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PN15 – Unraveling the mysteries of the Quesungual system  
 
Project title  
 
Quesungual slash and mulch agroforestry system (QSMAS): Improving crop water 
productivity, food security and resource quality in the sub-humid tropics 
 
Brief title  

Unraveling mysteries of Quesungual system 

Executive Summary  

The Quesungual Slash and Mulch Agroforestry System (QSMAS) has contributed to a 
successful development strategy in improving rural livelihoods in the Lempira Department, 
Honduras. This alternative to slash and burn agriculture strongly builds on local knowledge 
and has been a major production system to achieve food security by resource poor farmers. 
The widespread adoption of the QSMAS by more than 6,000 farmer households has been 
driven by a two-fold increase in crop yields and cattle stocking rates and significant reduction 
in costs associated with agrochemicals and labor. Farmers recognize that a remarkable 
feature of the QSMAS is the increased soil water holding capacity and extended time of soil 
water availability thus preventing crop failures. Besides making a substantial contribution to 
food security, QSMAS has shown a remarkable degree of resilience to extreme water deficits 
and also to excess water during natural catastrophes. Farmers practicing this system 
reported less soil, water and crop losses as a consequence of the El Niño drought event in 
1997 and the Hurricane Mitch in 1998. 

The main goal of the project is to use QSMAS to improve livelihoods of rural poor through 
increased water resources and food security in sub-humid hillside areas, while maintaining 
the soil and plant genetic resources for future generations. The main objective is to 
determine the key principles behind the social acceptance and biophysical resilience of 
QSMAS by defining the role of the management components of the system and QSMAS’ 
capacity to sustain crop production and alleviate water deficits on steeper slopes with high 
risk of soil erosion. 
 
The specific objectives are: 
 

1. To assess socioeconomic and biophysical context of QSMAS and to systematize 
information into database.  

2. To define QSMAS management concepts and principles and to develop relevant 
tools to monitor soil and water quality.  

3. To evaluate and document potential areas suitable to QSMAS. 
4. To develop tools for dissemination, adaptation and promotion of the QSMAS 

management strategies. 
 
Understanding the socio-economic and biophysical processes that drive the adoption and 
successful performance of the QSMAS in sub-humid areas in the tropics is of critical 
importance to be able to derive principles that can be extrapolated to similar environments 
elsewhere. Research activities are needed to link climate and water productivity and to 
evaluate the impact of the QSMAS on soil physical, chemical and biological processes and 
environmental services (e.g., water availability). It is also important to determine the socio-
economic driving forces affecting adoption and farmer decision-making in QSMAS. This 



 2

knowledge will contribute to further extrapolation of QSMAS to other sub-humid tropical 
regions in Latin America and Africa. 
 
Capacity building through graduate and undergraduate student theses and NARES 
researchers will facilitate promotion of principles and concepts of QSMAS in other sub-humid 
regions of Latin America. The diversity of collaborating partners including local water 
committees, the Integrated Soil Management (MIS) Consortium in Central America, 
CIPASLA consortium in Colombia, national universities, Berlin University of Technology in 
Germany (ARI), the African Soil Fertility Network (AfNet), FAO and CIAT shows great 
potential for institutional complementarities and synergies to produce research outputs and 
disseminate research products to achieve developmental impact. 
 
 
Institutions Participating 

 
Centro Internacional de Agricultura Tropical (CIAT) 
A.A. 6713 
Cali, COLOMBIA  
Email: e.amezquita@cgiar.org  
CGIAR (Future Harvest) Centre 
 
MIS (Integrated Soil Management) Consortium 
Universidad Nacional Agraria (UNA) 
Managua, NICARAGUA 
Email:  farena@ideay.net.ni  
NARES 
 
National School for Forestry Service (ESNACIFOR) 
Siguatepeque, HONDURAS 
Email: srivera_r@yahoo.com  
NARES 
 
INTA/CENIA 
Km.14, Carretera Norte, 3 al Sur 
Managua, NICARAGUA 
Email:  intatran@ibw.com.ni  
NARES 
 
CIPASLA Consortium 
Pescador, A. A. 1284 Popayan 
Cauca Department, COLOMBIA 
Email: cipasla@yahoo.com  
NARES 
 
Berlin University of Technology 
D-10587 Berlin, GERMANY 
Email:  wolfgang.wilcke@tu-berlin.de 
Advanced Research Institution 
 
Food and Agriculture Organization (FAO) 
Lempira-Sur 
A-Postal 1808, Tegucigalpa, HONDURAS 
Email: fao-hnd@field.fao.org   
International Organization 
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African Soil Fertility Network (AfNet)  
P.O. Box 30677 
Nairobi, KENYA 
Email:  a.bationo@cgiar.org  
NARES 

 
Project Leader (PL)  
 

Edgar Amézquita 
Soil Physicist 
CIAT 
Senior Scientist  

 
Principal Investigators - (PIs)  
 

1. Miguel Ayarza 
Regional Coordinator-Central America 
CIAT 
Senior Scientist 

2. Matilde Somarriba 
Professor and Coordinator of MIS Consortium 
Unversidad Nacional Agraria 
Senior Scientist 
 

3. Samuel Rivera 
ESNACIFOR 
Senior Scientist  

4. Jellin Pavon 
INTA/CENIA 
Researcher 

5. Rodrigo Vivas 
Director 
CIPASLA Consortium 
Senior Agronomist 

6. Wolfgang Wilcke 
Professor 
Berlin University of Technology  
Senior Scientist 

7. Luis Alvarez Welchez 
Project Officer 
FAO 

8. Edmundo Barrios 
Soil Ecologist and TSBF Latin America Manager 
CIAT  
Senior Scientist 

 
Budget Requested From CP (in US$):  888,000 
 
 
Budget Offered as Matching Funds (In US$): 694,500 



 4

 
 
Total Budget (In US$): 1, 582,500 
 
(Please ensure that these data are consistent with the totals in your budget tables) 
 
Duration of Project:  3 years 
 
 
Coverage of Basins 
 
The field activities proposed in this project cover 2 basins in Central America (Lempa river 
upper watershed in Honduras; Calico watershed, Matagalpa Department, Nicaragua) and 1 
basin in South America (Cauca upper catchment of the Andes virtual basin, Colombia). The 
2 basins in Central America are not among the main and associated basins selected for the 
CP.  Soils network in Africa (AfNet) will participate in the project for information exchange 
and would serve as dissemination vehicle of principles and concepts of QSMAS to Nile, 
Limpopo and Volta river basins in Africa during Phase II of this project. 
 
