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I. Executive Summary 
  
Host Organization: Madres Maestras  
  

Las Madres Maestras is a Catholic, non-governmental organization that has been helping families 
in the poorest communities for over 26 years. Currently, Madres Maestras do work in Panamá, Costa Rica 
and Honduras, where mothers volunteer to plan and teach preschool classes for children in their 
communities. Their mission is to involve parents in their child’s education, and to promote education that 
respects cultural and religious diversity and promotes human rights. 
 

Three undergraduate students at McGill University worked with this organization for four months, 
from January to April 2008. For their interns, Las Madres Maestras laid out a twofold objective for the 
project: increase community awareness on disposal of organic wastes and composting; and design and 
initiate an infrastructure for organic fertilizer production.The McGill students worked on a one hectare plot of 
land in the community of La Colorada, in Las Mananitas where they designed an organized and scientific 
composting initiative.  As well, they taught a series of classes on environmental education in English that 
aimed to foster an environmental conciousness in the community, and explain the benefits of composting 
and producing organic fertilizer.  
  

The specific goals and objectives of the realized internship project were inspired by the objectives 
presented by Las Madres Maestras. To improve soil quality and increase crop yields through  an organic 
fertilizer program, the students:  

• Evaluated the state of the soil of the one-hectare-plot by means of soil sampling.  
• Chose three main crops on which to focus composting efforts.  
• Evaluated the availability organic matter inputs for the composting system.  
• Assessed soil quality in the area using soil testing and GIS mapping; used this assessment to 

calculate organic equivalents for chemical fertilizer recommendations.  
• Gave English classes that focused on environmental education and composting.  
• Had a composting infrastructure built.  
• Designed a “road map” poster that outlines a strategy to increase the capacity of the organic 

fertilizer project to meet the needs of the land, and sell as a funds-generating project for the 
preschool and the land’s caretakers.  

  
Through the establishment of the composting initiative, the McGill students hoped to fulfill Las Madres 

Maestras's wishes and empower community members to take sustainable development into their own 
hands.  By participating in the project, families are contributing to the well being of future 
generations. Given that La Semilla de Dios operates with minimal funds and in a small community of limited 
resources, organic fertilization is an economically sustainable option that promotes as self-sufficiency. 
Furthermore, this composting project has set the frame work for achieving the ultimate goal of Las Madres 
Maestras: The generation of funds through the selling of compost (a project called, “Mama Tierra”). This 
venture would not only provide financial support for the pre-school, a sustainable, organic initiative like this 
would  increase awareness about the importance of environmental sustainability, subsistence nutrition, and 
community projects.  Finally, the role of Las Madres Maestras in the community would be strengthened, 
and their work could reach a larger audience. 
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I. Resumen Exectivo 
 
Organisación: Las Madres Maestras 
 

Las Madres Maestras es una organización católica, no gubernamental que ha estado ayndando a 
las familias en las comunidades más pobres desde hace más de 26 años. Actualmente, Madres Maestras 
hacen trabajo en Panamá, Costa Rica y Honduras, donde las madres voluntarias planifican y enseñan 
clases preescolares para los niños en sus comunidades. Su misión es involucrar a los padres en la 
educación de sus hijos, y para promover la educación que respete la diversidad cultural y religiosa y 
promueve los derechos humanos. 
 

Tres estudiantes de la Universidad de McGill trabajó con esta organización durante cuatro meses, 
de enero a abril de 2008. Por su pasantes, las Madres Maestras establecido un doble objetivo para el 
proyecto: aumentar la sensibilización de la comunidad sobre la eliminación de desechos orgánicos y el 
abonomiento, y iniciar un programa de produción de fertilizante orgánico.Las estudiantes de McGill 
trabajaron sobre una parcela de una hectárea de tierra en la comunidad de La Colorada, en Las Mananitas 
donde se diseñó una investigación científica y organizada de abonamiento. Además, se imparten una serie 
de clases en inglés  sobre la educación ambiental que pretende promover una conciencia ambiental en la 
comunidad, y explicar las ventajas del abonamiento y de la producción de fertilizante orgánico.  
 

Las metas y objetivos específicos del proyecto se inspiraron de los objetivos presentados por las 
Madres Maestras. Para mejorar la calidad del suelo y aumentar el rendimiento de los cultivos a través de 
un programa de fertilizante orgánico, los estudiantes:  
• Evaluado el estado del suelo de la hectárea  por medio de muestreo de suelos.  
• Elija tres cultivos principales para dar un foco al proyecto de abono orgánico.   
• Evaluó la disponibilidad de materia orgánica para el sistema de abonamiento.  
• Evaluó la calidad del suelo con analísis y utilizando la cartografía SIG; esta evaluación utilizado para 
calcular los equivalentes orgánicos de fertilizante químico recomendados. 
• Dio clases de inglés que se centró en la educación ambiental y al abonamiento.  
• Tuvo una infraestructura construida para el abono orgánico. 
• Diseñado un póster que se esboza una estrategia destinada a aumentar la capacidad del proyecto de 
abono orgánico para satisfacer las necesidades de la tierra, y vende para generar fondos para el jardín y 
los cuidadores del terreno. 
 
   A través de la creación de la iniciativa de abonamiento, las estudiantes de McGill esperian cumplir 
los deseos de las Madres Maestras y  dar el poder a los miembros de la comunidad de tomar el desarrollo 
sostenible en sus propias manos. Al participar en el proyecto, las familias están contribuyendo al bienestar 
de las generaciones futuras. Teniendo en cuenta que La Semilla de Dios opera con un mínimo de fondos y 
esta en una pequeña comunidad de recursos limitados, la fertilización orgánica es una opción 
económicamente sostenible que promueve la autosuficiencia. Por otra parte, este proyecto de 
abonomiento se ha fijado el marco de trabajo para llegar el objetivo final de las Madres Maestras: La 
generación de fondos que provendrá de la venta de abono orgánico (un proyecto denominado, "Mama 
Tierra"). Este ojetivo no sólo proporcionará apoyo financiero para la educación preescolar, pero una 
iniciativa ecológica de este tipo aumentaría la conciencia sobre la importancia de la sostenibilidad del 
medio ambiente, la alimentación de subsistencia, y proyectos comunitarios. Por último, el papel de las 
Madres Maestras en la comunidad se vería reforzada, y su trabajo podría llegar a un público más amplio. 
 
 
 
 



                                                                                               Bienz, Fahey, Klaveness Groden 9 
II. Required Information 
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McGill University 
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V. Time Dedicated to the Project 
 
 
 

Activity   Hours   Activity   Hours   

Cocktail   3 hrs   Week-long trip to Las Mañanitas:   

24 hrs x 3 days x 1 weeks   

 72 hrs   

Progress Report: 8 hrs x 2 days   16 hrs   Informal Presentation 6 hrs x 3 
days   

18 hrs   

Weekly Preparation: 2 hrs x 11 weeks   22 hrs   Meeting w/ Madras Maestras   

 in San Miguilito (2 meetings)   

 8 hrs   

Day trips to Las Mañanitas:   

12hrs x 7 days   

84 hrs   Research at STRI   30 hrs   

Night Trips to Las Mañanitas:   

36 hrs x 2 trips    

72 hrs   Final Report, Pamphlet, Poster, Sign 
& Symposium   

60 hrs   

Estimate Total Hours:                                                          385 hrs x 3 persons = 1, 155 HRS   
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VI. Host Information 
 

 Las Madres Maestras is a Catholic, non-governmental organization that has been helping families 
in communities throughout Panama and Central America for over 26 years.  Their mission is to convey to 
women, men, and their families the importance of a child’s education that respects cultural and religious 
diversity and promotes human rights.  Las Madres Maestras’ have a number of goals including, providing 
children with an education at the community level, supplying children with valuable skills and knowledge, 
promoting relationships between mothers, fathers and children, and empowering local community members 
(notably mothers) to teach the next generation.  This organization is able to fulfill its objectives through the 
help of mothers and fathers who volunteer in preschools known as “jardines” and act as educators for the 
local children.  To date, Las Madres Maestras has established 250 community-based schools that work 
hand-in-hand with over 5000 families.  The organization strongly believes that “all mothers are teachers” 
(their motto in Spanish is, “toda madre es maestra”). This philosophy translates into Las Madres Maestras’ 
commitment to providing parents with the means to guide their children spiritually, intellectually and 
physically. Members of this organization play a key role in bringing families together and promoting the 
importance of Mother Nature, healthy relationships, and spirituality (Cairns et al., 2007; Las Madres 
Maestras Mission Statement).     
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VII. Study Site 

Panama, located at the southern end of Central America and flanked on both sides by the 
Caribbean Sea and the Pacific Ocean, has a total surface area of 78 200 km2, 7.26% of which is arable. 
Agriculture in this country falls primarily under the humid tropics agro-climate zone because it receives over 
2000 mm of precipitation annually (CIA, 2008). Panama is characterized by a rainy season that extends 
from May to December and a short dry season that lasts from January to April. The nation’s soils are 
predominantly latosols. This soil class is in the oxidic soil category; lactosols are known for their reddish to 
yellowish colour, acidic nature and low nutrient reserves (Contraloria General de la Republica, 2006; 
Young, 1976).  

 This internship project took place in La Colorada, a small community in the district of Las 
Mañanitas outside of Panama City. It is home to 43 360 residents dispersed over 23.4 km2. This peri-urban 
community has been involved with Las Madres Maestras for almost two decades. La Semilla de Dios pre-
school and the surrounding agricultural land is the center of this organization’s presence in La Colorada. 
Approximately fifteen families from the community are actively involved in school activities at La Semilla de 

Dios.  

 The one-hectare plot adjacent to the pre-school was purchased by the organization twenty years 
ago. Uneven topography and a small pond in one of its corners characterize this land. From the distribution 
of plants on the plot, there appears to be no real spatial-organization, i.e. none of the crops are in rows, 
although small groupings of one to two different crops are featured throughout the plot. Today, the hectare 
is approximately 90% cleared and features over twenty different perennials, notably fruit trees.  
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VIII. Introduction 

La Colorada, a community located in the district of Las Mañanitas just outside out Panama City, 
has been involved with Las Madres Maestras for over a decade. The La Semilla de Dios school and 
surrounding agricultural land is the focus of this organization’s work in La Colorada. Twenty years ago, Las 
Madres Maestras purchased the one hectare of land that surrounds the “jardín”. Much more than a pre-
school, La Semilla de Dios is a milieu in which fellowship, knowledge and resources are shared.  

Today, the hectare has over twenty perennials and trees. Previous to the initiation of this project, 
the caretaker collected leaf litter from the land and, once decomposed, administered to plants that appear 
to be struggling. In addition to this form of fertilization, grass clippings are gathered and spread over areas 
of the land in an attempt to preserve soil moisture.  

Las Madres Maestras wanted to start an organized organic fertilizer program for the plot. Two of 
the main objectives behind the implementation of this project was to ameliorate the overall health of the soil 
and increase crop productivity. Furthermore, Las Madres Maestras aspire to reach a level of organic 
fertilizer production to satisfy the needs of the land, and have surplus to be sold as part of an income-
generating project called “Mamá Tierra”. The distribution of household composting containers for the 
organic waste collection system was accompanied by a small oral presentation of the project’s objectives, 
the benefits of composting in the context of the Colorada community, and an explanation of what each 
family could contribute in terms of household organic wastes. 

Agriculture in the tropics is a challenge due to unfavourable thermal and radiation conditions, 
widespread drought, low consumption of fertilizers, and the prevalence of pests and diseases (Chang, 
1977). The acidic and infertile nature of tropical soils sets great limitations to crop production (Craswell & 
Lefroy, 2001). An imperative principle of soil management in the tropics is the maintenance of organic 
matter. The agricultural importance of organic matter in tropical soils exceeds that of any other property 
with the exception of moisture (Young, 1976). While one of its most important functions is to supply 
nitrogen and other nutrients required by plants, organic matter also plays a vital role in improving soil 
structure, facilitating root penetration, minimizing erosion, retaining moisture and facilitating plant nutrient 
uptake (Craswell & Lefroy, 2001; Young, 1976).  

