg diameters, high and large
crown width (HARVEY et al., 200%) southern Mexico, a study &fstradain DAGANG and NAIR0OQ3)
observed the presence of 98 different bird species along a 6km live fer@gioidia sepiumand Bursera
simaruba However, all species cannot strive in such landscape. thehest of the birds observed BYARVEY
et al. QO05)were generalist and there was few forest related spechevertheless|.F are an opportunity to
enhance orfarm biodiversity butalso connectivity of the landscape without much reduction of farm
production and complicatiom farm managementHARVEY et al., 2005)
Becaue they promote biodiversity, SP&present good opportunities for ecological corridpwghich are
based on landscape connectivi URGUEITIO et al., 2011)

1.1.1.3. Effect on soil fertility
SPS are also recognized to haveositive effet on soil organic matter (SOMYILLANUEVVAOPEZ et al.
(2015) have shown that SPS with Lifave greater potential to increase SOM than grass monocultures.
Although the amounts ofarbonstored in the soil by SPS with LF and grageoculture were quite similar in
this study. The production of leaf litter from the treescreased the annual flow of carban SPS by.8 %
Even ifive fenceqLF) were reported ta@ontribute modest amounts of carboteaf litter acts as mulch and
reduces evaporation, surface runoff and erosidgiricidia sepium trees improve soil nitrogen content
through the biolgical fixation of microorganism.yBdoing so theyhelp to maintain a neutral pH
(VILLANUEWVIXCPEZ et al., 2015Fhe carbon in phytomass varied between 7 and 13 M@-C tespectively
in notree pastures and SRSPAVEL2012)Consideringhe nutrient cycling aspect, SPhelp to increase SOM
and that leads to a higher turnoverf autriments by the degradation of organic elements like leaves and
roots. The usef leguminous species that fix nitrogénalso very interesting in terms of soil fertility. Species
like Leucaena leucocephalzave a ratio of 75% of their nitrogen contecdming from biological fixation.
Gliricidia sepiumwas reported to produce 112kg N/ha during 8 miorperiod when grown in pasture
(JAYASUNDARA; DENNETT; SANGAKKARAMD®OGYer, it has be showed that nitrogen transfer exist
under certain conditions between tree and grasg€&AGANG; NAIR, 2003)here are other beneficial
interactions that can occur between grass specie and tree in SPS at the soilBleadhliaria brizantha
appeared tostimulate tree root poductionresulting in an increasia soil organic carboaf up to 9.9 Mg hdl
year1 (PAVEL, 2012)

1.1.1.4. Landscape
At the landscape level, Ltiave keen the moststudied for their spatial patternsThey have been reported to
act like firebreak, to decrease pressure on forests and to add esthetic value for the lanjd4tapeNUEVA,;
MUHAMMAD; CASASOLA, 2008)

2.3.2. Economic benefits

There are dot of studies about the econpic benefits of SPS but the conclusiane quite mitigated.

1.1.1.1.  Effect of shade on grassland
The main isge is related to the reduction of light intensity by the presence of trdtdsas been investigated
that 15% of shade ithe maximum that the pastures can take without decreasing biomass produ@&ionoO,
2016) However, some grasspecies are reported to maintain their yield unddrigher shade conditions
(PACIULO et al., 2014)For example, moderate shad@0-40%) did not affect growth oBrachiaria



decumbengPACIULLO et al., 201Moreover, trees had no effecupon grass yieldn experiments with
Brachiaria brizantha grass after four years(ANDRADE, 20Q7Brachiariaspecies are considered lika
common forage indtin America(ANDRADE, 20Q7)

On theanother hand, some studies reported a higher quality forage from trees (especially with species like
Gliricidia sepium, Erythrian poeppigign@DAGANG; NAIR, 2003nhd improved pasture characteriss
(PACIULLO et al., 201in) SPSHowever,too much shade will certainly reduce pasture production. It was
established thatli K S (i NB S Qisia fabtdtmvhacYf cortrdbiiteStdower grass yielRUSCH et al., 2014)

Some studie based on theconcept of facilitation/compensationderived from ecologidatheory help to
understand wherevelSPS areeally beneficial for the grassland productivifyor examplethere is higher
facilitation efect in more extreme environmentin oppodion to benign conditions, competition is
predominant Trees would be more beneficial to pasture productiwitydifficult situations(dry conditions,
low soil fertility,etc.) (RUSCH et @&014)

~11.1.2. Effect on animal productivity o L A ) L
1'o2dz0 I YAYEFEf Qa LISNF2NXYIYOSXZ @k §lobdlyposiaielle in@ehse aft dzRA S a
productionis mainlydue to access to shade (linked to a betteettimic comfort) and dditional fodder/fruit
sources. It isespeciallytrue during the dry seasorwhere fodder resources might be more limited.
(VILLANUEVA; MUHAMMAD; CASASOLA, . 20@8ase in milk yield and live weight gain have been
reported when cattlewasfed on ligninproducts. iring the dry season, an increaskl,6l/cow/dayin milk
yield had been observed TOBAR LOPEZ; MUHAMMAD, 2008Costa RigaCratylia argentesstill produce
40% of its toal dry matter in the dry seasqiDAGANG; NAIR, 2003)

Moreover, SP&re also more efficent to rear heifers, thanks to thermal comfofPACIULLO et al., 2011)
However, the increase of production does not happen in all condittéA8JAMOTO; DEWI; IBRAHRAO7)
reported thathigher milk yielchappenedunder a certain thresholdf 20% tree cover

The use of multipurpose trees decrease dependence on external inputs and diversify the income of cattle
farm (TOBAR LOPEZ; MUHAMMAD, 2008

2.3.3. Social benefits:

It alo exists social benefits of SRported by TOBAR LOPEZ; MUHAMMAD (20D®ieed,tree presence
enablesdiversification in farmproduction through variedeed and foodsources (fruits, leaves, etc.) that will
result in high farm resiliency.

