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ABSTRACT
As a result of landscape-level problems of rising temperatures, drought, and more
variable precipitation, smallholders are threatened by crop losses of both commodity and
subsistence crops, thus threatening their livelihoods and food security. In response, agricultural
research and development institutions are pouring millions of dollars into programs centered on a
landscape level approach to support farmer adaptations. With interventions’ current focus on a
landscape approach, more research is needed to understand farmers’ own perceptions of
landscape so to better inform adaptation programming. My research begins to characterize farmer
landscape knowledge at the farm-level through interviews, sketch mapping, and transect walks
with 30 farmer-participants in a seed trial program in north-central Nicaragua. Findings suggest
that farmers in the region take into account nine key landscape elements when making crop
management decisions, with farmers particularly concerned with efficient management of soil
moisture and slope, elements sensitive to predicted shifts in precipitation and temperature as a
result of climate change. My research directly contributes to recent scholarly foci on smallholders
as managers and innovators in agricultural landscapes and to a landscape approach for climate
change adaptation interventions.

iv

TABLE OF CONTENTS
LIST OF FIGURES ................................................................................................................. v
LIST OF TABLES ................................................................................................................... vi
Chapter 1 Introduction ............................................................................................................ 1
Local knowledge .............................................................................................................. 3
Definition of Landscape Knowledge & Landscape Elements ......................................... 4
Development Interventions & Farmer Expertise ............................................................. 5
Chapter 2 Case Study: El Cuá, Nicaragua .............................................................................. 7
Chapter 3 Methods I: Methodology ........................................................................................ 16
Participatory Sketch Mapping ......................................................................................... 16
Transect Walks ................................................................................................................ 18
Interviews......................................................................................................................... 19
Chapter 4 Methods II: Structure of Field Research ................................................................ 20
Phase I: Program Observation & Establishing a Sample ................................................. 20
Phase II: Maps, Interviews, Transect Walks.................................................................... 22
Phase III: FFS Participant Observation ........................................................................... 24
Analysis ........................................................................................................................... 25
Chapter 5 Results .................................................................................................................... 26
Slope Management .......................................................................................................... 34
Soil Moisture Management .............................................................................................. 39
Slope and Soil Moisture ................................................................................................... 39
Other Landscape Elements .............................................................................................. 39
Chapter 6 Discussion .............................................................................................................. 41
Chapter 7 Conclusions ............................................................................................................ 46
Appendix A Interview Themes ............................................................................................... 54
Appendix B Additional Results Tables .................................................................................. 55

v
LIST OF FIGURES
Figure 2-1: Map of municipality of El Cuá. ........................................................................... 8
Figure 2-2: Map of NicaCentral focus areas of CATIE tricot approach program. ................. 8
Figure 2-3: Average Monthly Temperature and Rainfall for Nicaragua from 190-2012. ....... 10
Figure 2-4: El Cuá as important bean producing region, especially in apante season.
Study site region marked by black box. ........................................................................... 15
Figure 5-1: Farmer sketch map showing forested areas (‘montana”). ................................... 27
Figure 5-2: Farmer sketch map showing cacao production. ................................................... 28
Figure 5-3: Farmer sketch map showing labor space for de-pulping coffee (lower righthand corner). .................................................................................................................... 29
Figure 5-4: Map of Communities of residence (8) of research participants surrounding El
Cuá. .................................................................................................................................. 36
Figure 5-5: Sloping fields of participant farmer. Fields sown in coffee seedlings on
center-right and left of image. ......................................................................................... 45
Figure 5-6: Landholding of participant farmer. Bean and maize fields on right slopes,
coffee on left slopes. ........................................................................................................ 46
Figure 6-1: Model of interacting patterns and processes of landscape elements identified
by farmers in north-central Nicaragua. ............................................................................ 43

vi

LIST OF TABLES
Table 2-1: Environmental Characteristics of El Cuá, Nicaragua. .......................................... 13
Table 2-2: Ideal Environmental Parameters for Successful Bean Production. ....................... 14
Table 4-1: Demographics of Sample (n=30 farmers). ............................................................. 22
Table 4-2: Crops Grown by Farmers in Sample (n=30). ......................................................... 24
Table 5-1: Landscape elements (9) identified in interviews with factors illustrating each
element as given as reasoning by farmers for cultivation decisions. (n=30 farmers) ...... 32
Table 5-2: Frequency across interviews (n=30) of of farmer reference to landscape
element in reasoning about cultivation management. ...................................................... 33
Table 5-3: Research Question #1a and Corresponding Results............................................. 34
Table 5-4: Percent of sloped land in study site of region surrounding El Cuá, Nicaragua. .. 35
Table 5-5: Pendiente. Slope related reasoning for crop management decision making and
frequency of reasoning across interviews for each factor. ............................................... 39
Table 5-6: Húmedad del suelo. Soil moisture-related reasoning in crop management
decisions and frequency across interviews for each factor. ............................................. 39
Table A-1: Variedades de plantas-related reasoning for crop management decisions and
frequency of discussion of reasons across interviews for each factor. ........................... 58
Table A-2: Soil fertility-related reasoning for to crop management decisions and
frequency of discussion of reasons across interviews for each factor. ............................ 59
Table A-3: Erosion-related reasoning for crop management decisions and frequency of
discussion of reasons across interviews for each factor. .. .............................................. 60
Table A-4: Salud de las plantas-related reasoning for crop management decisions and
frequency of discussion of reasons across interviews for each factor. ........................... 61
Table A-5: Human-made water features-related reasoning for crop management decisions
and frequency of discussion of reasons across interviews for each factor. . ................... 62
Table A-6: Áreas sombradas-related reasoning for crop management decisions and
frequency of discussion of reasons across interviews for each factor. ............................ 62
Table A-7: Microclimate-related reasoning for crop management decisions and frequency
of discussion of reasons across interviews for each factor. ............................................. 63

vii
ACKNOWLEDGEMENTS
This research is funded through the Zimmerer GeoSyntheSES Lab by Bioversity International as
well as by a research grant from Pennsylvania State University’s Center for Landscape Dynamics.
Thank you to the staff at Nicaragua’s CATIE office, especially Mirna Barrios, for ideas and input
in my research design. Many thanks to the staff at COMANUR and SOPEXCCA cooperatives for
their warm welcome, and for spending valuable work time to accompany me to interviews and
introduce me to farmers. The El Cuá farmers readily accepted me into their homes and fields,
offering unhurried interviews accompanied by their farms’ coffee, food, and fruits. I am so
grateful for their time and generosity. Many colleagues read drafts and helped refine my ideas thank you. Cheers to Nicole Rivera for the maps of my study site. Detailed feedback on my
proposal and suggestions for reading from Jacob van Etten were essential in the early stages of
conceptualizing the work. Karl Zimmerer, Erica Smithwick, and Jia-Ching Chen deserve prizes
for their time, support, brainstorming sessions, and direction. I am grateful for their teaching and
mentorship.