Coverage of Themes 
 
 Crop Water Productivity Improvement (Theme 1) 60 % 
 Multiple Use of Upper Catchments (Theme 2) 20 % 
 Aquatic Ecosystems and Fisheries (Theme 3) 0 % 
 Integrated Basin Water Management Systems (Theme 4) 10 % 
 Global and National Food and Water System (Theme 5) 10 % 
 
 
Background and Justification 
 
Water is a major constraint to rainfed agriculture 
Water will be one of the main factors limiting future food production. Water is a major 
transmitter of nutrients from bedrock and soil through cultivars and livestock to human 
consumers. Improving water productivity within current land use is a major challenge of 
feeding growing population in developing countries (Rockstrom et al., 2002). Rainfed 
agriculture plays a critical role in this objective because 80 percent of agricultural land World-
wide is under rainfed agriculture and yield levels are generally low with large water losses in 
the on-farm water balance suggesting a significant window of opportunity for major 
improvements.  
 
Most hillside areas in sub-humid tropics of the world suffer from severe seasonal water 
scarcity, which is increasing because of deforestation and lack of adequate soil and crop 
management practices. This problem is particularly acute for rural poor that need safe water 
to meet their daily requirements. The problem is extended to downstream users who are 
exposed to a continuous decrease in water availability and quality for human consumption 
and economic and social growth.  
 
Agroforestry systems and their importance in improving rural livelihoods 
Leaving degraded soils “rest” or fallow during regeneration of the native vegetation is a 
traditional management practice throughout the tropics for restoration of soil fertility lost 
during cropping (Sanchez, 1995). Successful restoration of soil fertility normally requires a 
long fallow period for sufficient regeneration of the native vegetation so that tree species can 
establish. Agroforestry systems provide ways of simultaneously tackling soil constraints such 
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as loss of soil organic matter, limited nutrient availability and water holding capacity, high 
exchangeable aluminum (Al), phosphorus (P) fixation, as well as weeds and pests (Young, 
1997). 
 
Agroforestry systems contribute to soil fertility recovery through nitrogen inputs from N-fixing 
trees (Giller, 2001), improved nutrient recycling (Barrios et al., 1997, 2003; Cobo et al. 2002; 
Phiri et al. 2001), reducing soil erosion (Amezquita et al., 1998), and nutrient uptake by trees 
from below the rooting depth of crops (Hartemink et al., 1996). The quantity, quality, timing 
and mode of application of organic materials in different fallow systems would strongly 
influence decomposition processes and their contribution to soil organic matter pools and 
nutrient availability (Palm, 1995). 
 
Multiple agroforestry systems have been identified in the tropics (Young, 1997; Barrios et al., 
2003). Slash and mulch agroforestry systems include alley cropping systems where pruned 
biomass from tree rows is applied in the alleys between the rows before planting. Biomass 
transfer systems where harvested plant biomass (i.e. live fences) is transported to another 
farm location as a source of nutrients for crops are also included in this category. Fallow 
enrichment of traditional slash/mulch systems of ‘frijol tapado’ in Costa Rica have also shown 
the importance of the inclusion of trees as a source of biomass and nutrients during soil 
fertility recovery. In the Honduran ‘Quesungual Slash and Mulch Agroforestry System’ 
(QSMAS), dispersed native trees are favoured in cropping fields and through periodical 
pruning competition is kept low while provision of plant residues for soil cover is maintained 
for soil moisture conservation and as a source of nutrients (Hellin et al., 1999).  
 
Need for integration of local and scientific knowledge to develop relevant technologies 
and monitoring systems  
A major limitation in adoption of agroforestry systems has been the lack of consideration of 
farmers perceptions (labor, local demands). The increasing attention paid to local knowledge 
in recent years is the result of a greater recognition that the knowledge of people who have 
been interacting with their environment for long time can offer many insights about 
sustainable soil and water management (Barrios and Trejo, 2003). Increased application of 
local knowledge to rural research and development activities can be attributed to the need to 
improve the target of research to address client needs and thus increase adoption of 
technological recommendations derived from research. Participatory methodologies have 
shown to have considerable potential in facilitating farmer consensus about which systems 
can be used to tackle priority soil and water related constraints (Barrios and Trejo, 2003). 
Consensus building is an important step prior to collective action by farming communities in 
using integrated soil and water management options at the landscape scale. Taking 
advantage of the complementary nature of local and scientific knowledge is clearly an overall 
strategy for sustainable agricultural production and soil and water management. 
 
Lessons drawn from the past and on-going work on QSMAS in Honduras 
The Department of Lempira was considered the poorest region of Honduras in the early 
1990’s.  It is isolated from the rest of the country, has poor infrastructure and receives limited 
support from the Central government. The landscape is predominantly hillsides with inner 
valleys where crop and livestock productivity has been critically affected by long dry seasons 
and the predominant use of slash and burn agriculture.  The removal of soil cover by burning 
practices makes soils in steep slopes susceptible to erosion processes resulting in the 
continuous loss of the soil productive capacity with impact on water quality for downstream 
users.   
 
The QSMAS has shown to be a unique system to improve food security and maintain 
resource quality in steep slopes of sub-humid regions of Honduras. Among the many 
advantages farmers perceive about the QSMAS, the improvement in soil water availability 
(moisture retention and the longer duration of moisture availability for crops in the extended 
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dry season) rank first because it has considerably reduced crop losses due to drought (Hellin 
et al, 1999).   
 
The QSMAS is an alternative to slash and burn management. It is based on planting annual 
crops (maize, sorghum, beans) and pastures under an indigenous slash and mulch 
management system. It combines the regrowth of native forest vegetation with no burning 
and zero tillage/direct planting operations on a permanent soil cover. More than 6,000 
farmers covering an estimated area of 7,000 ha, who have adopted the QSMAS system 
during the last ten years in Honduras, have increased crop yields by more than 100% (maize 
from 1200 to 2500 kg/ha, beans from 325 to 800 kg/ha) in comparison with the traditional 
slash and burn system. More innovative farmers are intensifying and diversifying this system 
using vegetables and market-oriented cash crops as well as livestock. 
 