Compost is “commonly defined as the biological decomposition of organic matter under controlled, 
aerobic conditions into a humus-like, stable product” (Illmer, 2002). Compost application is an effective 
means of increasing crop yields and nutritional value because, with proper management, it is a 
concentrated source of the three major plant nutrients: nitrogen, phosphorous, and potassium, as well as 
other secondary plant nutrients. It positively impacts nutrient uptake of plants by increasing soil structure 
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and nutrient-content in the areas where it is spread (HDRA, 1998). Also, increased soil nutrient 
concentrations support larger microbial populations that make mineral nutrients available for plant uptake. 
(Solomon, 1993)  

Composting is a favourable alternative to chemical fertilizers because, on a small scale, its impacts 
on human health (through increases in quality and quantity of food crops, and absence of health hazards 
caused by exposure to some chemical fertilizers), the environment, biodiversity, and energy conservation, 
are positive. Compost replenishes nutrients that are removed from agro-systems as food, and reduces 
volumes of municipal organic wastes (Sequi, 1996). Also, organic fertilization is low cost and can be 
produced on site; it is therefore economically sustainable for poor, small-scale community projects that 
benefit from self-sufficiency and protection from petrochemical price shocks (Ghosh, 2004; Buttel & 
Youngberg, 1982). Consequently, this internship aims to fulfill Las Madres Maestras request for an organic 
fertilizer program by establishing a composting system to increase current crop yields. 
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IX. Literature Review & Background Information 

9.1 Tropical Agriculture and Soils  

9.1.1. Agro-climatic zones  

 Tropical environments are found between the Tropic of Cancer, 23º 27’ N, and the Tropic of 
Capricorn, 23º 27’ S, and occupy approximately 36% of the world’s land surface (Juo & Franzluebbers, 
2003). In the tropics, production areas are divided into agro-climatic zones. The growing season in each 
zone is characterized by the number of humid months within a year, where a humid month is one where 
precipitation surpasses evapotranspiration (Juo & Franzluebbers, 2003). The zones are divided into five 
main categories including, the humid tropics or rainy climate, subhumid or wet-dry tropics, semiarid tropics 
or dry climates, arid tropics or desert and tropical highland (Juo & Franzluebbers, 2003; Weischet & 
Caviedes, 1993).  

The majority of Panama is considered a humid tropical region. This zone receives approximately 
1800 to 5000 mm of precipitation a year. Soils in these areas tend to suffer from excessive leaching and 
are very acidic, pH values are often 5.2 or lower. Crops that are best adapted to these soil conditions are, 
the plantain (Musa spp.), and root crops such as cassava (Manihot esculenta), taros (Xanthosoma 

saggitifolium) and sweet potato (Ipomoea batatas). Two commercial tree crops that are successful in the 
humid tropics are: rubber (Hevea brasiliensis) and oil palm (Elaeisis guineensis). Under irrigated conditions, 
mainly in lowland areas, rice (Oryza sativa) production is possible (Juo & Franzluebbers, 2003).  

9.1.2. Tropical Soils  

 Tropical arable soils can be organized under four groups based on their dominant clay mineralogy. 
According to the USDA Soil Taxonomy classification system, the principal soils in the tropics are kaolinitic 
soils, oxidic soils, allophonic soils and smectitic soils.  

 Panama is dominated by oxidic soils, which is the second most predominant soil type in tropical 
regions. Dominated by a red to yellowish color, these fine-textured soils are extensively weathered. Iron 
oxides, gibbsites and CEC-weak kaolinites make up the fractions in these soils. Primarily found in warm-
humid tropics, oxidic soils are known to have poor water-holding capacity, depleted nutrient reserves and 
an elevated phosphate “fixation” capacity (Juo & Franzluebbers, 2003; Weischet & Caviedes, 1993).  
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9.1.3. Challenges in Tropical Agriculture  

Agriculture varies greatly throughout the world because producers must adapt their production 
system to circumstances in the natural, social and economic environment (Young, 1976). The intensity at 
which farming is carried out is dictated by population pressure, fertility of the soil and availability of 
technology and inputs (Juo & Franzluebbers, 2003). In the tropics, where agriculture is dominated by small-
scale operations, smallholders face environmental challenges, a lack of production technology, and limited 
access to resources (Young, 1976). As in all agriculture, the natural environment poses the most 
constraints on production in the tropics. Climatic, biological and soil conditions are the components of an 
agro-ecosystem that have the greatest influence on the production system (Young, 1976).  

 The tropics are predominantly characterized by a climate that features two distinct periods; the wet 
and dry season. Intervals of elevated and low precipitation tend to create irregularities in soil moisture 
levels, leading to periods where moisture deficiencies inhibiting crop production. Despite periods of 
precipitation, there tends to be less rainfall in the tropics compared to temperate regions because 
evaporation and transpiration are significantly higher in elevated temperatures. Not only is there drought, 
excessive rainfall causing flooding is also a major problem for agriculture in the tropics. Winds are another 
influential factor affecting crop production; tropical regions are subject to monsoons, hurricanes and 
typhoons. Also, winds originating from hotter land masses, notably deserts, have a powerful drying 
capacity. Many regions in the tropics have a dry season characterized by high winds. As a result 
opportunities for plant growth are lessened and risks of wind-erosion emerge (Young, 1976).  

 The warm temperatures of tropical production systems favour the success of a wide variety of 
weeds, fungi and parasites. Consequently, crops and livestock are continuously threatened by competition 
or parasitic infection and disease. Production is thus hindered by necessary clearing, weeding and removal 
of secondary vegetation, but also, all agricultural processes are subject to risk stemming from pests and 
disease (Young, 1976).  

 As discussed previously, tropical soils differ significantly in type and appropriateness for 
agricultural production. However, several generalities can be derived from the variety of soils. Sudden and 
heavy precipitation is responsible for the extensively leached character of tropical soils. Intensive leaching 
carries the majority of soluble plant nutrients below the rooting zone, making them unavailable for plant 
growth. As a result soils, particularly ones from humid regions, feature low levels of inherent fertility (Young, 
1976). Nitrogen deficiencies are the most common nutrient shortages in tropical soils, and are the single 
greatest cause of low crop yields. After nitrogen, phosphorous is the second most important deficiency. 
Phosphorous promotes root growth therefore its absence from the soil may significantly hinder plant 
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development (Young, 1976). While nutrient content is important when looking at soil fertility, so is organic 
matter. According to Katyal et al. (2001), organic matter is at the heart of soil fertility, productivity and 
quality. The agricultural importance of organic matter in tropical soils is known to exceed that of any other 
property with the exception of moisture (Young, 1976). Though one of its most important functions is to 
supply nitrogen and other nutrients required by plants, soil organic matter (SOM) also plays a vital role in 
improving soil structure, facilitating root penetration, minimizing erosion, retaining moisture and increasing 
cation exchange capacity (Craswell & Lefroy, 2001; Young, 1976). In warm and humid tropical 
environments, SOM levels tend to be low because the climate accelerates organic mater decomposition 
and loss (Katyal et al, 2001). These circumstances and the imperativeness of organic matter for agricultural 
production stresses the importance of maintaining adequate SOM levels in the soil.  

 

9.2 Chemical Fertilizers and Alternatives 

9.2.1. Introduction to the Subsection  

The environmental affects of agriculture are evident in Panama. Since the publishing of Rachel 
Carson’s Silent Spring, many researchers have focused on documenting the detrimental affects of chemical 
fertilizers and pesticides. Fertilizer use perpetuates a cycle where production diminishes over time, and 
farmers are required to use more and more chemicals to maintain land productivity. There are many 
possible alternatives to heavy fertilizer use; researchers have suggested that it is possible for organic 
agriculture to feed the world population (Badgley et al., 2007). It is recognized, however, that such a 
transition would require profound structural changes and long term investments.  

9.2.2. Types of Fertilizer  

 Fertilizers are compounds that are given to plants in order to promote growth. They can be either 
organic or inorganic and are applied in a variety of methods. Typically, they are applied to soils for root-
uptake, or to plants leaves for foliar uptake. 

 Organic fertilizers are naturally occurring compounds such as peat, manure or mineral deposits. 
Organic fertilizer can be manufactured through a natural process known as ‘composting’. There are also 
naturally occurring inorganic fertilizers such as mined phosphate, sodium nitrate and limestone. In 
agriculture, the use of covers crops is also considered a type of organic fertilizer. Cover crops are grown 
and plowed under the soil, primarily to add nutrients and organic matter. Chemical fertilizers, on the other 
hand, typically provide plants with only three major plant nutrients: Nitrogen, phosphorus, and potassium.  
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 9.2.3. History of Composting  

 The application of fertilizers is arguably one of the most significant facets of the agricultural 
revolution of the 19th century. During this time, German and British chemists such as Justice von Liebig 
and Sir Bennet Lawes argued the importance of ammonia, inorganic minerals and manures (Lgreid, 2000). 
Composting dates back to early agriculture, presumably to the time when farmers made the observation 
that plants were healthier where manure had been left. Compost use was documented on clay tablets as 
early as the 12th century. During this period, people depended on the cycle of decomposition to sustain 
croplands. The benefits of manure application were also acknowledged by the Romans and Greeks and in 
addition to being studied, organic wastes were collected and transformed into soil building substrate. More 
recently, European settlers and native tribes documented the use of compost as a fertilizing system. By the 
middle of the 19th century, knowledge of manure’s fertilizing value was widespread in the Americas. It was 
only during the agricultural revolution that people began to substitute chemical fertilizers for compost 
(Martin & Gershuny, 1992).  

9.2.4. Who is most likely to use Chemical Fertilizer, Why?  

The more secure a grower feels, the more they will invest in the long-term viability and productivity 
of the land resources they have access to. When investments such as fertilizers, leases, and land 
registration are too expensive farmers do not have the incentive or the resources to obtain these legal 
documents that prove land ownership.  When agriculturalists are deciding whether to improve techniques 
and invest in their crop productions, chemical fertilizers are characteristically used by people who are 
looking for quick results at the expense of the environment (Quan, 1997).   

 Another factor in farmers’ willingness to invest is land ownership. Among tenure groups, large and 
small-scale farmers with varying degrees of land ownership demonstrated considerable differences in their 
use of each of the biochemical inputs applied to crops.  McReynolds (2000), shows that of all producers 
with less than five hectares, renters (landless farmers) were the most prolific users of each of the 
biochemical inputs, and the smallholders were the least. This higher rate of use among renters may be 
explained by their possession of more animals per hectare than owners, and thus a ready manure source 
The most environmentally friendly input examined, organic fertilizer, was also the least utilized; less than 3 
percent of owners used it. As with biochemical fertilizers, more renters used organic ones than did owners, 
but less than one quarter used it at all. Small land holders consistently choose less destructive inputs.  This 
is because they are personally invested in the long-term productivity of the land (McRenoylds, 2000).  
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 An alternative to recent trends towards intensive, industrial agriculture is organic farming. Organic 
farming includes animal-rearing and conscientious production of food crops. The principals of organic 
farming practices include “crop and livestock production, promoting biodiversity, biological cycles, 
ecological holism, and minimal use of off-farm inputs, the opposite of practices in conventional agriculture. 
Ideally, the farm itself is an integrated organism made up of plants and animals” (Wheeler 2004). The 
proportion of agriculture committed to organic farming is currently increasing (Wheeler, 2004). 

