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 Coffee plant fruiting (Coffea arabica) 

 

          
Natalia Ureña, Field Project Coordinator, conducing vegetation surveys using quadrats. 
               



Dear Earthwatch Volunteer:  
  
For the last 4 years, our underlying goal in the Tarraz¼ ñCommunity to Cupò project has been 
to promote sustainable coffee farming practices that benefit both production for farmers and 
the environment in the Los Santos region.  Furthermore, through our interactions with different 
groups in the region, we better understand the importance of minimizing negative impacts from 
coffee production on the environment. This framework of studying agricultural areas with an 
ecological perspective is in line with one of Earthwatch's strategic approaches to research, 
which gives importance to "managing protected areas and species at the landscape and 
seascape levels to enhance biodiversity and provide local and regional ecosystem services."  
The organization has also identified sustainable agriculture as a key research area 
(http://www.earthwatch.org/aboutus/research/research_areas/#ES).  We also believe that 
since coffee is produced in many tropical and subtropical countries, many of the findings and 
strategies developed in the Earthwatch Sustainable Coffee Research Center in Tarrazú can be 
shared with other regions to improve the coffee growing landscapes of the world.  
  
We began this research by characterizing coffee production and agroecosystems in the Los 
Santos region. The inherent landscape diversity associated with the montane topography 
creates unique conditions for each farmer to cultivate coffee. Long hours of field work have 
been necessary to collect data that show the variability of these starting conditions.  This is the 
arena in which Earthwatch volunteers have paid off the most -without your help, gathering the 
necessary baseline data would have been an insurmountable task. With the amount of work 
and effort invested by each group in the field and laboratory, we have been able to confidently 
describe the structure of coffee plants, soils, and the composition of shade trees. 
  
Management decisions made by farmers are based on their experience, knowledge acquired 
from recommendations, and their understanding of the agroecology of their production 
systems. Therefore another important step in the research has been to describe their 
management strategies and understand their goals. This is why Earthwatch has developed 
logbooks and record keeping practices for farmers to help us quantify and compare different 
management decisions made by farmers on each coffee plantation.  Along the way, we have 
developed strong relationships with the farming community and the cooperative based on 
mutual trust - farmers have freely and enthusiastically shared their activities with us, and in 
exchange, we are sharing our results and science with them. One of our main goals is to 
involve volunteers with the farming community so each visitor learns the key processes behind 
coffee production and the livelihood and cultural issues associated with agricultural regions. 
This combined with the scenic beauty of the tropical highlands in the region contributes to a 
pleasant and informative stay in Tarrazú. 
 
Finally, it is worth noting that a key component of the success of the Tarrazú Sustainable 
Coffee Research Project stems from a good relationship with volunteers. Your keen interest in 
the research, your energy, and your friendly group dynamics greatly facilitated work on the 
ground. Therefore, volunteers will always be welcomed by the research staff and the 
community of coffee farmers in CoopeTarrazú. 
  
Sincerely, 
  
Sebastián Castro Tanzi, Natalia Urena Retana, John E. Banks, & Mark Chandler 
 

 

 

 

SECTION ONE  



 

Top Highlight from the Past Field Season 

 
In total, 32 farms were visited during the 2009 field season. In addition, we visited farmers to 
collect logbooks where the farming practices carried out were recorded. Twenty-six of these 
farms have records for the last three years. Volunteer teams studied soil nutrients, coffee 
production, coffee plant health, ground cover, and farming input management in each farm. 
This data is helping us understand what effect farming inputs and site characteristics have on 
coffee production and soil fertility. Additionally, by combining field surveys and spatial data 
captured in our geographical information systems (GIS), we are exploring interactions between 
the coffee agroecosystems and the surrounding environment. We have learned that many 
farmers can reduce the amount of synthetic fertilizers they use without negatively impacting 
their yields. This is good news for farmers who can reduce production costs while they also 
reduce surface water pollution in streams from agrochemical runoff during rainstorm events. In 
addition, we better understand the important role ground cover plants play in maintaining 
suitable conditions for coffee production. 
 