1

Chapter 1

Introduction
Although smallholder farmers produce over half of the world’s food and constitute 98%
of the world’s farms, they experience high rates of food insecurity (Graeub et al. 2016). Although
agricultural landscapes increasingly intensify (Zimmerer, Carney & Vanek, 2015), farmers
continue to experience precarious incomes within fluctuating market prices and crop loss.
Moreover, in environments vulnerable to climate change such as throughout Central America,
scientists expect increased crop failure of both commodity and subsistence crops (Altieri &
Koohafkan, 2008, p.5; Gourdji et al. 2015). In addition to economic loss, climate change will
have human impacts, including exacerbating vector- and water-borne disease and further
complicating access to clean drinking water (Magrin et al., 2014). Indeed, Central Americans
already experience climate change impacts of increasingly severe rainfall events, setting off
landslides and flooding, but an overall decrease in precipitation, as well as a slow but marked
increase in temperature. IPCC models show a consistent increase in temperature throughout
Central America, with an increase of 1 C° in the past thirty years and an estimated addition 1-3
C° in the coming seventy years (Magrin et al., 2014).
In response, agricultural research and development institutions commit millions of dollars
in time and research into supporting farmers’ rapid adaptation to higher temperatures and more
variable precipitation patterns through dissemination of agricultural technologies as well as
farmer capacity building. For 2017, the United States Agency for International Development
(USAID) alone has committed $978 million to fighting food insecurity and supporting farmers’
responses to shocks (USAID, 2017). Interventions in support of resource-poor farmers
increasingly align with the 2016-2030 Sustainable Development Goals (SDGs), which have been
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interpreted by many through a “landscape approach” (Landscapes for People, Food, and Nature
Initiative, 2016; CGIAR Consortium, 14 Feb. 2014). Scholars, government officials, and
international development professionals view many of today’s pressing issues as landscape-level
problems (e.g. climate change, food security, land conservation, access to clean water) that
therefore require landscape-focused interventions (Bloemers, Daniels, Fairclough, Pedroli &
Stiles, 2010).
A landscape approach considers includes humans as important actors in ecosystems.
Agricultural landscapes are particularly shaped by human intervention with farmers as landscape
managers and face significant disturbances from climate change impacts. With over 12% of the
earth’s surface used for croplands (FAO, 2014) and high rates of food insecurity among farming
households, smallholder agricultural landscapes are key investment areas for the landscape
approach. Differing from development goals of increased yields as in the Green Revolution, a
landscape approach works towards multi-functional landscapes, with multiple outcomes including
stable livelihoods, climate change mitigation and adaptation, and the long-term health and
viability of agricultural systems (Bioversity, 2016).
Given the landscape approach as an organizing vision for the SDGs and farmers’
important role as managers of landscape, it is important to understand how farmers understand
the landscapes in which they farm. Better understanding the decision-making process for farmers
has been a focus of geographers, anthropologists and ethnobiologists, among others. Farmer
decision making weighs numerous influences including global market pressures, labor
(Zimmerer, 2014), regulatory policies (Galt, 2014), institutional structures (Eakin, 2000), and
gender (Oakley & Momsen, 2005; Rice, Smale & Blanco, 1998). My research acknowledges all
these factors in decision-making, and narrows its focus to the influence of farmer landscape
knowledge in decision making.

3
My research questions (1) what landscape elements farmers weigh in their decisionmaking regarding crop management, and (1a) which are the most important elements for farmers
in north central Nicaragua? I define landscape knowledge as a complex knowledge of interacting
biophysical processes and patterns. Few scholars have characterized farmers’ complex knowledge
of cause-and-effect interactions (Antweiler, 1998) occurring throughout landscapes across and
within multiple scales, including at farm level and at broader extents. The present research seeks
to better characterize farmer landscape knowledge relative to the scale of farm-level management.
With millions of dollars invested annually in interventions to support smallholder farmers, and
many adopting landscape approaches, it is important to better understand farmers’ own landscape
knowledge.

Local knowledge
Previous scholarship on landscape knowledge draws from local knowledge scholarship.
Also referred to as indigenous/folk/traditional knowledge, geographers, anthropologists,
ethnoscientists and other scholars have provided a rich literature characterizing and valuing local
knowledge. Farmers’ learning process occurs through improvisation and experiments. The
knowledge held by farmers can be described as experiential, gained through fine-tuned attention
to observable processes and patterns (Bentley, 1992). Farmer knowledge is marked by its
dynamism and variability between farmers and regions. Knowledge is constantly reassessed,
adapted, reformulated, and amended at different times for different individuals (Sillitoe, 2006).
Richards (1993) articulates local knowledge as a set of performances that are realized in-themoment as active responses to stress, climatic shifts, disease, neighbors’ ideas, and technical
experience. Such emphasis on dynamism obstructs the possibility of a universal description of
local knowledge or of seeing farmer actions as consistent or stable.
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Despite the flexibility of local knowledge, it is important to emphasize that farmers
formulate knowledge based on empirical evidence gained from continual experiments (Richards,
1989; Bentley, 2006), often examining yields, foliage, flowering times (Bellon & Brush, 1994),
intercropping strategies, or plant resistance to disease. Farmers form spatial knowledge in their
management of varying soil structures and fertility (WinklerPrins, 1999; Zimmerer, 1994) or in
the intensified use of all areas of the landscape for diversified production (Almekinders et al.,
1995). Experiential knowledge develops through empirics gained in the daily routines and
decision-making of farm management.

Definition of Landscape Knowledge & Landscape Elements
There are numerous definitions of landscape. For this research, I draw on the synthesized
definition for cultural landscapes as used by Vallés-Planells et al. (2014): a landscape is “a
geographical entity composed of abiotic, biotic, and human-made elements, but it is also our
perceived environment,” or how we make sense of “the context of and relationship between the
landscape elements” (p.1). Landscape knowledge includes how farmers make sense of the context
and interactions of landscape elements, or interacting patterns and biophysical processes, through
their management decisions. Scholars have examined landscape knowledge of farmers in various
ways including through the spatial layout of farms (Almekinders, Fresco & Struik, 1995), through
specific landscape elements like soils (De Bruin, Wielemaker & Molenaar, 1999) or through seed
use in relation to landscape (Zimmerer, 1997; Zimmerer, 2003).
When thinking of landscape pattern and process, I find it helpful to use the language of
patterns and biophysical processes (Godron & Forman, 1986) to describe landscape elements and
their interacting relationships. Patterns include, but are not limited to, factors such as patches of
forest, heterogeneous soil fertility, water features. Biophysical processes include, but are not
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limited to, factors like erosion, evaporation, transpiration, animal movements, and plant diseases.
As I will show, farmers weigh relationships between landscape elements in their crop
management decisions, thus demonstrating an active landscape knowledge.
For the purposes of this research, I focus on the farm level landscape, engaging scale
through work done in landscape ecology. With the farmer as the decision-maker and land
manager, the extent of the landscape is the farmers’ region of influence (Addicott et al., 1987;
Farina & Belgrano, 2005), most frequently limited to their landholdings. Although the boundaries
of a farmer’s landholdings are often socially and institutionally established, interacting patterns
and processes do occur at the farm level and are often shaped by human interference. It is
important to first understand farmer landscape knowledge within their farms before extending out
to investigate farmer landscape knowledge at a broader regional extent. If one farmer widens the
buffers near wetlands on her farm, it might make little difference in water quality at a broader
landscape extent. However, if multiple neighboring farmers coordinate their management
decisions and improve buffers, then there could be a more significant impact on regional water
quality. The present work addresses a farm level landscape a farmer’s sphere of influence,
keeping in mind influence on the broader regional landscape.