At a more cultural and subjective level, having trees on farmimerease emotional link between the family
and the farm The trangnission of trees through generation of farngsewas recognizeé to have strong
inheritance valugCHAMAYOU, 2011)reecan also be an opporhity to increase job offers in rural areas
through the extraction of timber, the maintenance of SPS or even fruits recollggt®@, 2000)

As we saw in this section, SPS enable to respond environmental issues from the intensification of livestock
farming (such as defor&stion, pasture degradation, GH&nisson). Different modalitieof SPS have been
identified thorough the LatisAmerican continent. LF and TIP being traditional systems, they are the most
common in the rural context of Central America. SPS are not only valuable for their positaresigieson

the environment. Mey wouldalsobring an eonomic advantage to the farmer and increase resiliency of the
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farm. In the next section, we will investigate the perception of cattle farmers of Central America on SPS and
as well their knowledge about them.

2.4.Farmers perceptions of SPS

Because SPS have been part of the cattle fdaona long time with the practicef traditional systems lik&F

and TIP(PAVEL, 2012}t is important to investigatavhat are the uses and the tree benefits perceived by
cattle farmers in CA.In order to be able to understand the decision taking processes of the farmers
concerning tree cover ahwhich are the limitations that they meet related to SPS.

2.4.1. On farm-tree uses and benefits

The onfarm trees uses and benefits perceived by farmers is referring to theeporaf local knowledge.
Indeed, bcalknowledgeincludes the learning, reasoning apérception that inhabitants of a localitshare
and that can be used to predict future everidOSQUERA ANDRADE, 2010)

Farmers make use of the trees in many wagdthey are also aware of theervicesprovided by those trees
(RAMOS URZAGASTE, 200R)es are providing valuableroducts such as fruit for human consumption,
firewood, timber for constructionposts for fencing and foddédCHAMAYOQOU, 2011; MOSQUERA ANDRADE,
2010. Services brought from trees are also recargd by farmersOn this theme, locaknowledye is very

rich. It addressegprovision of shade for the cattle, wind protection, erosion control, improvement of the soil
fertility, watershed protection, droughmitigation, biodiversity conservation and medicinades (MOSQUERA
ANDRADE, 2010)

Trees have very diverse purposes in each landscape depending on the context. The use of the tree depends
2y  FINY¥SNIDa NBaz2dzNiOdad resofirBe fdR Srel§yFdr &xaropk, ire rural areas of
Guatemala and Nicaragua, provision of firewood for cookingzemaimportant use of the tree. I8osta Rica,

the purpose of trees in SPStimber extraction. In suthumid areas of Nicaragua armgklize, the trees are

mainly used as a source of fodder for catfRAVEL, 2012)

Moreover farmer an have very specific knowledgelated to tree traits or species. They can identify which
trees have a shade with positive or negativéluence on grassland productiofMOSQUERA ANDRADE,
2010)The local knowledge reflects well the strategies of the farming actamd how the community is
learning and adapting to its environment. With the identification of the main tree uses and services, it is
possible to understand better the objectives of the farmers and theg decision making process.

2.4.2. Decisions-making processes

Farmers managdree cover depending on various factors. They can be related to the -soommomic
situation of the farm likecapital availability, abundance of labor force, necessity of wood prodibes
factors can alsbe linked to the chareteristic of the tree like the dimension of the crowuich influence the
degree of shad€VILLANUEVA et al., 200Bhepresence of shade that benefitattle was considered a key
element in the decisiofiaking proces§RAMOS URZAGASTE, 20@8jeover, farmers haveshown to have a
sophisticated understandig of the interactions beteen tree cover, grass production and cattlehey look
for an equilibrium betweenhe positives and negatives effects of tr¢¢ARVEY et al., 2011)

11



Farmers cammake decisions that either have a positive or agative impact on tree cover leading to

extinction of native specie®ractices such as weed control, cotlen of trees for domestic use armuning

canhave negative consequencé&he decisions thampact tree cover vary from a place to another according

to climatic conditions, socioeconomicultural and production system@®/ILLANUEVA et al., 2008)ltural

and social aspects can play an important role when it comes to f@raer LINBTFSNBy 0Sa 2y GNBS
selection does not only depend ailvicultural or tebnical aspets. Indeed exotic species in forest plantation

have been widly investigated but they are still npteferred by farmer§RAMOS URZAGASTE, 2003)

To conclude, we can say th&PS are appearing to be an alternativeidsues of land degradation and
deforestation in Latin America. They bring diverse benefits to ca#tfenihg system at the economic,
environmental and social levelFarmers are aware ahose benefits asvell and are transmitting this
knowledge However, sometimes their practices are leading to the decrease of the t@ver and
predominance of specifispecies Investigatingfarmer knowledge andilvopastoralpractices appearto be
fundamental if we want to increase SPS adoption and guaranty a sustainable cattle farming in Latin America.

3. Presentation of the study
3.1.Collaboration with CATIE

The Tropicahgricultural Researcand Higher Education CenteZATIEis aregionalinstitution which aims to

train professionals in sustainablagriculture, management and neervation of natural resources.
Additionally,it is a research center where many projecte deaded.The countries members of CATIE are

Belize, Bolivia, Colombia, Costa Rica, Dominican Republic, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama, Paraguay, Venezuedbtlhhe State of Acre in BragCTATIE, [ul.]).

LY mMpnoX GKS LL/! oOaLy&adAGdziz2 LAMerBalindidthdAQiicyltéral RS / A S
Sciences) was founded by the Organization of theeStaf America in the same locationtbe actual CATIE
Today,CATIE has merged withe IICAlts mission aim$o: dincrease sustainable and inclusive human-well

being in Latin Americand the Caribbean, promoting education, research and outreach for the sustainable
management of agriculture and conservation of natural resoUpEATIE, [il.])

