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"Books of this nature may not be useless".
(Victor Hugo)

Humankind is constantly facing a shortage of all kinds of foods,
especially in the developing countries. Much funding and
research is devoted to resolving the lack of resources to meet
people’s basic needs. The Earth is producing less food, as the
world's population grows continually denser.

This problem is harsher in countries where basic grains are the
staple of their diet, as in Central America, South America and
Africa. Therefore, specialists in production and post-production
management are adopting new storage techniques and
spreading their use to conserve grains for over one year, free of
pests and other contaminants that deplete quality, weight and
commercial value.

The author’s ample experience has spanned numerous
institutions and international cooperation agencies, including the
United Nations Food and Agriculture Organization (FAO), the
Swiss Agency for Development and Cooperation (SDC),
INTERCOOPERATION (a Swiss NGO), the Project to Produce
Healthful Meat Products in Northern Ecuador (PROCANOR),
funded by the Kingdom of Belgium, MAGAP and sub-national
governments. This work has been done in Ecuador and Central
America, often driving it as Technical Advisor or Director.

METAL SILOS AND FOOD SECURITY, LESSONS LEARNED
FROM A SUCCESSFUL CENTRAL AMERICAN POST-
HARVEST PROGRAM is surely not just another book on a
given subject. Rather, it is a textbook and reference work, a
bedside companion for all those interested in conserving foods,
especially basic grains, which are the staple for nations
impoverished for different reasons.
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"Love and hunger move the world", so it is terrifying to think that
in this 21st century, called the age of technology, globalization,
and open markets, hundreds of thousands of human beings
die because of inequitable distribution of foods, especially
children and the elderly, who are the most vulnerable. Apropos,
Frances Moore Lappé, in her Diet for a Small Planet (1971),
stated that “the root of world hunger is not a lack of food but a
lack of democracy”.

I should clarify that, according to the Larouse dictionary of
doubts and incorrect use for Spanish, “post is a prefix, but pos
is recommended”; nevertheless, I will have used post-harvest
[postcosecha] in Spanish rather than poscosecha, because
the book will be read internationally.

A careful study of this book should be very useful for farmers in
Latin America and other countries in other regions sharing
similar issues. My experience and my calling have convinced
me of its value and I am pleased to pass it on to you.

The author.
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As a contribution to knowledge management and to
materialize the experience of one of history’s greatest
programs in reducing post-harvest losses of basic grains,
I am pleased to offer this book, METAL SILOS AND FOOD
SECURITY, LESSONS LEARNED FROM A SUCCESSFUL
CENTRAL AMERICAN POST-HARVEST PROGRAM,
reflecting over 16 years of the author’s experience, nearly
nine of them with SDC. The book covers post-harvest
handling of basic grains such as corn, beans, sorghum
and rice. It does not address post-harvest handling of
fruits and vegetables, because the approaches are
different.

The book is structured into six chapters:

The first chapter introduces the issues of post-harvest1

handling. Several traditional storage systems are
described, discussing the interaction of biotic factors such
as insects, rodents, and fungi; and abiotic factors such as
the effects of temperature and relative humidity. Core
issues of food security are also addressed and illustrated
by examples, interpreted from farmers’ perceptions.

Next, the biology of insects, rodents and fungi that attack
stored grains is explained, with guidelines for preventing
post-harvest losses, emphasizing preventive and curative
methods to protect these grains from insects, rodents and
fungi. Scientific and technological elements are also
included regarding knowledge of grains as “living beings”
and the implications for storage of their life functions, such
as respiration, which produces heat, water and carbon
dioxide.

13

1 Illustrated with examples of misuse and abuse of pesticides in different regions.
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We have also judged it necessary to include technical
aspects of fumigation, because a lack of knowledge
creates uncertainty and fear, but also leads to
indiscriminate treatment of grains, which will be used, after
all, for human food and ingredients for animal feeds.

The second chapter is completely devoted to describing
the salient features of the successful Central American
Post-Harvest Program co-funded by the Swiss
Agency for Development and Cooperation (SDC),
implemented in Honduras, Guatemala, Nicaragua and El
Salvador. The project was initially designed to help reduce
post-harvest losses in Honduras, and spread through the
region with a long-term vision, strategically using the
know-how developed in Central America for 20 years, to
replicate it beyond Central America, as in Paraguay
(1995), Peru (1999) and Cuba (2001 and 2002).