Besides making a substantial contribution to food security, QSMAS has shown a remarkable 
degree of resilience to extreme water deficits and also to excess water during natural 
catastrophes (Table 1). Farmers practicing this system reported less soil, water and crop 
losses as a consequence of the El Niño drought event in 1997 and the Hurricane Mitch in 
1998. The resilience of QSMAS has been attributed to the permanent soil cover that protects 
soil from the intensity of raindrops, while minimizing surface evaporation. At the same time, 
surface residues favor nutrient recycling, improve soil fertility and could result in higher 
carbon storage in soils.  
 
In comparison to traditional slash and burn system, soils under QSMAS retain 15% more 
water in April, the driest month of the year. This means a water storage capacity of almost 
375 m3/ha more than the traditional system in the 0-25 cm upper soil layer. The slash and 
mulch natural regeneration system with no burning not only conserves water but also 
improves its quality for downstream users. The QSMAS has great potential to be adopted by 
resource-poor farmers in similar hillside areas of Latin America, Africa and Asia. Rapid 
adoption of QSMAS could be expected in El Salvador, Guatemala and Nicaragua. Therefore, 
it is essential to define mechanisms of resilience associated with water conservation in the 
system. The QSMAS has been promoted by FAO and local organizations as a soil and water 
conservation system. But little is known on the biophysical and socioeconomic driving forces 
and principles that are controlling soil, water and nutrient dynamics of QSMAS and its 
adoption by farmers. 
 
Key research and development gaps identified from past experiences on QSMAS include:  
·  lack of a holistic approach to land degradation where biophysical aspects are placed 

within the social, economic and policy contexts that often are the key drivers of 
degradation processes; 

·  need to understand local perceptions about major constraints before advancing with 
alternative solutions and ensuring local stake-holder participation in the whole process is 
essential for system adoptability and sustainability; 

·  lack of institutional and team continuity and long term commitment which are critical 
because solutions to land degradation are usually long term; and 

·  need to derive few key principles of the QSMAS that are transferable such as no-burning 
and direct planting for steep environments that promote soil cover; and  

·  need to evaluate the impact of trees and slash and mulch management on soil and water 
quality to minimize agrochemical inputs. 
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Table 1. Socioeconomic and biophysical indicators of the impact of the Quesungual system. 
(FAO-Lempira, 2002).  
 
SOCIOECONOMIC & 
BIOPHYSICAL IMPACTS  

 
INDICATOR OF IMPACT 

Improved environmental 
quality 
 

·  90% of area without burning. 
·  Erosion rates reduced (from 300 to 16 tons/ha.year) 
·  Improved water retention (8 to 29%) 
·  Stabilization of agriculture 
·  Improved SOM (1 to 3.2 %) 
·  Reduction of nutrient losses with runoff and erosion. 

Improved productivity ·  Maize (from 1.2 to 2.47 t/ha) 
·  Beans (from 325 to 800 kg/ha) 
·  Stoking rates (from 1 to 3.5 AU/ha) 
·  Reduced calf mortality (60%) 
·  Improved feeding alternatives for the dry season (silage, 

forages). 
·  Improved management systems (silvopastoral and 

alternate systems). 
 

Improved grain storage ·  More than 10,000 metalic silos are available in the region. 
·  23 Silo makers 
 

Improved water 
management 

·  33 micro-watersheds (2,772 ha) under protection through 
local committees. 

·  74 water committees in 20 municipalities established. 
·  Establishment of 1 hydropower plant. 
·  Water flows in 56 streams that are used as source for 

irrigation and human consumption. 
·  11 ha under irrigation 

Improved entrepreneurial 
capacity 

·  48 small enterprises established. 
·  10 farmers producing seed. 
·  2 domestic cheese factories  

Improved education ·  5 Technical Education Schools serving 867 students from 
the rural area. 

·  More than 200 students involved in the validation of 
improved land and water management. 

Adoption of improved 
technologies 

·  7,000 ha under the QSMAS 

Local capacity 
strengthened 

·  1,143 leaders formed 
·  8 municipalities develop their own strategic plan. 
·  Development council of Lempira muncipality established. 

Improved access to 
financial services  

·  US$ 448 thousand available for credit  
·  105 functional community banks 

Improved health ·  Reduced respiratory problems caused by smoke from 
cooking 

Enhanced gender 
participation 

·  45% of the members of the financial sytems in the region 
are women (secretaries, treasurers and other positions in 
cheese factories and handicrafts) 
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Demands from farmers in subhumid hillsides  
Farmers are using different approaches to implement the QSMAS but with different degrees 
of success. Farmer group meetings held by FAO in the Lempira region indicated that a major 
demand from farmers is to have innovative tools to implement and monitor the QSMAS 
system in a more efficient manner to maximize economic and environmental benefits. 
Farmers in the region and in general in sub-humid hillsides in the tropics identify soil erosion, 
nutrient depletion, water availability and linkage to markets as the main constraints to food 
production and economic benefit. They are seeking assistance from the local governments 
for proper solutions to these problems. The promotion of QSMAS in subhumid hillsides could 
be a very effective way for improving rural livelihoods.  
 
The overall research hypothesis is that tree density, soil mulch, root distribution and 
biomass, soil organic matter quantity and quality, and soil biological activity contribute 
markedly to the resilience of QSMAS to environmental constraints while conserving the 
capacity to provide agricultural goods to local communities and clean water and other 
environmental services to downstream users. 
 
The target groups 
In the medium term, the target groups of this project are farmers in the subhumid hillsides of 
Lempira in Honduras, Matagalpa in Nicaragua and Cauca in Colombia; and researchers, 
extensionists and policy makers who seek to alleviate the problems of small, resource poor 
farmers. In the long term (beyond the life of this project phase I) the farmers in other suitable 
subhumid hillside areas in the tropics, especially in Africa and Latin America will benefit by 
adapting the QSMAS principles, concepts and tools for improving food security and 
environmental services. 
 
Goal 
 
The goal of the project is to use QSMAS to improve livelihoods of rural poor through 
increased water resources and food security in sub-humid hillside areas, while maintaining 
the soil and plant genetic resources for future generations.  
 
Specific Objectives 
 
The project aims to define the key driving forces and principles behind the social acceptance 
and the biophysical resilience of QSMAS by determining the role of the components of the 
system (soil, trees, crop residues, tree pruning and no burning) and its buffer capacity to 
sustain crop production and alleviate water deficits on steeper slopes with high risk for soil 
erosion. The specific objectives are: 
 

1. To assess socioeconomic and biophysical context of QSMAS and to assemble 
information into database  
It is necessary to define the socio-economic and biophysical contexts in order to have 
an integral picture of where QSMAS has been a successful land use option and what 
socio-economic factors may have facilitated its widespread adoption.  In order to 
systematically evaluate the advantages and limitations of the QSMAS we need a set 
of farms that are representative of the target areas. 

