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ABSTRACT
The proposed research initiative consists in the feasibility assessment and optimization of processes and infrastructure for the cultivation the edible mushroom Pleurotus  spp in the urban area of the city of Manizales, Colombia, as a source of income for poor, head-of-household mothers. This edible mushroom is well known for its nutritious properties and good flavor, for that reason it is important that women get access to food with a high amount of proteins.
Key Words: Pleurotus, urban area, head-of-household mother

1. SUMMARY OF THE RESEARCH PROPOSAL

The proposed research initiative (main objective) consists of the feasibility assessment and optimization of processes and infrastructure for the cultivation of the edible mushroom Pleurotus spp in the urban area of the city of Manizales, Colombia, as a source of income for poor, head-of-household mothers. This edible mushroom is well known for its nutritious properties and good taste.

This assessment includes elements such as the minimum required necessary area for a worker to obtain at least half a month’s minimum wage, and the required efficiency of the substrate prepared in the “Raw-Material Center”. This center will supply bags filled with substrate that would be ready to incubate and produce in previously fixed up locations approved by the Major’s office of the city of Manizales. 

The project also encompasses the training of women in the particular needs of the cultivation and a follow-up process made by college students of Business Administration, Engineering and other disciplines that could positively influence the good development of the communities. 

The second objective is that the families of these head-of-household women get access to food with a high amount of proteins, in a juncture where infant malnutrition borders 50% of the departamento
’s  youth population.

For the project to be consistent with the city’s necessities, the mushrooms produced will be sold without mark-ups to the Nutrir Foundation (Fundacion Nutrir), which will use the mushrooms in the food provided daily to more than 15,000 children in the city. 

The results obtained in this project are important for the Major’s office of Manizales, which is looking for activities that represent real income for thousands of women without employment.

2. RESEARCH PROPOSAL

Topic and research objectives

The research project will be undertaken in three specific sites in the urban area of the city of Manizales, areas that the Major’s office provides as a grant to the communities that will participate in the project. The city of Manizales has already seen pilot projects in the zones of Barrio Galan and Barrio Aranjuez (both in the lowest income brackets of the city), cultivating edible mushrooms with residues of the coffee industry.  These cultivations are considered to be urban agriculture and the areas used are relatively small because this activity is labor and raw-material intensive, not land intensive. 

The primary (main) objective of the project is to show that the cultivation of edible mushrooms is a viable alternative for improving the economic conditions of communities that have no training for tasks different from agriculture and which are currently suffering from high levels of poverty.

The disposal of solid waste constitutes a problem for the coffee-processing plants all over the world, and controlling pollution represents a high cost. This project also suggests a solution for the residue-disposal problem of coffee-processing factories in the city of Manizales, such as Foodex and Descafecol
. Both firms produce residues that are burned out and or disposed of in a landfill. The residues that will be used as raw material for the substrate in which mushrooms will be planted are: 

· Spent ground coffee: main residue of the firm FOODEX. About 300 metric tons of this material is wasted monthly in the city.

· Coffee silver film: these residues from the coffee firms FOODEX and DESCAFECOL can reach up to 30 metric tons per month. 

· Coffee hull: an abundant residue due to many coffee mills in Manizales. Most of it is used as a fuel, which is burned and pollutes heavily. About 800 metric tons per month are produced in the city area. 

This project also involves the creation of a “Raw-Material Center” that will allow using these residues as substrate for the cultivation of the edible mushroom Pleurotus spp. The creation of this infrastructure consists of installing equipment that can mix the coffee silver film with other residues from the factories, so that the mix must be treated with temperature.  The resulting substrate is packed in plastic bags –SPB- that are distributed to the cultivation locations in the urban area of Manizales. This process is already being put forward in a very small scale by associations of women who see in the cultivation of mushrooms both a possibility to increase their income and a way to increase the nutrition quality of their families. This project will contribute to the development of the region, because it will help the communities created by the head-of-household mothers. 

Colombia’s coffee-growing region has excellent conditions for the cultivation of tropical mushrooms, a fact that allows for easy access to the necessary raw materials and consequently endows the country with a competitive advantage in this field. Therefore, the cultivation of both mushroom species has been stimulated in the coffee-growing farms, as an alternative for using agro industrial byproducts and as an additional source of income. 

The production of Pleurotus spp that will be obtained from this project will be used by the Nutrir Foundation in their community kitchens, located in various sites in the metropolitan area of Manizales. The Nutrir Foundation will pay the women who produce the mushroom a price of COP$4,000 (approx. US$1.47) per kilogram. This is a low price but it assures an adequate income for the women’s associations. 

The project is also technologically innovative as far as solid-waste disposal is concerned, and constitutes a model of development for communities interested in the cultivation of mushrooms. What for coffee factories is residue, for the women’s Associations is their raw material ZERI, Zero Emissions Research Initiative philosophy. 

The Major’s office of Manizales has provided terrains to the women’s Associations so that they can use it for the incubation and production of the mushroom Pleurotus spp. The methodology proposed by this research initiative seeks that the bags produced in a raw material center, located near the FOODEX factory, would go to small cultivations located in the poor areas of the city. Once there, the women would have the incubation and production rooms needed to produce the edible mushroom in a cheap, efficient way, with minimum costs for them. If this production process can be industrialized from the moment of procurement of spent ground coffee and coffee silver film, the costs of production would be less than the current, non-industrialized costs with which the heads of household work today. 

This project has the consulting services of CENICAFE
, the National Center for Coffee Research. Engineer Ms. Carmenza Jaramillo Lopez, who has leaded the research on edible and therapeutic mushrooms and residues of the coffee industry in Manizales since 1998, will also take part in the project. 

3. BACKGROUND

The cultivation of mushrooms is a great alternative for developing countries that need to diversify their agricultural production (Curvetto, 1999). For several years, the cultivation of edible mushrooms has been regarded as a good revenue-producing alternative for communities with low income. 

In the United States of America the production of fresh or processed mushrooms and its corresponding commercialization is a 100 million dollar business yearly. The preferred species are of the Agaricus type, the production of which is more than 60% of the total mushroom production in that country. 

The mushrooms Pleurotus and Lentinula (Shiitake), are known as “specialty mushrooms” (Curvetto, 1999), and are increasingly accounting for a large share of the total mushroom production of the U.S. During the years 1993-1994 these two mushroom types represented a market of US$ 28.7 million (Miles and Chang, 1998). In contrast, during the years 1998-1999 this market increased to US$ 38.6 million (USDA, 1999). Sales of the oyster-style mushroom (Pleurotus) were of about 3.53 million pounds at a price per pound of US$ 2.15 (USDA, 1999).