Central aspects of the success achieved in delivering
some over 360,426 silos (silos were the star output of the
Program in Central America) and the consequent installed
capacity among small farmers of some 294,863 metric
tons2, of healthful grain, without pesticide residues,
estimated at a value of 87,5 million US dollars. Every year,
these silos prevent the loss of some 29,484 metric tons of
grain (corn), worth about 8,7 million USD dollars. With the
installed capacity in rural areas of these four countries, a
harvest from 92,144 hectares of corn can be stored.
Therefore, we believe that the "food security has
improved for people living in the Central American
region, generating employment and income, so post-
harvest management has sustainably contributed to
narrowing the poverty gap affecting rural families in
Central America, and has stimulated the region’s

14

2 One metric ton is 1000 kilograms, i.e., 2200 pounds. One hundredweight
(100 lb.) is the equivalent of 45.45 kg.



economy". Silos have also helped save lives after natural
disasters, such as the earthquake in El Salvador and
Hurricane Mitch. See Attachment 13.

The third chapter describes the ongoing training of post-
harvest artisans, the tools used, supporting materials
(e.g., the manual on making silos, the sheet-metal
manual, the artisan’s notebook, etc.). Chapter 5 will focus
on the Business Training School for Artisans of Central
America, describing details on the different courses,
supporting instructional materials, monitoring, tools, etc.

The fourth chapter covers international replication of
these silos, illustrating only the experiences in Peru and
Cuba.

The fifth chapter describes the core elements of
business training for post-harvest artisans, covering
workshops for both craftsmen and their wives, followed by
guided tutorial support, and giving several examples of the
effects of this training: diversifying products, re-investing in
workshops and promotion, and especially boosting
people’s self-esteem. This activity was promoted by the
author during over eight years as Technical Advisor to the
Regional Post-harvest Program. The business training for
post-harvest artisans built their installed capacity to
respond to the demand for technologies. Families were
also incorporated into this activity, especially in family
businesses. Accordingly, food security was addressed
from an entrepreneurial angle.

Chapter six: The book would be incomplete if not
illustrated by case studies showing the enormous
contribution by post-harvest management to human

15



development of the people involved in the four
countries. At the end of this chapter, lessons learned
provide a way to recover and learn from our experiences
to support international replication of these silos.

In addition to the lessons learned, the Bibliography lists
the literature consulted in English and French and
translated into Spanish, for comparison purposes with the
original text. Finally, 27 attachments enhance many of the
elements discussed in the main body of the book.
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METAL SILOS AND FOOD SECURITY, as this title
suggests, will highlight3 the experience developed by the
Regional Post-harvest Program, in over 20 years of
helping strengthen food security in the Central American
region and beyond, through replication in Africa, South
America (e.g., Paraguay, Peru, and Cuba) and other
countries with potential outside the Central American
region.

We hope this text will provide practical input with the
knowledge needed by professionals and others interested
in perfecting post-harvest management technically and/or
conceptually, since there is not much information in the
literature in Spanish.

This is enhanced by experiences from post-harvest
programs and projects with indigenous and other rural
communities in Ecuador, El Salvador, Guatemala,
Nicaragua and Honduras, and from post-harvest
replication missions in Cuba, Peru and Mexico, where the
author had the opportunity to serve as a Technical Advisor
for several years.

Along with this noble post-harvest activity, local capacities
have been built, technically and among thousands of
families who have benefitted by adopting post-harvest
technology. What I have learned from users of this
technology, the amazing progress attained by artisans
with businesslike vision by post-harvest technologies in
the countries where I have had the opportunity to interact
have repaid me in a wealth of professional ways.

17

3 The Regional Post-Harvest Program was co-funded by the Swiss Agency for
Development and Cooperation (SDC) and the Governments of Honduras, Guatemala,
Nicaragua and El Salvador.
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My main motivation in writing this book is to attempt to
summarize these over 16 years4 of experience  devoted to
this activity with broad social and economic impact
contributing effectively to human development; it is a
high-profile activity, significantly generating wealth
and sustainably reducing poverty. It is also a way to
repay society for all I have received.