 
2. To define QSMAS management concepts and principles and to develop 

relevant tools to monitor soil and water quality 
It is a key objective to identify principles behind the biophysical success and social 
acceptance of the QSMAS. Increased resilience to sustain crop production despite 
severe drought events is one measure of biophysical success that results from the 
integrated roles of components of the system (i.e. soil, water, trees and crops) and 
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system management (i.e. no-burning and no-tillage) that need to be elucidated. 
Unravelling the critical features of QSMAS performance that enabled a widespread 
adoption of this system in Lempira, will greatly facilitate the scaling out and up to 
other similar regions.  Initially to Nicaragua and Colombia. 
  

3. To evaluate and document potential areas suitable to QSMAS 
It is necessary to know the potential areas where the QSMAS will likely be 
biophysically suitable and this can be achieved through site-similarity analysis of 
rainfall, topographic and soil data across Latin America. This information needs to be 
linked with the socio-economic analyses information. Two potential areas of 
extrapolation have been identified in Nicaragua and Colombian Andes. A combination 
of local university collaboration and local consortium facilitation will foster the 
development of a strong capacity building effort through Ph. D., M. Sc and B. Sc 
student theses and consortium partner interactions. 
 

4. To develop tools for dissemination, adaptation and promotion of the QSMAS 
management strategies 
Local consortia (MIS, CIPASLA), networks of Local universities, NGO’s, extension 
services and NARS will be the critical dissemination mechanisms.  Dissemination of 
the QSMAS will lead to adaptation processes that will be carefully analyzed in order 
to develop QSMAS management strategies that incorporate local innovations. Farmer 
experimentation would be a clear way of validating and promoting the QSMAS.   

 
Activities and Methodology  
 
Research will be carried out in the Lempira river basin which is a source of water for parts of 
both Honduras and El Salvador. Field sites are located in the Western part of Honduras 
known as “Lempira Sur”. Research will be carried out in close collaboration among CIAT, 
NARES partners, FAO, Berlin University of Technology, and the MIS (Integrated soil 
management - in Spanish) consortium that includes a range of partners from Central 
America. The target area is characterized by shallow soils (Entisols) with low pH (<5.1) and 
generally with low amounts of soil organic matter and available phosphorus. Annual 
precipitation is about 1400 mm (target region of <900 m.a.s.l.) and the rainy season lasts 
from early May to the end of October with a long dry season of up to six months. The extent 
of water deficit in the middle of the dry season is over 200 mm (Figure 1). The average 
annual temperature varies from 17 to 25°C. During the dry season from early November to 
April, strong winds blow from the North and the enhanced evapotranspiration rates cause a 
severe water deficit until the onset of rains. 
 
The Lempira region in the western part of the country shows severe water deficit. The color 
red indicates water deficit of over 200 mm while the orange indicates 100 to 200 mm water 
deficit. 
 
As QSMAS has shown to be able to mitigate negative impacts of high intensity rainfalls and 
even catastrophic events, it is important to know how the system works as a whole and how 
each of its components contribute to make the system resilient. To unravel the mysteries of 
the QSMAS and to define the underlying biophysical and socioeconomic principles of the 
system and its components, the following aspects require further research: 
 
Socioeconomic and biophysical aspects. The impact of wealth class and land tenure on 
the adoption and success of using the QSMAS would be assessed in key communities of 
Lempira Sur. The cost of labor will be monitored as a potential factor influencing adoption 
rates. Aspects related to farmer decision making in QSMAS management as well as farmer 
experimentation will also be studied. 
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Figure 1. Soil water balance in the middle of the dry season (January) in Honduras. The 
Lempira region in the western part of the country shows severe water deficit. The color red 
indicates water deficit of over 200 mm while the orange indicates 100 to 200 mm water 
deficit. 

 
Climate and water balance models.  The local climate and its characteristic factors such as 
precipitation, evaporation, evapotranspiration, relative humidity, and temperature over a long 
period of time (more than 20 years) will be used as inputs to apply climate models 
(probabilistic statistical methods). These models are useful to estimate, under certain degree 
of confidence, the probable behavior of the climatic elements affecting the target area; 
especially those related to water use efficiency and conservation. 
 
Soil processes.  The impact of the QSMAS on soil processes (physical, chemical and 
biological) need to be defined. Physical processes that need attention include rainfall 
acceptance, infiltration, run-off, soil water storage capacity and water fluxes, erodibility, 
structural stability, and sediment production. Chemical processes include fertility status of the 
soil, and the capacity of the soil to retain and transmit nutrients to plant roots and to the soil 
profile. Similarly, specific studies of nutrient dynamics such as nitrogen, phosphorus and 
SOM need to be investigated in relation to crops, soil cover and climate. Biological aspects 
related to soil biostructure, SOM transformation, nutrient delivery and biodiversity would be 
investigated. The role of QSMAS in mitigating net fluxes of various greenhouse gases 
(carbon dioxide, methane, nitrous oxide) compared to the traditional system also need to be 
quantified.  
 
Tree cover and mulch effects.  The system is based on agroforestry principles. The 
permanent presence of trees as an integral component made it different to other agricultural 
systems. Thus, it is important to determine dominant tree species, the criteria used by 
farmers to selectively retain some tree species in the system, the density of trees per unit 
area, the amount of carbon stored in the trees, the effect of pruning/mulching leaves and 
branches on soil quality, and the influence of roots on water infiltration and redistribution. The 
mulch generated from crop residues contributes to soil moisture conservation and promotes 
a good soil structure in the topsoil layer. At the same time, surface residues are very 
important for nutrient recycling and soil fertility management. Mulch also influences soil biota 
and microbial activity. Therefore, studies related to those above aspects are needed. 
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Extrapolation. During the planning of research activities, a group of local researchers will be 
formed. Farmers from other places in the country will be integrated into the system. Once the 
principles and concepts governing the QSMAS are defined, this knowledge can be used to 
test spatial analysis models and to develop decision support systems that could be 
transferred to other subtropical regions in Latin America, Africa and Asia where the QSMAS 
can be adopted as a whole or with local modifications.  
 
One Ph.D. student and two B.Sc. students will work on water dynamics and water quality 
while another Ph.D. student and two B.Sc. students will focus on nutrient dynamics and soil 
biological processes. Two M.Sc. students will work on spatial analysis and simulation 
aspects related to extrapolation to other sub-humid hillside areas. 
 
