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Abstract: Smallholder farmers have developed knowledge aboiliand crop management through long-term, on-farm
observations. Yet, food insecurity and land degiadacontinue to threaten livelihoods, globallyrtRaf the solution lies in
linking local and scientific knowledge to develapgroved agricultural strategies. We argue that ipo@ting farmer
knowledge in the design and/or technology transfecesses of land management and restoration psajétimprove the
likelihood of success. The objectives of this stuedre to understand how farmers in the remote Cab@&mmmunities in
southeastern Costa Rica use soil knowledge tosa#aand manage crops and to explore how to contdiéaéand scientific
knowledge to achieve wider adoption of sustainadeicultural techniques. Cabécar farmers in thethids of the
Talamanca Mountains practice both no-input subsigteand cash-crop farming. They cultivate both ahand perennial
crops on their multi-parceled farms. Twenty-thrgat#fied random heads of households were selemteldinterviewed. A
variety of participatory methods were used inclggdiparticipant observation (1.5 years), semi-stmagt interviews, farm
mapping exercises, farm-transect walks and a [gaatimry community workshop. Results indicate tratrfers identified
three distinct soil types using primarily soil cgltexture and landscape position. Most interestjrigrmers’ understanding
of soil properties was tied directly to site suiliép for specific crops. While farmers identifidamitations of certain soil
types’ capacity to sustain a particular crop, fasydid not embark on restoration efforts or emptogrient management
techniques to improve the productivity of the séilrthermore, farmers had limited knowledge on esses of soil
development and nutrient cycling. Instead of amegtiie soils to increase productivity, farmersadted crops according to
existing perceived suitability of the soil. Theswsights illustrate the barriers to farmer’s adoptaf new agricultural
strategies. These data and experiences will betaspdde future agricultural research in the raggpecifically projects that
promote the restoration of unproductive soils byvting alternatives to burning and incorporatimgamic amendments.
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. over time and is unique because it seamlessly pucates
1. Introduction both historical and cultural context (Winklerprink999;

Farmers develop soil knowledge by conducting leergat  Oudwater and Martin, 2003), and is embedded in
observational experiments on their farm. Utilizitlese |2nd-management practices (Krogh and Paarup-Laursen
experience-based insights and incorporating theviedge ~1997; Sillitoe, 1998). Previous studies have hgitd
of local people, whose livelihoods depend on tmelJaan Several benefits of integrating local soil knowledmto
improve the communication between researchers affiolects including: addressing the immediate newfdthe
farmers and potentially improve the success ofresiom |0c@l people (Winklerprins, 1999); increased susces
projects. Local knowledge develops through expesen sustainable development and conservation projects
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(Winklerprins, 2001; Barrios and Trejo, 2003, Botetial, threefold: 1) to assess if and how farmers disistged
2009); expanding available datasets by includirsgonical between different soil types on the landscape; @) t
accounts (Huntington, 2000); and the developmerGl& understand how farmers expressed soil knowledgrgjtr

soil databases that incorporate both local anchsfiiesoil  crop allocation; and 3) to suggest how to incorfothese
classifications to create land-use suitability gedi (Gobiret data into development projects and land-management
al., 1998, 2000; Barrera-Bass@tsal, 2006). However, it is strategies.

also important to acknowledge that farming comniesitio

not always have the opportunity to farm the mostipctive 2 M aterials and M ethods

lands (Ryder, 2003) and that local soil knowledgey ralso

include recent agricultural extension efforts (Warkrins  2.1. Study Area

and Barrera-Bassols, 2004). Recently, studies il Isoil ) ) )
knowledge have shifted from documenting local soil '"€ Talamanca region in southeastern Costa Rica
classification systems to incorporating farmersdktedge ~ PCrders Panama and is home to the Cabécar peaglegF

in the development of holistic soil management apphes 1) The Cabécar indigenous territory was estaldistme
(Talawar and Rhoades, 1998: Winklerprins andt977 by the Costa Rlcqn government. It is 23,000 tsze
Barrera-Bassols, 2004; Barries al, 2006). For example, &nd supports a population of 3,500 (Andrade andefsen,
national ecosystem assessments are combining afiuait 2003)- Cultural remains indicate that the Cabéoar ather
local knowledge with quantitative soil data to bett Indigenous peoples have existed in the Talamangmme
understand land degradation in the USA (Herritkal, for over 3000 years (Borge and Castillo, 1997). Yeey