As a person, I am pragmatic and sure that there is always
room to improve, as long as one is humble enough to
recognize that we are imperfect beings in an ongoing
process of change. I feel that no one holds the absolute
truth. Therefore, I recognize that in the field there is a local
wealth of age-old knowledge, which has enabled families
to survive under difficult conditions, forging true hands-on
specialists and technicians, who leave a legacy of
positive changes in people’s lives.

The magnitude of post-harvest management poses an
interesting challenge. Many post-harvest colleagues have
made their contributions to solving these problems, and
are now retired, but paradoxically cannot yet rest on their
laurels because there is so much yet to be done. We are
identified with the great cause of food security, a concept
that has now evolved into food sovereignty, which in
everyday working language means “post-harvest
management with your heart in it”.

These are some contributions of post-harvest
technologies:

- Sustainably reducing poverty, by generating
temporary or permanent employment in rural areas,
boosting household economies.

18

4 In 1984-85, when I was studying Agricultural Engineering at the National University of
Loja, I was guided toward post-harvest technologies by Dr. Carlos Oliveros, former
professor of Agricultural Engineering and currently a scientist with CENICAFE, Colombia, to
whom I am deeply grateful.



- Yielding a decentralized strategic5 reserve  of stored
basic grains, at low operating and handling costs.

- Providing value added for agriculture, considering the
agro-food chain.

- Enhancing food availability in areas with single-season
crops because there are no irrigation systems.

- The role of decentralized storage in farm households
during natural catastrophes such as Hurricane Mitch,
which scourged Central America in 1998; during El
Salvador’s earthquake in 2000, where a silo saved a
family’s lives, because it was full of grains and it also held
up a wall, keeping it from falling on them as they slept,
unaware of the danger.

- Contributing to diversifying agriculture.

- Relieving work for Central American women who use
corn three meals a day, making tortillas to feed their
families.

- Studies testing the post-harvest Program’s concept in El
Salvador found that a five-person family can eat 4000
pounds (1.8 MT) of corn a year, including animal feed.

Coulter6, in 1995, listed as the main direct impacts of post-
harvest management for rural families as food security,
reduced losses during storage, additional income and
lower expenses, reduced monetary losses, and qualitative
changes in women’s status. Artisans7 generate temporary

19

6 Coulter, J., Evaluación de Impacto y sostenibilidad del Programa Regional Postcosecha PRP- COSUDE
[Impact and Sustainability Evaluation of the PRP-SDC Regional Post-Harvest Program], 1995. Nicaragua. 

7 An artisan is a man or woman, preferably from rural areas, who makes and sells metal silos and teaches
customers to use and manage them. We will see how artisans have evolved into businesspersons.

5 Strategic because, in the event of natural catastrophes such as hurricanes, earthquakes, and the man-
made catastrophe of war, there can be food reserves available.

 



and permanent employment and income, contributing to
sustainably reducing poverty. Indirect impacts have
included: improved family health, hygiene and welfare,
marketing of grains, and changes in production of grains.

Why think about storing basic grains?

Over 50% of Central America’s people are small and
medium farmers, a target population of 1,270,000 families.

Over 3,3 million hectares (1 hectare = 10,000 m2 = 2.5
acres) are planted in basic grains in the four countries
where the Central American Post-Harvest Program
worked.

The actual losses of basic grains have been verified at 10
to 20%.

Reduced losses of basic grains is an effective way to
contribute to decreasing poverty and clearly
improving the health of consumers.

Family storage of grains curtails speculation at non-
harvest times, since most families get only one crop a
year.

It is low-cost alternative for governments whose
centralized storage has declined.

Governments are willing to give priority to supporting food
security policies.

A large number of non-governmental organizations are
working actively in rural areas, facilitating the work of
transferring post-harvest technology to farmers.

20



Increased farmer productivity and income and the work
and employment generated reduce rural vulnerability.

Post-harvest management strengthens State-Civil Society
relations.