Dr. John Banks from the University of Washington at Tacoma led teams to sample arthropod 
populations during two contrasting seasons (rainy vs. dry season) in 10 farms, and a total of 28 
farms across two rainy seasons. The studied groups include beetles, wasps, and flies. With 
this data we are trying to understand how biodiversity is affected by farm management 
practices, and the physical characteristic of the surrounding landscape. Based on our 
preliminary results, we are currently exploring whether pollinators, such as native and 
European honey bees, are important for increasing coffee yields.  
  
During this field season, we were also able to estimate standing biomass in 32 coffee 
plantations. This estimation has given us preliminary results which are helping us understand 
the potential for atmospheric carbon sequestration by coffee bushes, shade trees, and soil 
organic matter. Nine additional plots were set in forest fragments to collect comparable data. 
One first result is the variability in soil organic matter retained in the first 10 to 20cm of soils 
under coffee cultivation, with many farms showing values higher than those found on forest 
plots. This suggests potentially fruitful opportunities to develop payment programs for 
atmospheric carbon sequestration services provided by coffee farms.    
 

                     
        Volunteers in the field conducting transects. 

 

Non-technical Overview of Results 



 

The 2002 United Nations Millennium Ecosystem Assessment (UN, 2004) highlighted the 
importance of essential services provided by ecosystems that directly and indirectly benefit 
society. In agricultural ecosystems, natural and managed landscapes sustain the production of 
yields as well as the preservation of ecological processes -including the maintenance of the 
hydrological cycle, the retention of nutrients in top soils, and the provision of proper habitat for 
valuable species, such as pollinators and natural enemies of pests. Societal benefits from well 
managed ecosystems include access to nature, fresh water, clean air, and productive lands. 
Our challenge in this project is to identify farming practices that enable us to maximize these 
ecosystem services while benefiting from the productivity of the land. In the Tarrazú region, 
some of the ecosystem functions of note include retention of soil nutrients, soil conservation, 
atmospheric carbon sequestration, and preservation of habitat for biodiversity. 
  
In Tarrazú, around 4500 small hold farmers maintain no less than 13,500 ha of land under 
coffee cultivation.  Many of the farms have been under intensive use for at least 20 years, and 
they are starting to show signs of productivity loss. We have identified two processes 
associated with declining yields: soil degradation and aging of coffee plantations.   
  
Acidification is one of the main forms of soil degradation in Tarrazú. Each year, most farmers 
apply around 200 kg/ha of synthetic nitrogen based fertilizers, which through different chemical 
and biochemical processes increase the concentration of hydronium (H+) ions in the soil 
solution. This lowers soil pH and releases different forms of aluminum (Al+++) into the soilôs 
water solution. Plant roots show signs of toxicity to high concentrations of Al+++ in the soil 
solution. In addition, important nutrients for plant growth such as calcium (Ca+) are lost in 
acidic soils. Although fertilizers are used to increase the coffee produced by plants, we have 
not seen an increase in coffee yields as more fertilizer is applied over 3 years worth of 
observations. This suggests that many farmers can make more rational use of the fertilizers 
without impacting the overall production, and thus reduce production costs and impacts to the 
soil fertility and water quality in streams. 
 
Earthwatch researchers continued to develop the geographical data bases that help us 
characterize the Los Santos coffee growing region. Advances included the creation of an 

updated land-cover/ land use map based on a 4 x 4 m2 spatial resolution Ikonos satellite 
image, which covers most of the study region. This data will allow us to analyze how land use 
changes over time, how the land is currently used, and how much land falls within each land 
use category. Additionally, surface hydrology databases have been developed using records 
captured in 5 different weather stations in Los Santos region. Some of the products obtained 
from these databases include models of surface water runoff which are helping us estimate 
erosion rates and to identify which water resources and landscape areas are vulnerable to soil 
erosion. 
  
Through 2009, efforts to communicate the results to farmers and CoopeTarrazú included 
workshops presenting interpretation of results from soil nutrient analysis, comments on 
fertilizer and herbicide input management strategies, and the importance of coffee certification. 
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           Field Scientist Sebastian Castro briefing volunteers on field techniques. 
 
 
SECTION TWO: TECHNICAL RESULTS 
 
 

1. REPORTING ON RESEARCH OBJECTIVES 

 

Objective 1 

 
Development of a landscape level management GIS tool for targeted planning and 
management interventions to improve sustainable farming practices at CoopeTarrazú. 
 