2010). Due to the complex nature of local knowtedg battled with Spanish cqnquistagiors, Chiriqui Land
some authors suggest research should focus more GRMPany (later know as United Fruit Company (UFG)),
problem-oriented knowledge integration processather exploration initiatives and hydroelectric companié&s

than merely how to integrate the knowledge systemf@&iNtain their presence in the region (Somarrit@93]
(Raymond et. al, 2010). Methods that capture angVvillalobos and Borge, 1998). For example: commesiti
incorporate farmer knowledge in order to prioritioeal  Were relocated to accommodate the expansion ofrigaina

needs are still much needed. Talamanca for UFC, but returned between 1940 amd 19

Many biophysical, cultural, and socio-economic dast © reclaim their land and livelihoods in the Talawa
influence farmers’ selection of crops and developna  valley and foothills. Currently, the indigenous @ear
land-management practices over time (Dove, 1985uSy. smallholder farmers inhabit the Talamanca Mountain
1989). These factors include local, regional, anéoothills and small portions of the alluvial valle¥hey

international economies and markets, cultural kedge, Practice both subsistence agriculture and cash-crop
site suitability, climate, native soil fertility @nsoil Production, including organic banandluysa AAA) and

characteristics, availability of labor and lande influence €acao Theobroma cacgoagroforestry systems, shifting
of extension agents and the sharing of knowledgengm cultivation (rotation of basic grain crops and dal)
farmers. All of these factors are often consideredYStems, as well as chemical-intensive plantsinsa AAB)
simultaneously and incorporated into local soil wiexige ~ Production (Somarriba and Harvey, 2003). Talamasitae
decision-making processes. poorest canton in Costa_Rlca (Mummpahdgd c_n‘ maaca,
The Cabécar indigenous territory in southeasterateCo 2003) and farmers continue to face marginalizataa to
Rica provides an excellent study area to investitgatal soil limited infrastructure and limited access to maskand
knowledge and demonstrate its application for ipocation  health care (Gomez, 2001). ,
into improved land management strategies. The émtigs _ C€omorphologically, the Atlantic Slope of the Ta&moa
territory borders two national parks and encompatage Mountains .contalns three distinct regions: the Malaca
tracts of forests, with smallholder subsistence zagh crop  Valley, which covers about 12,000 ha (18% of the
farmers living within this matrix. The territoryels within  territories) and contains 80% of the populationhimitthe
the northern foothills of the Talamanca Mountaimsl & BriPri and Cabécar indigenous territories (Borged an
part of the proposed Meso-American Biological Qiburi Castillo, 1997); the foqthills, ranging in elevatidrom
which aims to conserve and connect coastal andanent 100-600 m; and mountainous terrain above 600 mrayee
ecosystems. Due to its location and high consematlue 2nnual temperature of the study region is 25 °d an
to preserve structural connectivity within the ddor, the ~annual precipitation is between 2200 - 3100 mm (Kap
indigenous territory has been the center of severa?89)- . , )
development projects promoting agricultural diviersi  NO official soil survey has been conducted in Taaoa,
(Dahlquist et al., 2007) and biodiversity conseprmtin  PUt in general, the dominant soil type in the adiv
cacao agroforestry systems (Andrade and Detlef@083: roodeams is classified as an Ent|soI_ and tharidbslopes
Somarriba et al., 2003). Yet, despite more thayes of &€ dommated by Incep_msol and Ultisol soil ordé@srge
extension efforts in the area, little is known abtie local 2nd Castillo, 1997, Polidoret al, 2008). The Talamanca
ecological knowledge of the Cabécar indigenous meopMountams and asgomated foothills are rugged, terr_lmd
(Whelan, 2005). The objectives of this research ewerPone to natural disasters such as landslides landifg.
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Yet, farmers cultivate the land throughout the rentegion.
Due to its difficulty to access, the Talamanca oadiacks
well-documented biophysical and agricultural datd thus
provides an excellent example to utilize local kiexlge to
better understand indigenous smallholder
techniques.