Output 1: Socioeconomic and biophysical context of QSMAS assessed and 
information into database assembled 
 
Activities: 
1.1 Identify the temporal and spatial dynamics of current land use under QSMAS in the 

Lempira region  
At least 60 farms that include QSMAS will be identified and classified according to 
different ages (at least up to 12 years) and their position in the landscape and 
georeferenced. 

 
1.2 Assess socioeconomic and biophysical constraints  

Socioeconomic constraints, with particular attention to women farmers, as well as 
biophysical constraints with focus on soil and water resources. 

 
1.3 Compile database on socioeconomic and biophysical information  

Collected existing information and data generated would be pooled in a socio-
economic/biophysical database that would facilitate integrated assessments. 

 
1.4 Identify target farm typologies for characterization  
 Resource and nutrient flow studies and approaches (Defoer and Bundelman, 2000) will 

be used to identify key farm typologies using QSMAS and to focus research activities. 
 
Output 2: QSMAS management concepts and principles defined and relevant tools 
developed to monitor soil and water quality 
 
Activities: 
2.1 Determine above and belowground biomass, C, nutrient, water dynamics and 

greenhouse gas fluxes in selected farms   
The plant, soil, water and gas components of QSMAS, with a particular focus on water 
driven processes, will be studied across time and space in sets of farms representing 
key farm typologies. 

 
2.2 Identify soil and water quality attributes combining scientific and local knowledge 

systems in selected farms   
Use participatory approaches to integrate local and scientific knowledge about soil, 
water and their management, and develop relevant soil and water quality monitoring 
systems  

 
2.3 Determine spatial and temporal impact on crop water productivity and soil and water 

quality   
Use soil and water quality monitoring system to evaluate in time and space the impact 
of land use change on crop water productivity. 
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Output 3: Potential areas suitable to QSMAS evaluated, analyzed and documented 
 
Activities: 
3.1 Synthesize existing information on site similarity analysis in the sub-humid tropics of 

Latin America and Africa 
Utilize existing information and conduct further required site similarity analyses in order 
to identify extrapolation domains for QSMAS in Latin America and Africa.  

 
3.2 Establish and validate QSMAS in the Calico watershed, Matagalpa Department, 

Nicaragua   
Conduct a validation process with Universidad Nacional Agraria (UNA) a key MIS 
consortium partner in Nicaragua.   

 
3.3 Establish and validate QSMAS in the Cauca river upper catchment of the Andes virtual 

basin, Colombia   
Conduct a validation process with CIPASLA consortium in Colombia. This work will build 
on the agroforestry research (fallow management) conducted by the TSBF Institute of 
CIAT Latin America team in Cauca. 

 
Output 4: Tools for dissemination, adaptation and promotion of the QSMAS 
management strategies developed 
 
Activities: 
4.1 Building capacity for economic (yields, labor) and environmental (soil and water quality) 

monitoring   
Develop local and international capacity through at least 2 PhD, 2 MSc and 4 BSc 
theses research covering key aspects of socio-economic and biophysical monitoring.  

 
4.2 Use existing MIS consortium and NGO networks to adapt and promote the QSMAS  

Promote use of QSMAS by dissemination activities and field demonstrations fostered by 
existing networks of the MIS consortium (Nicaragua) and the CIPASLA consortium 
(Colombia). 

 
4.3 Document impact of QSMAS compared to other agricultural systems   

Compare and contrast the QSMAS with other predominant land uses in terms of key 
socio-economic and biophysical drivers of land degradation and improvement. 

 
Roles of Project Researchers and Institutions 
 
Figure 2 shows how the outputs are linked to develop tools for dissemination, adaptation and 
promotion of QSMAS in sub-humid tropics.  
 
The former Tropical Soil Biology and Fertility Programme (TSBF), an international institution 
devoted to integrated soil fertility management (ISFM) research, has joined with the 
International Center for Tropical Agriculture (CIAT) to form the TSBF Institute of CIAT in 
2001. This brings together TSBF’s expertise in ISFM with that of CIAT in soils and land 
management as well as the complementary areas of germplasm improvement, pest 
management, GIS and participatory research. This merger builds on the strong collaboration 
between CIAT and TSBF in soil fertility research in East Africa that has developed within the 
CGIAR Systemwide Programme on Soil Water and Nutrient Management (SWNM) for which 
CIAT is the convening center.  
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Figure 2. Flow diagram showing the links among outputs and the participation of different 
socioeconomic and biophysical disciplines in the project. * Initials represent project staff.  

 
Output 1: Socioeconomic and biophysical context and databases 
[EA,MA,EB,SR,MS,RV,LW]:*  
•Agronomists – soil and crop management 
•Soil scientists - soil & water monitoring 
•Socio-economist - system evaluations 
•Consortia - farmer participation 
 

Output 2: QSMAS management concepts and tools 
 [EA,EB,IR,MA,MR,SR,MS,LW,WW]:*  
•Agronomists – soil and crop management 
•Soil scientists – soil, water and gas fluxes monitoring 
•Socio-economists - system evaluations 
•Consortia - farmer participation 
 

Output 3: Potential areas suitable to QSMAS tested, evaluated and documented: 
Improved maize-bean systems 

that increase WUE and soil quality 

[MA,EA,SR,MR,MS,JP,RV]:*  
•Agronomists – soil and crop management 
•Soil scientists – soil, water and gas fluxes monitoring 
•Socio-economists - system evaluations 
•Consortia - farmer participation 
 
 

Output 4: Tools for  dissemination, adaptation and promotion of QSMAS 
[MA,EB,IR,EA,MR,SR,JR,NS,RV,LW,WW]:*  
•Agronomists – soil and crop management 
•Soil scientists – soil, water and gas fluxes monitoring 
•Socio-economists - system evaluations 
•Consortia - farmer participation 
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The Latin America team of TSBFI of CIAT includes E. Amezquita (Project Leader and Soil 
Physicist), E. Barrios (Team Leader and Soil Ecologist), M. Ayarza (Regional Coordinator, 
Central America and Systems Agronomist), M. Rondon (Manager, Climate Change Project 
and Biogeochemist) and I. Rao (Plant Nutritionist/ Physiologist). This team has strong 
collaborative partnerships through consortia and NARES in Latin America and several 
advanced research institutions in the developed world. In this project the MIS and CIPASLA 
consortia play key role in testing and adapting QSMAS to local conditions and promoting 
QSMAS management principles to achieve wider impact of this innovative system adopted 
by farmers for improving rural livelihoods. CIAT has strong collaborative research 
agreements with FAO team in Lempira that has been working on promotion of QSMAS in 
Honduras. CIAT’s link with Berlin University of Technology with expertise in soil and water 
dynamics is building on previous success in collaborative work in acid soil savannas 
(Cerrados) of Brazil. 
 