Since 1993 CENICAFE – the National Center for Coffee Research – from Colombia has been undertaking research about the cultivation of tropical mushrooms using residues of the coffee-growing region of Colombia as substrates. This Center has made multiple research projects on edible mushrooms, with the aim of giving alternatives to coffee growers for waste management and seeking to give them new sources of income. It has also advised on the implementation of mushroom cultures in this and other regions of Colombia. 

Small cultivation initiatives have already been implemented in Manizales, in a small scale and using non-industrialized methodologies. For example, in Manizales’s Comuna 2
 a project of nutritional security was undertaken, which had as primary objective the use of coffee silver film for cultivation of Pleurotus Sajou Cajou. The economic results of this initiative are yet to be determined in an exhaustive manner. However, on projects undertaken before this one it was not possible to assess the economic impact of the projects in the community. In this case, we were able to calculate the amount received by each woman participant

per ton of substrate. In itself, this is an advance.

In Manizales’s Barrio Aranjuez another similar cultivation initiative was undertaken, using spent ground coffee and other solid residues from the Descafecol factory. 

CENICAFE also sponsors projects in Quibdo (Departamento of Choco), in a joint effort with the Technical University of Choco. This initiative is targeted to benefit low-income communities through the production of Pleurotus mushrooms for nutritional security. 

Currently, the Major of Manizales wants to implement at least four more Pleurotus cultures in peripheral zones of the city, which would mean a growing demand for the required substrate.  At present, each women’s Association must pay for the transportation of raw materials to each of the cultivation sites, and there they have to create the necessary mixtures, submit it to an anaerobiosis stage, plant, incubate and produce.

This project is a good compliment to the social projects that the city has already undertaken and many communities could benefit through new employment sources and a cheaper alternative for protein to be used within their corresponding families.

The executing group in charge of the project has significant experience in the field of mushroom cultivation and has advised on this cultivation in many regions of the country.

3.1 THEORETICAL FRAMEWORK

The mushrooms of the Pleurotus variety are the easiest and cheapest mushrooms to cultivate and are clearly the mushroom of choice to enter the industry of gourmet mushrooms. Few species have the adaptability, aggressiveness and productivity levels of this variety (Curvetto, 1999), 

These mushrooms are important decomposers of trees and grow in a wide variety of residues, more than any other species of any other variety.  They can grow either in hard wood, over the by-products of the wood industry (sawdust, paper), the hay produced by all cereals, sugar cane, coffee residues, banana leafs, etc. (Curvetto, 1999). 

The most important step for the cultivation of edible mushrooms is the sterilization of the substrate, because this stage seeks to eliminate the highest amount of competing microorganisms in the substrate that could interfere later in the cultivation of the mushrooms. In addition, sterilization produces a partial hydrolysis of carbohydrates, liberating substrates that are assimilated easily by the mushrooms. 

The minimum temperature at which sterilization can be successfully achieved is the temperature at which water boils in the local area where the experimentation is being performed. The required time for total sterilization of the substrate is equal to the time required by heat to penetrate to the center of the substrate, plus the exposition time needed to eliminate all the existing organisms (Przybylowicz and Donoghue, 1988).

Sterilization at boiling-point temperature uses elements that are not pasteurized, which are heated with vapor supplied by low-pressure boilers. Although this system is cheaper than the use of autoclaves, the required time for complete sterilization is higher (6 to 12 hours). 

The substrates for Pleurotus are generally submitted to a rapid semi-sterilization process, with an injection of vapor within the mass of the substrate to maintain a temperature between 70 and 80 degrees Celsius, during several hours. In this fashion, competing parasite flora and fauna is eliminated. Later, the substrate is cooled down to 25-30 degrees Celsius and then inoculation with the commercial mycelium is performed (Laborde and Delmas, 1974).

Several types of sterilization or pasteurization are proposed in the cultivation of Pleurotus  (Laborde and Delmas, 1974). 

a) Autoclave: after sterilization at 121 degrees Celsius, the substrate is inoculated in sterile conditions in closed plastic bags. These bags are opened after the total mycelium invasion in order to allow for fructification.

b) Rapid heating of the substrate with vapor at temperatures between 80 and 100 degrees Celsius during several hours. Cooling down of the substrate and inoculation inside closed plastic bags.

c) NADASI system, pasteurization at 72 C during 4 to 5 days.

d) Sterilization in an autoclave, then inoculation of thermophilic organisms and of the commercial seed of Pleurotus .

e) Pasteurization during several days at 60 degrees Celsius.

The competing microorganisms present in the compost are partially eliminated during the pasteurization process, or totally eliminated by the sterilization process (Bononi et al., 1995). 

Its production has increased rapidly over the years. From 1986 to 1991, total world production increased from 160,000 metric tons to 917,000 tons, an increase of 42%. China was the most important contributor to this growth (Royse, 1996). After the normal, run-of-the-mill white mushroom (Agaricus) and the Shiitake (Lentinula edodes) mushroom, Pleurotus is the third most produced mushroom in the world. It is produced in almost all countries and it is valued for its nutritional properties. 

Mushrooms of the Pleurotus variety are efficient in degrading lignin. Research shows that they can reduce lignin content in pulp up to 80%. This variety can also decompose phenol elements that are soluble in water, because Pleurotus has enzymes with phenoloxidasic activity (Zadrazil, 1978).  Naturally, Pleurotus varieties grow over parts of living or dead plants (as a parasite or as a saprophyte), which are generally poor in nutrients and vitamins. In both cases the mycelium grows and forms fructiferous bodies using nutrients from the ligno-cellulosic complexes (Zadrazil, 1978). 

The species of Pleurotus boast a rapid growth rate and its mycelium a high ability to colonize. Both features facilitate the fast penetration of the substrate (Zadrazil, 1978). The speed of growth of the Pleurotus species is highly related to temperature. In low temperatures (15 degrees Celsius), the rate of growth of all Pleurotus species is linear; from 15 degrees Celsius to 20 degrees Celsius, there is an accelerated growth (Zadrazil, 1978).

The development stages of Pleurotus spp differ in oxygen requirements. Growth of the mycelium is made under semi-anaerobic conditions, and the development of carpophores is made mainly under aerobic conditions (Zadrazil, 1978).  All varieties of Pleurotus are characterized by growing within wide temperature ranges (5 degrees to 27 degrees Celsius), as is the case with Pleurotus florida and Pleurotus sapidus. Most of the Pleurotus Sajou Cajou, Pleurotus spodoleucus and Pleurotus squarosulus could show a better development behavior in a range within 18 and 25 degrees Celsius (Zadrazil, 1978). 

The following are some of the experiences in Colombia on the cultivation of Pleurotus on different substrates. 