Characteristics of post-harvest management:

The above list shows how important post-harvest
management is to food availability but how it is often
ignored or underestimated in agricultural activities. Post-
harvest management, key to the agro-food chain, faces
multi-causal losses that can undermine food availability,
which we will discuss below.

21

- Interesting to farmers because it cares for their
food (basic grains are Central American farm family
staples).

- Grain damage and losses due to mismanagement
are irreparable and irreversible.

- This activity is overshadowed by the rest of the
production process.

- Increasing production without considering post-
harvest management means increasing losses.

- Basic grains contribute significantly to feeding the
people.

- Post-harvest is the most sensitive part of agricultural
production.
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Many efforts to increase the availability of foods of
agricultural origin, such as expanding the agricultural
frontier, increasing production and productivity (through
the green revolution), using biotechnology, etc. have each
had their impact. However, there is a proven, viable
alternative, namely reducing losses of basic grains from
when they enter physiological maturity8 until their
distribution. Every year, the world loses millions of tons of
basic grains, especially in Third-World countries, which
makes the social disease of hunger even more deadly.

For instance, the Agricultural Sector Policy of SDC states
that poverty and the growing gap between rich and poor is
persistent: approximately 840 million persons worldwide
suffer from hunger every year and under-nutrition causes
over 50% of children’s deaths. Recent FAO data show that
in Latin America 53 million persons are underfed, which is
10% of the population. This should lend force to people
seeking solutions to fight hunger, because the voices of
the poor may be unheard, or ignored.

Post-harvest problems affect the poorest families, striking
at their vulnerability because lost crops jeopardize their
survival, undermine their household economy, drive
people to emigrate, with the consequent pressure on large
cities, where belts of abject poverty swell year by year,
intensifying the social problems we all know too well.

Post-production
Issues

8 Physiological maturity is the time from planting until when the grains can no longer
accumulate any further dry matter and may therefore be harvested and dried.

Bravo-Martínez Juan
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Losses of basic grains persist due to family customs and
traditions, as many traditional ways to store grain are
passed down from parents to children. Farmers take them
for granted, and judge outcomes against that norm. For
instance: Ángel Salazar, a farmer in the province of Loja,
Ecuador, said “if the grain ruined by insects is fed to the
hens, they lay eggs that the farmer eats, and even the
chicken becomes tasty food, so there is no loss”. This
example shows that post-harvest losses, to a farmer’s way
of thinking, are a relative concept.

Photo1. Showing the relative concept of losses.

Another illustration of family customs and traditional
storage are the indigenous communities of the province of
Chimborazo, Ecuador, in the Páramos9, at over 3,000
meters altitude, wheat and barley are harvested and then
stored in parvas10. The larger they are, the higher the
status or respect granted the farmer, so they are built
outside the house for better visibility. In these same
communities, indigenous women insist on not shucking or
shelling the corn, because they feel that their husbands
might sell loose corn and leave the family without their
precious staple food.

9 Páramo – high-altitude moorlands above the tree line in the Andes.
10 Parvas are traditional stacks to store barley, wheat, beans, and lentils on their stalks.
They are used by the indigenous in Chimborazo and other regions of Ecuador, who arrange
the stalks with the grains inward around a central point, compressing them to extract air,
with a conical top covered with straw to keep the rain out (but not the rodents).

Metal Silos and Food Security
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Farmers use traditional storage methods, mostly open,
leaving all possibilities for insect attack – their main pest –
but also contamination by fungi, rodents, birds, etc. Under
these conditions, annual losses of basic grains are over
15%11. The factors causing losses of basic grains act
together: insects perforate the grain, the starchy
endosperm is exposed to the environment and absorbs
moisture, which fosters development of fungi, which totally
break down the grains, which are mainly organic matter;
further, the high sugar content of the corn starch attracts
ants; sapping nutritional and agricultural quality, weight
and therefore possibilities for sale. Farmers have great
responsibility for handling and conserving their harvest.

Photo 2. A Honduran family, shelling corn for storage.

27

11 Estimates by the Regional Post-harvest Program of Central America and Post-harvest
Project of Ecuador, implemented by FAO, from 1990 to 1994.
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To estimate post-harvest losses requires a multi-
disciplinary, inter-institutional team operating under
realistic conditions, such as analyzing the self-supply
subsistence model, for example: Consider that small and
medium-scale farmers, who are most of the basic grain
producers, are un-protected and cannot compete in an
open market, because other countries grant their farmers
subsidies.