Nicaragua

Caribbean Sea

Pacific Ocean

150

Figure 1. Location map of the Cabécar Indigenous Territorgautheastern
Costa Rica.

2.2. Selection of Communities and Households

95

January and March 2006 at the farmer’s farm bywlodead
authors. The main objectives of the interviews were
determine if farmers distinguished between differsail

types in the region, how farmers described saodl;aps were

farmingllocated according to soil type and what managémen

strategies farmers utilized for each crop andtgpit. Basic
information (size of household, land area farmédl) @about
each household was also gathered. Average lengtheof
interview was ~3 hours. Several family members rofte
accompanied the head of household during the iietsrv

2.4. Participatory Mapping Exercise: Current and
Historical Land Use

The household members drew maps of their farm,
including the location of each parcel within thernfia
indicating the size of each land use and the cpdasted.
Landscape attributes and land-use history of eantepwas
also recorded. For example, if a parcel currenthsvin
fallow, we asked how long it has been in fallow avidht the
cropping cycles have been, including how the platsw
managed, and if the land was burned for each ootafireas
of different soils, as recognized by the farmersren
indicated on the farm map.

2.5.Farm Transect Walks

Following the mapping exercise, farm transect walks
were conducted to provide another opportunity &cuaks
soil types and crop suitability in the field as ab to
validate the information collected during the intews.

Communities were selected based on the followindfter each interview, farmers selected transectssactheir

criteria: 1) ample, available land resources toctixa
subsistence, rotation, and cash-crop agricultujecl@se
proximity (~7 km) to each other with similar landfies; 3)
homogenous ethnicity; and 4) willingness to acaepinto
their community. Three Cabécar communities (SibGjan
Miguel, and San Vicente) were selected for the ystad
these were representative of communities residnghée
foothill region.

Twenty-three households were selected using afistdat

arm to show the different soil types they desdtilearlier.

We excavated the soil to examine and describe it.
Observations and discussion about crop allocation,
suitability and productivity occurred at each sdikervation
point. Locations were revisited at a later timedig soll
pedons and collect soil samples (Section 2.8).

2.6. Participatory Community Workshop

In addition to participant observation and farrmsect

random sampling design. Combined, the three Cabéocaalks, a community workshop was held after all ¢hdata
communities have approximately 75 households, whictvere compiled in order to triangulate the resulthe

were stratified into three categories based oncd@ead of
household: 20-40-, 40-60- and over 60-years olddem
samples were drawn from each category until rougoBs
of community was reached.

2.3. Participant Observation and Open-Ended,
Semi-Structured | nterviews

Communities, farms and farmers were visited repibate
over the course of 1.5 years (June 2005 to Decedili}) to
observe farming practices, soil properties and mament
strategies and to discuss farming techniques vaitmérs.
Five preliminary interviews were conducted with nfigrs
during this time to help design future interviewegtions.

Subsequently, semi-structured, open-ended intesview

workshop was held at a local community center on
September 29, 2007. Data were presented orallyehasin
written form. All community members were invited,
including farmers who were not interviewed. Additib
questions were asked at the workshop. The objectif/this
workshop were to: 1) assess if we accurately inédegl the
farmers’ knowledge from the interviews; 2) detereniifi
farmers agreed on the different soil types in #gian and
the crop allocation patterns on these soil types] a)
provide an additional forum (semi-formal community
meeting) for farmers to share their soil knowledgih
community members and researchers.

2.7. Qualitative Data Analysis

with the head of the household were conducted lmwe Extensive notes were taken during all interviewd &re
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workshop. All notes were transcribed and typedaDetre

called themRed soil (“tierra colorada”) andBlack soil

compiled, analyzed and interpreted according toicbas(“tierra negra”) (Table 1). The remaining four pemt did

qualitative procedures (Creswell, 2003). Data (@oesps)
were organized into categories and themes werdifigen
Responses under

descriptive statistics.