To achieve this, the different research bodies are promoting the development of clenze territories
which are a tool to reachustainable development fdahe territories (CATIE, [wl.]).

The CATIE is offering masters in the field ofofagestry and Sustainable Agriculture, Management and
Conservation of Tropical Forests and Biodiversity, Integrated Water Management and Economy,
Development and Climate Changed finally Climate Change Mitigation and Adaptation

The research is CATIEfagusing on nine themes that are climate change and water management, food
security, forests, agroforestry, value chain and -#gsiness, sustainable livestock production, gender,
environmental economy, territorial approaches. Thoserttes are divided wht 5 chair groupss it shown in

the figure below.

12



Higher Council

General Directorate

Directorate of Administration
and Finance

Education Division [wvision of Research Division of Dutreach and
and Development Development

Pastgraduzte Schoal = fonal Co 0
I o | vt | rcn [ s oo
i Sustainabie Environmentzl and Conservation 8
Training Area | Agnculture Management in Forasts E Communications and
Policy Ofice
Orion Commemarative :
Library Management and
S n Reésseanch Program on
Biastatistics Linit I Chimate Changa e

Servica (ftering Linit

and Watersheds

Figure4: Organizational chart of the CAT(EATIE, [d.])

The study thais presented in this thesis had been realized in the Livestock andoBmental Management
Programcalledd! aa! o6aD& ya RE8&B2 RSt aSRA2 ! YOASY(iSéuvo

GAMMA program is working on different aspects of sustainable livestock production:

Productivity and profitability of cattle farms to develop tools for farm management and SPS
management.

Adaptation and mitigation of climatehange

Environmental services like biodiversity, carbon storage, water quality and conservation

Policies and economic incentives: we can cite Payment for Environmental Services (PES), farm
certification, green credits, analysis of value chaBaAMMA, 2015)

GAMIMA isinvolved in different projects, most of them at the international scale focusing on issues of
Central adl Latin America cattle farming. The main countries oéstigation are Nicaragua, Costa Rica,
Panama, Honduras and México. Those projects benefits most of the time of international(@ATEE,

[n.d.]).
3.2.Aim of the study

This study was leaded independently, as it was not part of a research project and responded to individual
initiative. The topic of the study was proponed by Jimergui®l Phd., researcher at the GAMMA program.

The definition of the objectives and the supervision at CATIE were effected by her. The GAMMA program and
the CATIE facilitated tools and infrastructures to lead this study (like the access to the libraisipprofan

office, assistance with statistical analysis etc.).

3.2.1. Objectives

This study was leaded in an exploratory way and would respotitetiollowingmain objectives:

- Describdocal knowledge on trees species , tree uses and bergditseptionof cattle farmers of
the. A2t 23A0Ff / 2NNAR2NJ ZCBVAFL f I YI y Ol Q& +2t OFyAO
- Identify determining factors dr the adoption and management of SPS in cattle farms of the
CBVCT
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3.2.2. Justification of the study

The study was leadein the CBVCT. The main attjee of the local committee of the corridor g conserve

the environment by involving the local population through sustainable development prag¢GZeNET
DESANTI, 2008)Vith respect to this objective, SRfe an interesting opportunity to increase ecological
connectivity through the landscape through maintaining sustainable farming ac(@HAMAYOU, 2011)
Moreover, grassland under treeover is the second landgse of the CBVCT and it represents about 24% of
the total area(CANET DESANTI, 200B)ose trees located outside forest have not yet been investigated
within the CBVCT but they surely would play an important role within the conservations objectives of this
territory (CHAMAYOU, 2011)

This study is aiming to provide more information about the types of SPS present in the ecological corridor and
help2 dzy RSNRUGI YR OF GGt S FI NYSNDa farmetiedcdvieri A2y ' yR f AYAU

3.2.3. Research gquestion

In this study, we will address the following research questiihat are the determining factorfor SPS
adoption and management in cattle farms of the CB¥CT?

To answer properly this research questiwa propose to structurénto 4 different subquestions:

1) What are the characteristics ofétfarms and the farmefs

2) What are the types of SPS that can lbserved in those farming systems?
3) What are the uses dfees and which benefits are perceived by farmers?
4) What are thedetermining factordor adoption and management of SPS?

The first question aim® understand tle general context of the farnManyvariables can be investigated but

we are interested in the farmer socioeconomic characteristics in order to understand their needs, their
objectives and motivations. That step is necessary to understand how they manage trees on their land and

what can limi them in the practice of SPS. Moreover, recognizing the drivers of farm management is a very
important for the determination of a viable and appropriate research target. The research on SPS should be

able to address the specific needs of the whole divgrsf cattle farming systesi(DAGANG; NAIR, 2003)
CdzNIIKSNXY2NBZ o0& dzy RSNERGFYRAY3I GKS RNAGSNE 2F FINY Y
to classify the farms visited into a typology according to those socioeconomic charactgi8Ac8ZAR

OVIEDO, 2012)

Additionally, we would neetb descrile the type of SPS that can be found on those farms. To help us with

this we can use thelassification of SPS from tRA0OR000) As it was planned to only conducterviews and

not inventories oftree specieE U KA A AYF2NNI GA2Yy ¢2dzdZ R 0S phasd,@e ol 4SR
would be able to describe the diversity of SPS within the group farmers interviewed. Once again, that
information will lelp us to understandd KS RNAGSNB 2F FINY YIyF3aASYSyld | yR