Development Interventions & Farmer Expertise
Understanding farmer decision-making and landscape expertise can inform more
equitable and long-term sustainable interventions in support of farmers’ adaptation to the impacts
climate change. Keeping farmer expertise as central to interventions’ design, especially in
following farmers’ lead and building on already established local knowledge, responds to
scholars’ critiques of development initiatives as being top-down, contributing to uneven power
relations with the outsider as expert (Mitchell, 2002) and ignoring cultural and environmental
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variation by applying universal solutions to distinct groups and regions (Escobar, 1995; Ferguson,
1990; Li, 2007). Other scholars, in the belief that science may have helpful tools to offer farmers,
have encouraged reformation of interventions’ structure to instead consider farmers as experts
(Antweiler, 1998; Sillitoe, 2006). Such scholars have written in support of interventions’
engagement with the power and intelligence that farmers possess (Richards, 1985), solutions that
allow for variation between regions and farmers, and programs with bottom-up approaches to
build on local knowledge networks (Richards et al., 2008).
Interventions that value farmer landscape expertise and build on farmers’ experiential
knowledge will be able to more effectively support farmers’ production in areas that are presently
and will continue to experience the damaging weather uncertainty accompanying climate change.
Interventions to support farmers’ adaptations will be most successful through not only offering
new agricultural technologies but also supporting farmers’ knowledge development (Eakin et al.,
2016) and thus adaptation strategies to higher temperatures, exasperating regional droughts, and
increasing precipitation variability across smallholder farming landscapes.
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Chapter 2

Case Study: El Cuá, Nicaragua
Funding for this research came from Bioversity International, an agricultural research for
development institution that recently piloted a bean trial program called the tricot approach. The
tricot approach seeks to disseminate climate-adapted varieties to a large population of farmers in
order for farmers to trial the seeds in their own fields. The goal of the program is increased
agrobiodiversity for increased resilience to climate shifts and to bolster farmer adaptive capacity
through trialing seeds (van Etten et al., 2016). Bioversity’s Nicaraguan partner, the Tropical
Agricultural Research and Higher Education Center (CATIE), oversees the tricot approach
through their program Prueba3Frijol (Trial of 3 Beans). As of spring 2017, over 800 farmers
throughout the focus area of NicaCentral (Figure 2-2) had trialed dry beans using the tricot
approach.1 A larger research agenda seeks to explore whether farmers’ participation in seed
programs influences farmer landscape knowledge. However, it is necessary to first characterize
and better understand farmer knowledge before investigating change and development.

1

Correspondence with CATIE staff in March 2017.

8

Figure 2-1: Map of municipality of El Cuá.

9

Figure 2-2: Map of NicaCentral focus areas of CATIE tricot approach program.

Therefore, I chose to use a case study of farmers involved in the tricot approach program.
I wanted to know what landscape elements are important for the farmers in Nicaragua, expected
to face ever increasing threats of climate change, who would perhaps be participating in the tricot
approach. Additionally, as the tricot approach ideally focuses on plant genetic strength in relation
to environmental space, I wanted to ask farmers what other landscape elements they find helpful
or challenging in present cultivation.
My research took place in June and July 2016 in the municipality of El Cuá, located
within the department of Jinotega. Hundreds of farmers had just finished participating in the tricot
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approach and lived in a more topographically varied space than other participating farmers, which
would ideally allow for diversity of landscape knowledges. El Cuá is situated in the Isabelia
Mountains, with the city of El Cuá just north of the Peñas Blancas peak. The ecoregion is as a
neotropical broadleaf montane forest (World Wildlife Fund) but most areas have been cleared for
agricultural land use. Average annual precipitation is approximately 1400mm with the heaviest
rainfall in September. Soils are generally vertisols with some areas characterized as ultisols
(Universidad Nacional de Ingeniería, 2012). Throughout most of the region, the soil is a loamy
clay, with thick layers of dark topsoil with good tilth are then followed by a layer of bright orange
clay.

Figure 2-3: Average Monthly Temperature and Rainfall for Nicaragua from 190-2012.2

2

Data dataset was produced by the Climatic Research Unit (CRU) of University of East Anglia
(UEA). Retrieved at
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisCCode=NIC
Accessed 1 Mar 2017.
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Dry season falls between December and April and the monsoon season between May and
November; however, farmers distinguish three production seasons. Apante is the main bean
producing season (Dec.-Apr.) in the region (Figure 1), followed by the primera (May-Sept.) and
the postrera (Sept.-Nov.). Temperatures are coldest in January (15°C) and warmest in April or
May (30°C). Farm elevations vary between 400m and 1000m (Table 2-1).
Within Jinotega but west of the city of El Cuá, expansive fields produce cabbages,
carrots, onions, and lettuce for national markets. Yet in greater El Cuá region, small, diversified
family farms dominate the highly used agricultural region. Small patches of unexploited forests
are scattered throughout the landscape but the majority of space is used for crop production.
Farmers cultivate coffee, cacao, and malanga for export, and maize, beans, bananas, plantains,
and tree fruits primarily for domestic markets. Larger landowners graze cattle and dairy cows,
selling meat locally and sourcing milk to the nearby and recently opened dairy processing plant
producing cuajada cheese for local consumption. Coffee and cacao are sold through local coffee
cooperatives, but other crops are more frequently sold through purchasers for local and domestic
markets.
Farmers depend on diversified production as off-farm livelihood options are few. The
majority of farms produce both for markets as well as grow the family’s staples crops of beans,
maize, and rice. Some farmers have further diversified for niche markets. Three of the 30
interviewed installed apiaries in the past ten years while two others have space devoted to niche
market crops like cinnamon and oranges. Farmers that can afford the upfront costs of field rentals
(3500C/season) cultivate additional fields of tomatoes, onions, or maize for wholesale. Among
farmers with little land, renting fields for the family’s subsistence harvests is common so to give
priority to commodity crops in one’s own fields.
Although marked by small land holdings and small fields of beans, El Cuá is considered
an important zona frijolera (bean producing region) in Nicaragua. El Cuá’s bean fields can be
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spotted from the main highways as bright green patches on steep slopes towards the highest
points of mountains and ridges. In other parts of Nicaragua, more expansive, regular-shaped
fields produce beans during primera and postrera seasons. However, the department of Jinotega,
including El Cuá, plays an important role in national bean production, with its primary bean
season in apante (Dec.-Apr.) (Figure 2-4) due to the region’s dry and cooler conditions in those
months (Table 2-1). Table 2-1 describes the general weather and soil properties of the region
while Table 2-2 describes ideal cultivation conditions for bean crops. The arrival of rains in May
and June (primera season) followed by another two months of rain in September and October
(postrera) make bean production for markets difficult in El Cuá. However, five farmers
interviewed were cultivating beans in primera solely for household consumption. Many of the
interviews discussed bean production extensively although my research does not exclusively
investigate bean cultivation.
Despite its centrality to national agricultural production, the municipality of El Cuá has
high rates of poverty and malnutrition. As a municipality, El Cuá has a population of around
43,000 residents with approximately 18% permanently employed, primarily in the agricultural
sector (Instituto Nacional de Información de Desarrollo [INIDE] 2008). The remaining 78% are
either unemployed or work as day laborers in others’ fields. Over two-thirds of residents are
considered to live in extreme poverty (INIDE: p.32) and some estimates cite over 45%
malnourishment among the children throughout the greater Jinotega department (Project Concern
International, 2017). Severely affected by the political violence of the 1980s, El Cuá is still
marked by a lack of infrastructure. Education is offered through fifth grade, medical services are
limited, and for the first time, mountain roads to the nearest cities (Matagalpa and Jinotega) were
paved in June 2016.
With high rates of poverty and malnutrition, coupled with increasingly variable climate,
stable livelihoods and improved nutrition are of great importance in El Cuá. Although common
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beans are culturally important throughout the country and bean harvests a source of annual
economic concern at the national level (Leon, 2015; “Abundante cosecha,” 2016), their nutritive
importance is even more significant in the rural areas around the town of El Cuá where people
lack funds to access meat or alternative sources of protein. Beans are served three times per day,
often with rice and maize tortillas. Future losses of bean crops will significantly negatively
impact Nicaraguan families’ food security.
The tricot approach focused exclusively on dry bean varieties. While beans are important
to the incomes and food security of farmers in the area of El Cuá, my research explored landscape
knowledge in general, not specific to bean production. As seen in Table 4-1, most farmers were
primarily coffee producers and held diversified farms.
Table 2-1: Environmental Characteristics of El Cuá, Nicaragua.
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Table 2-2: Ideal Environmental Parameters for Successful Bean Production.3