Nationally, experiences in the cultivation of edible mushrooms of the Pleurotus variety are relatively scarce. The areas destined to its cultivation are also small. In The high altitude plain lands near the city of Bogotá the mushroom is cultivated on barley straw. The mushroom is known locally as “orellana”. 

4. PROBLEM DEFINITION

The groups of women that currently work cultivating edible tropical mushrooms in the city of Manizales, Colombia (three at this moment) have had problems elaborating the necessary substrate, due to changes in the raw materials and in the adequate conservation and supply of the mycelium. 

This problem has caused that the expected results of the former initiatives have not been reached. The expected results were a higher income per working women and the longer-term economics sustainability of the women Associations.

Therefore, the first step to implement in this project is to establish a raw materials center for the production of bags filled with substrate to be used in the cultivation of the edible mushroom Pleurotus Sajou-Cajou.

This “Raw-Materials Center” minimizes the risks of contamination and simplifies the handling done by the Associations mentioned above.

A global, more general problem is also targeted with this research initiative. The world’s human population is on the rise, decreasing the amount of food available for each person. It is therefore necessary to find alternatives and potential uses for the by-products (residues) that used as raw materials, can supply the food demands of the world and generate value to the producers.  Likewise, it is important to realize that it is necessary to dispose wisely of the residues of any productive process. It is precisely from this problem that the Zero Emissions Concept (ZERI) arises and achieves its importance and continuous development in all levels. 

The processes of de-pulping and milling of coffee generate massive quantities of residues, whose disposition is often affecting the environment. The cultivation of mushrooms is also an alternative for the solution of this problem, with the added benefit of helping satisfy the growing nutritional necessities of low-income populations.  The equipment needed for the medium- and large-scale production of the substrate does not exist in the country but can be procured  from within Colombia and will be an example that other initiatives can follow to solve similar problems.

With the installation of this support facility for the cultivation of Pleurotus spp, we want to use the coffee silver film that is a solid residue of the Descafecol factory and whose disposal currently represents high costs for said firm. The Descafecol factory currently produces about 30 metric tons of solid waste per week.

4.1 GENDER ISSUES
Colombian women must frequently take the responsibility of obtaining their family income, notwithstanding their male companions. 

The Colombian Government’s statistics point out that “by gender, while men (in Colombia and Caldas) mostly arrange their household with their spouse and children in an independent space, (51.2%), a significant group of Colombian women (aprox. 31.8%) need the support of their family members (extended family) to survive. Likewise, an even larger proportion of women live with their children by themselves (aprox 37%). Oftentimes they choose to live this way to obtain economic and ideological independence. But there are other reasons like connubial abandonment, widowhood, single motherhood and poverty.”

Extended family constitutes an important surviving strategy against poverty in the lowest income communities. Extended family becomes a safety net to confront situations like unemployment, divorce and displacement. This phenomenon is most frequent in family heads that have an incomplete scholar background. 

In the Departamento of Caldas it is common to find female family heads inside the poorest and less educated communities (43.0% y 41.5%). Meanwhile, in the highest income communities, the rate decreases to 24.8%. This situation illustrates clearly that poverty in Colombia is getting more and more feminine. Even though women are not the only poor head-of-household mothers, a large portion of poverty is concentrated in families with head-of-household mothers.

These above circumstances allow us to confirm the afore-mentioned argument that extended families are a last-resort resource for poor women. Except single women, women in every marital status are frequently the family head in extended families. Meanwhile, men assume the head of the nuclear family, with the only exception of widows or separated men.  The latter two concentrate in single homes
. 

Being a head-of-household mother entails many important responsibilities. These mothers must obtain a family income to cover their alimentation needs, must be in charge education if there are young children and must provide health care. In addition, they also have to be in charge of domestic duties and take care of small children and any elderly who need special care, like babies, handicapped and old people.

All these responsibilities affect every family member, but the head mother is usually the only one who has the duty to solve the problem in the best way available. Therefore, support given by the extended family is very important for head-of-household mothers.

To get extra support outside their extended families and increase their economic opportunities, these women become members of community associations. The legal figure of non profit community associations allows them to claim opportunities that they cannot reach as individuals. 

There is a common denominator among these women that underscores the importance of the community association: Most of them have great economic necessities, they did not complete the basic high school education and several of them dropped out of their elementary, and they have family responsibilities that preclude them from committing to a job with a strict schedule. More often than not, they do not have any type of social security or have the possibility of saving. 

The above situation forces women in this situation to look for employment alternatives that generate an income with requirements that more tolerant to their life condition. In fact, the economic juncture faced by this region is such, that the feminine labor force increased 5.4 percentage points between 1997 and year 2000. This represents an increase in the Global Rate of Feminine Participation in the total workforce from 37.8 % to 43.2% in a 3 year period.

The urban farmer team was made up of 11 women, all of them over 36 years. Every one of them has the responsibility to procure her family’s income; 66% of them have at least 3 dependants. Most of them are married but their husbands didn’t work enough to be eligible for the minimum wage. One of the mothers lives with her spouse but is not married, so in legal terms she is completely unprotected in case her spouse dies. None of them has any sort of college education and 66% did not finish high school. The little academic training that they have received centers in entrepreneurship, handcrafts, manual work and cooperatives.

Most of them had not previous working experience. Their family duties did not allow them to attend job outside their homes.

The urban farmers team had the responsibility of taking care of the mushrooms during the incubation, fruiting, harvest, post-harvest and packing processes. The inoculation and sales processes were undertaken by a central non profit organization which stimulates the mushroom growing in the coffee growing region.

The basic objective for these women was that each one who worked inside the project  dedicate to the farming  an average rate of 4 hours daily, but without the strict schedule that commercial jobs require. This flexibility allows the women to take care of her personal and familiar responsibilities without negatively affecting their duties.

Pleurotus mushroom farming is adequate for non profit communal associations, because the cultivation these mushrooms require economies advantages that single people normally can’t achieve. This kind of farming requires an exclusive wide farming space and an important amount of initial capital to work with. 

5. RELATIONSHIP OF THE RESEARCH PROJECT WITH SPECIFIC AREAS OF REPERCUSSION

Creation of human capital: This project has strived to  train low-income, head-of-household women in an activity that will increase their income.

Creation of institutional capabilities: The major’s office of the city of Manizales seeks activities that represent alternatives for the generation of employment in depressed urban areas and agriculture is an activity that is not uncommon to this communities. Edible mushrooms are a new product (at least for low-income people) that would strengthen the role of the State in the lives of people that have never benefited from it. 

Nutritional security: The production of mushrooms with a high nutritional value represents a real improvement in the eating habits of people that for economic reasons would otherwise not have access to good sources of protein such as meat.