A planning meeting, held in Honduras (June 12-13, 2003), was organized by the MIS 
consortium in order to discuss with Honduran and Nicaraguan partners their specific 
contributions to this research for development project.   
 
CIPASLA is a consortium for sustainable management of hillside environments in the Cauca 
Department of the Andean region. It coordinates a network of more than 40 organizations 
including NGO’s whose goal is to reduce poverty while protecting natural resources. 
 
AfNet is the African soil fertility network consisting of more than 180 members from NARS, 
universities, NGO’s and extension services distributed in 19 countries from West, East, 
Central and Southern Africa. This network is focused on farmer empowerment to combat 
land degradation with an emphasis on integrated soil fertility management and the scaling 
up/out of soil fertility restoration technologies. 
 
 
Outputs  
 

·  Principles regulating soil-water cycle and C storage in QSMAS understood and 
applied to other similar regions in pilot watershed areas of Honduras and neighboring 
countries. 

 
·  Development of tools, methodology and data sets relevant to quantify water quality 

and availability at plot, farm and landscape levels.  
 

·  Scenarios of impact of intensification and diversification processes on water 
quantity and quality of the adopted QSMAS for the upstream and downstream users. 

 
·  Increased farmer’s income by 20% to 30% through QSMAS-driven enhanced water 

availability and use efficiency. This enables diversification and intensification of crop 
production (high value crops) in small to medium farms.   

 
·  Cleaner water (water with few sediments) produced for downstream users (human 

and animal consumption), as an added QSMAS environmental service.  
 

·  Trained personnel from National Programs and NGOs in the use of field 
methodologies to assess water quality and soil water storage capacity. 2 Ph. D., 2 M. 
Sc. and 4 B. Sc. theses. 
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Beneficiaries and Impact  
 
This project addresses the Water for Food CP immediate objectives of food security, poverty 
alleviation, improved health and environmental security. 
 
The outputs of this project will contribute to understand the buffer capacity of the QSMAS to 
improve water quality and water productivity and its potential application to regions in the 
world with similar biophysical and socioeconomic constraints. This will contribute to the 
overall goal of the Water and Food CP by increasing and stabilizing productivity in areas 
where large populations risk their food security due to water scarcity. Knowledge synthesized 
in the form of key principles and concepts of QSMAS would facilitate adoption with a 
resulting change in natural resource management with benefits to water access and quality 
for upstream and downstream users in several regions across continents.  
 
In the short term, it will help farmers practicing the system to optimize their land management 
and productivity based on the knowledge of the contribution of components of the system to 
water quality and availability. It will also provide decision makers and local land planners with 
tools to assess the benefits and trade-offs of intensification and diversification on water 
productivity, as well as tools to value the environmental services that the QSMAS could 
provide. Payment from such services could be the key for successful adoption of the systems 
in regions where it could be introduced. NARES and Universities of Central America (many 
of them are partners of the MIS consortium), will immediately benefit for training their 
personnel on methodologies to characterize and adapt the system to the local needs. 
Increase of water infiltration leads to a better water storage capacity of the soils and 
therefore to a better availability to crops, thus, increasing the production capacity of the soil 
as well as rural livelihoods.  
 
Environmental impacts:   
 
The Lempira region is a key landscape of the Lempa river upper watershed.  Water produced 
in this watershed is responsible for the generation of 70% of the electricity that El Salvador 
requires and for 25% of the water consumed by downstream users in this country. Increased 
attention has been paid by El Salvador and Honduras governments to trans-boundary effects 
of land and water uses in this region (i.e. Trifinio project). Knowledge and information is 
required on impact of present and alternative land and water uses on future water supply to 
downstream users. Indicatros for the environmental checklist at the watershed level include: 
water quality, sedimentation rates, water fluxes, land cover and forest density, % of total area 
under burning, gas emissions, and carbon sequestration. 
 
Assumptions and Risks 
 

·  Continuity of funding for NARES through MIS and CIPASLA consortia.  
 
Monitoring and Evaluation Plan 
 
The management of the project will be done at CIAT, Cali, Colombia where secretarial and 
administrative facilities are available. The CIAT-TSBF Latin America team is the most suited 
to this task because it possesses the necessary skills and experience in integrated soil, 
water and nutrient management in cropping systems to provide an overview of all the 
different areas of investigation. Effective management of the project will rely upon the 
following strengths: 
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·  A number of existing links between the partners have already established the important 
personal relationships that are critical for an effective project management. The success 
of this project will reside in proper co-ordination of field work across the field sites in 
Honduras, Nicaragua and Colombia.  

·  By using existing consortia (MIS, CIPASLA) and network (AfNet) a forum will be provided 
where both work completed and in progress can be presented, analysed and discussed 
to foster south-south information and technology transfer.   

·  Networking and communication capacities will allow day-to day communication that is 
essential for any successful collaboration. The following will be part of the communication 
methods: (i) an electronic Quarterly Newsletter will be prepared, which will be used to 
circulate to all members any useful information (important new results, new 
developments, ideas etc.); and (ii) ensuring compatible computer software between all 
members so that reports, data files as well as e-mail messages can be efficiently 
transferred between groups.  

 
A major review/evaluation exercise will be carried out at the end of second year of the project 
duration. The criteria to be used will include: rationale, effectiveness, efficiency and 
possibilities for renewal of the project for Phase II.  
 
Dissemination Strategy  
 
The MIS consortium in Central America, a network of biophysical and socioeconomic 
researchers and extension agents from NARES and universities, will play the major role in 
the definition of farm typologies and characterization of water dynamics of QSMAS. 
Personnel trained by the project (students, technical staff of National programs of Honduras, 
Nicaragua and Colombia) will be able to support validation of the system in similar regions of 
their respective countries and subregions. Farmer field schools would be organized by MIS 
to present through examples in the field the value of different components of the QSMAS. 
These include no-burning, water x nutrient interactions, organic/inorganic nutrient 
management and no-tillage, and their impact on crop productivity and rural income, overall 
soil health and water quality and availability.  
 