2.8. Soil Sampling

Soil pedons were sampled on the same farms where the'Ms such as dry,

interviews were conducted (n=9 farms), and accagrtbrthe
soil types identified by the farmers. Since farnassociated
soil types with specific landscape positions, thpeglons
were excavated on the three different landscapdiqus
(alluvial flood plain, sloping lands and low lyirzgeas (e.g.
depressions)). Samples were taken by genetic hoana
transported to the University of Idaho Pedology dralbory.
Soil samples were air dried, gently crushed, aadesl to <
2mm. Sand, silt, and clay contents were determirsiag
wet sieving, sonification, and centrifugation (Geed
Bauder, 1986). pH was measured on a 1:1 (soil:dsidn
water) slurry with standard pH electrode (Thomag2).
Exchangeable cations (Ca, Mg, and K) were extraaét

NH,OAc and leachate was analyzed using inductivel
coupled plasma (ICP) spectroscopy (Sumner and Mille

1996). Soils were classified using both Soil Taxog
(Soil Survey Staff, 2006) and World Reference Bas&oil
Resources (IUSS Working Group WRB, 2006)

3. Resaults

each theme were quantified usiSgndy soil (“tierra arenosa”) located

not identify aRedor Black soil When asked what soils exist
in the larger region, seventy percent of farmerscdbed a
in the alluvial
floodplain. It was often challenging for a farmerdescribe
the soil without relating it to a crop or landscapsition.
Yet, 74% of the farmers describ&ed soilas being hard.
sticky, clayey, sterile and oaog on
sloping lands or ridgetops were also used (Table
Fifty-two percent of the farmers describ&tack soil as
smooth. Other descriptors included loose, moistdgand
found in low-lying areas of the landscape (Table Al)
participants who identifie@andy soidescribed it as sandy,
best for plantain production and occurring in thie\aal
floodplain. Since many of the households movedfend
farmed on the opposite side of the Talamanca Mansta
farmers were asked to describe the soil there fiPatbpe
soils were described as dry, sterile, and lessymtoge than
soils of the Atlantic Slope.

Only half of the households recognized soil depth a
characteristic of the soil. Talamanca farmers dophmw or
yse mechanization on the farm, and basic grainscdomot
require deep planting. Therefore they do not retula
examine the soil below 30-cm depth. Exposed rivekba
landslides, tree falls and scarce road cuts pradvide
opportunities for farmers to observe subsurfack soi

1)

Table 1. Descriptive words (in Spanish with English traniia) used by
farmers to describe the three soil types (n= 28rviews).

3.1. Demographic Information

Twenty-three households were interviewed in thre

Soil Type (% of % of

Farmer

Cabécar indigenous communities (Sibuju, San Vicantd
San Miguel), representing 30% of the total numbér
households. Ninety-one percent of the interviewsewe
conducted with men as head of the household and t
interviews were conducted with widowed women. He&d
household age ranged from 26 to 75 years old, siith
households in the 20-40-year-old category, 11 ie tt
40-60-year-old category and six in the over 60-adr
category. Average number of household members Ifor
three communities was five. Seventy percent ofdhbécar
farmers interviewed were not born in the communihere
they currently live. Length of time the head of kehold has
lived in the current community ranged from foudtyears,
with a mean of 27 years.

Principal crops identified by farmers include riggryza

sativg, maize Zea mayp beans RPhaseolus vulgar)s
cacao (heobroma cacgp banana Nlusa AAA) and
plantain MusaAAB).