Progress towards/against Objective 

 
With around 2000 mm of rainfall per year in Los Santos region, precipitation is a major factor 
determining important processes, such as superficial water run-off, soil erosion rates, and soil 
nutrient leaching. These hydrological processes greatly influence the ecological and 
agronomical characteristics of the landscape. Rainfall percolating through the soil is 
responsible for filling ground water reservoirs which later flow out again through springs, many 



of which are located inside coffee plantations, pastures, or forest sites. Most of the water 
consumed by the population in Los Santos regions is obtained from these sources. 
  
Furthermore, the movement of  excess run-off water has shaped a landscape that includes 
3387 km of minor streams and rivers, linked in a complex and vulnerable network. Depending 
on erosion rates, this water may carry big loads of sediment and farming chemicals, such as 
pesticides, herbicides, and fertilizers. These materials negatively impact water quality and 
aquatic environments.  
  
We have created a hydrological geographic information system (GIS) to provide local and 
national water resource managers with the following information: 

- Location of the stream and river network system 
- Partitioning of the landscapes in watersheds and sub-watersheds 
- Monthly average precipitation and temperature maps based on meteorological data 

collected in weather stations in the Los Santos region, including five stations with 
multiple years of data. 

- Monthly averages of evapotranspiration and run-off maps derived from precipitation 
and temperatures maps. 

  
Through these maps we are able to identify those sub-watersheds where water resources are 
most vulnerable. Additionally, we can identify those areas where protection of stream edges 
would be the most important. 
  
We've taken another big step by updating the land cover/land use layer of our regional 
geographic database using multispectral Ikonos satellite images obtained in 2009 to identify 
major types of land covers Knowing the amount and location of areas under major land uses is 
very important to achieve sustainable management of this agricultural landscape.  This new 
data is giving us more precise information on the extent of forested area, coffee plantations, 
pastures, and other important land uses. 
 
                
Objective 2 
 
Development of a research program that examines how fertilizer use and shade tree 
management relates to coffee production, environmental sustainability and certification criteria. 
 

 

Progress towards/against Objective 

 
The amount of nitrogen applied using synthetic fertilizers varied widely among farmers. In two 
years of observations, we have not recorded any significant response of coffee yields to 
increased use of fertilizers.  This isn't to say that synthetic fertilizers aren't effective, but rather 
that at the extremely high levels of fertilizer usage found in this region the soil becomes 
saturated. This suggests that in many cases, farmers can lower the amount of fertilizer applied 
without reducing coffee yields.  However, we have noticed a significant negative association 
between amount of applied nitrogen and pH values, suggesting that nitrogen saturation of the 
soils is decreasing soil fertility and increasing soil acidity. 
 
Objective 3 
 
Increase sustainable farming practices by CoopeTarrazú (CT) farmers through a) transfer of 
knowledge from field research and GIS maps to CT and its farmers, b) participation in practical 
training in the field and workshops, and c) increased awareness of sustainable farming 



practices as designed by certification programs such as C.A.F.É. Practices, Rainforest Alliance 
and Fair Trade. 
 

Progress towards/against Objective 

 
This year, farmer and community engagement activities have primarily focused on targeted 
training for the farmers that have been identified as community leaders through an outreach 
program with workshops on soil analysis interpretation (Table 1). Other activities with farmers 
include the continuation of experimental plots in 10 selected farms directed to estimate the 
impact of reduction in the amounts of applied fertilizer on coffee yields and soil fertility.  
  
A series of workshops was created jointly with CoopeTarrazú for farmers living in remote 
communities of the Tarrazú region to provide training on coffee certification and best practices 
for sustainable coffee farming (Table 1). 
 

                
                 Workshop with local farmers regarding research results to date. 

 

Objective 4 

 

Increasing awareness among global and regional audiences about sustainable farming 
practices and the relationship between consumer choices, verification programs such as 
C.A.F.É. Practices, and global farming practices. 
 

Progress towards/against Objective 

 

This year the learning program for volunteers has been modified for shorter duration teams 
lasting one week. The core of the program is focused on sustainable agriculture, ecosystem 
services, and how to be a sustainable consumer.  
  
A pilot version of the 'Skill Development' program was initiated with Ernst & Young. In addition 
to the field research tasks, fellows teamed up with the financial office of CoopeTarrazú to 
identify possible improvements in their business plan and operations. This program gave these 
fellows a unique window into the operations of CoopeTarrazú. More importantly it prompted 
brainstorming sessions where Ernst & Young employees were able to share their business 



experience through a presentation of possible solutions for the financial office of 
CoopeTarrazú. This program has added an exciting new dimension to the Earthwatch model.  
 