The following aspects are considered for the dissemination of QSMAS to other regions in 
Central and South America: 

·  Preliminary selection of similar areas using GIS information collected and 
systematized by CIAT. 

·  Characterization of poverty problems, and land and water uses and constraints in 
these regions. 

·  Strategic visits to potential regions and identification of stakeholder groups.  
·  Thematic workshops organized by MIS to identify common objectives among 

stakeholders the selected regions and definition of an operational strategy to 
validate principles and tools developed by the project.  

·  Feedback on the impact of use of outputs generated by the project. Sharing 
results of the participatory monitoring systems.  

·  Continuous information exchange about knowledge and the application of tools 
with Basin Coordinators in similar regions in other parts of the world.  

 
CIAT and its partners will play a major role in the dissemination of knowledge to stakeholder 
groups as summarized in Table 2. 
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Table 2. Dissemination strategies at several scales (local, regional and global) to achieve the 
expected outputs of the project.  
 
OUTPUTS TARGET GROUPS DISSEMINATION 

STRATEGIES 
RESPONSIBLE 
INSTITUTIONS 

Principles, tools, 
and data sets 

·  Local organizations 
·  NARS and NGO’s 
·  Scientific community 
·  Other basins 

·  Local workshops 
·  Regional workshops 
·  Scientific journals and 
technical  

·  Communications 
 

COSEPRADIL  
MIS 
CIAT-TSBF 
Universities 
CIAT-TSBF 

Scenarios of 
impact of land 
and water use  

·  Local organizations 
·  NARS, NGO’s and 

policy makers 

·  Thematic workshops  
·  Regional workshops 
·  Brochures and bulletins  
 

MIS 
MIS 

Increased water 
productivity 

·  Local households 
·  Farmer groups 
·  NARS 

·  Field days and validation 
trials, farmer schools 

FAO-SEL 

Cleaner water for 
downstream 
users 

·  Upstream and 
downstream water 
committees,  

·  Municipalities 
 

·  Farmers schools FAO-SEL 
Cosepradil 

Trained 
personnel  

·  Farmers and farmer 
groups, 

·  Technology transfer 
groups and NGO’s 
and NARS 

·  Other basin personnel 
·  Students 
 

·  Local workshops 
 
·  Regional workshops 
 
 
·  International workshops  
·  PhD and MSc thesis 
 

FAO-SEL  
Cosepradil 
MIS 
 
 
MIS 
UTB, UNA 
ESNACIFOR  

 

 
Results will be disseminated through workshops with farmers, research and development 
institutions in the region and decision makers at the national and regional level. Outputs of 
the project will be released to the web page and press releases of the MIS consortium. Four 
journal articles, 2 Ph. D. and 2 M.Sc. and 4 B.Sc. theses will be produced from the results of 
the project. A brochure indicating the conditions for a successful implementation of QSMAS 
will be produced and disseminated to farmers, decision makers and the media. Another 
brochure will be prepared for policy makers and governmental bodies highlighting the 
potential of the QSMAS as a net provider of quality water and other environmental services. 
 
 
Resources Needed 
 
List of Human and material resources 
 
Human resources:  Project requests CP funds for 0.25 international senior staff time of the 
Project Leader, funds for 2 Ph.D., 2 M.Sc. and 4 B.Sc. students as part of the NARES 
national staff, and temporary support staff at field sites. 
 
Material resources: Project requests funds for covering costs of equipment for measuring soil 
and water quality, field operations, laboratory analyses, communications, travel and other 
services. 
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Matching funds: CIAT will provide 1:1 matching funds and Advanced Research Institutions 
(FAO and the Berlin University of Technology) will provide twice the matching funds. NARES 
(MIS and CIPASLA) will provide 33% of the requested operational funds for matching that do 
not include the graduate and undergraduate student costs. 
 
The total budget requested from CP funds is greater than the amount indicated in the 
concept note. The increase in the requested budget is due to the targeting of QSMAS to the 
Andes virtual basin in Colombia, for covering the additional costs for capacity building 
through graduate and undergraduate students, and the 20% overhead costs for infrastructure 
and administration.  
 
 
 
Annexes 
 
Please see the attachments. 
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Annex 1: Logical Framework – Quesungual slash and mulch agroforestry system (QSMAS): Improving crop water productivity, food security 
and resource quality in the sub-humid tropics. 

 
Overall goal Indicator(s) Means of Verification Assumption(s) and risks 
To use QSMAS to improve livelihoods 
of rural poor and reduce vulnerability 
to environmental change through 
increased water resources and food 
security in sub-humid hillside areas, 
while maintaining the soil and plant 
resources for future generations 

·  Increased food security through improved crop water productivity 
·  Improved water quality by reducing soil erosion 
·  Improved crop diversification and yield stability 
·  Improved livelihoods 

·  Crop production statistics in the target region 
·  Crop water productivity in the target region 
·  Water and soil quality in the target region 
·  Adoption statistics of QSMAS 

·  Adoption continues with 
smallholders in the target 
region 

Purpose Indicator(s) Means of Verification Assumption(s) and risks 
To determine the key principles behind 
the social acceptance and biophysical 
resilience of QSMAS by defining the 
role of the components of the system 
(soil, trees, crop residues, tree pruning 
and no burning) and its buffer capacity 
to sustain crop production and 
alleviate water deficits on steeper 
slopes with high risk of soil erosion. 

·  Smallholders, Regional consortia, NARES and NGOs use QSMAS 
in Nicaragua and Colombia by the year 2006. 

·  Reports of Regional consortia, NARES and NGOs 
·  Publications 

·  Continued donor support 
to Regional consortia 

 
 

 

Outputs Indicators Means of Verification Assumptions and risks 
1. Socioeconomic and biophysical 

context defined and information 
into databases systematized 

·  Baseline information of current practice of QSMAS in Lempira 
·  Benchmark farms identified 
·  Farmers’ groups identified and organized in target areas. 
·  Databases on trends in soil properties (SOM, structure, infiltration 

rates, penetrability, etc) under different farmers’ practices and 
QSMAS methods. 

·  Database on trends in crop productivity under QSMAS. 
 

·  Report on baseline study and recommendation 
domains. 

·  Report on inventory of QSMAS technologies. 
·  Progress reports on benchmark farms. 
·  Report on identified farmers’ groups, their 

composition and purpose and mode of function. 
·  Databases and progress reports. 