3.2. How Famers Describe Soil

Households o English Respondents
e Description . : .
who Identified (Spanish) Trandation using this
this) Description
Red Soi96) Duro Hard 74
Pegajoso Sticky 48
Arcilloso Clayey 85
Seco Dry 22
Estéril Sterile 9
Altas, montafia Stee_p, 61
sloping land
Black Soil(96) Suave Smooth 52
Suelto Loose 39
Arenoso Sandy 85)
Humedo Moist 17
Bajuras, bajos Low-lying g7
areas
Sandy Soi(70)  Arenoso Sandy 70
Suelto loose 17
Arena mesclado Sand mixed
. . . 13
con tierra with soil
La isla floodplain 70
In general, Talamanca farmers use basic visual and

textural observations to describe the soils inrthegion.
Similarly, smallholder farmers in southwestern Nigeaised
texture and color, as well as visual perceptiordr@inage

Talamanca foothill farmers used primarily color andand soil density to classify soil (Osunade, 1988dil

texture to distinguish between soil types. Farmsese
asked what types of soil exist on their farm. Nyrsi
percent of farmers identified two distinct soil &g and

classification of rural farmers in Mexico and Burik Faso
was based on soil color, texture, consistency aodtore
retention (Williams and Ortiz-Solorio, 1981; Diglia993).
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These studies report that farmers designated €iffesoil
types using soil characteristics that were visualigervable
or physically discernable, referring mostly to siod
horizons.

3.3. Crop Suitability and I mplications for Agricultural

isheries 2014, 3(2):193- 97

Farmers also associated crop success with eactygeil
While a specific crop may grow on tRed soil its yield was
reported to be too low to continue cultivation v tfuture.
Yet, Red soilis the dominant soil type in the foothill region.
When asked how farmers rehabilitate e soito make it
more suitable for cultivation, farmers stated thz soll

Productivity needed to rest (e.g., as fallow) and/or they cdrdehe land

rinto pasture. Soil conservation measures were eationed
or observed.

Talamanca farmers are not alone in establishing\gms

that are strongly correlated to crop suitabilitgri@ers in

Farmers commonly discussed each soil type with@ t
context of crop suitability. Through experimentatio
farmers have learned that pasture, upland Gogza sativa,
peach palm (pejibaye)Béctris gasipags coffee Coffea , ! X A
robustd, pineapple Ananas comosjind orangesditrus Burkma.Easo assoc_|ated each so_ll type with sitelsility
aurantiun) were suitable crops fded soil(Table 2).Red for specific crops (Dialla, 1993, Ericksen and And@003).

soil was stated as being suitable for houses and othggParurema and Steiner (1997) noted that farmers in
structures. In contrast, thlack andSandy soitypes were Rwanda classified soil based on agricultural silitgband

viewed as highly productive and fertile soils teapported little correlation was found between farmers’ soil
the cultivation of most local crops including bean<lassification scheme and Soil Taxonomy (Habaruranta

(Phaseolus vulgar)s maize Zea mays banana Nlusa Steiner, .1997). This typ.e of knpwledge is ext_remﬂgful
AAA), plantain Musa AAB), cacao Theobroma cacgo for planning and executing agricultural extensioogpams.
and cassavavanihot esculenfa(Table 2).

Table 2. Suitable crops and associated management/consenvégchniques identified by the interviewed houktshdisted for each soil type (AFS=
agroforestry system).

Soil Type Farmer-identified Suitable Crops M anagement Techniques Limitations | dentified
Red Soil Citrus No input/manual weeding/pruning
Coffee No input/manual weeding/pruning Landslides/low yield
Pasture No input/low density Hardening of soil
Peach Palm No input
Pineapple No input/low density -
Upland Rice No input/manual weeding/burning Landslides/high weed density
Black Soil Beans No input/manual weeding/burning Landslides/low yield
Maize No input/manual weeding/burning Landslides/high weed density
Cacao Organic AFS Low yields/disease
Banana Organic AFS Pests and disease
Upland Rice No input/manual weeding/burning Landslides/high weed density
Cassava No input/manual weeding -
Sandy Soil  Plantain Monoculture/inorganic fertilizer/pesticides/nemates Flooding and disease
Banana Organic AFS Flooding and disease
Beans No input/manual weeding/burning Landslides/low yield

to understand how farmers view the soil and itenfation in
order to better communicate soil processes