3

Data drawn from MSU, 2001.

15

Figure 2-4: El Cuá as important bean producing region, especially in apante season. Study site
region marked by black box. 4

4

Michigan State University [MSU], Department of Agricultural Economics. (2001). Nicaragua:
Bean Area by Department Apante Season (2001). Retrieved from
https://msu.edu/~bernsten/beanatlas/Country%20Pages-withGIS/Nicaragua/2.BeanGrowingEnvironments/NICARAGUA_BEAN_ATLAS_APANTE_022606.jpg
Map based on Nicaraguan 2001 Census of Agriculture. Although out of date, the figure gives an idea of
seasonality of bean production.
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Chapter 3

Methods I: Methodology
Understanding farmers’ landscape knowledge has been methodologically difficult for
scholars (Richards, 1979). Landscape knowledge is a complex knowledge not easily captured in
taxonomies or procedural tasks (Antweiler, 1998). Landscapes include processes such as water
purification, erosion, germplasm exchange, plant disease, human and animal movements, and pest
life cycles, among others. Landscape patterns might include soil heterogeneity, plant yields,
forested patches or corridors, or the spread of fungal disease. The interactions of biophysical
processes and patterns, or landscape elements, constitute the complex landscape knowledge of
farmers. Researchers often approach studies of local knowledge through observations of decisionmaking, in which the locally specific, dynamic performance of knowledge is realized through
actions within a landscape.
The following sections discuss the methodology behind the chosen methods of
participatory sketch mapping, transect walks, and interviews. Finally, I include a section
describing the three phases of my research.

Participatory Sketch Mapping
Participatory mapping has been employed as a method by ethnographic and qualitative
researchers to explore spatial configurations, categorizing, and characterizing of space.
Participatory mapping in both individual interviews and focus groups has been used to initiate
group conversations about subjects including territorial boundaries, resource management or
community roles (Rocheleau & Edmunds, 2016; Lopez-Marrero & Tschakert, 2011). Scholarship
in support of ecosystem and landscape services also employs participatory mapping methods
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(Fagerholm et al., 2012; Ramirez-Gomez et al., 2015). The format of participatory mapping
varies according to the research question. Some researchers print GIS maps and facilitate groups’
marking of ecosystem services, areas of cultural importance or boundaries. In recent work in
north-central Nicaragua, Bliss (2016) asked farmers to sketch their land holdings. Bliss then
moved cards around the sketch to observe the spatial layout of crop diversity.
As opposed to GIS-based or resource-based mapping, sketch mapping in the present
study took a different approach by simply asking participants to sketch an identified area. To
access a more farmer-centered understanding of space, I asked farmers to sketch their own
landholdings. Methodologically, it was important to have farmers lead the mapping process and
explain interactions in the farming landscape as opposed to marking features or direction and
wayfinding. Through the process, the drawing naturally initiated the interview, as I asked for
explanations of the sketch’s components. Additionally, the mapping exercise was important for
establishing a shared knowledge of the fields before setting out on a transect walk. Farmers drew
areas of erosion, water features, and some had indicated heterogeneity in soil fertility among
other landscape features. As a result, I was spatially oriented to the fields and could ask more
incisive questions while walking.
As an unexpected consequence of sketch maps, during many interviews I found the act of
drawing to be an important tool for building rapport. For farmers who liked to sketch and who
were more reserved, the exercise was a welcomed distraction from the more pointed questioning
often present in semi-formal interview settings. For example, we used the mapping exercise as a
distraction during informal conversations while waiting for rain to pass before a tour of the farm.
Other farmers greatly enjoyed the exercise of drawing their farms, adding great detail to trees and
forested areas and proudly showing off their artistic skills. Finally, though little noted in
literature, the playful act of sketching and its linked conversation establishes a shared experience
and therefore starts to build trust.
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Transect Walks
Transect walks, or conversations with farmers while moving through their fields, are a
primary method for exploring farmer knowledge (Corbeels, Shiferaw & Haile, 2003). Oudwater
and Martin (2003) point out that knowledge is best communicated and shared in the spaces in
which knowledge was developed. Farmers demonstrate and communicate their expertise best
while in their fields. Zimmerer (1999) observes farmers’ dynamic landscape knowledge during
transect walks, as he noted farmers’ tuber seed use according to elevation and field patterns.
Interviews while walking within a field create an unconventional interview space (Richards,
1979) in which farmers might feel more comfortable than in a pointed, back-and-forth interview
setting. Walking with farmers through their land holdings allows for conversation to arise based
on visual cues and a shared experience.
Following the mapping exercise, I requested a walk through the farmers’ fields. In every
walk, I was able to ask questions about farmers’ reasoning for cultivation decisions because I
noticed something in a field that was not included in the sketch map or during household
interviews. Additionally, transect walks create a more unconventional interview space in which
farmers might feel more comfortable than in a pointed, back-and-forth interview setting
(Richards, 1979). For example, Jerneck and Olsson (2014) employ ‘narrative walks’ to assess
reasons for adopting (or not) agroforestry crops in Kenya, also discussing gender and labor roles
with farmers while walking.
Additionally, transect walks are a form of participant observation. As part of a normal job
duty, farmers regularly walk through their fields, observing any changes that need to be made or
composing the next week’s list of tasks. During transect walks, farmers made comments on
management goals or changes observed in plants. Asking for farmers’ reasoning behind their
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comments illuminated what elements of the land’s patterns or the biophysical processes featured
most prominently in cultivation decisions.

Interviews
After transect walks, semi-structured interviews with the farmers filled in missing
information. (See list of sample interview themes usually addressed during transect walks in
Appendix A.) Interviews were often informal, over coffee or homemade juice on families’
porches following a transect walk. Interviews also occurred when farmers preferred not to take a
transect walk. In that case, an interview was the primary method. Interview lengths varied, from
15 minutes to over two hours. In some instances, information from the map drawing and transect
walk was sufficiently thorough and no sit-down interview time was necessary.
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Chapter 4

Methods II: Structure of Field Research
Three research phases were organized to answer the question, “Which landscape
elements compose farmers’ landscape knowledge? Which elements of the landscape are most
important to farmers?” Learning of the tricot approach through the CATIE office occurred
throughout two weeks. In Phase II, introduced by coffee cooperative staff, I visited farmers and
requested sketch maps, interviews, and transect walks. In Phase III, I was a participant observer
in two farmer field schools (FFS) active in the tricot approach pilot.