·  Farmers are willing to 
participate in surveys 

·   

2. QSMAS management concepts 
and principles defined and relevant 
tools developed 

·  Knowledge of roles of different components of QSMAS on crop 
water productivity, soil water conservation and water quality 

·  Tools to monitor soil erosion, soil fertility, soil water holding 
capacity, water quality available 

·  Information on the incidence and numbers of crop pests and 
diseases under QSMAS. 

·  Annual reports 
·  Publications 
·  Field performance of system components 
 

·  Funding of Regional 
consortia continues 

·  Soil and climatic 
conditions permit good 
establishment of field 
trials 

 
3. Potential areas suitable to QSMAS 

evaluated and documented 
·  GIS maps available to target QSMAS to other suitable sub-humid 

hillside areas in the tropics. 
·  Annual Reports 
·  Publications 

·  Access to climate and 
soil databases 

4. Tools for dissemination, adaptation 
and promotion of the QSMAS 
management strategies developed. 

·  Training guides available. 
·  Good institutional framework in place for scaling out and up in 

Nicaragua and Colombia. 
 

·  Annual reports 
·  Use of guides by NARES, NGOs and farmers 

·  Funding of Regional 
consortia continued 
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Activities (coded by Objective) Milestones 
1.1 Identify the spatial and temporal dynamics of current land use under QSMAS 

in the Lempira region 
·  Driving forces for adoption of the systems identified 

1.2 Assess socioeconomic and biophysical constraints. ·  Two socioeconomic and three biophysical major constraints identified 
1.3 Compile databases on socioeconomic and biophysical information. ·  .User friendly interface available to local organizations, researchers and decision akers  
1.4 Identify target farm typologies for characterization. ·  Set of farms of contrasting age, size, topographic position identified. 
2.1 Determine above and belowground biomass, carbon-nutrient-water 

dynamics, and greenhouse gas fluxes in selected farms. 
·  QSMAS plant productivity , nutrient budget and gas fluxes quantified on contrasting farms  

2.2 Identify soil and water quality attributes combining scientific and local 
knowledge systems in selected farms. 

·  Soil-water interactions for crops and environmental services characterized. 

2.3 Determine spatial and temporal impact – of  water  in crop productivity and in  
soil and water quality. 

·  Influence of rainfall in crop productivity and  water quality characterized  

3.1 Synthesize existing information on site similarity analysis in the sub-humid 
tropics of Latin America and Africa. 

·  Maps of similar areas in Latin America  and Africa elaborated. 

3.2 Establish and validate QSMAS in the Calico watershed, Matagalpa 
Department, Nicaragua. 

·  A prototype of the QSMAS established wwith the participation of local community. 

3.3 Establish and validate QSMAS in the Cauca upper catchment of the Andes 
virtual basin, Colombia.. 

·  A prototype of the QSMAS established wwith the participation of local community. 

4.1 Building capacity for economic (yields, labor) and environmental (soil and 
water quality) monitoring. 

·  Local and  outside students trained 

4.2 Use existing MIS consortium in Central America and CIPASLA in Colombia 
and NGO networks to adapt and promote the QSMAS. 

·  Field days, farmer schools and training workshops organized by MIS 

4.3 Document impact of QSMAS compared to other agricultural systems. ·  Impact analysis at the landscape level using biophysical and socioeconomic data. 
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Appendix one 
 

: 
 
During the first week of March E. Barrios, I.M. Rao, M. Rondon, M. Ayarza, E. 
Amezquita travelled to Nicaragua and had a workshop, with our Central American 
partners. Discussions during three days (3,4 and 5 of March) centered on the activities 
and responsibilities that each Institution and researcher has agreed to fulfill the 
commitments of our approved proposal by the WCP. The following general 
conclusions were drawn: 
 
1. Luis Alvarez Welches (FAO), Miguel Ayarza (CIAT), Matilde Somarriba (UNA), 

will be responsible for the biophysical and socio economical characterization of 
Quesungual. 

 
2.  Edmundo Barrios (CIAT), José Trinidad Reyes (Honduras), Elbenes Vega 

(Nicaragau) and Wolfang Wilke (Germany) will be responsible for the developing 
principles and tools. 

 
3.  Ignacio Rodriguez (Nicaragua), Marco Rondón (CIAT) and Samuel Rivera 

(Honduras) will be responsible for evaluation and documentation of potential areas 
where Quesungual System could be targeted. 

 
4. Edgar Amezquita (CIAT), Jellin Pavón (Nicaragua), German Florez (Honduras) and 

Rodrigo Vivas (CIPASLA-Colombia) will be responsible for the dissemination, 
adaptation and promotion of Quesungual. 

 
 
5. The following persons were designated as contact persons per each  country: 

·  Honduras: Miguel Ayarza 
·     Nicaragua: José Beltran 
·     Colombia: E. Amézquita 
 

6. The following activities were planned to be carried out in the short term (six 
months) 
·  To finish up negotiations with the Water Challenge Program  (WCP) 
·     Project socialization within Honduras, Nicaragua and Colombia 
·     Selection of students for Ph.D. (2), MS (2), and BS (4) 
·     To revise FAO reports  
·     To analyze recent information (CIAT-FAO-ESNACIFOR) 
·     To elaborate maps of the current distribution of Quesungual in Lempira 

(soil map, topography map, land use, botanical distribution, etc.) (CIAT, 
FAO) 

·     Starting the generation of maps in Nicaragua and Colombia to define the 
possible sites where QSMAS could be established  

·     Gathering and analysis of climatic data for Lempira, Nicaragua and 
Colombia (precipitation Evaporation, solar radiation etc.) (FAO, CIAT , 
UNIVERSITIES AND CIPASLA) 

·     Selection of representative farms in Lempira  (Honduras) for biophysical 
characterization (FAO, CIAT, ESNACIFOR) 
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·     To define methodologies for physical, chemical and biological   
characterization of soils, as well as, for botanical and socio-economical 
characterization. 

·     Strengthening of local  (Honduras and Nicaragua) soils laboratories to do 
the soil analysis in the region 

·     To send some soil samples to Berlin University for specialized analysis  
·     To start, compile and analyze socio-economical studies in Nicaragua and 

Colombia 
·     Selection of experimental sites in Nicaragua and Colombia 
·     To prepare a meeting of each group of researchers  (different countries) 

with the project leader (E. Amezquita) in 6 months time, to evaluate the 
state of the research activities 

·     A list of 6 candidates for Ph.D., 4 for M.Sc. and 10 for B.Sc. was 
elaborated. An academic committee integrated by the leader and one 
representative of each country will make the final decision of the best 
candidates.  

 
 
 