 

Objective 5 

 
Estimate standing biomass and soil organic matter on different land uses in the Tarrazú region. 
 

Progress towards/against Objective 

 
Sequestered carbon in natural systems is primarily found in the standing biomass of plants, in 
leaf litter and plant residues, and in organic compounds in the soil. From our research data, we 
estimated the amount of biomass in each of these components.  
  
Standing biomass and soil organic matter was indirectly measured in 32 coffee farms, and 9 
forest plots. Preliminary results show great variability in shade tree planting densities, coffee 
bush planting density, ground cover plant, and soil organic matter content between coffee 
plantations. 
 

 

2. PARTNERSHIPS 

 
Through 2009, as in the two previous years, excellent relationships with CoopeTarrazú were 
maintained, mainly through the directing board of farmers, the technical support department, 
the office of the CEO, and the 40 farmers involved in the project. This relationship created a 
mutually beneficial and supportive atmosphere where Earthwatch has been able to develop its 
research project. Additionally, Natalia Ureña from Earthwatch Institute has supported regional 
farmer meetings hosted by CoopeTarrazú by providing training on environmental certification 
schemes such as Starbuck's CAFE Practice and Rainforest Alliance.  
  
New opportunities for partnerships with additional non -government and government 
institutions with complementary goals have been identified in the Los Santos region These 
organizations are: 

- CoopeTarrazú: Payment for agroforestry systems 
- Minister of Environment: Master Plan Creation for Los Santos Forest Reserve / Official 
establishment of ñCerros de Tarraz¼ò water protection zone 

- Water System Development Associations (ASADAS in Spanish): Improvement of 
communal potable water sources. 

- CEDARENAS: Protection of water sources and springs that provide water for human 
consumption  

  
Future research will expand with our partners in the University of Washington, specifically with 
Dr. John Banks and Lisa Hannon, MSc. Student, who will expand research on pollinator 
diversity, forest fragmentation, and pollination services in coffee plantations. Dr. Erica Cline will 
continue research on the ecology of mycorrhizal fungi in coffee plantations. 
                
 

3. DISSEMINATION 

 
Digital: 
Development of the 'Sistema de Interpretación de Análisis de Nutrientes de Suelos y Foliar' 
(SISAF in Spanish) software. This software is intended as a database management tool to 
store, organize, query, and interpret data from soil and foliar analyses. 



 
Meetings and conferences: 
Castro. S., Chandler, M., Ureña, N., Banks, J. (2009) Tradeoffs and win-win opportunities 
among farm practices, coffee production and environmental sustainability in the Los Santos 
region, Costa Rica. Organized Oral Session: Ecological, Social, and Economic Benefits of 
Agroforestry Systems in Rural Communities.94th ESA Annual Meeting. Albuquerque, New 
Mexico. 
  
Chandler, M., Ureña N., Castro, S. (2009) Farmer and volunteer participatory research on 
sustainable coffee farming in Los Santos region of Costa Rica. Organized Oral Session: Using 
Citizen Science to Rebuild Ecological Knowledge in Human Communities. 94th ESA Annual 
Meeting. Albuquerque, New Mexico. 
  
Banks, J. (2009) Arthropod diversity on coffee farms in Tarrazú, Costa Rica: sustainability and 
farmer practices, Annual Meeting of the Entomological Society of America, Indianapolis, IN. 
  
Banks, J. (2009) Insect population dynamics: applications in agroecology and conservation 
biology. Research Seminar in ECO-IGERT 4th Annual Retreat, Oregon State University, 
Corvallis, Oregon. 
  
Banks, J., Cline, E., Hannon, L., Singer, R., Castro, S. (2010) Conservation and farmer 
practices: sustainable coffee in Tarrazú, Costa Rica. Poster session. Conservation Colloquium, 
University of Washington. Tacoma, Washington. 
 