From this information that help us only to dedwithe farming system, we can continue with the next step
which is more related to the knowledge of the farmer and his motivations and tiomita concerning tree
cover and tree management. We dskmers about the uses of the trees and the bernsfihatare perceived

by them We go further by asking the motivations and limitation to increase the tree cover on the farm (and
especially in pastures).
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The endgoal of all this process is of course to identify limiting factors to the adoption and management of

SPS but asell to describe specific limitation and opportunitiesncerning SPS feachfarm type.

l RRAGAZ2Y I ftex 6S a1l GKS FIENNYSNI Fo2dzi GKSANI {y26f SR
2F [ ! ¢ L 9he detaifs lofNid¥s ®tudy are not presentedthiis thesis but we mention it here becsawe

used part of the results to answer our research questire list of specie is presenté@dannex 1
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Chapter 2: Methods
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1. Study Site: the Biological Corridor of the Central Volcanic chain of
Talamanca (CBVCT)

¢ KS &/ 2 NNB Rdlcaliica Cegtride BHA O+ y Ol ¢ 2NJ / . =/ ¢ & | VDA QAl £/

Volcanc chain) waschosen to be our area of study. It is situated in both the province of Cartago and the

province of Limomwith an extension 72.028hdigure 5. The main urban center is the tow Burrialba. The

CATIEs locatednearby this town
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Figure5: Map of the localization of the CBVCT within the Protected forests area of Costa(@REET DESANTI, 2008)

The CBVCT waweated in 2003 with the objective to establish ecological connectivity between the
OA2aLIKSNBa 2F a/ 2NRAf t SNI + aakcarkegykelérhent thét aihmdpdrtant  y R & [
features such aurrialbavolcand Y R G KS daz2ydzySyd bl aGAzzylf DdzZ- &8l o2¢ f
O2NNAR2NE |a SNl RSIKE ¢ By ODKERB ivS @b aaidasivesread I y R

[ I al NI sodth. lkisalsd ikcfided in the Mesmerican Biological Codor that goes fromthe south of

Mexico toPanamgRAMIREZ CHAVEZ, 2006)

The conservation aspect is not the only objective of the CBVCT, there is also the mission to improve the
quality of the environment and by doing so upgrade the quality of life of the local populati@ASIET
DESANTI, 2008)

The CBVCT was chosen to Ie tarea of study because dk mission of conciliatiorbetween nature
conservation and agricultural actiyiprovided a perfect framework for owstudy on silvopastoral practices.
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Improving SPS adoption and management within the cattle farms of the CBVCT is a key issue to establish
ecological connectivity at the level of the corrid@HAMAYOU, 201Moreover, CATIE is a key partner for
the CBVCihrough its research projects and support to thessiors of the CBVCT.

1.1.Biophysical characteristics: an heterogeneous zone

74% of the corridor is situated in the Cartago province and 25% in the Limon province. It is characterized by a
wide range of altitudes (from 339m to 3340 m above the sea I§fRAMIREZ CHAVEZ, 2008)e highest
point is Turrialba volcan(CANET DESANTI, 2008)

The climate is mainly influenced by the Alize winds from the Caribbean Sea. They bring a high percentage of
humidity that 8 RA &G NAR O dzi SR | f 2y 3 whithfriny dloyigQdsta Ricadrdnh wthytd O OK |
south. In the valley of Turrialhdhe rainfall averages 2693,1 mm with May and December being the rainiest
months of the year. The average temperature is 21,8°C with a maximum of 27,5°C and a minimum of 18°C.
There is a quitelevel of high relative humidity88,1% (CANET DESANTI, 2008peed the area can be

divided into two distinct climatizones(TENECIO C, 2014)

- High suktropical humid area: from 1600 to 3000m above the sea level, is characterized by volcanic
soils. The average temperature is 17°C and annual precipitation of 2600mm. teadle foothills
of Turrialbavolcano.

- Humid tropical forest area with an average temperature of 27% and 3200mm of annual
precipitations. The soils types are from atosol and/inal origin.

1.2.Biodiversity: a place of great richness

The biodiversity is an important aspect of Costa Rica, as it is considered one of the 20 countries with greater
biodiversity in the world. About 4% of the total specie biodiversity can be found oterititory that
NBLINSASYGa o62dzi nX no> 2F (GKS 62NIRQa adaNKFI OSo H [
aim to conserve this exceptional biodiversitiynstituto Nacional de Biodiversidad, 2014)

Concerning the CBV(flis reported to be a very important area of richness of species of birds and mammals.

About 70% of birds and mammals species of Costa Rica are present in the ¢@AtET DESANTI, 2008)

13.Hi storical context: the nativebs people root

Turrialba, the main town of the CBVCT is a main cesftectivities for the populations living in the area. In

natives peop S Qa f | y RalkkdBuBaridadnd the Spanish transformed it in Turrialba. But, this name

could come also from the white tower ashes fronthe Turrialba volcanevhich gave its name to the city
6aiG2NNB 06t |"yeéntugy,ithe agrioiltuali #dSindusmial expansion of the region of Turrialba took

LX I OS @ l'd GKA& GAYSSET AG o0SOFYS | aAdsS 2F 3INBLG AYL
Atlantic side of Costa Rica. That is why in 1943, the IICA (Instituto Interamedea@i@ncias Agricolas or
Inter-American institute of Agricultural Sciences) was founded by the Omgamizof the States of America.
Today, the IICA and the CATIE have merged.

lf 0K2dAK (GKS [dZA (S AYLRNIFIYyd RS@GSt2LISyidz a2vysS 02y
AYLRNIFYOS 2F ylIGA@SQa LIS2LX S Odzf GdzNBE Ay (GKS | NBI
most important archeological site of Costa RICANET DESANTI, 2008)
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1.4.An area of economic importance

The first district of the canton of Turrialba is main the agglomeration eastetmeaCentral Region. There is a
concentrationof infrastructures to satisfy the needs of the populations. The town of Turrialba is thediety

of the area: it concentrate more than onehird of the inhabitants of the canton.