9.2.5. Why Alternatives? : The Benefits of Composting  

 Abdelaziz (2007) compared the performance of compost and microorganisms to typical chemical 
fertilizers with commercial rates of NPK. Over two successive seasons he monitored the growth, chemical 
composition and essential oil production of Rosmarinus officinalis L., a plant with human health benefits 
that produces medicinal oils. The researchers treated the plants with a variety of compounds, and those 
with a mixture of compost and microorganisms “showed a significant increase in vegetative growth, total N, 
P and carbohydrate content and essential oil production” (Abdelaziz, 2007). The findings in this study 
plainly show that compost in addition to microorganisms could substitute conventional NPK fertilizers in the 
case of rosemary (Rosmarinus officinalis L.), and accordingly diminish environmental effluence by these 
aggregates. This study supports the results of similar studies, such as one by Haridy et al. on the effects of 
compost when applied to lemongrass (2001), and one on Origanum majora done by El-Ghadban et al. 
(2002). Compost and microorganisms had complimentary effects on growth characteristics of these 
medicinal herbs. This may be due to their capacity to augment the chemical compound and biological 
property of the soil (Abdelaziz, 2007). 

9.2.5.1.1. Benefits to the Soil 

 Humus is an organic fertilizer that increases the nutritional value, health, and yield of plants by 
improving soil quality. The organic matter in humus replenishes soil stocks that are constantly being broken 
down by bacteria.  Humus is rich in mineral nutrients that are the primary building blocks for plant survival 
and productivity and encourage growth of beneficial soil microbes. This final product of composting builds 
soil structure through aggregate formation, which improves soil aeration, water permeability, resistance to 
erosion, and moisture retention. The chemical characteristics of humus are such that, when applied to soil, 
it acts as a pH buffer, neutralizes toxins harmful to plants, and accelerates mineral release from rocks. By 
increasing the overall quality of the soil, humus will accelerate plant growth, and increase resistance to 
pests and diseases (Martin et al., 1992; Solomon, 1993). 
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Increasing Nutrient Concentrations  

The composting process makes mineral nutrients in organic matter and atmospheric gases 
available for plant uptake. Microbial metabolic activity modifies organic matter into simpler forms, so that 
the humus that results is much higher in harness-able nitrate and other essential plant nutrients. Compost 
is also a storehouse of nutrients that are slowly released into the soil by microbial activity. Nitrogen and 
other essential mineral nutrients are essential to maintaining the biological processes of plants (Martin et 
al., 1992; Solomon, 1993).  

Nitrogen is changed during composting, from an organic compound into ammonia nitrates and 
nitrates. When finished humus is added to soil, these nitrates are bound with bases such as calcium or 
potassium by bacterial activity. In this form, the nitrogen is readily available for plant uptake (Buckman & 
Brady, 1992).  

The decomposition process liberates sulfur, phosphorous, and potassium from organic matter. 
Minerals such as these provide plants with inputs needed for essential metabolic processes. For example, 
production of the essential plant nutrient, chlorophyll, is limited by the fixed nitrogen and magnesium that is 
available in the soil (Buckman & Brady, 1992). 

Encouraging Microbial Activity  

Humus contains a healthy ecology of microorganisms that work to release essential plant minerals 
from the decomposed organic matter so that they can be easily captured by plant root systems. Once the 
humus has been added to the soil it supports populations of primary decomposers who are limited by the 
nutrient content of the soil, which in turn limits the rate of decomposition. Organisms in humus include 
those that can fix atmospheric nitrogen. These live where the soil is rich in humus and minerals, especially 
calcium. Therefore, where there is an abundance of fixed nitrogen, there will be a good balance of mineral 
nutrients in the soil (Solomon, 1993).  

Building Soil Structure  

When humus is mixed with soils, it contributes its optimal structure to the mixture. Humic acid is 
formed during the breakdown of organic matter in composting; this helps with aggregate formation. Also, 
soil bacteria turn fungal products into “cementing materials” that consolidate smaller soil particles. The term 
“aggregate” refers to the ‘clumpy’ structure that is found in high quality soils. Building aggregates promotes 
aeration and water drainage. Compost corrects sand that is too sandy or too clayey by adding organic 
matter that encourages aggregate formation. Clay soil is loosened by compost so that moisture can attach 
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to soil granules and plant roots can harness the water. Sandy soils that let water seep away quickly are 
clumped into larger particles that trap moisture (Martin et al., 1992). 

Aeration & Permeability 

Organic matter improves the quantity and quality of aggregation, which in turn improves soil 
aeration and water permeability. Soil aeration is important for communities of aerobic microorganisms that 
perform essential oxidated metabolic processes, like transforming ammonia into nitrate. Aeration has also 
been proven to aid plants in their uptake of potassium. Soil permeability, increased by the air pockets 
formed through aggregation, allows water to run into sub-surface soil layers where it can be captured by 
plant roots. This prevents the type of erosion known as surface runoff, which is often a major problem in the 
tropics (Martin et al., 1992). 

Moisture Retention 

Aggregates retain water in the form of thin moisture films. In The Rodale Book of Composting it 
says that 100 pounds of humus holds 195 pounds of water; the humus created by composting acts like a 
powerful sponge that can hold water through long periods of little or no precipitation. Adding organic matter 
to the soil helps protect plants from the effects of drought, and allows for steady growth through the dry 
season (Martin et al., 1992).  

Erosion Prevention 

  Improving aggregate formation through compost application also helps to fight against wind and 
water erosion. Erosion can be very detrimental farmers because topsoil losses are equal to major losses in 
plant nutrients and soil microorganisms. Soil that is more granular due to aggregation is much less easily 
lost to erosion (Martin et al., 1992).  

An Effective pH Buffer  

   Humus makes plants less susceptible to extremely basic or alkaline soils. A study on municipal 
solid waste compost found that the pH buffer capacity of soil humic acids was pronounced, and that this 
capacity increased when pH reached below 7, and decreased when above (Garcia-Gil et al., 2004). This 
benefit is especially pertinent to the Central American tropics where acidic soils dominate.  
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Neutralizing Toxins  

The organic matter in humus has a high capacity to fix heavy metals in the soil. Heavy metals are 
incorporated into SOM and are insoluble, stable, and unavailable for plant uptake in this state. A recent 
study that monitored the changes in the bioavailability of lead, cadmium, nickel, and chromium (all heavy 
metals) when treated with partially humus soil, found that bioavailability was much less for humus-treated 
soils than non-humus (Misra & Chaturvedi, 2007).  

Accelerating Nutrient Release & Facilitating Uptake  

All soil minerals, except for nitrogen, originally come from eroding rocks. Humus accelerates 
increases nutrient content of the soil by accelerating release of plant nutrients from un-decomposed rock 
materials. Humus contains high levels of “colloidal particles”. These particles are negatively charged and 
attract positively charged elements like potassium, sodium, calcium, magnesium, iron, and copper. Plant 
roots take these mineral nutrients from humus in exchange for hydrogen ions and use them for essential 
plant growth processes. Also, the largest product of the composting process is carbon dioxide (CO), which 
acts as a solvent for minerals and speeds up decomposition in the soil (Buckman & Brady, 1992). 

Stimulating Plant Growth  

The growth response of plants that are fed compost depend on, compost inputs, how much 
nitrogen is lost as ammonia during decomposition, how completely finished the humus is, and how much 
nitrate was fixed by microbes during the composting process. However, in all cases compost will stimulate 
increased plant growth to some extent. This is because increased nutrient uptake will accelerate the plant 
metabolic activities that promote growth.  In tropical climates, where soil temperatures are high, soils are 
more desperate for organic matter and results may be more dramatic (Solomon, 1993).   

Strengthening Pest & Disease Resistance  

Humus acts as an immune system booster for plants. With higher levels of nutrients being slow-
released into the soil, plants have the constant energy source they need to fight pests and disease. Also, 
because it is a growth stimulator, humus increases the survival of seedlings that are vulnerable to dying 
from pests and disease (Martin et al., 1992). 
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9.2.5.1.2. Increasing Sustainability of Agriculture  

Energy Conservation  

Composting avoids the use of nonrenewable resources and excess energy expenses because it 
reduces the need for waste treatment and chemical fertilizers (Sequi, 1996). The production and 
processing of chemical fertilizers is energy-intensive, with high amounts of energy input coming from 
petroleum. When humus replaces the use of energy-intensive chemical fertilizers, it reduces the producer’s 
consumption of fossil fuel energy. Available fossil fuel stocks are quickly being depleted and so the price of 
petrochemical inputs will continue to rise; a reduction in the agricultural sector’s dependence on such inputs 
will become more and more crucial as time goes on. Also, since recycling organic waste reduces the 
amount of garbage being sent for waste treatment, less energy is spent on waste management (Solomon, 
1993; Martin et al., 1992). 

Waste Reduction 

Currently there are three possible strategies for municipal waste disposal: incineration, sanitary 
landfill, and recycling. Incineration reduces the volume of waste, but the remaining inorganic “slags” must 
still be disposed of. If not done at high enough temperatures, incineration will also pollute the air with 
harmful organic and inorganic emissions, like dioxins and mercury compounds. The other choice, 
landfilling, occupies scarce land resources and requires expensive technology like, leachate collection 
systems, liner systems and groundwater monitoring systems (Skinner, 1996).  Composting organic wastes, 
on the other hand, reduces waste outputs by recycling the organic components, and it has the potential to 
provide, food, feed, and/or fertilizer. Since about 60 to 80% of total municipal solid waste is considered 
decomposable (depending mainly on country-specific differences like standard of living, recycling systems 
etc), the reduction could be very significant (USEPA, 1992). 

Nutrient Recycling  

Naturally sustainable nutrient cycles are broken on farms that use Green Revolution practices. In 
this farming system organic waste is not recovered and returned to the soil; it is extracted at an 
unsustainable rate. The nutrients and organic matter that are appropriated from the soil by crops are 
removed from their original site and exported for human or animal consumption. Chemical fertilizers do not 
replenish any trace minerals in the soil and do not sustain long-term soil quality. This is why organic 
fertilizers, such as compost, must be used to re-introduce exported nutrients into the agro-system. As Paolo 
Sequi (1996) puts it, "what comes from soil must be returned to the soil”. 
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9.2.5.1.3 Economic Sustainability  

First, using a composting system to produce organic fertilizer is an effective way for low-income 
farmers to increase soil quality and production for little or no cost. It is a method that offers the same long-
term benefits of chemical fertilizer, without the investment. Second, organic fertilizers can be manufactured 
by farmers on-site. This reduces their susceptibility to exogenous price shocks of petroleum inputs (like 
chemical fertilizers and pesticides). Also, with regard to petrochemical inputs, small-scale organic farming 
may become more economically and 'energetically' efficient than commercial farming, if oil prices follow 
their predicted upward trajectory. At the same time, an overall shift towards organic management would 
reduce dependency on expensive petroleum-derived inputs and decentralizing energy production and 
distribution (currently controlled by a few oil and electrical corporate powerhouses) (Buttel & Youngberg, 
1982). 

Human Health: Increasing Nutritional Value with Increasing Soil Quality  

 One problem in the current food production system is that the onus is not to provide nutritious food, 
but to produce efficiently.  The most important components, nutrients and minerals, have been decreasing 
for the past 50 years, ultimately leaving the consumer with a degraded product that is treated with 
pesticides and lacks in essential nutrients and minerals (Pawlick, 2006).  Although the appearance may be 
consistent, the content of food grown on nutrient poor soils is consistently lower.  The general trends 
illustrate a decline in most vitamins and minerals, as well as protein (Pawlick, 2006).  

 Possibly more alarming is the presence of the compounds that were amplified—particularly lipids 
and sodium (Pawlick, 2006).  In roughly 40 years the “quantity of sodium in tomatoes has increased 200%, 
while the amount of fat has increased by 65%”.  These changes in nutrient quantities are not isolated, but a 
component of a larger trend that effects many fruits and vegetables (Pawlick, 2006).   