Many feel that traditional farmers are an obstacle to
development, who are not seen or heard and lose their
identity. Further, as governments modernize they have not
taken farmers’ views into account, in the free trade
agreements that several have signed or are currently
negotiating.

The following illustration of a post-harvest system is a pipe
without leaks, where the input equals the output. However,
post-harvest losses make the output less than the input.

Graphic 1 - Source. Prepared by the author.
Losses in the post-harvest system.

28
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If grain losses during the post-production stage could
be prevented, millions of families could be fed. It would
be ideal for the grain stored to reach final consumers
intact, in both weight and quality.

Quantification of losses12 must include determination of
damage, identifying the causal factors. It is better and
more profitable to prioritize them to make focused
interventions with true impact13, since determining
losses is not the end but only a means to guide programs
to reduce post-harvest losses. Considering the type of
grain, climate, social group, socio-economic level,
consumption model, purpose of the crop, etc., it must be
borne in mind that the factors affecting post-harvest
management of grains are inter-related. See Attachment
18.

The methodology to appraise losses of basic grains has
not yet been standardized. Worldwide, research projects
have attempted exclusively to validate methodology,
including several projects by FAO, GTZ, universities,
research centers, etc. Such research takes time and
money, with no immediate impact, since people eat food
and not printed reports.

Post-harvest losses are generally determined by technical
people who do not take sociological or anthropological
approaches into account. Traditional management of
grains by families14 is strongly influenced by ancestral
customs and traditions, with deep ethnic roots.

29

12 Damage is physical alteration of the grain, but in poorer social classes this grain may be
fed to the livestock or even eaten by people. Loss is when the grain cannot be used for
human consumption or animal feed.
13 It is recommended not to spend too much time on lengthy, costly studies to quantify
damages and losses, but rather to take action, because farmers cannot live on reports, but
on protected basic grains, their staple food.
14 It is fundamental to involve women effectively in managing stored crops and in decision-
making, including the purchase of one or more storage structures. In 1999 a field survey in
Guatemala determined that in 98% of all cases women tipped the decision to purchase a
silo.
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Positioning a new technology requires implementing a
range of efforts to change attitudes, respecting the
people’s knowledge and making convincing
demonstrations, to become an appropriate option,
accepted by potential clients of the technology and/or
users.

After a study to evaluate post-harvest losses, the data
obtained refers to just one harvest, and is sampling site-
specific. At each sampling site, there are different storage
conditions such as traditional methods, differing
environmental conditions such as temperature, relative
humidity of the microclimate (storage place), and varying
storage periods. These arguments question whether,
under such conditions, it is possible to extrapolate a loss
figure for a broader region or nationwide. Despite such
questions, there are of course many biotic15 and abiotic
factors causing damage that are common, such as pest
insects, fungi, rodents, etc. that can affect to whatever
degree. The following graphic analyzes the damage and
loss process.

Graphic 2 - Source. Regional Post-harvest Program, 2000.
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temperature, relative humidity, etc.
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During traditional storage, grains are treated with
pesticides that are harmful for human health, such as
organochlorides (Volaton, Folidol, etc.). These pesticides
are generally leftover chemicals from treating their crops.
Farmers believe that washing and cooking grains treated
with these pesticides leaves them free of residues and
safe to eat, which is not true. These pesticides have
residual power and get into the grain through the pericarp.
Under these conditions it is reasonable to assume that
grains stored by traditional methods are contaminated
with pesticides. Several anecdotes will illustrate this:

1) In the community of Pungal, Chimborazo, Ecuador,
while the author was giving training on storing grains, one
farmer said: "For 35 years I have eaten corn treated with
Malathion, as long as I can remember, and I haven’t died
yet – only my eyesight is a bit faulty”. Judge this one for
yourselves…