Phase I: Program Observation & Establishing a Sample
During two weeks of participant observation in the CATIE offices, I familiarized myself
with the overarching goals of the tricot approach and the role of CATIE in the Bioversity-funded
pilot program. Interviews with staff and attendance at an all-staff meeting permitted an
understanding of the program’s history and current status. I presented my research plan to the
CATIE staff and received feedback on research design and sampling. Conversations with staff
ensured my vocabulary usage was culturally appropriate and relevant to farmers in the
NicaCentral region.
Working with CATIE staff, I selected El Cuá as the region for the study for three reasons.
First, El Cuá’s reputation as a zona frijolera (bean producing region) (see Figure 2-4) marked by
smallholders was appropriate for the goals of this study. Second, although El Cuá experienced
highly variable precipitation during the recent El Niño, its weather patterns have been more stable
than neighboring municipalities experiencing severe drought (Figure 2-3). Thus, within the
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context of more stable long term weather averages, CATIE staff assumed that farmers in El Cuá
would have less biased responses to the bean trial outcomes than farmers in areas experiencing
severe drought. Whereas municipalities of the Dry Corridor saw enormous losses in bean crops
(Mendoza, 2016), farmers in El Cuá experienced fewer crop failures. Third, the selection of El
Cuá was based in part on convenience in that CATIE contacts in El Cuá are accustomed to
working with researchers. The FFS facilitators were willing to work as research assistants for this
study, introducing me to farmers and orienting me to the area.
The sample of farmers (n=30) was established through purposive sampling techniques. I
selected the sample with the support of coffee cooperative staff who also facilitated the tricot
approach at the local level through six area FFS. Staff and I selected 30 of the 96 farm households
participating in FFS, four households from each of the six FFS. The purposive sample ensured
that those interviewed would represent diverse experiences with tricot approach, including
farmers who successfully harvested varieties of beans and those whose crops failed due to
drought or disease. Furthermore, the purposive sample permitted a demographically
representative sample of tricot approach participants according to age, gender, land tenure, and
length of time as a FFS member (See Table 4-1).
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Table 4-1: Demographics of Sample (n=30 farmers).

Phase II: Maps, Interviews, Transect Walks
During a period of four weeks, I worked with three FFS facilitators to visit the thirty
households. Each visit ranged from one hour to five hours, depending on the size of the farm and
the availability of the farmer. In each household, I asked to speak to the person most involved
with the crops. Generally, the individual was available but on two occasions I spoke with a child
or a spouse who operated in a more supportive role, making fewer crop management decisions.
All of the sampled farms except two had established coffee as their priority crop but also
cultivated other crops for wholesale, export, and/or consumption (see Table 4-2). I used farmer
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sketch maps, transect walks, and interviews with farmers to elicit perceptions of and decisions
made in response to farm-level landscape. For most research participants, the interviews occurred
through the mapping and transect walks as opposed to separate sit-down interviews.
During field research, farmers sketched maps of their farms before interviews and
transect walks. Instructions were intentionally open, as I requested that farmers “draw a map of
the farm,” to allow them to interpret the ‘farm’ to mean holdings, fields, or one plot. I sat with
farmers as they sketched, using the evolving sketch to ask questions about crop placement, water
features, slope, and land tenure. Three of the farmer sketch maps are included below in the
Results chapter.
There were a few limitations to the above methods. First, the majority of farmers over the
age of 50 are illiterate as they were working adults before the Literacy Campaign of 1980. These
farmers were not able to draw maps. Second, I was unable to tour all the fields of three farms.
These farmers have fragmented landholdings with rented or owned fields over an hour travel
from the main household. Two other farmers were happy to host me for an interview on their
porch, but preferred not to give a farm tour.
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Table 4-2: Crops Grown by Farmers in Sample (n=30).

Phase III: FFS Participant Observation
At the completion of the 30 interviews with farmers, I attended two FFS meetings as a
participant observer. The FFS meetings were the final meetings of the 15-month FFS cycle. I
attended to observe future learning directions articulated by area farmers. At one meeting,
farmers (15 attending) taught each other to save seeds from their newly established patio
vegetable gardens. At the second meeting, farmers (21 attending) discussed disease and nutrient
deficiencies in coffee plants, the priority crop for most of El Cuá farmers. At both FFS meetings,
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I used the space as an informal focus group, asking farmers how they managed bean and maize
varieties and their overall experiences with the tricot pilot program.

Analysis
Field notes from interviews and focus groups were typed in detail at the end of every day.
I then coded the interviews according to themes of landscape patterns and biophysical processes,
often identified in farmers’ articulated reasoning for decisions they had already made on the farm.
I paid particular attention to farmers’ reasoning related to patterns (soil heterogeneity, uneven
yields between patches of fields, disease spread, áreas sombradas) as well as their mentions of
processes (the arrival of pests, the drainage of fields, interference of humans and animals in
space, purification of water by vegetation, etc.). For example, I noted when farmers referred to
contour farming, slope, pest management, or moving cattle into maize fields that no longer
produced well. I sorted the master list of codes into core landscape elements based on similar
patterns or processes at the core of farmer reasons for decision making (Table 5-1). Each code
was marked according to context. For example, codes of contourfarming_soilerosion or
contourfarming_slope were separated into two landscape elements although farmers were talking
about the same decision of contour farming. In many instances, landscape elements combined
two features of the farm (e.g. slope and creek) or a process and a pattern (e.g. erosion and
heterogeneous soil fertility). Farmers are unlikely to discuss landscape elements in the same way.
Therefore, grouping codes into landscape elements required close attention to the verbalized
reasoning process of farmers.
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Chapter 5

Results
Using El Cuá as a case study, my research seeks to identify, on a farm-level scale, the
landscape elements farmers consider in their crop management decisions. To establish a more
representative sample of the farmers involved in CATIE FFS, the sample was varied according to
age, land tenure, and gender (Table 4-1). Of the 30 farmers interviewed, 28 had coffee as their
priority crop (Table 4-2). Eight sold coffee through one of the two local cooperatives, while the
others sold through the local market or through an independent buyer. Most coffee fields were
shaded by banana or plantains, but many were transitioning into guava for shade. Half of the
farmers were cultivating maize while only five were cultivating beans during my research, all of
which would be stored as seed or for subsistence. Two-thirds of farmers interviewed (20) grow
beans regularly during apante season. While many farmers had fruiting trees in their patios close
to the home, Table 4-2 lists only those products cultivated in production fields.
The exercise of farmer sketch maps introduced me to farmers’ landscapes and spatial
layout of the farms before walking through the land holdings. Four farmers preferred not to draw
a map as they did not know how to write and felt uncomfortable using writing utensils. Another
six farmers asked to refer to a map drawn by their children for a previous FFS activity. Figures 51, 5-2, and 5-3 below give examples of farmer maps. Each one presented here communicates an
important and unique aspect of landscape knowledge that may not have shown itself during a
transect walk alone.
The farmer who drew Figure 5-1 was the farmer with the most land (56 hectares) and
thus the one in the sample with significant land in pasture. In his sketch, he marked the forested
areas of his land as equally important as pasture or cropland. As he drew, he explained that the
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montaña was important because it shaded the water in the stream, keeping it clean and cool,
which was important to his family and livestock. His delineation between areas showed a keen
land management strategy, as he rotated fodder (zapote) and pasture land with cultivation of
maize and beans, according to his perception of soil fertility.