This region is one of the msbdeveloped of Costa Rica and the configuration of Turrialba as a dynamic key
point of the central region explain this phenomena. There is a low level of analphabetism, as the opportunity
to study and to access higher education is good. The presencaadpital and two clinics is also important

to mention. There is a high level of electrification and access to phone communications. Concerning
transportations, the main roads infrastructures have been improved during the last years, espgheiatiad

from the Central Valley antb the Caribbean sea (only wagtween San José¢he capitaland Puerto Limon

main town of the Caribbean sijle However it remains some concerns about sanitary issues and
environmental contaminations. The main problems are confiogn water contamination and treatment of
wastes (from households or from industrié)e total population of the canton of Turrialba was 68,510
inhabitants in 2010 with a density 20,9 inhabitants/lkm2 . About 60% of the population lives in rural
areagCANET DESANTI, 2008)

1.5.Land use in the CBVCT: focus on agriculture and cattle farming

The forest represents the main land use with 52% of the totah @® it can be observed in thegure 6
Grassland with tree cover the second landise as its represents about 24% of the total area. Coffee is
coming next with about 8% of the surfa@ANET DESANTI, 2008)

As it can be observed fromithdata, the CBVCT is a quiteal area where agricultural activitgnd cattle
production are important in terms of landse Even if the forest represeathe mgority of the landscapeits
biologicalconnectivity is threatenedy agricultural activity (especially sugarcane and pastu@s)s, it is
very importantto ensure this connectivity in the agtandscape. The way to manage the agricultural
landscape wilhighly determine the capacity of the biological corridr reach its conservations objectives
(CANET DESANTI, 2008)

RAMIREZ CHAVEZA(6)estimated hat the average farm size was beten 20ha and less than 5h showing
that most of the farms are from small holdeiBairy farms tend to be a bit smaller (13,7ha on average) than
meat producing farms (24ha on averag€ENECIO C, 2014)

Considering th economic value, the coffee is the first productieith 28% of the total agricultural value in

the area and milk is theesond one with 25%. Thus, dairy farming appears to biengortant activity for this
region. In 2013, it was produced 1501295kg of milk (TENECIO C, 2014¥specially in the area @nta
Cruzon the fanks of Turrialba volcano. This arsafamous for its chees@/ERGARA et al., 201%) is
estimated that about 1025 families produce milk in the sector of Turrialba. Farmers are grouped into
producers associations to facilitate markeaginand the selling of their products. ThASOPROAC
(Associations of producers of Santa Crig)the main organization and is committed to protect the
RSY2YAYylFGA2y 2F 2NRARIAY avdzSaz2 (ALRy podmNdyFcdufse®r ¢ | YR
contracts with private compaes).The association is counting1l5 memberdMINISTER DE AGRICULTURA
COSTA RICA.dr). As, it can be observeah the figure 7 grasslandare concentrated in the northern part

and central western part of the cador. In the CBVCT there is about 8 farmers associations grouped by
communities to shar&nowledge andlefine collectivenarketing strategies
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Figure6: Distribution of the Land use in the CBVEIANET DESANTI, 2008)

2. Farm selection

We choose our study area to be the territory of the CBV&&E figure ¥ and we decided to conduct
interviews with cattle farmers within this aredhe number of 30 interviews was chosen. hs minimum
recommended for qualitative studigSIBELET et al., 2013his numberwasin accordancevith the means
and time that werededicated to this study.

The selection of farm was realized taking into account different criteria. Cattle activity should be the main
production of the farm and the person interviewed should be involved in this activity. There were no
predefined lists of farms that could be s&& SR® 2§ YvY2aite O2dzyiSR ¢AGK GKS
representatives (presidents or administrator) to facilitate the contact with farmers. The associations
contacted are listed below:

- Association of producers of El Sauce (ASOPROLESA)

- Assaociatiorof dairy farmers of Santa Teresita

- Association of producers of Santauz (ASOPROA)

- Assaciation of producers of Turrialba (ASOTURGA)

The contact with farmers was also established through lists of participation to trainings provided by the
CATIE. We also relied on snowball sampling (asking a surveyed farmer for additional contacts) and farmers
met by chance (at the bus station or at thearket for example).

The figure 7 is showing the location of the communities whereitkerviews where leadedVe counted 11
communities in total: Santa Cruz, La Pastora, El Guayabo, Santa Teresita, El SaVegasAl®itiaviata,
Platanillo, Cien Mammnas, El Colorado arfthcaytas.
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Figure7: Land use of the CBV@Hd localization of the interviews (original map fro@anet Desan{2008)

We aimed survey the most complete diversity pbduction systemgboth meat and dairy farms). We
identified 4 different systems:

- Dairy farms with a number df9 interviews

- Fattening cattlenvith a number of6 interviews

- Weanlings production with a number of 4 interviews

- Cattle for reproduction with a number of 1 interview

3. Methodology of the semi-structured interview
3.1.Choice of the method of interviews

This stud/ is aiming atrecollecing different types of variables (quantitative, qualitative and categorical).
LYRSSRY FINXYSNEQ (y26ftSRIS YR LISNOSLIIAZ2Y 2F {t{
sociceconomical characteristics of the farmers afdiPS types correspond to a more guantitative and
categorical variables. From this set of variables, we need to define a proper method to lead our interviews. In
0KS 2yfAyS O2dz2NES OFfftSR avdzZ f AdGl GAQ@S & &RBIESRaA. YSGK2R
(2013)are exposing different methods to lead an interview. The closed interview corresponds to a method
where the exchange with the interviewer is strictly leadey the use of an interview guide and where
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guestions are asked in a pdetermined order. Whereas in a sestructured interviews, the questions are

less numerous and more open. The structure of the interview guide is more flexible and can be adapted to
the flow of thoughts of the person interviewed. Moreover, this method of interview enathlesperson
interviewed to freely express opinion and knowledi#0OSQUERA ANDRADE, 2010)

Closed interview method appears to be more suialibr quantitative data collection whereas semi
structured method is more adapted to studies that aim to discover new fa¢®IBELET et al., 201B) the

case of our study, we choose sestiuctured method of interview &écause we wanted to understand
FINXY¥SNDa 202S0GAGSa YR RSOAaAAZ2Y YI ] AsyusturddmBitodd a & S a
enables more freedom in the discussion and was more adapted to the objectives of our study.