 Chemical inputs, such as fertilizers, used to increase yields, have also been used expansively, to 
the detriment of the nutritional value of fresh fruits and vegetables.  Although, as previously mentioned 
these inputs have increased yields, Mozafar (1994) also notes that these fertilizers have altered the 
vitamins and minerals present in our food.  Mozafar (1994) further explains that an increase in nitrogen 
fertilizer frequently results in a lessening of vitamin C in most plants.   Hardy (2005) furthers this argument 
by stating that plants grown in a soil saturated with NPK fertilizer often no longer are able to absorb trace 
elements from the soil. When plants are grown with compost many people claim that it tastes better and 
more nutritious.  
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9.3. Compost 

9.3.1. Biology of Decomposition 

Composting transforms crude organic matter into “humus”. Humus is organic matter that has 
decomposed to the extent that it resists further decomposition or consumption (i.e. it is in a stable state). 
Humus can also be described as “the excrement of soil animals”, because “composting is actually a 
process of repeated digestion as organic matter passes and repasses through the intestinal tracts of soil 
animals […] or is affected by the digestive enzymes secreted by microorganisms” (Solomon, 1993). At each 
stage of decomposition vegetation is mixed with digestive enzymes produced by soil animals (Solomon, 
1993). Microbes use enzymes to break complex organic molecules (including starches, cellulose, lignin, 
proteins, fats, and sugars) into simpler ones (eg. sugar) and then enzymatically unite them with oxygen. 
This is known as "enzymatic combustion" (Solomon, 1993).  

9.3.1.1. Microbial Ecology  

During the decomposition process microbial communities change, and succeed one another, 
according to patterns of temperature and chemical change in the organic substrate. The large diversity of 
microbes adapted to these different conditions means compost systems are generally resilient to 
perturbations (Cooper et al., 2002). Through community level physiological profiling it is possible to 
measure changes in microbial populations. As parameters, like microbial mass, pH and temperature 
decrease with increasing age of the compost, changes in microbial use of carbon can be monitored. 
Riddech et al.(2002) observed that, as temperature increased along with metabolic activity, aerobic 
sporigenous thermophilic organism were favoured. Complex organic polymers are degraded by fungi and 
actinomycetes as the substrate cools down. During this time mesophillic organisms replace thermophilic 
organisms as the population majority. Mesophiles, eumycetes, and thermophiles work together through the 
whole process to degrade cellulose, pectin, starch, and lignin. Cellulose decomposition is most actively 
performed by eumycetes near the end of transformation into humus ( De Bertoldi et al., 1983).  

Nitrogen-fixing bateria are most active at the end of the decomposition cycle, when temperatures 
are lower and there is less ammonia present. Therefore, the C/N ratio increases over time and is most 
dramatic in the mesophilic phase.  
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(De Bertoldi et al., 1983)  
 

 

Actinomycetes (mesophilic microbes) are better adapted to decreases in temperature, pH and moisture 
content. This is shows in [Figure 2]: as the decomposition process progresses and these parameters decrease, 
actinomycetes activity increases. Bertoldi et al. recognize that “[t]he metabolic activity of actinomycetes is 
fundamental to the humification of organic matter”. (1983) 

 
 
 

 

 

 

 

 

 (De 

Bertoldi et al., 1983)    

Fungi are adapted to similar organic substrate parameters as actinomycetes and therefore have a similar 
population curve. The bacterial community is also predominately mesophilic, but their numbers decrease following 
optimal temperature conditions around the middle of the cycle. 
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9.3.1.2. Plant Nutrient Uptake 

When humus is applied to the soil around plants a process known as “nitrification” occurs. Humus 
is broken down by microbes into inorganic minerals that are essential to plant health and growth. These 
inorganic minerals are calcium, magnesium, potassium, phosphorous, sodium, sulfur, iron, zinc, cobalt, 
boron, nitrogen, oxygen, and hydrogen (Solomon, 1993).  

9.3.2. Composting Inputs 

The following is a brief description of the function and nature of some of the main composting 
ingredients commonly used in smaller scale agricultural compost. Information on possible organic inputs 
was taken from Solomon’s Organic Gardner’s Composting (1993). Special attention is given to materials 
that are readily available in Panama:  
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Input  Description  C/N & Nutrients  Benefits/Detriments  
Bagasse  Sugarcane cellulose that 

is leftover after juice has 
been extracted  

High C/N; low in nutrients  Bulky and hard; improves 
airflow  

Banana Skins    Moderately rich in 
phosphorous, potassium, 
and nitrogen  

Decompose quickly  

Rice Hulls  Byproduct of rice 
agriculture  

High CN; should be mixed 
with N rich materials.  

Light, airy (good for aeration); 
absorb moisture  

Citrus Wastes    Orange skins are 27% 
potassium and 3% 
phosphorous; lemons have 
more phosphorous, but less 
potassium  

Good for hydrating compost 
mix  

Coffee Grounds    2% nitrogen, 0.5% 
phosphorous and 
potassium; C/N is 12:1  

Like any seed, rich in nutrients  

Kitchen Waste  Organic leftovers from 
household food 
preparation  

Low CN  Good to mix with high CN 
materials  

Grass Clippings    High CN, similar to horse or 
cow manure  

  

Leaves    Rich in minerals brought up 
from subsoil by tree roots; 
high CN  

Slow to decompose; decrease 
aerations if still green  

Agricultural Lime  Pure calcium carbonate 
used to give calcium to 
plants for making proteins  

  For compost without manure 
will reduce acidity; azobacteria 
depend on calcium so speeds 
decomposition  

Manure    Chicken manure CN as low 
as 8:1; animals fed on leafy 
greens, low CN manure  

Large quantities of active 
digestive enzymes; cellulose 
decomposing bacteria in cow 
manure   

Paper  Pure cellulose  High CN; glues in 
cardboard high in N  

Good for bulk and aeration  

Rock Dust    High in minerals such as 
calcium, magnesium, and 
trace nutrients  

Good for adding mineral 
nutrients  

Wood Ash  Ash leftovers of wood  Hardwoods high in 
potassium, calcium, and 
other minerals; conifers 
high in potassium  

Good to increase content of 
these nutrients  

Soil      Essential source of 
microorganisms, e.g. microbes 
convert ammonia to nitrate; soil 
clay captures ammonia  
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X. Goals and Objectives 

 
The specific goals and objectives of the internship stemmed from Las Madres Maestras’ primary 

expectations of this year’s project that they tentatively named “El abono orgánico, fuente de salud y 
economía solidaria” – Organic Fertilizer, Source of Health and Economic Solidarity. The organization 
sought to develop an organized and scientific organic fertilizer program, which would feature both a 
practical and educational component. They also hoped to establish a foundation for the future success of a 
project to sell fertilizer. Furthermore, goals and objectives were tailored to address problems including low 
crop yields from nutrient impoverished soil, no household separation of organic waste, and limited to absent 
knowledge of the community members on the benefits of composting.  

 When formulating our goals we took into account the objectives outlined by Las Madres Maestras, 
and problems we identified in the community. The objectives we addressed were:: 

•  Evaluated the state of the soil of the one-hectare-plot by means of soil sampling.  

• Chose three main crops on which to focus composting efforts.  

• Evaluated the availability organic matter inputs for the composting system.  

• Assessed soil quality in the area using soil testing and GIS mapping; used this assessment to 
calculate organic equivalents for chemical fertilizer recommendations.  

• Gave English classes that focused on environmental education and composting.  

• Had a composting infrastructure built.  

• Designed a “road map” poster that outlines a strategy to increase the capacity of the organic 
fertilizer project to meet the needs of the land, and sell as a funds-generating project for the 
preschool and the land’s caretakers.  
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XI. Methodology 

11.1. Soil sampling and analysis  

 An evaluation of the state of the soil was carried out on the one-hectare-plot by means of soil 
sampling. First with the use of GIS, a “fishnet” was created in order to generate an accurate soil sampling 
grid. The regular systematic grid technique was used at La Semilla de Dios. This method was utilized as it 
represents a good tool for sampling within field nutrient levels and identifying fertility patterns, especially 
when samples are taken at a high intensity. This was the case on the one-hectare-plot as nine samples 
were taken, which is particularly elevated considering that grid sampling usually implies that the field be 
divided into 2 hectare cells from which a maximum of 5 samples are taken (NSDU, 1998).  

Using a 2.5 cm diameter corer, approximately 20 cm of soil were extracted at each sampling site. 
Soil was then bagged and labeled and sent to the soil laboratories of the Instituto de Investigación 
Agropecuaria de Panamá (IDIAP). A portion of the soil tests were conducted using the Mehlich III extraction 
method. This analytical method aims at estimating the amount of plant available nutrients by determining 
levels of phosphorous, potassium, calcium, sodium, magnesium, manganese, iron, zinc, copper, boron and 
sulphur (Young, 1976). Further tests measured pH and aluminium levels in the soil. Due to a 
misunderstanding with the laboratories, soil texture and percentage of organic matter content were not 
evaluated.  

Soil test results were in part interpreted with maps created with GIS software. Regularized 
smoothing spline with tension was used as it is a radial basis function method for interpolation from 
scattered data (Neteler & Mitosova, 2002).  

11.2. Focus crops  

 Given the immense diversity of plants growing on the one-hectare-plot, it was decided that three 
main crops would be selected to focus composting efforts on. Selecting the three priority crops was 
accomplished by means of very informal interviews with the caretaker, Señor Amado, that aimed at 
discovering which crops were of most importance to the community. Once this was accomplished, a survey 
of the land was carried out in order to determine the incidence and distribution of individuals for each focus 
crop. This step included the recording of the geographical location of each plant on the plot by means of 
GIS. The data collected then served to generate a map representing the overall dispersal of plants 
throughout the one-hectare-plot.  
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11.3. Availability of resources 

Evaluating what types of organic material were available as inputs for this composting project was 
carried out by examining the area in and around of La Semilla de Dios and discussing with Señor Amado. 
Furthermore, during a series of informative meetings with the families participating in Las Madres Maestras’ 
pre-school, the willingness to separate organic from non-organic waste was determined by show of hands. 
All families willing to collect their household organic waste were given an 8 liter bucket and were asked to 
bring it to La Semilla de Dios when full in order aliment the compost pile. The number of bucket distributed 
and the frequency of delivery was recorded and served as a basis to determine average amounts of 
organic matter brought to the pre-school on a weekly basis. This information in addition to rough estimates 
of organic materials gathered from the property served to calculate potential quantities of compost that 
could be generated. In terms of the period of time required for decomposition to take place, this estimate 
was provided by Las Madres Maestras’ representative in La Colorada, Señora Maxima, who composts at 
her home. She noted that her household organic waste usually breaks down in about four weeks.  

11.4. Classes/workshops  

 Information gathered from literature and personal knowledge served as a foundation to prepare 
educational sessions for the children attending La Semilla de Dios. Classes aimed at explaining the 
concept of composting and addressing its benefits. The teaching process utilized the agricultural setting 
around the school for hands-on learning about environmental processes and the role of composting within 
these.  

By participating in the community we were better able to adapt our scholarly activities to community 
norms (Hogan et. al, 2001). We expanded upon the knowledge about ecological ways to dispose of their 
organic waste.  We adapted our approach to waste separation according to the cultural and community 
dynamics we encountered. 

11.5. The Infrastructure 

 Based on research and availability of resources in the area, a composting infrastructure was built. 
Building materials were purchased from a local hardware store and a mason from the community 
constructed the infrastructure. 
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XII. Results 

 
12.1. Soil Analysis Results 
 
Table 1 
 
Soil analyses of 9 samples taken from Las Madres Maestras’ one hectare plot, in La Colorada, community 
in the district of Las Mañanitas, Panama.     
 
Sample 
number 

Soil  
colour 
  

pH Chemical analysis 

  
P 

(kg/ha) 

 
K 

(kg/ha) 
 

 
Ca 

(ppm) 

 
Mg 

(ppm) 

 
Al 

(ppm) 

 
Mn 

(ppm) 

 
Fe 

(ppm) 

 
Zn 

(ppm) 

 
Cu 

(ppm) 

A-1 brown 5.7 TR 96 840 838 45 15 21 2 2 
A-2 brown 5.1 TR 150 520 620 45 15 19 1 3 
A-3 yellowish 

brown 
5.6 TR 96 900 474 27 19 31 22 4 

B-1 brown 5.2 TR 166 580 182 18 30 26 2 3 
B-2 brown 5.3 TR 325 740 522 18 15 38 6 5 
B-3 brown 5.5 TR 123 720 826 9 13 25 9 5 
C-1 yellowish 

red 
5.3 TR 159 620 778 27 4 22 TR 4 

C-2 yellowish 
red 

5.2 TR 96 400 437 18 4 23 1 3 

C-3 brown 5.1 TR 87 400 1033 36 7 24 1 4 
 
 
Table 2 
 
Effective CEC (cmol(+)/kg) and exchangeable Al saturation calculated from the 9 soil samples taken from 
Las Madres Maestras’ one hectare plot, in La Colorada, community in the district of Las Mañanitas, 
Panama. 