Figure 5-1: Farmer sketch map showing forested areas (‘montaña”).
The producer that sketched Figure 3 highlighted her cacao trees’ uneven production
based on soil fertility. 5 The upper half of the map is the area of land that slopes downhill, while
the bottom half of her production area is relatively flat and near to her home. She noted that the
cacao and fruit trees produce better near her home, though she was uncertain as to why. However,
she noted that the coffee at the bottom of the slope (“café bueno”) was more productive than the
café nearer her home. She attributed this difference to the erosion of fertile topsoil downslope.

5

An interesting note:The author of Figure 3 also works as a seamstress. Her attention to detail and
style is apparent in her sketch. Later during her interview, a group of five teenage women walked into her
house to request that she make them matching skirts for an upcoming party.
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Figure 5-2: Farmer sketch map showing cacao production.

A third farmer included the area set aside for coffee processing, viewing the collective
labor space as an important component of the farming landscape (Figure 5-2). During the transect
walk, unsolicited, he explained to me where the coffee processing station was prior to its
relocation closer to the river. He also marked the area set aside for the production of new coffee
seedlings, seen in the bottom left of the map. In his sketch, the location of the river was an
organizing feature, and he drew the different types of shade trees (each with its specific use, he
explained) around the coffee plants.
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Figure 5-3: Farmer sketch map showing labor space for de-pulping coffee
(lower right-hand corner).

Through maps and conversations, I made codes of landscape elements according to
different reasons farmers gave for landscape management decisions. The identified elements
follow farmers’ categorizations that do not necessarily correspond to scientific landscape patterns
or processes. For example, slope and soil erosion are understood to be overlapping and connected
patterns and processes. However, farmers frequently discussed management of erosion separately
from their conversations of slope. Human-made water features (wells, drainage ditches, water
catchment systems) were often distinct from farmer discussion of soil moisture which aligned
more with rainfall.
From the maps and interviews, I coded for different elements (water features, slope, soil
fertility heterogeneity, etc.) according to farmers’ answers to my questions as to why they had
made certain land use or seed or crop choice decisions. Nine groups of landscape elements
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aligning with local knowledge emerged from the compiled and grouped codes (response to RQ1).
The top row of Table 5-1 lists the nine elements while the columns in Table 5-1 illustrate varying
factors for each landscape element. In interviews, farmers often referred to the landscape element
through the factors listed in Table 5-1. The columns include some of the codes from data analysis
that were then grouped into landscape elements.
The column headings, or identified landscape elements, are given in a cultural context
using the language of the research participants. Farmers discussed la humedad del suelo (soil
moisture), pendiente (slope), differences in variedades (plant genetics via phenotype), plant
health (follaje, salud), human-made water features (pozos, zanjas, cuencas), áreas sombradas o
cubiertas (areas shaded by agroforestry crops or forested spaces), erosion, and two farmers
referred to landscape at a broader extent than their fields through conversations of microclimates.
While ecologists and pedologists refer to soil moisture, Nica farmers discuss the humedad of soil,
or soil’s humidity (literal translation). This differs from water features as water features were
generally not irrigation systems that would affect soil throughout the farm. Instead, humedad
referred to rainfall or whether soil was shaded to slow evapotranspiration rates. A farm’s
pendiente or slope described how steeps the fields were, with over two thirds of farmers
identifying their fields as “teniendo pendiente” (having a slope).
Though farmers did not use language of plant genetics, the element of variedades,
illustrated reasoning through phenotypic differences between crop varieties. For example, when
discussing beans, farmers discussed differences in foliage, plant height or duration of time to
harvest between plant varieties. In considering which coffee variety to cultivate, farmers weighed
the strength of coffee beans’ attachment to branches in different coffee varieties. In an area prone
to monsoon rains before coffee is ready to harvest, it was important for varieties to not drop their
coffee berries during heavy storms. In articulating factors like foliage or strength of berry
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attachment, farmers were referring to plant genetics through phenotype (space by environment “s
x e” interactions).
Farmers did use terms that directly translate into English for discussing soil fertility
(fertilidad), erosion (erosión) and microclimates (microclimas). Soil fertility heterogeneity was
discussed within and across fields. Farmers used various sowing methods to avoid soil erosion,
linked both to their concerns about slope but also to their concerns about planting annual crops
(beans, maize) that establish more shallow roots. Though only two farmers discussed
microclimates, they differentiated between the crops of their fields versus crops’ growth in other
parts of the region. Farmers commented on the ripeness of coffee beans, the disease tolerance of
dry beans, or differences in temperatures between parts of the region.
Farmers highlighted the importance of landscape elements usually assumed by or folded
into other landscape categories by scientists, namely the importance of sunlight and human-made
water features distinct from soil moisture management. Farmers spoke often of sunlight
availability in certain spaces, through using words like sombrado (shaded) or cubierto (covered)
to describe forested areas or spaces inappropriate for bean plantings due to insufficient sunlight.
On maps, farmers drew spaces in which they constructed water catchment systems, or small
drainage ditches carved across fields following the flow of water. Every few weeks, farmers clean
out any topsoil that eroded into the ditches, both fighting erosion and helping water efficiently
drain from fields. Water catchment systems had to be cleaned regularly of leaf debris and kept
away from livestock. Such water features were not generally used for irrigation purposes,
distinguishing them from discussions of soil humedad (henceforth referred to as soil moisture).
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Table 5-1: Landscape elements (9) identified in interviews with factors illustrating each element
as given as reasoning by farmers for cultivation decisions. (n=30 farmers)

While coding, I counted the frequency with which farmers referred to each landscape
element through a contextual reading of the factors named in Table 5-1 as well as how many
farmers referred to each overall element (Table 5-2). For example, between the thirty farmers
interviewed, all discussed soil moisture and slope, which came up 45 and 43 times respectively,
while fewer expressed concern for plant phenotypic differences or plant vigor (23 and 25 times
respectively, by approximately one third of the farmers). If considering the total number of
farmers who discussed the elements, sunlight and soil fertility followed slope and soil moisture in
terms of consistency of topic among the sample. Over half of farmers mentioned áreas
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sombradas as a reason driving spatial decisions and crop choices on their farms (Table A-6 in
Appendix B). Just under half of the farmers interviewed referred to soil fertility as a driver of
cultivation decisions (Table A-2 in Appendix B).
Table 5-2: Frequency across interviews (n=30) of farmer reference to landscape element in
reasoning about cultivation management.

en asked to give reasoning for decisions made in the fields, slope and soil moisture were
When asked to give reasoning for decisions made in the fields, slope and soil moisture
articulated as playing a significant role in decision-making by all farmers (Table 6). All thirty
were articulated as playing a significant role in decision-making by all farmers (Table 5-3). All
farmers at some point in the transect walk or interview referred to soil moisture and slope
thirty farmers at some point in the transect walk or interview referred to soil moisture and slope
management, either separately or in tandem with each other. I will first address slope
management, either separately or in tandem with each other. I will first address slope
management and then soil moisture, ending with the farmers’ recognition of interactions between
the two landscape elements.
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management and then soil moisture, ending with the farmers’ recognition of interactions between
the two landscape elements.
Table 5-3: Research Question #1a and Corresponding Results.