Solid waste management:  One of the most relevant features of the project is its ability to use solid waste from the coffee industry and create economic value out of it, while reducing its environmental impact.

Benefits to public policy: With this project, the Major’s office will obtain enough information about the economic benefits (or lack thereof) of the installation of this cultivation sites in depressed zones of Manizales. 

Scientific and Methodological advances: In Colombia, the cultivation of edible mushrooms has been mainly an activity undertaken by the private sector and its technology has been reserved to a small group of individuals that have been able to “buy knowledge” through foreign advisories or related education in other countries such as the U.S., the Netherlands and China. This project represents a step forward in the socialization and democratization of knowledge about the cultivation of edible mushrooms. In addition, the methodology described (which uses a Raw Materials Center and a Processing Center) opens the doors to new advancements in the search to obtain better-quality substrates.  

Economic value obtained from the multi-disciplinary focus: Besides being an agricultural activity, the cultivation of edible mushrooms also has application in the fields of biotechnology, nutrition and medicine. Moreover, the project will have economic effects in an urban area that will enrich the research environment of business administration, economics and engineering students in the city, who will use their respective fields of expertise to optimize processes or resources allocated. 

Resource leverage: Both the Chamber of Commerce of Manizales and the Major’s office have assigned resources such as cultivation sites, have collaborated with some of the expenses of the project and are involved in the follow-up process of the project. 

6. BENEFICIARIES OF THE RESEARCH PROJECT

1. The first beneficiaries of this research initiative are the coffee-processing factories in the city of Manizales. These factories generate massive amounts of residues as by-products of the activities they execute and they currently dispose of their residues in the city landfill. The companies involved will not only reduce their waste management costs; they will also benefit from the many public relations benefits that stem from simultaneously reducing environmental impact and spurring the development of marginalized zones of the city. 

2. The second beneficiary of the project is the environment of Manizales as a whole. The development of mushroom production systems is an innovative contribution to the search for alternative uses of agro industrial residues. The residue from the cultivation of mushrooms itself is much more environmentally friendly for disposal and can even be used as used as fertilizer for top soil improvement and can also be included in the diet of cows or other type of cattle, because its contents of biodegradable and digestible organic substances have been enhanced during cultivation. 

3. The women’s associations and the communities linked to them. Women that participate in the project will increase their income and will have a cheaper way to feed their families.  The benefits for them and the city are self-evident.

4. The last beneficiary is the Major’s office of the city of Manizales. If the research yields positive results, the Administration would have a viable activity to sponsor for the development of vulnerable groups.

7. OBJECTIVES

General Objective: To generate knowledge about the cultivation of edible mushrooms in urban areas of the city of Manizales, Colombia, by underprivileged social groups, fine tuning existing processes to target the needs of head-of-household women. In particular, this task of fine-tuning the overall process would include elements described below.

Specific Objectives:  

- To determine the optimal productive area that will provide each head-of-household woman half a month’s minimum wage, working 24 hours a week. 

- To find the quantity of substrate that will produce enough mushrooms to obtain half a month’s minimum wage. 

-To find the Biological Efficiency of the substrate for the different tests, and for the different communities. 

- To determine the cost of the seeded substrate that will be used in the cultivation sites. 

- To assess the economic impact of the initiative for the involved communities. 

- To solve some of the technical issues that arises from the lack of local know-how.

8. HYPOTHESIS

General Hypothesis:

- It is possible to cultivate edible mushrooms in the urban areas of the city of Manizales with residues from the coffee industry as a main raw material substrate. 

Specific Hypotheses:

- It is possible to cultivate the mushroom Pleurotus Sajor-Cajou in an area of 16 square meters with only one female worker. 

- It is possible to obtain 300 Kilograms of Pleurotus Sajor-Cajou with 1,000 kilograms of substrate.

- It is possible to cultivate said mushroom with a cost less than COP$3,500 (US$ 1.2) per kilogram.

2. MATERIALS AND METHODS

9.1 LOCATION: 

Manizales is a city located in the central-western region of Colombia, in the Departamento of Caldas. With Risaralda and Quindio, Caldas makes up the bulk of the coffee growing region of Colombia.

General information about Manizales

Capital of the Departamento (Province) of Caldas

Founded: October 12, 1849

Population: aprox. 400,000

Extension: 508 Sq. Kms.

Altitude above sea level: 2150 meters (7,050 feet)

Average temperature: 18º C 65º F.

Average relative humudity: 80%

Location: 5.4º north latitude and 75.3º Greenwich

Average wind velocity: 15 Kms/ hour

Rainfall: 2.008 mm 

9.2
LOCATION OF THE INVOLVED COMMUNITIES:

Fig 1. MAP DESCRIBING THE LOCATION OF THE COMMUNITIES AND THE RAW MATERIALS CENTER
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1. Barrio Aranjuez: The association Asociación Mujeres Cabeza de Familia Caldas  is located in Barrio Aranjuez, in terrains loaned by the Major’s office. This group has approximately 20 women, but only 3 of them started working with this project.

Type 1. Small . 16m2. Barrio Aranjuez

2. Barrio Galan: The Precoperative Territorio verde de paz is Located in the Galan Neighborhood of Manizales, in real estate given by the Major’s office of the city of Manizales. The cultivation rooms were constructed out of local materials with financial support from AGROPOLIS.  Made up by six women, they are qualified in the cultivation of mushrooms and they have experience of several years. 

Cultivation rooms, Type 2. Médium size .27  m2
3. Barrio Gallinazo: The precoperative Orellanas Gallinazo is Located in the Gallinazo Neighborhood of Manizales in private property. The cultivation rooms are made of brick. This group is conformed by three women, who have been working for several months in cultivation
Type 3. Large .  35 m2. Gallinazo

9.3
MATERIALS:  

For the cultivation of Pleurotus  spp , the necessary spawn was provided by  two local producers.

The processes of conservation and maintenance of the working strains and the production of these strains were undertaken in the head offices of CENICAFE, which has the necessary equipment and experience to undertake said processes. This institution was compensated for the supply of mycelium.

For the industrial production of the substrate for the cultivation of Pleurotus spp., a series of stages have to be considered, as described below: 

9.4
METHODS:

Production Process
· Formulation

· Preparation of the substrate

· Sterilization of the substrate

· Inoculation 

· Incubation

· Production

FLOW CHART
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Except the production, all the other stages were performed in a Raw-material Central. The required equipment was not purchased. Instead, it was rented. It is important to take into account the fact that only one raw material center has been built. At the end of the project, this plant was able to process a small amount percentage of the residues of spent ground coffee that are currently transported to the landfill. 