_The Talamanca foothill region is an undulating andyjji.management strategies that influence theseegees.
diverse landscape. In fact, farmers, often disqpeda

described the landscape as broken “quebrada”, onere 3.5. Land-use Trajectory
hilly. Sixty-one percent of farmers referred to Bed soilas
the soil that is on the ridgetops. Fifty-seven patcof
farmers described tH&lack soilas existing in the low-lying
lands or upland depressions. Seventy percent ofiefiar
specifically described thé&andy soilas existing in the
alluvial floodplain in the valley. This informatiors

3.4. Landscape Position
and

Talamanca foothill farmers managed between one and
five farms with an average of 2.7 farms per head of
household with an average combined farm size oha7
Farmers often managed a farm near their home amet ot
farms located in a different community. This result a
invaluable when conducting a reconnaissance spiegun ~ Patchwork of land ownership throughout the landecand
the area. provides a variety of landforms for each individfaimer to

A few farmers explained their understanding of thi€ultivate and manage. In addition to having seveamhs,
landscape-soil relationship by illustrating hownravashes ~'alamanca farmers divided their farms into difféngarcels.
(“se lava”) theBlack soilaway from the ridgetops and slopesF00thill farmers managed between 4 and 13 parcitfsnw
and deposits it in these low-lying areas (“bajuyaSimilarly, heir farms, with each parcel potentially havingagiety of
farmers in Burkina Faso described four differeiittypes in ~ |and-management strategies, history or soil typguré 2
their region that were linked to directly to difet illustrates the land-use trajectory of a typicaitfoll farmer

landscape positions (Gray and Morant, 2003).ithjzortant W0 has a topographically diverse farm and a nunatfer
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land uses within the farnHistorically, all parcels wer
managed similarly for the cultivation of basic gai For
example, a forested aredthin the farm was selected f
conversion to basic grain productior0.25-1 ha), which
included slash andurning. After one cropping sson, the
parcel was allowed to go intofallow period and a new
parcel of forestedand was selected fcconversion for the
next season. In summary, this B2 farm was slowly slashe
and burned, one hectare at time, until after séyeas, the
entirefarm had been subjected to cultivation. A shifthis
land-use pattern occurred when penial crops were
introduced on this farnBite selection of perennial crcis
an important decision for the farmer, as the crdplikely
exist on the site for 5 to 50 years.

Farmers reported usigndscape position, okrvation of
soil characteristicand experience from past production
the basic grains to help decide where to planp#rennial
crop. For example, beans mgeconsidered a more sensit
crop than upland rice and requiremore fertile and
less-steep land. Thereford, beans produced well on
particular parcel, the farmer assunthdt perennial crof
would also produce welind this location was selected
the introduction of agroforestry stem:.

Start Former land uses Current land use (ha) & Soil type

secondary forest/
fallow (40)

Pasture (2)
rice > fallow Red soil
basic grains
rotation/fallow (8)
Red soif

Forest (52 ha) — rice - fallow maize > fallow

AFS banana (1)
Black soil

AFS cacao (1)
Black sail

beans > fallow

Figure 2. Land-use trajectory of a typical farm in the foothillsT@lananca.
The farm was divided into fiyercels, all of which were managed simile
until the inclusionof perennial crops and pastui(AFS is agroforestry
system).

3.6. Soil Chemical and Physical Characteristics

Morphological, physical, and chemical differen
existedbetween the three soil types identified by farmass
the names suggefedandBlack soilhave moist soil color
that are cosiderably different (Figure3). Mean clay
concentrations in each soil type ieesignificantly differen
from each other (p<0.05), with tigandy so having the
lowest mean clay concentration (22%), followed hg
Black soil (45%) and théred soil(54%) (Figure 3). Mean
pH values ranged from 4.5 for thed soi to 6.9 for the
Sandy soil(Table 3. Apparent effective cation exchan
capacity (ECEC) is a measure of the clay fracti
contribution to the cation exchange and storagadtps of
the soil. Alow apparent ECEC value of 12 cr, per kg of
clay or less indicates a soil dominated by -activity,
kaolinitic clay(Soil Survey Staff, 200. Sandy soihad the
highest mean apparent ECEC, indicating -activity clays
present, while th&ed soil had relatively low ECE( (Table
3).