2) While traveling through various places in Ecuador, I
found that farmers also use pesticides very carelessly. I
recall a shocking case in the canton of Catacocha,
province of Loja, Ecuador, where several farmers in rural
communities were using Folidol (an organochloride
chemical) to treat / preserve beans, so I asked: “How
much do you apply per 45 Kg.?” They replied that they
don’t weigh the chemical, but that “after mixing plenty with
the kernels, they stick their hand in the middle, and if the
Folidol sticks to their skin, the concentration is all
right" – you can draw your own conclusion…

3) In that same area, a bean dealer, on the floor of a
warehouse, had applied over 3 centimeters of Folidol to
protect the beans, so much that the beans in direct contact
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with the chemical changed color. To grasp the magnitude
of this problem, they used part of the beans as seeds, but
they never germinated; although the beans were sold for
human consumption. These simple examples show the
irrational, indiscriminate use of pesticides with
residual effect, which harm the health of consumers,
make it impossible to fight pests efficiently, and also
pollute the environment, which over time will harm other
species de animals. Therefore, effective fumigation in
metal silos, using a fumigant such as Phostoxin, with no
residual effect, will help improve people’s health
without causing such problems as those described
above.

4) Farmer Jaime Martínez, from the community of Guaila,
department of Huehuetenango, Guatemala, interprets his
socio-economic appraisal of post-harvest grain losses:
"Poverty makes people settle for eating spoiled
grains”. In fact, when grain is scarce, there are farmers
who literally eat spoiled corn, because they say it is their
only available food. During a field visit in the department of
Alta Verapaz, Guatemala, an indigenous lady was taking
corn to grind at a mill into nixtamal, to make typical Central
American tortillas. I asked her to show me the corn and
saw that it was black. I thought it was the native dark-
colored corn that Mayan communities grow, but it was due
to fungus contamination.

Traveling in El Salvador, I saw that the only food for
children coming home in the department of Usulután was
tortillas with salt; their mother said: "at least they fill their
stomachs”.

These stories show that post-harvest issues are serious,
with social, economic, and especially food insecurity
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dimensions. Achieving food security is an urgent
challenge for governments, since guaranteeing access to
food is a duty of the State and a human right of the
people. Because of the importance of Food Security, the
next section will discuss this subject.

1.2 FOOD SECURITY IN 
THE NEW MILLENNIUM

Worldwide concern continues because of the failure to
provide timely supply of food to meet the growing unmet
demand, worsened by population growth, taking the world
population to over 6 billion. In addition to this gloomy
outlook, post-harvest losses, the lack of access to and
equitable distribution of food, are added to the huge
waste of prepared foods and biofuels using corn.

Under these circumstances, the social disease of
hunger, which has accompanied human history from
its beginnings, is ceaselessly ravaging the most
vulnerable social strata in rural areas most harshly, along
with city belts of extreme poverty.

The gap between production and availability of foods from
agricultural sources clearly shows that food insecurity
persists, and therefore the author feels that all actions
geared to reinforcing food security as a challenge for
the new millennium will be welcome, since this is a
pending challenge, and therefore is and will be a current
issue calling upon civil society, governments, international
cooperation, private enterprise and other stakeholders to
join efforts and decide to achieve this purpose, so people
can have uninterrupted access to food.
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People are being born every day, which means new
stomachs to feed, while paradoxically the cropland for
food production remains the same size and is even
subjected to degradation due to social pressure and
mismanagement. Consequently, productivity is
increasingly decreased.

Crises involving food shortage are recurring. They reveal
and emphasize the people’s vulnerability when natural
disasters occur (droughts, earthquakes, volcanic
eruptions, etc.), unbalancing the agro-food chain.

The concept of food security to be used in this document
“means assuring people timely, uninterrupted access
to the foods they need, in quantities and quality
suitable for eating and using, thereby contributing to
their well-being and holistic development”. The idea is
related to the physical availability of foods. These are not
unique concepts, but there are different ways to express
them. For example, Juan Carlos Hurtado, Minister of
Agriculture of Peru, defines food security as the
“implementation of governmental mechanisms to ensure
the people constant food supply year-round, initially taking
as a referent the composition of the current family food
basket”.