 
Sample Number                                              Effective CEC (cmol(+)/kg )                             
Exchangeable Al saturation (%) 
A-1                                               11.6 4.3 
A-2 8.2 6.1 
A-3 8.7 3.4 
B-1 4.6 4.3 
B-2 8.2 2.4 
B-3 10.5 0.95 
C-1 9.8 3.1 
C-2 5.8 3.4 
C-3 10.9 3.7 
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12.2. Fertilizer Recommendations & Compost Equivalents 
 
Table 3 
 
Chemical and organic fertilizer recommendations from IDIAP based on a 4 year period, with corresponding 
prices quoted from various fertilizer companies in Panama. 
 
 
 
Fertilizer Year of 

production 
Recommendation  Cost 

 Application rate (kg/ 
tree) 

Amount required for 
31 trees (kg) 

For 100 lbs 
($) 

For 31 trees 
($) 

12-24-12 1 0.113 3.5 32.42 (FP) 2.50 
15-15-15 2 0.227 7.0 31.00 (FS) 4.78 
15-30-8-6 3 0.340 10.5 35.55 (FP) 8.23 
Gallinaza 4 0.907 28.1 9.00 (MC)  5.58  
*Gallinaza is composted poultry manure (6-3-2) 
** Figures for applications represent the amount of fertilizer applied yearly; however they are evenly divided 
and carried out before and after the rainy season 
*** Prices were quoted from 3 different Panamanian fertilizer companies: Fertica Panama (FP), 
Fertilizantes Superiores (FS), and Melo y Cía (MC). 
 
 
Table 4 
 
Amounts of primary nutrients provided by fertilizers recommended by IDIAP with corresponding compost 
equivalents. 
 
 
Fertilizer Primary nutrients supplied 

by recommendations 
Compost 

 N (kg / 
31 
trees) 

P2O5 
(kg / 31 
trees) 

K2O 
(kg / 31 
trees) 

Compost required 
to meet N 
recommendations 
(kg / 31 trees) 

P2O5 supplied 
by compost 
application (kg/ 
31 trees) 

K2O supplied 
by compost 
application (kg/ 
31 trees) 

12-24-12 0.42 0.84 0.42 84  0.34 0.42 
15-15-15 1.1 1.1 1.1 220 0.88 1.1 
15-30-8-
6 

1.6 3.2 0.84 320 1.28 1.6 

Gallinaza 1.69 0.84 0.56 338 1.35 1.69 
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12.3. GIS Maps 
 
Map 1 
 
Distribution of the 31 fruit trees on the one-hectare-plot 

 
 
Map 2 
 
Distribution of primary (potassium) and secondary (magnesium, calcium ) nutrients, aluminium, and pH on 
the plot. 
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Map 3 
Distribution of micronutrients (zinc, copper, manganese, and iron) and pH. 

 
 

 
 
12.4. Composting Data 
 

Table 5 
Composting data. 
 
 

Number 
of 
distributed 
buckets 

Volume of 
each 
bucket 
(litres)  

Average 
weight of 
household 
organic 
matter in 8L 
bucket (kg) 

Average 
weight of 
leaf litter 
added for 
every 
bucket 
(kg) 

Total 
weight of 
organic 
matter 
(kg) 

Average 
number 
of 
buckets 
delivered 
a week 

Total 
weight of 
organic 
matter 
contributed 
weekly 
(kg) 

Compost 
equivalent 
assuming 
50% 
weight 
reduction 
(kg) 

        
17 8 3.84 0.150 3.99  10 39.9 19.95 
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12.5. Infrastructure 

BEFORE:  

 

 

 

 

 

 

AFTER:  

 
 
 
 
 
 
 
 
 
 
 

http://www.facebook.com/photo.php?pid=37078319&id=13619691�
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XIII. Discussion 
 
13.1. Project Focus: Lemon, Orange, Soursop 

As mentioned previously, Las Madres Maestras’ one-hectare-plot features a wide variety of 
perennial crops and trees. Given the immense diversity of crops in that area and time restrictions, it was 
impossible to tailor this internship project to the nutrient requirements of all the species grown. As a result, 
three crops were selected in order to provide a focus to the project. After much discussion with the land 
caretaker, Señor Amado, it was determined that the three “focus crops” were to be orange (Citrus sinensis), 
lemon (Citrus limon) and soursop (Annona muricata). This selection was made based on a series of criteria 
that were established by both us and the caretaker. Given that the produce from the one-hectare-plot is 
shared amongst the families involved with the La Semilla de Dios, a major criterion was the general sense 
of importance attributed to the crop by the individuals in the community. Another imperative aspect that was 
considered was the usefulness of the plant. Consequently, crops were selected not only based on their 
type of produce, but also for their other properties. Señor Amado emphasized the importance of the crop to 
generate produce of value to the community, but also to feature additional properties, notably medicinal. 
Extracts from the three focus crops can be consumed to alleviate stomach irritation, discomfort from gas, 
parasites, and diarrhea.  

13.1.2. Soil Test Results  

 The test results do not 
indicate soil type. Based on research 
we assumed the soils at the study 
sight to be latosoils. This assumption 
was based on the fact that Panama 
is dominated by latosols and that the 
soil color as indicated on IDIAP's 
results sheets corresponds to 
reddish to yellowish nature of these 
soils (Contraloria General de la 
Republica, 2006).  

  

      Map 4: Soil sampling grid 
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13.2.1. Soil pH  

As shown in Table 1, soil pH for the 9 samples varied between 5.1 and 5.7. pH values between 5.3 
and 5.9 are acidic, and  those that are less than 5.2 are considered strongly acidic, (Young, 1976). The soil 
pH from the one-hectare-plot ranges from strongly acidic to acidic. Soil pH plays a significant role in nutrient 
availability and in aluminium toxicity. Optimum availability of primary and secondary nutrients occurs when 
the pH is between 6.0 and 7.5. Micronutrients (iron, manganese, copper, zinc and boron) are more 
available for plant uptake at lower pH levels.  The pH-dependent availability of micronutrients stems from 
both the pH’s influence on solubility of soil minerals and on the activity of microbes.  

Given that soil pH on the plot is generally lower than 5.5, availability of primary and secondary 
nutrients is a concern. Under such acidic conditions there is the potential for aluminium toxicity; this is 
problematic because it hinders root growth. (Kalpagé, 1974; Juo & Franzluebbers, 2003, Weischet & 
Caviedes, 1993). Generally, low soil pH is a limiting factor in crop production. However, there are certain 
plants that prefer acidic conditions. This is the case for orange, lime, and soursop trees. All three crops are 
known to do well at pH levels as low as 5 (FAO, 2007).  

13.2.2. Primary nutrients  

  Phosphorous and potassium levels were the primary nutrients that were analyzed. As illustrated in 
Table 1, the presence of phosphorous was untraceable; phosphorous deficiency is common in humid 
tropical soils. In these highly weathered soils, phosphate fixation results in low phosphorous levels. Fixation 
is greatest in acidic soils because Fe and Al oxides react with soluble phosphate ions, originating from 
mineralization or P fertilizers, to form compounds of very low solubility. This makes phosphorous 
unavailable to plants. Another potential cause of this deficiency is low SOM content, and weathering (Juo & 
Franzluebbers, 2003; Young, 1976). Phosphorous deficiency in the soil at La Semilla de Dios has likely 
limited the performance of the orange, lemon and soursop trees. Low phosphorous levels are known to 
restrict root growth and thereby limit plant development (Young, 1976). Therefore, a way to address 
phosphorous deficiencies in the soil is to apply organic matter such as manure or compost.  

Results for potassium levels ranged from 87 to 325 kg/ha. Potassium levels are considered critical 
when they are below 174 kg/ha (Juo & Franzluebbers, 2003; Young, 1976). Figures presented in Table 1 
reveal that the-one- hectare plot lacks potassium, with the exception of one location in the field, B2, where 
levels reach 325 kg/ha. Given that potassium is taken up by plants as a soluble cation, K+, it is easily 
leached. Given the significantly low amounts of available potassium in the soil at La Semilla de Dios, the 
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soils would benefit from ash from burned vegetation or organic matter (Juo & Franzluebbers, 2003; Young, 
1976).  

13.2.3. Secondary nutrients  

 Calcium and magnesium are secondary nutrients that were evaluated in the soil test. Calcium 
levels varied from 400 to 900 ppm (or expressed as cmol(+)/kg, from 2.0 to 4.5, as shown in Appendix 
19.1). Levels of calcium in the soil that are 0.2 cmol(+)/kg are considered critical. Overall, there is no 
apparent calcium deficiency in the soil as as levels are well above 0.2 cmol(+)/kg. Calcium is taken up by 
plants as the cation Ca2+; therefore deficiencies occur most often in soils suffering from extensive leaching 
(Kalpagé, 1974; Young, 1976). In the event of deficient amounts of calcium in the soil, liming materials or 
fertilizers containing calcium may be applied to offset the problem (Kalpagé, 1974). Fruit trees have a high 
demand for calcium during rapid growth periods and in the early stages of fruiting due to extensive cell 
division (Samson, 1980). Therefore, the addition of calcium could be beneficial to support growth and fruit 
production on the one-hectare-plot.  

 Magnesium levels ranged between 182 and 1033 ppm (or between 1.5 and 8.5 cmol(+)/kg). As 
with calcium, critical levels of magnesium in the soil are 0.2 cmol(+)/kg and lower. Given the levels of 
magnesium detected in the soil, there are no deficiencies to report. The one-hectare-plot has significant 
variability in its magnesium content: values detected in B1 and C3 have a 851 ppm difference. Deficiencies 
of this secondary nutrient happen under the same circumstances as calcium. Magnesium plays an 
essential role in chlorophyll production; hence is vital to photosynthesis (Hardy & Huett, 2005). Levels of 
magnesium in the soil below 5% are considered low for citrus production. By means of simple calculation 
with levels of magnesium detected in the soil at La Semilla de Dios, it was discovered that every sample 
was under 5%; hence present magnesium levels are technically insufficient to adequately support the 
orange, lemon and soursop trees on the one-hectare-plot.  

13.2.4. Aluminium  

 Levels of exchangeable aluminium in the soil are primarily an indication of the potential for 
aluminium toxicity. Toxicity can be evaluated by determining the degree of exchangeable Al saturation of 
the soil. Generally, Al saturations below 10% are not likely to trigger aluminium toxicity in plants. As 
illustrated in Table 2, all exchangeable Al saturations in the plot are under 10%; therefore risks of toxicity 
are very low. As previously discussed, the acidity of the soil at La Semilla de Dios could potentially have 
lead to Al toxicity. Given the saturation levels, it appears not to be an issue. Furthermore, given that Al 
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levels are low, phosphorous deficiencies on the one-hectare-plot are most likely stemming from low soil 
organic matter rather than from phosphorous fixation.  

13.2.5. Micronutrients  

 Micronutrients play a vital role in the physiology of tropical crops because they are essential to the 
production of chlorophyll, amino acids, proteins and vitamins (Kalpagé, 1974).  The analysis of the soil 
samples included results for manganese, iron, zinc and copper. Levels of manganese found in the soil 
ranged from 4 to 30 ppm This micronutrient is deficient when amounts are smaller or equal to 5 ppm. 
Levels found in Table 1 are considered low to moderate, according to IDIAP. Manganese availability 
increases with acidity and often reaches toxic levels in highly acidic soil. It is important to note that 
absorption of manganese is influenced by potassium; hence stressing the importance of potassium in soils 
with low manganese levels (Vlek, 1985; Kalpagé, 1974). As with magnesium, there was significant 
variability between the locations. Manganese deficiencies can be addressed by maintaining acidic soil 
conditions, or by applying manure or compost (Kalpagé, 1974). Given the presence of deficient levels of 
manganese on the one-hectare-plot, the three focus crops could undoubtedly benefit from manganese 
amendments to ensure proper plant functions. 