Table 3. Mean pH values and apparent effective cation exghamapacitie:
(ECEC) per kg of clay for soil horizons in eachtof three soil types
identified by farmers.

pH ECEC (cmol. kg clay™)
Soil
Type Mean Rangt n Mean range
Red 18 4.5 4.24.7 11 30 17-58
Black 15 5.0 4.46.2 11 49 26-72
Sandy 18 6.9 5.6-7.7 8 169 109-295
i

ridgetop | middleslope footslope & alluvial

(Red soil : (Red soil and upland floodplain

Ultisols) i Black soil depression (Sandy soil
soqm i (Black soil Inceptisols
— Inceptisols) & Entisols)

1
i
]
I
|
1
Ultisols) |
|
1
1
|
]

Elevation

2™ High clay
High Al sat’n
Low base status
Rice, pasture

High Clay
High-med. Al sat’n
Low base status
Cacao, maize

Med. Al sat’'n
Med. base status
Banana, beans

Highsand
High base status
Plantain

Figure 3. Landscape position, farmclassifications, US Taxonomy
classification, soil characteristics and crop siitéty of soil of the
Talamanca foothills.

3.7. Relating Soil Chemical Indicatorsand Local Soil
Knowledge

Soil chemical analysekeve important implications for
soil fertility and availability of nutrients. For example, ¢
to the low storage and exchange capacities oRed soil
management techniques that encourage efficienytliog
and minimize losses due to leaching are neededder do
continue to farm on theRed soil Soil chemical
characteristics are alsoeflected in crop productivity
Farmers state that neither banana, plantnor maize
produce well in thd&Red soil This could be due to the hi
clay content inhibiting growth of fine roots, thew base
statis unable to satisfy the nutrient requirements efdtop,
or potentially high Al saturation inhibiting rootawth and
nutrient uptake. While farmers have no way to clafiy
measure soll fertility, their observations of cpmpductivity
gave an accurat perception of the fertility of the so
Farmers perceiveBlack soi as better for crop production
than theRed soil Though pH values Black soilare still
considered acidic and clay content is comparabtee¢Red
soil, the higher ECEC of thBlack soil makes it more
suitable for most crops compared to Red soil

The three soils types identified by farmers ialso
classified differently using Soil Taxonoi (Figure 3). Due
to their low base status aothy-rich subsoil,Red so# were
classifiedin Soil Taxonomy as Ultisols (UdultsBlack soib
were classified as Inceptisols (UdeptSandy so# were
classified as Entisols (Fluvents) due to their Higke statu
and that they formeth alluvial sediment:
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4. Conclusions and Discussion
4.1. Changing Soils

Farmers commented on the current and historic s

characteristics of their farm, noting if the soédhchanged
since they first started cultivating it less thahykars ago.
Seventy percent of households reported that thie hsai
changed negatively over this time period. Thirtgeni
percent of these farmers indicated that landsldesa large
impact on the land. In addition to landslides, 56

soil management techniques employed in Talamanoa. F
example, no extension efforts have promoted thécation
of organic amendments; market values for cropsaaréow

dip encourage applying or paying for amendments;cariyl

inorganic fertilizers are readily available on theal market,
which are not suitable for organic cacao and banana
production. Despite  these  potential  obstacles,
soil-management techniques are needed, especraltheo
Red soil Identifying these obstacles and how farmers view

oghe soil will aid in communicating and developing

commented that soil had changed due to the comtinuglStainable land-management techniques.
practice of slash-and-burn-agriculture. Farmerso als, g5 Combining Knowledge Systems

commented that burning led to soil sterilizatiord dow
productivity due to overuse. In addition, all oétfarmers in
the over 60-year-old category referred to the aoiPacific
Slope as sterile due to over-burning. Despite 8685 of the
farmers interviewed burned regularly. During
community workshop, farmers actively debated