3.2.Choice of variables

Foreach research question, we need to determine the variables that we wanttileet (table 1,2 and 3).
1) What are the baracteristics of the farn®s
According to what was found in the literature, we choose to investigate a certain number ableari
(SALAZAR OVIEDO, 20TRE variables are listad table 1(the conplete list is presented in annex.2Jhey
can be grouped into 4 groups:
- Farmer characteristiésousehold characteristics
- Farm characteristics
- Cattle activity characteristics
- Grassland characteristics

Tablel: Variablesrelated to farm and farmer characteristics

Groups of variables | Type of Variable | Variable
1°Farmer Quantitative Age
characteristics Qualitative Education level
1°Household Qualitative Involvement of family members in the farm work.
characteristics Qualitative Relative importance of the farm as a main/additional resource of the househg
1°Farm characteristic{ Qualitative Origin and ownership of the farm
Quantitative Altitude of the farm
Quantitative Farm size
Qualitative Farm productions
Qualitative Land uses on the far (crops, natural forest, etc.)
Qualitative Marketingstrategy
Quantitative External labour force
1°Cattle activity Quantitative Number of animals (in total, in production, dry, heifests.)
Qualitative Type of productior{milk/meat/cheese/animals/etc.)
Quantitative Level of inpts (use of feed concentratgs
Quantitative Years of experience of the farmer in cattle farming
Qualitative Ancient landuse
1°Grassland Quantitative Area ofgrassland
characteristics Qualitative Type of grassland (natural/improvéd
Qualitative Species in fodder bank
Quantitative Size of the fodder bank
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2) What are the types of SPS that can be observed in those farming systems?
To respond the ¥ research question which aim to describe the SPS, we chose our variables based on the
classification of SPS by tRA0O(2000) We have two groups of variables that are:

- Type of SPS present on the farm

- Tree species cited by the farmer that are present on the farm

Table2: Table of variable related to silvopastoral practices

Groups of variables | Type of Variable | Variable

2° Generalities and | Qualitative Does the farmer know the technical terminology of SPS?
Type of SPS Qualitative What type of SPS amesent in the farm?
Qualitative Localization of the trees within the farming system (in SPS, along river ban

natural forest, in timber plantation)

Identification of the trees species in each area
2°Trees species Qualitative Identification of SPS present on farm

present on the farm Identification of the species present in each SPS
and in eaclsSPS

3) What are the uses of efarm trees and which benefits are perceived by farmers?

4) What are thedetermining factordor adoption and management of SPS?
To respond those two research questions we chose variables that were not categorical or quantitative but
more gqualitative in order to answer those question in an exploratory way. We group those variables into
groups:

- General knowledge of the farmer on SB&gs benefits and uses

- Motivations and limitations to increase garm tree cover

Table3: Table of variables related to the uses of trees and determining factors in SPS adoption and management

Groups of variables | Type of Variake Variable

3° General knowledgg Qualitative Products and services brought by trees

of the farmer on SPS,

trees benefits and — _

uses Qualitative Origin and management of the trees

4°Determining factors| Qualitative Motivation and limitation to increasgarm tree-cover

5°Species of the Quantitative YYy26St RIS 2y (KS aLie@pSimentaMBdIEY (i 2
module

Additional Qualitative Technical supportr participation to trainings?
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3.3.Design of the interview guide and conduction of the interviews
The interview guide is comporting 3 parts addressing 3 mains themes:

- The characteristics of the farmer, the household and the farm
- The trees species presents of the farm and SPS
- The determining factors iSPS adoption and management

Although, we aimed atrecollecing some quantitative data welesigned the guide in order to conduitte

discussion in a natural flow, first asgilmpen questions and then deepeningth secondary questions that

were more specific. Wasedwith the technics of dialogue fro@EILFU&O002)which intend to put people in

confidence while keeping attention on their saydn&espect theithinking by not interrupting. Get deeper

AyG2 LIS2LX S aleéeAy3a o0& dzaAy3d aidAi ¥dzise gpén gestidrs (whyg y & dzO
how, when etc.) to extract the most complete information possible. Avoiding the use of difficult questions or
depreciations is also an important point. The complete interview guide can bel io@mnex 3

Additionally, we asked farmers if they kneabout tree species that where present in experimentation of the

/1 ¢L9Qa FINND® ¢KS AYyF2NNIGA2Y O2fft SOGSR Aa y2id dzaSR
G2 KSfLI dz& G2 OKIFNIXOGSNATS FIFN¥Y¥SNDRa ihafewf SRISP ¢ KS

We conductedhe interviews at the farm when it was possible at a time that waswenient for the farmer

to not interfere with the farm work. We first condwad the interview in a quietand comfortable place to
draw the complete attention ofhe farmer on the interview procegSIBELET et al., 2018hen we asked for

a rapid tour of the farm if it was possible. The interviews were recorded with the authorization of the
interviewee as the discussion was in SphnA transcription of each interview was made in English.