  Iron levels for the one-hectare-plot varied between 19 and 31 ppm.   According to IDIAP, values 
ranging between 19 to 25 ppm are considered low, and ones from 26 to 31 ppm moderate.  Generally, soils 
contain quantities of iron that exceed the needs of plants, and shortages of this element are rare. Overall, 
iron does not appear to be a limiting micronutrient in the soil of the one-hectare-plot.  

  Results for zinc levels in the soil were untraceable to 22 ppm.  As per IDIAP, levels of zinc between 
1 to 2 ppm are considered to be low; between 6 and 9 ppm are moderate and 22 pm is high. . Table 1 
illustrates that there are deficiencies in 4 out of the 9 sampled sites. As with magnesium and manganese, 
there is great variability across the plot.. Generally, soil zinc levels are low in strongly-weathered soils. Zinc 
deficiencies may be offset by means of zinc phosphate applications (Kalpagé, 1974; Vlek, 1985). As with 
manganese, the fruit trees could benefit from additions of this micronutrient by means of compost 
application. 

. Copper was the final micronutrient evaluated in the soil analysis. Results ranged between 2 and 5 
ppm.  IDIAP considers any value above 2 ppm to be a moderate level of this nutrient. Copper becomes 
deficient at 1 ppm in the soil; therefore the one-hectare-plot does not appear to be deficient in copper.  
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13.2.6. Discussion of GIS maps  

 As mentioned previously, soil test results were interpreted with maps created with GIS software. 
This method visually represents the analyses to better understand the results. It is important to note that 
the scale for the maps that illustrate levels of potassium, manganese and zinc have negative values. It is 
impossible to have negative values of available nutrients; however, the maps are interpolations and the 
scale is designed to best portray the fluidity of the data across the map.  

  The soil pH map illustrates that there is little variance in acidity. Changes in pH levels are subtle 
across the sampling areas; there are no localized extremes. Diffusion of the pH in the field has a significant 
influence on the distribution of soil nutrients; this is particularly evident in the case of calcium. The maps 
show that Ca and pH have similar distribution patterns, this is because calcium availability decreases with 
higher acidity levels (Young, 1976).  

 Patterns in the magnesium and potassium maps both feature pronounced variability. The 
potassium map illustrates a very high concentration of this nutrient in and around the center of the plot. As 
would be expected, the highest concentrations of potassium correlate to the lowest levels of magnesium. 
Frist, this is because elevated potassium levels reduce amounts of available magnesium. Second, when 
the cation-exchange capacity (CEC) is low (common in oxidic soils) higher amounts of potassium cause 
less magnesium to be retained in the soil (Kalpagé, 1974).   

13.3. Fertilizer recommendations  

IDIAP provided fertilizer recommendations based on the nutrient requirements of fruit trees and the 
soil’s capacity to provide these requirements (Kalpagé, 1974). IDIAP recommended a mixture of chemical 
and organic fertilizers, applied over a four year period.  

 Fertilizing rate recommendations from IDIAP were used to estimated fertilizer needs of the 31 fruit 
trees. Current fertilizer price quotes from three major Panamanian fertilizer companies were used to 
determine how much recommended fertilizer applications would cost La Semilla de Dios from planting to 
the 4th year of production. As illustrated in Table 3, total costs would be approximately 21.00$. However, 
total cost is subject to change with increasing oil prices, which raise the cost of agricultural inputs like 
chemical fertilizers (Lee, 2002). La Semilla de Dios has a minimal budget and does not have funds to invest 
in external inputs. The recommended fertilizers are sold in quantities no smaller than 100 pound bags 
(excluding “gallinaza”, which is sold in 15 pound bags). If La Semilla de Dios were to follow IDIAP’s 
suggested inputs, the school would be faced with unnecessary expenses because it would be purchasing 
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excessive amounts of fertilizer. This project avoids this issue by providing the plot with free, locally-made, 
organic fertilizer in suitable quantities.  

13.3.1. Compost equivalents  

 Nitrogen is likely deficient in the plot given that most soil nitrogen is derived from mineralization of 
organic matter, and lactosols tend to lack organic matter (Kalapgé, 1974). Also, the soil tests disclose that 
there were micronutrient deficiencies. While standard NPK chemical fertilizers address deficit level of 
primary nutrients, additional amendments must be applied to correct micronutrient deficiencies. Compost 
application is more advantageous because it is not only a source of primary nutrients, but also of 
micronutrients such as boron, zinc and manganese (FAO, 2007). Overall, compost is recognized as a more 
complete fertilizer.  

Based on the amounts of nutrients in the recommended chemical and organic fertilizers, compost 
equivalents were calculated. The assumption was made that compost is primarily composed of household 
organic matter, and that this generally has a nutrient content of 0.5-0.4-0.5. Initial calculations for compost 
equivalents were based on nitrogen requirements because this nutrient is the most limiting factor in 
production systems, especially in the humid tropics (Young, 1976). Calculations for potassium and 
phosphorous levels are made once nitrogen requirements are met.   As can be seen in Table 4, compost 
equivalents fulfill phosphorous and potassium requirements set by the recommended fertilizers, with the 
exception of year 1 and year 3 where 0.5 kg and 1.92 kg of P per 31 trees are missing. Despite the 
projected shortage of phosphorous in these two occasions, the application of compost is more beneficial for 
maintaining phosphorous levels than chemical inputs. This is because phosphorous in organic matter is 
slowly released through mineralization and provides a continuous supply for plant uptake.  Organic acids in 
compost dissolve fixed phosphate, making it available to plants (Young, 1976).  

 The proposed compost equivalents would require dramatic increases fertilizer production at La 

Semilla de Dios. As illustrated in Table 5, approximately 40 kg of organic matter is collected weekly. The 
inputs used in this project are known to loose 50% of their weight during decomposition. Therefore, weekly 
inputs generate 20 kg of compost (Begg, 2008). Señora Maxima estimates that her backyard composting 
takes approximately 4 weeks to decompose into stable humus. Based on these numbers it was estimated 
that La Semilla de Dios could produce roughly 240 kg of compost annually. All of the trees on the one-
hectare-plot range between 3 and 5 years old and require “maintenance” fertilizer applications rather than 
establishment and early growth treatments. Fertilizer needs for maintaining fruit trees are best described by 
the fourth year recommendation, where 338 kg of compost would be required. Given La Semilla de Dios’ 
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projection production capacity, it is currently impossible for them to meet this objective. At their current rate 
of production they could satisfy the fertilizing needs of 22 trees.  
 

13.4. Our Inputs 

 The household organic waste system will add essential mineral nutrients to the compost. Banana 
skins, which represent a large portion of the household organic inputs, will decompose quickly and 
contribute phosphorous, potassium, and nitrogen to the mix. The citrus wastes will contribute additional 
supplies of phosphorous and potassium. These nutrient contributions will ameliorate nutrient deficiencies in 
the soil, for as our soil tests show, the area is lacking in phosphorous. Dried mango leaves gathered from 
the plot will be rich in minerals brought up form the subsoil, and their low nitrogen content will be 
supplemented by nitrogen in household organic wastes.  

     The generally high levels of nitrogen contained in the typical household’s mixture of organic wastes 
is complimented by the high carbon content the leaves. Any paper that is added will also have a high CN 
ratio, but will be beneficial in terms of balancing the mix. The combination of these inputs is likely to result 
in a humus of a balanced C/N ratio (around 12:1). This balance of carbon and nitrogen in the compost 
avoids the decomposition problems that may result from extreme C/N ratios, as already described.  

     The high moisture level of household organic waste is moderated by the moisture absorption 
capacity of paper and dried leaf litter inputs. Dried leaves and paper are bulky and irregular-shaped, so 
their addition increases air flow for necessary oxygen supplies. 

     To further improve the quality of humus produced by this system, we have several suggestions for 
additional inputs that could be incorporated in the future: Agricultural byproducts from nearby farms (e.g. 
rice hulls) would be good for increasing the compost pile’s bulk, aeration, and output capacity. Soil from the 
surrounding area is not currently being added, however we have suggested this addition as an added 
source of microorganisms to speed decomposition. Finally, if ashes from local paper and wood burning 
could be introduced into the mix, it would be very beneficial in terms of improving the soils potassium 
levels.  

13.5. Current Practices, Future Recommendations  

  Señor Amado’s current practices aim to improve productivity of the crops and soil conditions.  
His management practices essentially consist of collecting leaf litter from the land, allowing them to 
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decompose in large holes, and applying the resulting organic matter to plants that appear to be struggling. 
In addition to this, grass clippings are gathered and spread over areas of the land to preserve soil moisture. 
Our composting project at La Semilla de Dios aims to improve the productivity of the one hectare plot and 
the overall health of the soil while taking into consideration Señor Amado’s management practices and 
extensive knowledge  All leaf litter and grass clippings collected will ultimately be incorporated to the 
household organic waste and Señor Amado’s experience with organic fertilizing will likely increase the 
efficiency with which he applies to compost.  

Our suggested management practices for the organic fertilizer system are as follows. We 
recommend that Señor Amado builds up the compost pile until it has an approximately 4 feet wide base. 
Once the pile reaches these dimensions, it may be turned for the first time. Turning implies that the 
compost heap be taken apart, the ingredients mixed and then rebuilt. It is important that the material that 
was on the outside of the pile ends-up in the middle of the pile. Once the first turning is carried out, we 
suggest that the pile sits for another 2 to 3 weeks. The organic matter has reached a stable humus state 
when it is a blackish brown color, has a pleasant smell and has no more un-decomposed particles. In the 
event that the compost is not ready after the second turning, it may be left to sit for another 1 to 2 weeks 
(HDRA, 1998; Solomon, 1993). It is important to separate maturing compost from un-decomposed material. 

Moisture is a key element in the decomposition process. During the dry season, the pile may 
require watering once to twice a week. In the event that the pile becomes excessively wet, slowing down 
decomposition, additional dry leaf litter may be added to the pile in an attempt to absorb some of the 
excess moisture (HDRA, 1998).  

Generally, compost applications should be done before and after the rainy season. Depending on 
the availability of compost, an additional application can be done at fruiting.  

We also recommend incorporating small amounts of wood ash to increase phosphorous and 
potassium levels, and soil to supply additional micro-organisms. A future project for La Semilla de Dios is 
the construction of a new chicken coop for the birds that run free on the property. We recommend that the 
poultry manure from this coop be added to the compost because it is an excellent source of nitrogen.  
 
13.6. Community Collection System 
 Through the course of this project we initiated a viable organic waste collection system. As part of 
this effort, we distributed 17 plastic buckets during meetings with community members. We encouraged the 
community members to use the buckets to collect all organic matter that would normally be discarded in 
municipal landfills, and to bring it to the La Semilla de Dios property when arriving for school classes. Under 
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the supervision of the grounds caretaker, Señor Amado, the organic matter is added to the pile in the 
composting infrastructure. The result of these efforts has been very positive. Each, day 2-3 buckets of 
organic matter from community households is added to the composting heap. 
 

13.7. The “Hot Composting” Technique  

“The main difference between natural composting and composting in heaps is temperature ” 
(Solomon, 1993). 

We chose a composting technique known as “hot composting”, because by creating a substrate 
environment of high temperature, the metabolic activity of microbes increases substantially, and the 
decomposition process is quicker and more efficient. Also, the intense heat of this method eliminates 
phytotoxic substances, and kills most pathogenic organisms (Sequi, 1996). This method requires only that 
organic matter be collected in heaps to such an extent that a mound measuring approximately 4 feet at its 
base can be made. It this volume, or any larger, heat from microbial activity in the center of the pile is 
trapped by the outer layer of organic biomass. This method was suitable to the circumstances of this 
project. It does not require financial inputs to buy a commercial container; nor does it require the worms 
needed for vermicomposting, which are unavailable for purchase in Panama.  