 

4. PROJECT DEVELOPMENT 

N/A 
 
3.1. Removed or Modified Objectives 
 

3.2. New Objectives 

 
 

5. CAPACITY DEVELOPMENT AND EDUCATION 

N/A 

 

6.1 CONTRIBUTIONS TO INTERNATIONAL CONVENTIONS, AGENDAS, POLICIES, 

MANAGEMENT PLANS  

N/A 
 

6.2. CONTRIBUTIONS TO LOCAL, NATIONAL AND REGIONAL CONVENTIONS, AGENDAS, 

POLICIES, MANAGEMENT PLANS 

N/A 

 

7. ACTIONS OR ACTIVITIES THAT ENHANCE NATURAL AND SOCIAL CAPITAL 

N/A 

8. LONG TERM IMPACT OF PROJECT 

 

Habitats enhanced, restored or maintained 

 
Reduced use of synthetic fertilizer improves freshwater quality and enhances aquatic habitats 
in these watersheds and the coastal regions where they flow. Similarly, reductions in soil 



erosion from improved farm management will further improve aquatic habitats. Some farmers 
have improved their use of shade trees, providing additional habitat for arthropods and other 
biodiversity in the region. 
 

Ecosystem services enhanced, restored or maintained 

 

The Earthwatch Sustainable Coffee Research Center is engaging farmers to improve coffee 
management practices, particularly soil management and reduced use of synthetic fertilizers.  
This is already having an impact in the first year of the project with a minimum 10 ton reduction 
in synthetic fertilizer use by the 40 farmers with whom we are already working. This doesn't 
include any secondary reductions by other farmers in the region from interactions with our 
study group. This should enhance a number of ecosystem services on their farms: 1) improved 
provisioning of crops; 2) carbon sequestration by restoration of organic material in the soil; 3) 
improved fresh water quality through reduced nitrogen run off from coffee farms across the 
landscape; 4) improved nutrient cycling in the soil and soil formation.  An improved 
understanding of the arthropod communities on these coffee farms is allowing us to develop 
research that will enhance pollination and pest control services provided by arthropods. 
 

                                   

 
 Volunteers walking in the forest at Fundación Nubotropica, Santa María de Dota. 

 

 

 

Livelihoods enhanced, restored or maintained 

 
Reduced costs of synthetic fertilizers with no loss in coffee yields means these farms are more 
economically sustainable. Reversing the regional pattern of soil degradation will ensure that 
farmers can recover the natural capital lost in their soils and enhance long-term production 
from their farms. 



  

        
    Sebastián Castro and collaborators taking coffee samples.



 

Table 1: Main activities related to the farmer engagement program 

Audience Activity 
Number of 
activities 

Total 
participants Main Topics 

Capacity building for 
farmers 

Leadership training 
workshops 3 40 

Log book keeping and reporting / 
coffee certifications 

 
Experimental plots 2 9 

Experimental plots set in farms to 
explore effects of reduction of total 
fertilizer dose on yield. 

 

Soil analysis interpretation 
workshop 1 20 

Delivery and interpretation of 
results from analysis of soil 
nutrients. 

 

Introduction to coffee 
certification programs and 
best practices workshop 3 89* 

Explanation of criteria involved in 
certification processes taken by 
CoopeTarrazú 

  Coffee quality workshop 1 27 

Delivery of results of coffee cupping 
and review of best practices for 
good quality coffee production 

Other stakeholders 
Presentation of field 

methods 1 40 
Introduction to the use of log books 
for record keeping in coffee farming 

 

Use and application of 
GPS 1 2 

Training in the use and applications 
of GPS directed to CoopeTarrazú 
Technical Assistance personal 

 

Sustainable coffee farming 
practices in Tarrazú 

workshop for high school 
students 1 100 Results from the research project 

  
Presentation of SISAF 

software 1 15 

Introduction on the use and 
application of the SISAF software, 
a data base management system 
for quick interpretation and 
querying of soil analysis. 

* 39 farmers from San Jeronimo de Tarrazú, 25 from San Carlos de Tarrazú, 25 Santa Rosa de Leon Cortes, and 25 from San 
Antonio de Leon Cortes 



Appendix 1- PHOTOS 

 

   
Sebastián Castro, Field Scientist, and Mark Chandler, Earthwatch International Director of 
Research, taking GPS points. 
 

 

 

     
                                       Weighing samples of coffee beans 
 



 
     Natalia Ureña, Field Project Coordinator in the field  

    

 

             
    Volunteer undertaking lab work  

 