4. Data analyses
The analyses of the results werenductedin two steps:

- In a first phase, the qualitative and descriptive analysis ofsinv@pastoral practicemet during the
interviews was condcted. Then, we describethe uses and benefits of trees species mentioned by
farmers and the limitations to adoption and managementSHS as well. The objective this phase,
wasto have a clear vision of the importance and uses of trees idecttmsof the CBCVT and to
identify limitationsand motivations mentioned directly by farmsurveyed.

- In a second phase, from the results found during the first phase, we aim to push further the analysis
and lead some statistical descriptive on the initialsiatales or news variables that were deducted
from the qualitative analysislhe aim of this second phase is to exploetations between the farmer
and farm characteristics on or®de and thesilvopastoral practicesand knowledge of the faner
concerning BS on the other sideAdditionally, this analysis can help us confirm thegirsgs of the
farmers but alsoidentify another type of limiting factors that were not mentioned during the
interviews.

Thefigure 8is representinghe process o&laboration of he interview data collection and analyses.
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Figure8: methodologic scheme representing the different steps of the study

Phase one

Design of the semistructured
interview.
choice of research questions
choice of variables to study

Leading the sentstructured
interviews

l

Qualitative analysis of the semi

structured interviews

General knowledge of the
farmer on SPSrees benefits
and uses
Motivations and limitations to

increase orFfarm tree cover

Identification of
variables for
guantitative analysis

25



4.1.Qualitative analysis of the interviews

It was decided to analyze qualitativelye variables related tohe perception of the benefits and uses of the
trees present on the farm and determinirfgctors br the adoption andmanagementof SPYresearch
guestion 3) and 4)Two main type of analyzes can be leaded to analyze the data collected during semi
structured interviews. The first one the contentanalysiswhich can be done by counting terms thanks to
specialized softare. The second oneis the thematic analysidt is a subjective way to analyze the semi
structured interviews. It leaves more space to interpretation and do not require the quantification of the data
(SIBELET et al., 2018his &st analyzevas preferred to identify the main limiting factors of SiEsause it
seemed more adapted to thelesign of our study. Moreover, we were looking for recurrent themes
mentioned through the interviews that could be identified as determining factors in SPSgament and
adoption.

¢KS GLeESHiié (22t sl a daSR G2 SylofS G2 ARSYydGATa YIA

202S0GA0BS 2F G(KAa G22t Aa G2 GSEGNY OG ARSIFAa FyR a
logical demastration. It permits also to relate and observe points of convergence and divergence within each
theme according to what was said durithige semidirective interviewqSIBELET et al., 2013)

4.2.Quantitative analysis of data collected during the interview:

From the results of the analysis of the interviewge followed by a quantitative analysis to confirm some
LINB@A2dza 2F NBadzZ G6a FyR GNB (2 FAYR | &advopastaral 2y a
practices and farmers knowledge related to SP&t the end of the first phase, we identified new quantitative
variablespresentedin table 4that would be usedor the statistical analysis.

The objective of this phase is to observe trends that occurred in thib/sas the number of observation is

quite low (n=30) and that there was no design of surveys that can justify a deeper statistical analysis. The
statistical analyses leaded did not aim to extrapolate to the total population dfecirmers of the CBVCT

We insist on the fact that our results are only valid for our sample and descriptive analyses will be used to
present our results. Theoftware InfoStat wassed tolead the statistical analysis dhe data collected.

4.2.1. Typology of farms

Firstly, we groupd the farms surveyed into differé clusters We choose to base our typology on the farm
characteristics but as well on farmer characteristiss.we collect a high number of variables, we needed to
make a selection for the ones we wanted to include inanalysis.

We selected the variables that would be used to lead the cluster analysis according to some criteria:

- Variables available for all the farms surveyed and the access to the information was easy (most of the
time the farmer was confident in his awer, the information asked was easy to verify)

- Exclude variables that can be considered as standard (the answer is always the same, like the
ownership of the land for example)

13 variables were chosen to lead a clusealysis (see detail tab. The method of aggrupation used for

the cluster analysis was Euclidean because all the variables utilized were quantitative and categorical
variables (with categories identified by numbers and ordered along a gradient). The method of Ward was
used as a measurd distance.
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Table4: Variables selected for statistical analysis

Type of Variable  Variable Variable ID Unit Unit categorical
Category Education level Value None =0
/primary=1/secon
dary=2/technic=3
Fer_Edu university=4
Quantitative Altitude Far_alt meters
Quantitative Size of the farm Farm_ha ha
Quantitative Numbers of days of external labour/week Farm_lab Days/week
Quantitative Years in cattle activity Farm_catt_age years
Quantitative Animal load Cat_AU/ha AU/ha
Category Type of production dairy =4/
weanlings=1/
fattening=3/ both
suclker cows and
Far_typ_prod fattening=2
Quantitative Use of feed concentrates Cat_conc Kg/cow/week
Quantitative Proportion of grassland in land use Past_prop %
Quantitative Size of fodder bank Past_FB ha
Quantitative area of natural forest SPS_forest_ha ha

4.2.2. Typology of knowledge on on-farm trees benefits, uses and silvopastoral
practices

The methodology used identify types knowledge was similar to the one used foetfarm typology. We
first selected our variables that characterize better the knowledge of the farmer on tHarontree uses,
benefits andsilvopastoral practices

From the results of the qualitative analysis, erntified 7 variables that we juggedlesant for thisanalysis:

- Number of onfarm tree species mentioned during the interview

- Number of tree species mentioned to be present in LF

- Number of tree species mentioned to be present into pastures

- Number of tree species mentioned to be present in BF

- Number of tree species of the experimental module known by the farmer
- Number of tree uses and benefits mentioned

- Number of limitations of SPS management or adoption mentioned

We conduckd the same cluster analysis with the Ward measure of distance anidéarcimethod of
aggrupation (all of our variablesedare quantitative as well).
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4.2.3. Characterization of types of farms and knowledge found

In a cluster analysis, each individual is considered homogenous within its group but heterogeneous between
the groups (MUNOZ QUINTERO, 2Q1However, this analysis does not provide the information that
characterize each type or which variables are discriminative. We studied the means of the variablek for eac
cluster in a descriptive walror the results of this phase, we can only dedigrelencies.