The sterilization of the substrate for the cultivation of Pleurotus can be done using different methodologies. The sterilization method may vary significantly according to the volume involved. The systems used in Colombia have been: anaerobiosis (anaerobic fermentation; this method of sterilization is not a thermal treatment), sterilization in autoclave, and sterilization with vapor. For this Project we used both systems:

· Treatment  through anaerobiosis: the mixture is introduced in fiber bags and is well tied so that the material does not dilute in the water. Later, they are submerged. Each bag is taken to the containers filled with water and is held to place with a brick or other heavy material to avoid flotation. The bag is left below water during 10 days. 

· Sterilization with vapor: This is a simple system that sterilizes at temperatures between 60 degrees Celsius through the action of steam produced by direct heating, mixing steam with air inside a pasteurization tunnel

These systems require the following equipment:  

· Pasteurization Tunnel with steam supply: This is used to sterilize all the substrate, through saturated vapor.

· Tank for anaerobiosis: This tank is required to perform sterilization through anaerobic fermentation.

It is important to mention that during the research project, the researchers used the anaerobiosis as an option, because of its feasibility for use in the communities for their non-mechanized process. The thermal treatment has environmental benefits, and shortens the process in eight days, improving productivity. The initial costs, however, are obviously higher. 

For both processes, once the treatment was finished, the following step was to fill bags of 10 Kg each and seed them.  The inoculated substrate was submitted to the communities, where the subsequent stages of incubation and harvesting were undertaken. 

For each  one of the  community  the substrate label number was:

· Galan: 3, 4 , 5, 7, 8, 9, 10, 13, 14, 16, 18

· Gallinazo: 1, 2, 6, 11, 12, 15, 17

· Aranjuez: 10 (This substrate was later delivered to Galan)

Seeding of Pleurotus spp in the involved communities

As it was said, the processes of mixture preparation, treatment of the substrate and inoculation of the bags were performed on the raw materials center. This assured the following:

1) High quality raw materials, as a consequence of proper mixing and storing processes.

2) Appropriate  pasteurization process at a temperature of 60°C

3) Inoculation performed with the necessary asepsis requirements

From there, the bags were taken to each community, where each woman receives them and takes care of the incubation and production processes.

First stage where the women were involved – Incubation: Each woman must maintain the substrate at a median temperature of 30 degrees Celsius and must avoid plagues by maintaining a clean environment for the bags.

Second stage where the women were involved – Production: When the harvesting can be done, they must take off the bags that contain the substrate and must maintain the humidity level at 70% and a temperature between 18°C- 20 °C

Other activities that the women had to perform:

1) Maintain the humidity of the substrate

2) Clean the blocks alter each harvesting session

3) Pack the mushrooms in the baskets and then in boxes for their delivery to the consolidation center.

4) During the months in which they take care of the bags with seeded substrate, the women must make a daily record of temperature, humidity and mushrooms harvested by each one of them

5) In case of sanitary problems, the team of technical assistants leaves a record of recommendations and they must follow those recommendations

6) The procedures for hygiene in the cultivation rooms must be done rigorously after the end of the cultivation cycle and before the start of the next one. 

Sample characteristics

Sample size and formulations

18 substrates were created with the following characteristics: 

Formulation 1:

Coffee silver film:        10% % in weight basis

Coffee hull:                 10%

Spent ground coffee:  74%

Calcium Carbonate:      1%

Formulation 2:

Spent ground coffee:  70%

Coffee silver film:        29%

Calcium Carbonate:      1%

Quantity of substrate  prepared
Table 1. Quantity of substrate  prepared

	Substrate
	Quantity of substrate (Kg)
	Community
	Treatment

	1
	3000
	Gallinazo
	Anaerobiosis

	2
	1800
	Gallinazo
	Anaerobiosis

	3
	1800
	Galan
	Pasteurized

	4
	1800
	Galan
	Anaerobiosis

	5
	1700
	Galan
	Anaerobiosis

	6
	1800
	Gallinazo
	Anaerobiosis

	7
	2000
	Galan
	Anaerobiosis

	8
	1800
	Galan
	Pasteurized

	9
	1700
	Galan
	Anaerobiosis

	10
	2600
	Aranjuez
	Pasteurized

	11
	2500
	Gallinazo
	Pasteurized

	12
	2700
	Gallinazo
	Pasteurized

	13
	2500
	Galan
	Pasteurized

	14
	2700
	Galan
	Anaerobiosis

	15
	3000
	Gallinazo
	Pasteurized

	16
	3000
	Galan
	Anaerobiosis

	17
	2450
	Gallinazo
	Pasteurized

	18
	2450
	Galan
	Anaerobiosis


Each of the formulations described above were assessed in the following procedures:

· All bags were labeled with the matching substrate number. To facilitate the recognition of treatments and formulations, stickers were used.

· Before starting the treatments described above, the involved researchers performed preliminary tests, with the main objective of getting to know the particular features of the equipment used.

· For each one of the treatments made, we evaluated the production costs of each inoculated and delivered substrate bag. Now that the project is over, we expect the bags to be picked up by the women’s Associations from the Raw Materials Center. 

As it is shown in table 1, the substrate batches were prepared according to the infrastructure that each household women group had.  

Training and supervising grower communities

The major’s office of Manizales seeks to implement the cultivation of Pleurotus  in specific low-income areas of the city, to provide an alternative for nutritional security in the city.

In order to achieve this, it was necessary to train all the involved communities in the procedures of the cultivation. This training is being undertaken with personnel from SENA
 and included theory and practice training of the whole cultivation process, encompassing aspects such as: handling of raw materials for the cultivation, characterization of those raw materials and post-harvesting handling of the crop.

This training process was being undertaken parallel to the set up of the Raw material Center. During the instruction process each future mushroom grower had the opportunity to perform all the operations inherent to the cultivation. When this instruction phase was completed, work in the communities started, and three plantings were executed on their locations.  When the communities were completely trained and had completely prepared the cultivation sites, the project managers started to deliver material prepared in the raw material center so that each community could be in charge of its own production.

The following variables have been observed in each of the production sites during production:

· Percentage of contaminated bags

· Percentage of mushroom-producing bags 

· Hours worked per woman, per community in each stage

· Time required by each step of the process.

· Biological efficiency expressed as the quotient of the mushrooms’ weight and the weight of the dry substrate per bag, of the mushroom-producing bags. For this observation, we will consider the average biological efficiency per bag as the experimental unit.

· Performance: The quotient of the total mushrooms’ weight and the total weight of the wet substrate, per bag, including contaminated bags, non-productive and productive bags. For this observation, we will consider the average performance as experimental unit. This measurement assesses economic execution of the processes used.