Biological heat is trapped by the compost pile and accelerates the rate of decomposition. Soil 
animals and microorganisms are “cold-blooded”, so that the hotter it is, the more biologically active they 
are, and the more organic matter they consume. In good pH, humidity, and temperature conditions 
bacteria, yeasts, and fungi, can double their numbers every twenty to thirty minutes (Solomon, 1993). 

The temperature of the pile follows a specific pattern that mimics the level of metabolic activity 
occurring at each stage of decomposition; heat production by microbes matches their oxygen consumption 
and metabolic activities. From the time the pile is 50 degrees Fahrenheit there is efficient breakdown. At 
this point, the chemical reactions double with every 20 degree increase in temperature. You can expect the 
pile to reach approximately 150 degrees; however, most microorganisms die or form into spores, at 130 
degrees F; all except for thermophiles, bacteria and fungi that operate efficiently at temperature above 110 
F. It is once the temperature of the pile surpasses 130 degrees F that microbial activity halts, the pile must 
be turned and cooled, and another heating and decomposing cycle can occur (Solomon, 1993). 
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The factors that determine the pile’s temperature (descriptions provided by Solomon, 1993) are the 

essential components that we considered when planning the management of the compost pile for this 
project.  

Particle Size: The greater the surface area of particles of organic matter, the faster digestive enzymes from 
microbes can break them down (because of the basic laws of surface area-to-volume ratio). None of the 
organic matter added to our pile is of large volume (the leaves are small and thin, the household organic 
waste is never bigger than a piece of fruit), so the surface-area-to-volume ratio is as optimal.  

Oxygen Supply: All decomposition organisms are aerobic - they require oxygen to survive. If there is not 
enough oxygen supply to the compost pile then anaerobes will take over composition; they do not release 
heat and decomposition is slow. Anearobic decomposition also denitrifies the pile by releasing ammonia.  

If temperatures rise above 10 degrees Celsius, then anaerobic activity will dominate. Szmidt 
observed that, “[t]he microbial content of such compost is likely to be low after the continuous exposure of 
the microflora to pasteurization conditions” (2002). Following such extreme conditions, when the pile begins 
to stabilize at lower temperatures, mesophilic microbe populations may not re-establish themselves 
(Szmidt, 2002). This is another reason that oxygen supply to the center of the pile is essential.  

We have also suggested that a round bundle of bamboo be placed in the middle of the pile to allow 
air to flow in the middle and bottom of the pile if need be. Finally, the combination of volumous dried leaves 
and smaller household wastes is a balanced mixture that allows airflow but doesn’t let the pile cool to a 
suboptimal temperature.  

Turning: Turning provides fresh air to the spaces, or ‘pores’, in the pile. It mixes matter sitting in the cool 
outer layer into the middle for hotter, more efficient decomposition. In fact, a study by Illmer found that “all 
parameters indicating compost quality and maturity were significantly improved by mixing despite the 
decreased temperature” (2002). For this reason, we recommended to Señor Amado that the pile be turned 
three times during the decomposition process.  

Moisture: Microorganisms live in the thin film of water that adheres to. Organic matter and fungi only grow 
in humid conditions. The combination of vegetable litter and dried leaves should keep moisture levels 
relatively optimal: vegetable waste averages at 90 percent moisture, and leaf litter averages at 10 percent.  



                                                                                               Bienz, Fahey, Klaveness Groden 48 
Size of the Pile: As part of our compost management plan we hope to keep the pile at a minimum 4 feet 
cubed at the bases (Already mentioned). This size is not so big as to decrease surface-area-to-volume to 
an inefficient level, but also not so small that too much airflow does not allow enough heating.  

Carbon to Nitrogen Ratio: The C/N ratio controls heating levels and quality of the compost. If the ratio is too 
high, the pile will not get hot enough, and if the ratio is too low the pile will be too hot and ammonia will 
escape, contributing to denitrification. The C/N ratio of humus, the final product of composting, has a C/N 
ratio between 10:1 and 12:1. A low C/N ratio will accelerate nitrification until the 12:1 equilibrium is reached; 
in other words, C/N levels will stabilize following a rapid release of nutrients. A high C/N ratio means there 
are not enough mineral nutrients for fungi and bacteria to multiply or to use up the excess of carbon. The 
microbes will take up any nutrients available in the soil’s reserves in order to multiply and exploit the high 
levels of carbon. Therefore, if compost with a very high C/N is applied, it may result in a nutrient deficit. In 
the compost pile, once enough CO2 is released from carbon uptake, microorganisms will die, release the 
nutrients they consumed, and C/N ratio will stabilize.  

13.8. Chosen Infrastructure 

 To ensure that decomposition in our pile stays rapid and aerobic we built the walls of the 
infrastructure with spaces between the concrete blocks, to encourage airflow from the outside. To control 
moisture levels in our compost pile we included an over-hanging roof in the infrastructure so that during the 
rainy season the pile won’t get so wet that oxygen won’t be able to enter.  

Outside temperatures and precipitation levels can greatly impact the conditions inside the 
composting pile. This is why we included a roof in our infrastructure design. The roof keeps the sun from 
evaporating the piles moisture, and in the wet season the walls keeps heat inside to some degree and the 
roof prevents the pile from getting water-logged.  

13.9. Environmental and Community Benefits 

 In its original sense sustainability refers to long term and continuous replenishment of natural 
resources (IUCN, 1980). Sustainability in agriculture, including the use of organic fertilizer, “can be 
considered as essential activities for a sustainable society" (Sequii, 1996). This is an idea that was 
introduced to community members at two meetings that were held in La Semilla de Dios. Our project aimed 
to increase social and environmental sustainability through education. After meetings and discussions with 
Las Madres Maestras and the caretaker, we believe this project has benefited the community sustainability 
in a number of ways. These are summarized here: 
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o Community building  
o Hands on Learning 
o  Environmental education  
o Improved English Language Skills 
o Economic sustainability 
o Waste Reduction 
o Better Nutrition 
o Improved soil quality  
o Template for other communities to build similar projects 

 First, this project has built community awareness and cohesion by bringing community members 
for information sessions on composting. Also, participants now share a common routine of bringing their 
organic waste to the compost infrastructure. Second, the project necessitates community participation, now 
and in the future.  To encourage participation we focused on a hands-on learning approach. We engaged 
participants in the collection and decomposition process during discussions held in near the composting 
pile and around the plot. We also used a sample bucket of household organic waste as a visual aid for 
learning about appropriate inputs. Environmental sustainability: Third, by educating the parents, children 
and “madres maestras” we hope to influence the future generations of children to be ecologically conscious 
citizens. We have already witnessed positive result of this initiative: the community decided to celebrate 
Earth Day, and compost day, in order to talk about relevant environmental issues and sustain enthusiasm 
for the project. Four, not only is the organic matter a free input, making the project economically 
sustainable, the reduction of solid waste could significantly reduce garbage volumes in surrounding 
landfills. Fifth, compost is an organic fertilizer that augments the nutritional value, health, and yield of plants 
by improving soil structure and quality. Lastly, when farmers see the positive results of sustainable practice 
firsthand, they become a proponent of the cause. We see this as one of the determining factors of success 
for increasing sustainability in Las Mañanitas.  
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XIV. Giving Back to the Community 

14.1. Eco-Education in the Classroom 

One of the main priorities for Las Madres Maestras was for us to teach English to the children of La 
Colorada. More specifically, they wanted us to educate 0-6 year olds and their mothers on love and respect 
for the Earth. We organized a series of English classes open to anyone in the community on simple 
concepts like counting to one hundred, days of the week, parts of the body, fruits and vegetables, colors, 
weather and seasons, Bingo. Also, many of our lessons focused on the basics of environmental issues in 
composting.  

In our project, the children participated in a series of English classes, which they enthusiastically 
attended during their summer vacation. They were taught about the benefits of organic compost. By 
fostering the children's desire to learn and the groups (parents, Madres, Maestras, land keepers) interest in 
bettering the community, we were able to create a group of determined, scientifically literate citizens who 
understand the compost initiative and wish to see the project grow.  

  Case Study: Fostering Ecological education  

Cutting edge education of the past decade has been committed to shaping the classroom's 
activities to reflect more scholarly subjects. In one case study a grade 5 class in New York City followed a 
“scholarly discipline” themed school year. The scientific investigations and activities were all focused on 
ecology, with a particular concentration on food webs, decomposition, and nutrient cycling. In the winter 
semester the students participated in an experiment on the benefits of different types of compost had on 
plant growth. The study is based on the idea that children should be exposed to hands-on biological 
experimentation at a young age. National Research Council stated that "controlled experimentation is a 
core practice of science that […] all scientifically literate citizens should experience and understand" 
(American Association for the Advancement of Science 1993; NRC 1995). This study’ s objectives are 
similar to the learning objective of Las Madres Maestras; both aim to expose preschoolers to hands-on 
education about their natural environment. 

14.2. Pamphlet, Sign, “Road Map” Poster 

 Please see appendices. 
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XV. Limitations 

Resource Limitations 

(1) Time Restrictions for Topographic Analysis: It is difficult to explain the elevated concentration of 
potassium located at the center of the field. The same difficulties are encountered when attempting to 
justify the marked variance in the levels of manganese and zinc. Due to time restrictions, it was not 
possible to conduct a topographic analysis of the one-hectare-plot. Contour lines would have provided 
precisions on the uneven topography at La Semilla de Dios, which may have supplied valuable insight in 
order to explain the variations in nutrient levels. 

 (2) Organic Inputs: The output capacity of the composting system is limited by freely available and local 
organic matter. As part of our preliminary assessments, we determined that household organic wastes 
(from families willing to participate), garden wastes and leaf matter were the inputs available to the project, 
given our time limitations.  

Conflicts of Interest 

(3) Class Requirements & Community Needs: During planning stages we experienced a conflict between 
our requirements for the internship class, and what we perceived as community needs. We wanted to help 
the community through concrete, practical and long-term development initiatives, as well as excel in the 
academic component of the internship. To resolve this challenge we have tailored some of our research 
and results to produce the poster, pamphlets, and informational booklet that benefit both communal and 
academic aspects.  

(4) Interest Group Expectations: During preliminary planning we were faced with the challenge of resolving 
expectations of the project’s different interest groups. We therefore made a diagram of these ¨wants and 
needs¨ before choosing our project objectives. We measured the viability of each interest groups wants and 
chose a satisfactory middle ground, given our time and resource limitations.    

Community Involvement 

 (5) Work by the community, for the community: We wanted to avoid the problematic dynamics that 
development projects often face. As much as possible, we interacted with the community in such a way as 
too establish an egalitarian relationship based on principles of knowledge and resource exchange. We tried 
to frame the project in such a way that community members were aware of the benefits their actions would 
accrue for their community.  
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(6) Long term Viability: One of the project’s challenges was ensuring its long-term viability. We addressed 
this concern by investing in a permanent composting infrastructure made of long-lasting materials. We 
emphasized the future benefits of the Mamá Tierra project during community meetings, and distributed the 
road map, sign, and pamphlets, as permanent reminders of the project’s benefits and goals.    
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XVI. “Mamá Tierra” 

 During the planning stages of the project, Las Madres Maestras described to us their vision for the 
plot of land. Their vision includes a composting production system that generates enough organic humus to 
meet the fertilizing needs of food-producing plants on the property, and a surplus for sales. Bags of organic 
fertilizer would be sold to people outside of the immediate community and the profits would be used to 
purchase supplies for school activities in La Semilla de Dios.  