At the end of this stage, based on the information preddby literature and descriptive statisticave
identified 4 types of farms and 3 types of knowled@be next step wato find associations between them.

4.2.4. Associations between farms types and knowledge types

For this last stage, we used tables of contingence that welating the types of farms with the type of
knowledge. We decided to interpret those tables in descriptive manner because the number of interviews
was too snall to generalize to théotal population. However, our objective was observe how farm types

and knowledge on SPS associate in this siutiy
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Chapter 3: Results
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In this chapter, we will present the results of ostudy. We will start by describing the type of SPS we
observed in this study. Then, we will expose the perception of tree uses and baxidéitmers interviewed.
Finally, the limitations of SPS mentiahby farmers will be describedn a second step, the results of the
guantitative analysiswill be exposed: the farm typology we carap with, the knowledge characteristics of

the farmers and how those two can associate with each other.

1. Types of SPS and trees species mentioned by farmers

During the interviews, we asked if faems were aware ofi K S

GSNXYAy2f238
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about it. However, all of them responded to be aware of this concept when we explained the meaning of SPS

(see tableb). Then, we investigatkwhich type of SPS was present on each faffe.identified the SP&ased
on the classification of thEAO(2000) Accordingo this typology we found main SPS in all the farms we

visited:

- Lives fences (LF)
- Trees isolated in pastures (TIP)
- Fodder banks wh tree species (FB)

Additionally, we observed only one example of timber plantation associated with sheep grazing. We will not

focus on this SPS in this study.

Table5: summary table of SPS characteristic of the farms investigated

Farmers : Number %

know about the SPS terminology 13 43%
have SPS on dir farm 27 90%
have LF in their farms 24 80%
have TIP in their farms 18 60%
have FB associated with trees in their farms 5 17%

1.1.Live fences

24 farmers out of 30 reported to use LF as a delimitation of pastures. As most of the farmers were practicing

rotational grazing, the LF were used to divide the grassland into pastures of smalleAboe#.19 species

entered in LF compositionwere cited during the intervievs. But as it could be seem table 5 this

composition was dominated by 3 specider(the complete list ofspeciesee annexs). Erythrina species,
Trichantheragigantea Gliciridia sepiunrepresent the large majority of tree speciesed according to

FINYSNEQ &aleéAy3lad hy | @SN 3ISs
tendency fora quite simple structur¢VILLANUEVA; MUHAMMAD; CASASOLA, 2008)

Table6: Main species mationed by farmers which enter in LF composition

Scientific name ComonCostarican name | cited in LF
Erythrina costaricensis | Poro 19
Gliciridia sepium Madero negro 16
Trichantheragigantea | Nacedero 13

T I NI SOkELF whisly showa ¢ S R
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Photo 3: Live fence ofSliricidia sepiunin a dairy farm

Although the composition and the management of LF appeared to be quite unifsough the study some
farmers had innovative ideas about LF purpose, management and use. For exAmmea muricatavas
integrated to LF fodouble purpose objective: to provide shafler animalsand fruitsto sell for human
consumption. Some farmers used trees in LF as fodder banks to provide -godtain source using
Trichanthera giganteand Tithoniadiversifolia

Trichanthera gigantedad a lot of popularity as it also provided a source of fodder rich in proteins. Farmers

likedit because itvasresistant to diseases, to cow damages and has a gooidsystem to control erosiord

fA1S abl OSRSNE éENBHBAGSNIEY DN HABRSND Kl y at 2NBE 2N 4
L2ads gKAOK A& y24 LR aAKDES BME Ky MEBRINBNF coX8d ¢KS at
FNRY &KNXMz0 al yR 1 6. #iaREREBRGEa). N ¢

The desigmof LF can bgery innovative and make afficient use of the land. LF represents a key element to

increase SPS adoption and to improve SPS management asavelers are interested in LF, because the

trees used can be multipurposét would like to havenore treesin fencesdo X 8 A U ¢ 2 dglirposep S R 2 dz
those trees would be used as posts for fences, shade and also.fifdagny farmer).

Moreover, LF does not require an important initial inversion and are quite cheap4aqps&armers reported
to useplant cuttings (vegetative reproduction) instead of buying seedlings from nursiemyever they can
havea costof maintenance through the pruning that need to be realized and the replacement of trégse
live fence has a low cost of establishment huligh cost of maintenancand it is the contrary for dead
fenceg (meat farmej.
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Photo4: Trichantheragiganteain a dairy farm

1.2. Trees Isolated in Pastures

18 out of 30 farmers reported tbavetrees growing in their pastures. Those trees were said to come from
natural regeneration or to be remnants from coffee plantation liEeythrina poeppigianaand Cordia
alliodora Indeed, in this region, coffee is cultivated under shade aagumoforestrysystem. Farmers are

letting them into pasture because they provide servittest will be detailed in the next section

Farmers cited 42 species that were present in the grassland with a dominarEs/tbfina poeppigiana,
Cordia alliodora, Cedrela odoradéad Ficus spas species mentioned (ségble 7andcomplete list in annex
5). On average, the farmers reported to have 3,2 species of TIP on the farm.

Table7: Main species mentioned by farmers which enter in TIP composition

Scientificname ComonCostarican name | Cited in TIP

Erythrinapoeppigiana Poro 13
Cordia alliodora Laurel 8
Cedrela odorata Cedro 6
Ficus sp. Higueron 6
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