· Potential performance: The quotient of the total mushrooms’ weight and the total weight of the wet substrate, per productive bag. The experimental unit will also be the average.

For the research initiative, the researchers rented buildings that were formerly used for the cultivation of mushrooms. It was in this location that the necessary equipment was installed for the processing of solid waste generated in the metropolitan area of Manizales (coffee waste in particular). Thus, we were able to finally obtain a substrate optimal for the cultivation of the mushrooms out of a by-product (ZERI philosophy).

The residual substrate from the cultivation (exhausted after the mushroom harvest) can be used as fertilizer for topsoil improvement and can also be included in the diet of cows or other types of cattle, because its contents of biodegradable and digestible organic substances have been enhanced during cultivation.

The participant mothers used the leftover substrate in the cultivation of aromatic herbs and it also was included in the diets of domestic animals by some participants. 

Complementary measurements:

Although they are not a primary objective of the research initiative to demonstrate its environmental benefits, the researchers undertook measurements of DBO and DQO of the materials. 

10.
 RESULTS AND DISCUSSION

The investigation started in October 1, 2004 with the construction of the cultivation rooms in Barrio Galan. These buildings (financed by AGROPOLIS) were quickly finished. In December, the task of preparing the substrate started, as well as its distribution to the participating head-of-household mothers. 

As mentioned before, the experiment was undertaken in urban area of Manizales, with three participating groups: Galan (6 women),  Gallinazo ( 3 women) and Aranjuez ( 3 women).

The spawn run on the substrate could be observed from the third day of incubation in the growing-room, with the formation of halos around the spawn. The natural induction of primordia on pasteurized substrates occurred between 21-23 days of incubation, and the first flush or harvest occurred after 26 days of incubation. The second and third flushes occurred 15 and 30 days after the first yield, respectively, and lasted 7-8 days. This behavior was similar in all plots, except in those that stopped producing due to contamination of the substrate by competing microorganisms. Therefore, one harvest was obtained every 15 days, totaling a period of 50 days between the beginning of mycelium formation and the third flush, after which the substrates were discarded.
The results obtained are discussed below and are compared with its corresponding initial specific objective: 

Objective 1- To determine the optimal productive area that will provide half a month’s minimum wage (working 24 hours a week) to each head-of-household woman. 

The three groups had cultivation rooms with different areas. After obtaining the results, one of the conclusions is that for areas of 16 square meters of less, it is not possible to obtain the desired income of half a monthly minimum wage per woman. 

Therefore, Type 1 should be eschewed.  However, it also gives the result that types 2 and 3 are the best ones. Some of them can house up to 3,000 Kg.  of substrate, with efficiencies of more than 30%. 

The productive area that will provide each head-of-household woman with half a month’s minimum wage is > 30 m2.

Income received by the women workers can be seen in Annex 1.

Objective 2.  To find the quantity of substrate that will produce enough mushrooms to obtain half a month’s minimum wage. 

The initial hypothesis proposed that it is possible to obtain 300 Kilograms of Pleurotus Sajor-Cajou with 1,000 kilograms of substrate. It was not possible to obtain 300 kg of mushrooms from 1,000 kgs of substrate. 

In order to accomplish the objective of obtaining half a monthly minimum wage of income, the cultivation must reach a productivity level of 400 Kg. of mushrooms by sets of 3000 Kg. of substrate. This means a level of Biological Efficiency of 45%. 

Some head-of-household women obtained up to 49.73% of Biological Efficiency in their cultivations. However, the average reached for all the cultivators was only 30%.

Table 2. 

	Biological Efficiency
	Required Substrate (Kg)
	Monthly minimum wage of income

	30 %
	4500
	COP $180.000

	37%
	3700
	COP $180.000

	45%
	3000
	COP $180.000

	50%
	2700
	COP $180.000


The low average biological efficiency in the samples has been attributed in part to the loss of humidity in the substrate. This problem arises because the women didn’t use enough water.

Contamination percentages were normal in this cultivation.

Objective 3-To find the Biological Efficiency of the substrate for the different tests, and for the different communities. 

Table 3. Efficiencies Galan
	Substrate
	Woman
	Inoculation date
	Substrate Quantity
	Mushrooms 
	Biological Efficiency

	3
	Maria Doris
	17-Dic-04
	1808
	226
	41.76%

	4
	Blanca
	23-Dic-04
	1900
	232
	40.70%

	5
	Ruby
	12-Ene-05
	1690
	116
	22.88%

	7
	Alba
	13-Ene-05
	2200
	236
	35.76%

	8
	Celina
	20-Ene-05
	1800
	90
	16.67%

	9
	Luz Edith
	04-Feb-05
	1730
	60
	11.56%

	10
	Adriana
	05-Feb-05
	2370
	270
	37.97%

	13
	Maria Doris
	25-Feb-05
	2500
	202
	26.93%

	14
	Blanca
	28-Feb-05
	2730
	210
	25.64%

	16
	Celina
	4-Abr-05
	3210
	243
	25.23%

	18
	Ruby
	27Abr-05
	2450
	200
	23.71%

	TOTAL
	24388
	2060
	Avg: 28.08%


As can be observed in Table 2, the low biological efficiency obtained in some cultures in Galan could be attributed to high percentages of contaminated bags during incubation, and the problems in flushes.

Some substrates showed fruiting problems, the first flush was good, but the following flushes didn't reach the quantity of prospective mushrooms. This is due to the problem of dehydration of the blocks. The conditions of handling created by the women in the cultivation living rooms didn't allow the blocks to obtain the humidity required for the following flushes.

During the fruiting, it is necessary to maintain temperatures of 10 to 23 degrees Celsius, with humidity of 80-93%. These conditions are very important to obtain the mushrooms quantity. These conditions didn’t be reached in some cultures.

Galan reached levels of Biological Efficiency superior to 40% in some harvests. The maximum efficiency was 41.76% and the lowest was 11.56%. 

Graph 1. Biological efficiency per substrate in Galan
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Table 4. Efficiencies of Gallinazo Production

	Substrate
	In charge
	Date of planting
	Quant. of substrate
	Mushroom amount
	Biological efficiency

	1
	Orfilia
	Nov-10
	2904
	183
	21.01%

	2
	Gladis
	Nov. 25
	1880
	231
	40.96%

	6
	Luz Mary
	23-Dic-04
	1888
	119
	21.01%

	12
	Luz Mary 
	05-Feb-05
	2500
	115
	15.33%

	13
	Gladis
	23-Feb-05
	2730
	373
	45.52%

	16
	Orfilia
	04-Abr-05
	3310
	169
	17.02%

	19
	Gladis
	14-May-05
	2170
	324
	49.77%

	TOTAL
	17382
	1513
	Avg: 30.09%


For the Orellanas Gallinazo community, the best biological efficiency with the Pleurotus Sajor Cajou strain was 49.77% and the minimum reached was 15.33%

Graph 2. Biological efficiency per substrate in Gallinazo
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Graph 3. Biological efficiency comparison per Community
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With the Mann-Whitney W test was compared the medians of the two samples.  Since the P-value is greater than or equal to 0,05, there is not a statistically significant difference between the medians at the 95,0% confidence level.