The fusion of these learning systems has the pgateot
play an important role in improving land management
strategies and enhancing conservation efforts ia th

theTalamanca Indigenous Reserves. For example, aduyess
thehe disconnect in farmers’ knowledge regardingrtheie

necessity of burning. The most common argument faand ability to improve (or degrade) the soil wilelp

burning was weed control. Yet, other farmers sutgpgks
labor-intensive alternative of manually mulching tlallow
vegetation and planting the crop within this muiyer. It
is important to note that while farmers acknowletigs the
soil had changed over time, they did not see theeseas
agents to make a positive change toward rehabilitahe
soil. This is an important barrier to overcome far
successful implementation of soil improvement paogs in
the area.

4.2. Soil Management and Restoration Efforts

Despite the limited fertility of some foothill seiland in
contrast to many other regions around the worlthrianca
farmers do very little to no active land manipwdatito
improve soil conditions for crop production. Thisynin
part, be due to the large farm sizes within theiomg
Talamanca foothill farmers designated overused (sétién

Red soil as tired (tansad®) and converted the land use to

pasture or fallow. Pasture was seen as a final lesedand
farmers did not report converting pasture to armentand

improve dissemination of new technologies (e.ghtéjues
that enhance nutrient cycling). Tree planting atities will
need to incorporate local knowledge in dissemimatio
improve communication on the benefits of trees. For
example, communicating how trees can rehabilitate
degraded lands by reducing susceptibility of laidésl and
improving soil fertility, while contributing to iméstructure
and protecting watersheds. Previous initiativesnyted
trees because they enhanced structural connectwity
biodiversity.

Once knowledge gaps are identified, utilizing and
acknowledging a common vocabulary is necessaryeate
effective dialogues and changed behavior (Eigerdetdl.,
2007). Specifically, Talamanca farmers use the word
“cansada o estefiltired or sterile to describe unproductive
soil. They also use the ternvitamin”, not nutrient, to
describe nutrients needed by crops. It is impottianse the
local agricultural vocabulary to better communicsaié data
and research results to the farmers.

As smallholder farmers continue to abort diverse

use. As population continues to increase, managemetgricultural systems to adopt seemingly lucratieétef

practices that put thesed Soilsback into production will

be needed. Extension projects also need to addhess
disconnect Talamanca farmers have concerning thef

possible role in soil degradation and their abiliy
manipulate the land to create favorable soil caokit

Farmers mentioned that trees provide several lenefi

including timber, shade, fruit and protection oftural
springs (water sources). However, no active traatjig to

monoculture) cash crops, effective dialogue between
farmers, researchers and extension scientistseséed to
evelop innovative agricultural solutions that &ese
production and improve economic livelihoods.
Understanding how farmers view the land and soians

initial step to encourage effective communicationl &rust

between involved parties to accomplish these goals.
Subsistence farmers have developed knowledge bésdi

promote these benefits was observed. Most farmeps k its site suitability because it directly impactgithsurvival.

shade trees on their farm for their timber valuefroit
production. In similar studies conducted in Chigpésxico,
organic coffee farmers remarked that shade treegded
litterfall, which contributes to soil formation, yarmers did
not recognize the role of trees in maintaining swisture or
enhancing nutrient uptake (Grossman, 2003).

There are several potential explanations for tlok laf

In Talamanca, farmers communicated their knowledge,
asked questions, and shared their ideas and cancern
Through these interactions, future project themes a
workshops were identified and include: nutrievitamin)
cycling; effects of fire on soil; and rehabilitatiof degraded
lands. Talamanca farmers were concerned about the
productivity of the land within indigenous territes and
about how their children and grandchildren will \Sue
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financially amidst the current socio-economic cdiodis.
Successful extension and research projects m to]
acknowledge farmers reliance on productive sall,
incorporate the local agricultural vocabulary aelidds, and
address the current concerns of the farmers (edl,
degradation and low crop productivity) in orderd&velop
integrated programs that improve both human livalids
and soil conditions.
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