Slope Management
The topographical slopes of El Cuá are key to the successful harvest of dry beans, crucial
to the region’s income (Figure 2-4). Buy seeding on slopes, water drains downslope instead of
saturating the soil, which would increase the likelihood of fungal, wilt and rot diseases during
cultivation as well as complicate the drying of beans in the fields before harvest. Much of the
greater area around the town of El Cuá is sloped due to its location in the Isabelia Cordillera
(Table 5-4). Santa Rosa, the southernmost community on the map, is just southwest of the Peñas
Blancas Peak, a peak of elevation of 354m. Figure 5-4 illustrates a breakdown by units of 10% of
sloped land within the general study site. About one third of the area has a slope of 0-10%. About
forty percent of the land has a slope of 10-20%, and eighteen percent is sloped 20-30%.
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Table 5-4: Percent of sloped land in study site of region surrounding El Cuá, Nicaragua. 6

The farms interviewed are dispersed throughout the communities in Figure 5-4, with at
least two producers in each community. Twenty of the thirty producers in the sample farm on
sloped land. Figures 5-5 and 5-66 provide visual examples of two farms situated on slopes. Other
fields were so steep that with the mud from monsoon rains, we were unable to move through
them upright and slid down. Small areas of landslides were visible in fields where trees or large
plantains had fallen.

6

To find the above values, I acquired the digital elevation model (DEM) for the region. I then
bounded the DEM using the extract by mask tool in ArcMap. I bounded the DEM to the following
coordinates, which include all participating communities surrounding the town of El Cuá. Bounded UTM
coordinates. Coordinates:
Corner

Easting

Northing

NW

629482.606

1487361.375

NE

657429.276

1487361.375

SE

657429.276

1460175.384

SW

629482.606

1460175.384
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Figure 5-4: Map of Communities of residence (8) of research participants surrounding El Cuá.

Though the elevation may seem flat overall, the slope of fields emerged often in
interviews. Table 5-5 gives examples of quotes and field notes of farmer reasoning related to
slope management. One producer was careful to rotate his crops between seasons and years,
growing maize and beans in fields previously sown in coffee or grazing his two cattle in a field
left fallow, but he told me that, in one particularly steep patch, he only grew beans season after
season because the land was perfect for it. Yet three other producers managed slope by
transitioning steep fields into agroforestry crops, namely coffee, from granos básicos (corn and
beans). One farmer had recently bought seven manzanas (~5 ha) that spanned the intersection of
three steep slopes (Figure 5-5), historically sown in beans. However, two months prior to our
interview, he had sown coffee seedlings in five of the manzanas (~3.5 ha). When I asked his
reasoning for the change, he told me, “El café trata al suelo de una manera distinta” (Coffee
treats the soil differently). He was worried about the erosion of his fertile topsoil over time and
thought coffee plants’ roots would hold the soil in place better than the constant removal of bean
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plants with shallow roots.

Figure 5-5: Sloping fields of participant farmer. Fields sown in coffee seedlings on
center-right and left of image.

Figure 5-6: Landholding of participant farmer.
Bean and maize fields on right slopes, coffee on left slopes.
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Conversations of erosion through rain, wind, or the felling of plantain plants point to
farmers’ concern for the management of slope (Table 5-5). Yet farmers in the region see slope as
a necessary and unquestionable landscape element with which to contend. I asked one farmer in
his late sixties how his ideal farming landscape would look. He laughed and responded, “As if
any of us have a choice! All the farms here are on inclines.” The farmer who owns the land in
Figure 6 is a young farmer of 23. His four manzanas (2.8 ha) of land were passed to him through
his wife’s family upon marriage. He manages the steep inclines by choosing to plant agroforestry
crops with more established roots than those of banana or plantain crops. In the lower fields on
the right near the creek running along the valley, he sows malanga to take advantage of the soil
moisture change. He was still trying to decide which crops were best for the upper slopes on the
right (Figure 5-6). Maize had not yielded as much as desired, though beans produced well. As I
slid down the incline of his coffee field, I asked if he found it difficult to farm on such slopes.
“No, it’s normal here,” he told me, shrugging.

Table 5-5: Pendiente. Slope related reasoning for crop management decision making and
frequency of reasoning across interviews for each factor.
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Soil Moisture Management
With slope, farmers make decisions according to management of soil moisture.
Management strategies are often temporal, as farmers adjust sowing and harvest dates according
to proper moisture. Farmers managed soil moisture through the intentional spatial layout of their
crops, embracing what Almekinders, Fresco & Struik (1993) define as “agrodiversity” and
following a more patchwork layout of farms (Zimmerer, 1999) common to smallholdings in more
mountainous regions. Producers in the sample locate malanga in wetter areas, yuca in drier soils,
and carve irrigation channels into certain areas of the farms in alignment with the runoff from
heavy rains. Though seemingly randomly sown between calles (rows) of coffee, bananas and
plantains are carefully placed in spots of well-drained soils. Certain shade trees like cacao and
guava are chosen for their rich leaf mulch that inhibits weed growth but also discourages quick
evaporation of soil moisture. Of those interviewed, producers almost exclusively placed bean
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Chapter 6