Objective 4- To determine the cost of the seeded substrate that will be used in the cultivation sites 
The cost of the seeded substrate has been determined to be COP$465 per Kg . See annex 2.

Objective 5- To solve some of the technical issues that arises from the lack of local know-how.

Thanks to the research initiative, contamination levels receded relative to the artisan cultivations undertaken during the years 1999-2002. 

In contrast to results obtained in prior research initiatives between 1999-2002, this time there were no total losses of harvests.

The project also had the following positive effects: 

- Problems with the handling and watering of the substrate by the women were identified. 

- Substrates were homogenized in the headquarters of the raw materials center. 

- Problems with the harvesting and post-harvesting process were identified

Other Results

· Technical Results
Graph 5. Results obtained with the two methodologies used

This result was analyzed with the only aim of ratifying that both methods have similar biological efficiencies. 
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With the Mann-Whitney W test was compared the medians of the two samples.  Since the P-value is greater than or equal to 0,05, there is not a statistically significant difference between the medians at the 95,0% confidence level.

· Contamination record: The obtained results are described by each community
1. Aranjuez. The process with this group started on Feb. 5, 2005, by taking 2,700 kg of substrate. After one week of work, the group did not follow the recommended technical instructions, therefore it was decided that the substrate be taken away. This community had teamwork deficiencies.

2. Galan. The process was undertaken with six women, as shown in Table 2. 

Table 5. Log of substrates Galan

	Substrate
	Woman
	Inoculation Date
	Total bags
	Substrate Quantity
	Treatment
	Percentage of bags contaminated

	3
	Maria Doris
	17-Dic-04
	226
	1808
	Pasteurization
	11.06%

	4
	Blanca
	23-Dic-04
	190
	1900
	Anaerobiosis
	8.95%

	5
	Ruby
	12-Ene-05
	169
	1690
	Anaerobiosis
	12.43%

	7
	Alba
	13-Ene-05
	220
	2200
	Anaerobiosis
	10.00%

	8
	Celina
	20-Ene-05
	180
	1800
	Pasteurization
	20.00%

	9
	Luz Edith
	04-Feb-05
	173
	1730
	Anaerobiosis
	76.88%

	10
	Adriana
	05-Feb-05
	267
	2670
	Pasteurization
	9.36%

	13
	Maria Doris
	25-Feb-05
	250
	2500
	Pasteurization
	9.60%

	14
	Blanca
	28-Feb-05
	273
	2730
	Anaerobiosis
	9.52%

	16
	Celina
	4-Abr-05
	321
	3210
	Anaerobiosis
	9.03%

	18
	Ruby
	27Abr-05
	245
	2450
	Pasteurization
	12.24%


As it can be seen in Table 4, Galan had 11 substrates (2469 bags), and the contamination percentages obtained can be considered as normal. Only during the inoculation was a high percentage of contamination observed. It was thus necessary to discard great part of the lots, 

3. Gallinazo

Tabla 6. Log of Substrates for Gallinazo
	Substrate
	Woman
	Inoculation date
	Total bags
	Substrate Quantity
	Treatment
	Porcentaje contaminación

	1
	Gladis
	Nov-10
	363
	2904
	Anaerobiosis
	9.09%

	2
	Gladis
	Nov. 25
	235
	1880
	Anaerobiosis
	11.91%

	6
	Luz Mary
	23-Dic-04
	136
	1888
	Anaerobiosis
	22.79%

	12
	Luz Mary
	05-Feb-05
	250
	2500
	Pasteurizador
	10.40%

	13
	Gladis
	23-Feb-05
	273
	2730
	Pasteurizador
	13.19%

	16
	Orfilia
	04-Abr-05
	331
	3310
	Anaerobiosis
	9.67%

	19
	Orfilia
	14-May-05
	247
	2470
	Anaerobiosis
	7.29%


· Economic issues: To determine the cost of each produced mushroom, it is necessary to consider the quantity of harvested mushroom. The more mushrooms produced with the same raw materials, the lower the cost of each mushroom. The following table has a summary of the cost of the mushroom according to the harvested amount. 

Table 7. Mushroom cost relative to efficiency obtained. 
	Community
	Lady worker 
	Substrate cost
	Biological Efficiency
	Kgs Mushroom 
	Mushroom cost

	Gallinazo
	Gladis
	3.600.000
	37,23
	787
	4574,33

	
	Orfilia
	2.550.000
	14,19
	419
	6085,92

	
	Luz Mary
	2.150.000
	18,17
	234
	9188,03

	Galan
	Maria Doris
	2.150.000
	34,30
	428
	5023,36

	
	Blanca
	2.300.000
	33,17
	442
	5203,62

	
	Ruby
	2.100.000
	23,34
	366
	5737,70

	
	Celina
	2.500.000
	20,95
	333
	7507,51

	
	Adriana
	1.300.000
	37,97
	270
	4814,81

	
	Luz Edith
	850.000
	11,56
	60
	14166,7

	
	Alba
	1.100.000
	35,76
	236
	4661


The mushroom cost observed above is calculated according to the cost of the substrates with which each lady worked. To obtain a cost of COP$ 4,000 per kilogram of mushroom, it is necessary to have a substrate of 3,000 kg and obtain efficiency greater than 30%. 

Graph 6. Cost of mushroom relative to achieved efficiency 
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The market for Pleurotus mushrooms is still quite small. Most of the mushrooms produced by the participants were sold to the Nutrir Foundation, another percentage was used for their own alimentation and some were dehydrated for future research 
· Growers Background:
Table 8. Experience level of participants in the cultivation of mushrooms. 

	Participant 
	Community 
	Years of Experience

	Maria Dori Marín
	Galán
	   6  years

	María Celina Marín
	Galán
	   4  years

	María Ruby Galvis
	Galán
	   ½ years  

	Blanca Arcila
	Galán
	   2  years    

	Adriana Sánchez 
	Galán
	    2 years

	Gladis Zuluaga
	Gallinazo
	   6   years

	Liliana Orfilia Loaiza
	Gallinazo
	    2 years

	Luz Edith Acevedo 
	Galán
	    ½ years

	Luz Mary Arango
	Gallinazo
	    ½ years


The results shown above prove that the level of experience of the participants is a determining factor in the cultivation of Pleurotus. The best results in terms of productivity were achieved by the two women with the most experience. These women, Maria Doris Marin and Gladis Zuluaga have also used their expertise to teach others.