 Throughout the planning of this project we kept their vision in mind. The ultimate goal of the 
composting system we initiated is to generate funds in a sustainable, hands-on, and environmentally-
friendly manner. A Mamá Tierra project would not only fulfill these criteria, it would provide the larger Las 
Mañanitas community with a local source of organic fertilizer. With this nutritive input, the quality and yields 
of existing peri-urban gardens could be increased. Putting a sustainable, organic initiative in the public eye 
will increase community awareness about the importance of environmental sustainability, subsistence 
nutrition, and community projects. The role of Las Madres Maestras in the community would be 
strengthened, and the work that they do could reach a larger audience. This project has succeeded in 
establishing a strong foundation for the Mamá Tierra vision. The household organic waste collection system 
and the composting infrastructure will, with continued community involvement, be sustained in future years.  

We have several suggestions for increasing composting inputs to meet the needs of the “Mamá Tierra” 
project. With continued promotion of the project, families that are not directly involved with the school could 
contribute household organic wastes. There is also the possibility that organic byproducts from nearby 
agricultural lands might be donated to the project. Señor Amado already has plans to add manure from 
chickens on the property by building them a house near the composting infrastructure; the addition of 
animal manure would up the quantity and potency of the organic fertilizer.  
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XVII. Conclusion 

Using compost as an organic fertilizer is a “social good” that involves the community in the natural 
cycle of carbon from air, to plants, to animals, to soil. Participating members of the community contribute to 
an “intensifying” of the natural cycling of nutrients in nature; this gives them hands-on experience with a 
natural cycle that has an end result of nutrient-rich foods.  
 The McGill/ Madres Maestras internship project for 2008 focused on organic composting in La 
Colorada, Panama. Changing a community’s methods of waste disposal is a difficult undertaking, and one 
that requires time and constant prompting. It was necessary for us to demonstrate the plethora of benefits 
to the community in order for the process of change to begin. Madres Maestras once told us that they hope 
that people will one day see organic matter that they call ‘garbage’ as,an asset, rich in nutrients, and 
important for improving degraded soils and the health of the community.   The classes we taught were 
successful for two reasons – we taught the children English and instilled an awareness of the ecosystem 
and taught them about composting in order that the community can continue the project in the years to 
come. 

The concrete results of our project included an organic waste collection system, a composting 
infrastructure, and a series of summary documents that we have to pleasure of giving to Las Madres 
Maestras and our hosts at  La Semilla de Dios. We hope that the pamphlet we made for participating 
families in La Colorada will be a community resource on the benefits of composting, and appropriate 
organic waste inputs. For the Madres at the head office, we compiled a collection of soil test results, 
nutrient distribution maps, and a GIS representation of their property. Finally, the poster meant to hang in 
the preschool will remind community members about the future of the project (“Mamá Tierra”) and serve to 
guide the caretaker’s compost management practices.  

The McGill - Madres Maestras 2008 internship proved to be a valuable experience for everyone 
involved. We would like to end this report with a poem written by the director of Las Madres Maestras in 
Panama, Flora Eugenia Villalobos: 
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Tres jóvenes surcaron 

nuestras tierras 

trayendo alegría y 

esperanza. 

 

Se hicieron como la gente 

panameña 

Y eso fecundó un nuevo 

hilo de amor. 

 

La vida es lo que hacemos 

la vida es lo que soñamos 

la vida es lo que 

compartimos. 

 

Los milagros están en 

nuestras manos, 

solamente necesitamos 

extenderlas 

y al momento podemos 

disfrutarlos 

anunciarlos y entregarlos. 

 

Un milagro es haber 

nacido diferentes y en un 

momento de la vida 

encontrarnos y producir más vida. 

 
 
 
 
 

http://www.facebook.com/photo.php?pid=37078436&id=13619691�
http://www.facebook.com/photo.php?pid=37078436&id=13619691�
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XIX. Appendices 

 

19.1. Soil Test Results 
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19.2. Fertilizer Calculations 
 

A) Amounts of nutrients supplied by IDIAP’s fertilizer recommendations 
 
Year 1: Amounts of nitrogen, phosphorous and potassium supplied by 12-24-12 
 
Nitrogen 
3.5 kg 12-24-12 x 100 kg 12-24-12 = 0.42 kg N / 31 trees supplied by 12-24-12 
      31 trees                  12 kg N 
 
Phosphorous 
3.5 kg 12-24-12 x 100 kg 12-24-12 = 0.84 kg P2O5 / 31 trees supplied by 12-24-12 
      31 trees               24 kg P2O5 
 
Potassium 
3.5 kg 12-24-12 x 100 kg 12-24-12 = 0.42 kg K2O / 31 trees supplied by 12-24-12 
      31 trees                  12 kg K2O 
 
 
Year 2: Amounts of nitrogen, phosphorous and potassium supplied by 15-15-15 
 
Nitrogen 
7.0 kg 15-15-15 x 100 kg 15-15-15 = 1.1 kg N / 31 trees supplied by 15-15-15 
      31 trees                  15 kg N 
 
Phosphorous 
7.0 kg 15-15-15 x 100 kg 15-15-15 = 1.1 kg P2O5 / 31 trees supplied by 15-15-15 
      31 trees                15 kg P2O5 
 
Potassium 
7.0 kg 15-15-15 x 100 kg 15-15-15 = 1.1 kg K2O / 31 trees supplied by 15-15-15 
      31 trees                15 kg K2O 
 
 
Year 3: Amounts of nitrogen, phosphorous, potassium and sulfur supplied by 15-30-8-6 
 
Nitrogen 
10.5 kg 15-30-8-6 x 100 kg 15-30-8-6 = 1.6 kg N / 31 trees supplied by 15-30-8-6 
          31 trees                  15 kg N 
 
Phosphorous 
10.5 kg 15-30-8-6 x 100 kg 15-30-8-6 = 3.2 kg P2O5 / 31 trees supplied by 15-30-8-6 
          31 trees                 30 kg P2O5 
 
 
 
Potassium 
10.5 kg 15-30-8-6 x 100 kg 15-30-8-6 = 0.84 kg K2O / 31 trees supplied by 15-30-8-6 
          31 trees                 8 kg K2O 
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Sulfur 
10.5 kg 15-30-8-6 x 100 kg 15-30-8-6 = 0.63 kg S / 31 trees supplied by 15-30-8-6 
          31 trees                   6 kg S 
 
 
Year 4: Amounts of nitrogen, phosphorous and potassium supplied by "gallinaza" (composted poultry 
manure 6-3-2) 
 
Nitrogen 
28.1 kg gallinaza x 100 kg gallinaza = 1.69 kg N / 31 trees supplied by "gallinaza" 
        31 trees                   6 kg N 
 
Phosphorous 
28.1 kg gallinaza x 100 kg gallinaza = 0.84 kg P2O5 / 31 trees supplied by "gallinaza" 
        31 trees                 3 kg P2O5 
 
Potassium 
28.1 kg gallinaza x 100 kg gallinaza = 0.56 kg K2O / 31 trees supplied by "gallinaza" 
        31 trees                2 kg K2O 
 
 
B) Compost equivalents to chemical fertilizer recommendations, assuming that compost has a nutrient 
content of 0.5-0.4-0.5 
 
Year 1 
1) Amount of compost required to supply 0.42 kg N required for 31 trees  
 
0.42 kg N x 100 kg compost = 84 kg of compost required to supply 0.42 kg N  
  31 trees           0.5 kg N 
 
2) Amount of phosphorous and potassium supplied by 84 kg of compost 
 
Phosphorous 
84 kg compost x 100 kg compost = 0.34 kg P2O5 / 31 trees supplied by compost 
      31 trees             0.4 kg P2O5 
 
Potassium 
84 kg compost x 100 kg compost = 0.42 kg K2O / 31 trees supplied by compost 
      31 trees             0.5 kg K2O 
 
 
 
 
 
Year 2 
1) Amount of compost required to supply 1.1 kg N required for 31 trees  
 
1.1 kg N x 100 kg compost = 220 kg of compost required to supply 1.1 kg N 
 31 trees           0.5 kg N 
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2) Amount of phosphorous and potassium supplied by 220 kg of compost 
 
Phosphorous 
220 kg compost x 100 kg compost = 0.88 kg P2O5 / 31 trees supplied by compost 
      31 trees             0.4 kg P2O5 
 
Potassium 
220 kg compost x 100 kg compost = 1.1 kg K2O / 31 trees supplied by compost 
      31 trees             0.5 kg K2O 
 
 
Year 3 
1) Amount of compost required to supply 1.6 kg N required for 31 trees  
 
1.6 kg N x 100 kg compost = 320 kg of compost required to supply 1.6 kg N  
 31 trees           0.5 kg N 
 
2) Amount of phosphorous and potassium supplied by 320 kg of compost 
 
Phosphorous 
320 kg compost x 100 kg compost = 1.28 kg P2O5 / 31 trees supplied by compost 
      31 trees             0.4 kg P2O5 
 
Potassium 
320 kg compost x 100 kg compost = 1.6 kg K2O / 31 trees supplied by compost 
      31 trees             0.5 kg K2O 
 
 
Year 4 
1) Amount of compost required to supply 1.69 kg N required for 31 trees  
 
1.69 kg N x 100 kg compost = 338 kg of compost required to supply 1.69 kg N  
 31 trees           0.5 kg N 
 
2) Amount of phosphorous and potassium supplied by 338 kg of compost 
 
Phosphorous 
338 kg compost x 100 kg compost = 1.35 kg P2O5 / 31 trees supplied by compost 
      31 trees             0.4 kg P2O5 
 
Potassium 
338 kg compost x 100 kg compost = 1.69 kg K2O / 31 trees supplied by compost 
      31 trees             0.5 kg K2O 
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19.3. Budget 
 

Item   Cost   

Buses, Taxis    $100.00   

Meals   $100.00   

Materials (cement blocks, corrugated metal, metal posts, buckets,)   $260.67   

Labor  $40.00  

Materials for children’s lessons   $20.00   

Pamphlet and poster printing  $58.00 

Soil tests IDIAP  Free  

Phone cards   $5.00   

Total  $583.67 
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19.4. Chronogram of Activities (February 1st , 2008 to April 23rd , 2008)  

February 1, 10-13  

• Research and writing of work plan and progress report  

February 14  

• Research how to do a grid system for soil sampling  
• How to document the location of the plants  

February. 15  

• Travel to Las Mañanitas  
• Ask how any families there are in the community  
• To determine the three main crops we discussed with Señor Amado  
• Count the individual species  
• Soil Sampling  
• We made a grid of the 1 hectare of land marking where the individual species are  
• Arrange with senora maxima to discuss with her how many families relay to her our ideas  

February 16-17  

• Finish work plan  
• Research composting structure possibilities, and possible sources for worms  

February 20  

• Submit soil samples to the lab  

• Buy buckets for household organic waste collection  

February 21-22  

• [Feb. 21 Afternoon] Meeting with five families who send their children to Madres Maestras School, 
arranged with Senora Maxima  

o Present objectives and workplan to the families  
o Assess families’ willingness to separate their waste  
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o Distribute buckets to willing families  

• [Feb. 21 Afternoon] Give Señor Amado a checklist and request that he records amount of organic 
waste received from each participating family during the following week  

• Approximate quantity of leaf litter compost currently being employed on the plot  
o Ask Señor Amado approximately how many times he fills his compost hole each year 

o Give English lesson  
o Tag each lemon, orange, and soursop plant on the plot  
o [Friday] lesson on GIS 

February 28-29  

• Go to Junta Communal to gather information on community  
• Give English lesson  
• Distribute more buckets  
• Use GPS to plot plant positions and plot dimensions  

March 6-9  

• Preparation for writing paper  
• Determine infrastructure design  
• Pricing and ordering of the building supplies  
• Take soil samples to IDIAP for testing 

March 10-14  

• Get constructor to build the infrastructure  
• Give English lesson  
• Prepare for Informal Presentation 

March 20  

• Informal Presentation  

April 3-4  

• Write Project summary in Spanish for discussion at meeting  
• [Monday] Meet with Madres Maestras in San Miguelito  
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April 7-18  

• Writing final report  
• Making poster for the school  
• Making informative pamphlet  
• Making sign for the gate  
• Final community visit, with distribution of pamphlet  

April 21-23  

• Preparation for symposium  
• Symposium Presentation  
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19.5. “Road Map” Poster 
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