Discussion
The results demonstrate that farmers in the greater El Cuá area, when making cultivation
decisions, weigh multiple interacting biophysical processes and patterns in their landscapes.
Farmers intimately understand their landscapes and, along with social, economic, political and
other influences, farmers make crop management decisions based on their landscape knowledge.
Decisions on varietal choice frequently depend on foliage, weather resistance, and time to
maturity. Decisions on crop choice are often dependent on farmers’ observations of soil fertility,
slope, or áreas sombradas. For some farmers, though fewer in the present sample, farmers make
decisions on forested areas or view agroforestry crops as contributing moisture and reforestation
to the region. All farmers in the sample are concerned with management of soil moisture and
slope, often intimately connected, especially for the cultivation of bean crops, a crop key to
household and regional health as well as a crop most threatened by rising temperatures and
variable precipitation.
The funding program, Bioversity’s tricot approach, worked specifically with dry beans as
crop of great importance and through the structure of the approach, relied on farmer landscape
knowledge of spatial-environment phenotypic interactions in asking farmers to report the variety
that performed best in their fields. Slope and soil moisture management are crucial factors to the
successful production of beans. The two interacting elements are of great concern to farmers, with
slope being a generally stable factor, but soil moisture fluctuating more intensively in response to
a changing climate. However, the IPCC’s forecasts and already occurring increase in landslides
as a ‘highly likely’ outcome of climate change in Central America (Magrin et al., 2014) strongly
signals to the continued importance of supporting farmer management of these two elements.
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Future development interventions, following farmers’ lead, must work with the most resourcepoor producers to ensure continued crop production, both for prominent commodity crops like
coffee and cacao as well as for subsistence harvests of maize and beans.
Given the results, there are four things to consider. First, although the previous discussion
separates landscape elements for purposes of explanation, it is important to stress that producer
reasoning and hence landscape knowledge often includes interactions between two or more
landscape elements (Figure 6-1). For example, erosion was frequently mentioned in conversations
of slope and plant genetics discussed in conversations of regional climate differences. Producers’
recognition of the interactions between patterns (e.g. heterogeneity of soil fertility) and processes
(e.g. erosion from rainwater runoff) illustrated the complex knowledge present in crop
management decisions. When incorporated into decision-making processes alongside economic,
sociocultural, and political concerns (among others), a farmer’s intimate knowledge of their farm
landscape plays a decisive role in the organization and types of crops cultivated.
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Figure 6-1: Model of interacting patterns and processes of landscape elements identified by
farmers in north-central Nicaragua.
Second, given the timing and location of my field research, both at the beginning of the
rainy season and in an area characterized by steep slopes, it may seem of little surprise to find that
producers significantly weigh management of soil moisture and slope more than áreas sombradas
or other landscape elements. However, returning to the original question of what landscape
elements producers perceive and weigh in their decisions as they walk into their fields, the
context specific information of soil moisture and slope management in the region of El Cuá
communicates the challenges and strategies engaged by farmers. In each agricultural region,
important landscape elements will vary according to landscape features and characteristics, as
well as in connection with the sociocultural and political characteristics of the region. Especially
in relation to participation in the tricot approach and the focus on bean production for increased
household consumption and nutrition, soil moisture and slope factors are of principal concern for
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successful bean cultivation.
Third, I acknowledge that further field research, including time and funding, would
strengthen this research. Aligning with local knowledge literature, I recognize that one visit with
one transect walk per producer limits the variance and complexity that I can observe as a
researcher. Moreover, I recognize that generalizing individuals’ knowledges into larger categories
elicits tension regarding different ways of knowing. For the more practical focus of this thesis, it
is important to assess the overall concerns of farmers in the region in order to consider how
organizations like Bioversity and CATIE can best support farmers in areas impacted by climate
change.
Finally, I mark it of interest to note that only two farmers situated their fields inside of a
broader extent of landscape, or within the more regional landscape. Similarly, farmers made few
references to cross scalar interactions. Although the landscape approach of the SDGs and
organizations like Bioversity may consider ‘landscape’ to be a more regional or broader scale, it
may be the case that farmers do not view landscape context7 in the same way. For example, while
discussing appropriate vocabulary with CATIE staff, we debated the use of the Spanish word
paisaje (landscape) versus how farmers understand their fields or parcelas. CATIE staff were
adamant that farmers do not use the word paisaje to mean a smaller extent like a farm field, but
instead consider a paisaje to be a wider view, usually associated with a sense of aesthetics. The
concept of landscape as I use it here, to imply interacting biophysical processes and patterns
within a user-defined space, does not exist in quotidian language in Nicaragua. Related to
landscape context, farmers also did not refer often to cross scalar interactions. Three farmers
referenced the importance of forested areas for wildlife and climate, while other referred to water

7

Landscape context is a core tenet of landscape ecology from Wiens (1979) that considers that
landscape is relative to the observer. For example, a landscape to an eagle differs greatly from the
landscape of a deer tick.
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purification processes as water moves from Peñas Blancas down through and alongside farms.
The lack of discussion of broader landscape extent and cross scalar interactions may be explained
as the themes were not originally written into the design of interviews. Future research might
explore what tensions exist between organizations’ concept of landscape versus landscape users’
understandings of landscape, as well as farmers’ cognition and decision-making related to crossscalar interactions.

46

Chapter 7

Conclusions
Most interventions aimed at supporting smallholder farmers’ adaptation to climate
change in climate-vulnerable regions lack information about farmer decision making based on
farmer landscape knowledge. While research has well documented farmer knowledge of singular
aspects of a landscape such as shade, soil fertility, or seeds, few studies explore the interacting
biophysical processes and patterns taken into consideration in farmers’ decision making,
alongside greater economic and social influences. My research contributes to efforts to support
farmers’ adaptation by identifying the two most prominent landscape elements - slope and soil
moisture - that farmers in El Cuá, Nicaragua attend to when making cultivation decisions
including seed choices and soil fertility management.
I demonstrate that, in the greater El Cuá region, spatial context, specifically slope and soil
moisture, significantly governs farmers’ landscape management and cultivation decisions. This
awareness is highly important as climate change scenarios predict more variable precipitation,
more intense storms, and rising temperatures, all of which correspond to farmers’ sensitivities to
soil moisture and management of slope in terms of soil erosion and water drainage. The farmers
interviewed here, along with others throughout Central America, will be among the most severely
affected groups with expected shifts in evapotranspiration rates, fluctuations in pest cycles, and
precipitation changes, all part of climate change. Recognizing the importance of farmer
knowledge will help organizations such as Bioversity develop effective interventions which work
with farmers’ concerns and expertise to build more successful climate adaptation strategies.
My research directly contributes to recent scholarly foci on 1) smallholders as managers
and innovators in developing resilient agricultural landscapes (Vadjunec, Radel & Turner, 2016)

47
and 2) a landscape approach for climate change adaptation interventions (“Landscapes for
People…”, 2016). My project advances debates on how to engage farmers as experts in building
sustainable landscapes and how to integrate landscape-level knowledge and patterns into
adaptation management strategies. Farmer decision-making impacts not only the yields and food
security of households, but when considered in aggregate, smallholder communities play
significant roles in landscape management. Interventions that support smallholders negatively
impacted by climate change will be more effective through an approach that collaborates with and
builds from the knowledge of farmers.
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Appendix A

Interview Themes

Research Questions:
(1) What landscape elements - patterns and biophysical processes – do farmers weigh in
their decision-making regarding crop management?
(2) Which are the most important elements for farmers in north central Nicaragua?
General information:
●
●
●
●
●
●
●
●
●
●

Why did you choose to participate in this project?
Have you done participatory projects before?
What do you think of this project? If farmer hints that it’s a good idea, why?
Did you grow the same bean this year after trialing it last year?
What crops do you grow? To where do they go? (markets, etc.)
How many in your household?
Women/men
Socioeconomic status
Land tenure, land access, land use history
Placement of tricot bean trial plot
Questions to start conversation:

●
●
●
●
●
●
●
●

Why do you grow beans? Which variety do you like best? (Bellon et al., 2003)
What beans grow best on your farm? Which do not perform well? Why? Is there a way to
plant them that you think might improve performance? (Ashby, 1994).
Which area on your farm is best for beans? Why?
If a new farmer came into the area, what information would you give him about growing
beans here? How would you describe this environment?
What growing conditions are best for optimal yield?
What is a ‘bad day’ for you? (Eakin, 2006)
What did you like most about the tricot approach program? Least?
In what ways might your growing practices change as a result?
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Appendix B

Additional Results Tables
Table A-1: Variedades de plantas-related reasoning for crop management decisions and
frequency of discussion of reasons across interviews for each factor.
.
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Table A-2: Soil fertility-related reasoning for to crop management decisions and frequency of
discussion of reasons across interviews for each factor.
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Table A-3: Erosion-related reasoning for crop management decisions and frequency of
discussion of reasons across interviews for each factor.
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Table A-4: Salud de las plantas-related reasoning for crop management decisions and frequency
of discussion of reasons across interviews for each factor.
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Table A-5: Human-made water features-related reasoning for crop management decisions and
frequency of discussion of reasons across interviews for each factor.

Table A-6: Áreas sombradas-related reasoning for crop management decisions and frequency of
discussion of reasons across interviews for each factor.
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Table A-7: Microclimate-related reasoning for crop management decisions and frequency of
discussion of reasons across interviews for each factor.