Gladis Zuluaga has six years of experience. Although she had several years of experience in the cultivation of another type of mushroom, her previous knowledge allowed her to learn faster and achieve excellent results in the cultivation of Pleurotus.

Maria Doris Marin started working in 1999 with mushrooms. She is a pioneer in nutritional security projects with mushrooms, as well as with research in production. Her expertise has allowed her to test different methodologies. In the past, her role has always been more of a support role; therefore she did not have all the knowledge that her years of experience would suggest.

A very important finding was that when experience decreases, so do results. In addition, the need for support and assistance increases exponentially.

This finding indicates that it is necessary that the communities that commit to this topic can only be completely autonomous in terms of technological expertise when all of their participants has developed a level of experience for a substantial amount of time. 

11. FEASIBILITY

Expected and some final results of the Project

	RESULT
	VERIFIABLE INDICATOR 
	MONTH No.
	EXPECTED

RESULT
	EFFECTIVE RESULTS

	Disposal costs of solid waste from coffee processing
	Cost per Kg.
	12-18
	Less than the transport of waste to the city landfill


	60% 

Less

	Generation of appropriate and clean technologies.
	Reduction of pollution (environmental impact)*
	18
	Pollution reduction in DBO, DQO
, solid waste.
	Pollution reduction in DBO; DQO. Solid residues: DQO :  36.000 ppm and a pH of 4

 DBO:  18.000 ppm

Total solids

43.200 ppm 



	Efficiency in mushroom production 
	Kg. of fresh mushrooms/ Kg. of dry substrate
	6-7-8-9-10-11-12-
	Average efficiency of  60%
	Average efficiency of  

30%

	Production cost of 1 kg of mushroom. 
	Colombian Pesos / Kg
	6
	 COP$3.200
	COP$ 4000 (MINIMUM)-

COP$6.000 (average) 



	Real income of each working woman per substrate used
	Colombian Pesos / kg of substrate
	6-7-8-9-10-11-12-
	COP$200.000 per month
	COP$180.000 per month*

	Employment generation for social groups involved.
	Monthly income per working woman.
	6-7-8-9-10-11-12-
	Assessment of increased family income  
	One new source of income for various families

	Social allocation of knowledge 
	Scientific and technological publications 
	12
	Increased training, information and dissemination 
	This report


* See annex 1.

Limitations and risks to consider

- Limitations:

The cultivation of edible mushrooms is a growing activity among the Colombian population. Although research initiatives undertaken by CENICAFE have discovered high levels of receptivity by peasants of the coffee-growing region of the country, the necessary training to achieve satisfactory levels of production is high. The low education levels of the people who have benefited the most from the project has definitely been a short-term limitation that we hope will improve as the learning curve becomes less steep for these individuals. 

- Risks:

The risk of plagues and disease is always a threat to this project. We must point out that these are organic cultivations, where no pesticides will be used. 

12. CONCLUSIONS

All of the goals sketched in the prior documents to this project have been accomplished, although some of them did not reach the desired goals. However, it is important to highlight that the overall experience was extremely positive in other aspects, and that the participating women were very satisfied with the work they undertook and are willing to continue with further stages of the project. 

In order for these women to be able to continue with this project as a source of income, they require working capital that would allow them to buy the substrate at the raw materials center. It is expected that the central Colombian government will help this project through a current proposal that has already been presented, in which 10 communities will participate, each one with 5 women.

A financial entity called “Actuar por Caldas” has looked positively at the results obtained by this project and is currently supporting the participating women with some necessary working capital for their activities. Right now, there is a test being undertaken by  6 of the original participants of the project. See annex 3.

These participating head-of-household mothers have found in the cultivation of edible mushrooms an excellent opportunity to obtain income and in the meantime improve the nutrition of their families. Colombia’s labor market is extremely challenging, and the cultivation of mushrooms represents a good alternative for these women. 

Training of these mothers in technical, economic, teamwork and personal aspects should continue, so that the results of their efforts improve. The office of the Major of Manizales should embrace this initiative as an example of how to create wealth to solve the dire unemployment and malnutrition problems of our community. There must be, nonetheless, a serious technical and administrative follow-up to check the progress of the associations of head of household mothers. 

We consider this experience to be positive also because women were, on average, able to obtain half a month’s minimum wage. The problems that some of them had were offset by the good results of other participants.

With the centralization of the initial processes of substrate preparation and inoculation, it was shown that it is possible to work with large volumes, and that this reduces contamination of substrates, thereby increasing production.

Generalizations cannot be extracted by each community. Instead, the success of the cultivation depends greatly on the management of the substrate and on those women with the highest amount of experience, who were the ones that achieved the best results. 

As far as the production of Pleurotus is concerned, the results are good because the biological efficiencies went from 11.53% to 49.73%. These percentages are acceptable and leave room for improvement, considering that participating women learn more about the process and are disciplined on their approach to cultivating.

The results also proved that between the two processes used for disinfecting the substrate (thermal and anaerobiosis), there are no significant differences (except time), and the percentages of contamination are related more to the specific conditions of the mixture than to the treatment used. 
We are able to maintain that the expected income of half a month’s minimum wage is sustainable. For this project, we used a low expected selling price of COP$4,000. however, the mushroom, can be bought from the communities at COP$ 6,000. This low initial estimation was used to account for the lower-than-expected performance of some of the participants. Even with biological efficiencies of 30%, the participating women are able to receive their expected income. 
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� Departamento: Political and geographical division of the country


� Local coffee processing factories


� CENICAFÉ, The National Center for Coffee Research, has received the support of the Colombian coffee growers, and has thereby developed more than a thousand research projects related to coffee, since established in 1938. The areas of research have included genetic research for new varieties, and research on harvesting, processing, and quality. Cenicafe´s research initiatives have allowed coffee growers access to the information required for then to produce high quality coffee and be competitive in the world coffee market. Among the many programs undertaken by Cenicafé, the initiative to inquire into the feasibility of using coffee residues in the cultivation of tropical mushrooms has been successful, the many obstacles and challenges for the future notwithstanding.


� Comuna is an common administrative division for cities in Colombia


� DDSC.  Diagnostico Departamental Caldas


� DDSC. Diagnostico Departamental Caldas





� SENA. SERVICION NACIONAL DE APRENDIZAJE. Government Agency for Education and Training. 





� Common measurements of environmental impact. 