However, food security may be distorted and devalued
by contractions in food production, on the national,
regional or world level. These problems are linked to the
sizable losses by bad storage, contamination by
pesticides, fungi, rodent excreta, hairs and urine, dead
insects, etc., and the adoption of unsuitable eating habits
in changes driven by the depletion of livelihoods.
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We must recall that conflict for food supply is a
longstanding feature of human beings. This conflict is
worsened by dependence (food insecurity), under-
development, population concentration, inequitable
distribution and poverty. The paradox is that, while
many developed countries have trouble storing their
surplus harvests (literally awash in their food) many
Third-World countries cannot even cover their own food
requirements (the daily minimum of 2700 calories per
capita required to lead an active life).

Food insecurity results in under-nutrition. However,
countries are not under-fed, but people and groups of
people, generally children and the elderly because they
are the most vulnerable, as reflected in high infant
mortality rates, for example. Consequently food security
actions are required, including subsidies, such as pricing
policies to benefit the poor and under-nourished, support
for certain traditional products (redirecting production),
encouraging people to eat foods with proteins such as
beans, enriching corn meal, wheat with quinua, protein-
rich algae such as pirulina, among others.

Short-term measures may also clash with food security
goals. In the long term, any food security strategy depends
on the economy’s overall health, so international trends
cannot be ignored, and there are no blanket solutions.
Therefore, food security policy must be part of a country’s
overall policy to achieve real impacts leading to long-term
sustainability. Coordinated action under a consensus-
based common agenda must grant priority to the most
vulnerable population groups.
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Dynamic, changing trends must be taken into account:
State downsizing and market liberalization, globalization,
development with an integrated approach, mobilization of
people’s own resources and setting up their own savings
and loan systems.

As a reflection, allow me to pose a question: To achieve
food security, is it necessary and sufficient to have enough
food available? Each reader will have his/her own take on
this. What matters is not to remain indifferent, but to
address this serious problem, with unforeseeable
consequences, to take coordinated, global, long-term
action that can make an impact, because "vision without
action is meaningless, and action without vision is
also aimless". There is a saying that "If you don't know
where you are going, any road will do”.

When demand is the central concept in food security, the
issue of poverty is implicit. If any sector of the population
cannot regularly and equitably access food (in sufficient
quality and quantity) this reveals the fundamental issue of
people’s purchasing power. There is much to discuss on
this topic, and food security will be an issue for many
years to come. We should ask whether post-harvest
losses have been halved as proposed in the United
Nations’ Seventh Assembly. Has enough been achieved?
If so, why are thousands of people starving, the world
over, especially children?

For centuries, farmers have gotten by under very difficult
conditions, by their wits and using preventive measures,
keeping their stored grains as well as they could, and
using traditional storage systems, which have advantages
and disadvantages, as outlined below.

36

Metal Silos and Food Security



1.3 TRADITIONAL SYSTEMS TO 
STORE BASIC GRAINS

Grain storage dates back to biblical times. Joshua’s
revelation enabled the people to store enough strategic
grain reserves to avert famine in the region. This ancient
history repeats itself to this day, especially in countries that
keep their people in constant food insecurity, depending
on the circumstances. Here the principle applies that
“When there are no strategic food reserves, there will
be a bitter awakening”.

History also tells us of the grains found in the pharaohs’
tombs, presumably used in rites or ceremonies. More
recently, storage has become essential as people have
left nomadic ways and settled down to cultivate the land.
Crop harvests cannot be fully consumed immediately, so
part must be stored as a reserve for times of scarcity. The
dilemma is that stored harvests create a conflict, as a
number of living organisms, including other people,
compete for the same food source.

Traditional storage systems are influenced by climate,
grain type, ethnic traditions, environmental conditions,
storage time, grain usage patterns, etc.

These are some examples of traditional storage:

1. Wooden chest. Used to store grains (corn, wheat) or
un-shelled ears, in varying sizes and storage volumes. A
chest to store some 2600 pounds (lb). of corn costs about
85 dollars. Disadvantages include the room it takes up in
the house, and pests that destroy the wood (such as
termites). Chests are used in cold, temperate and hot
places.
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2. Synthetic fiber sacks. Widely used to store all kinds of
basic grains, with different storage capacities. Rodents
damage them, pest insects in different stages get into the
grain, the environment’s relative humidity may dry or
dampen the grains seasonally (grains are hygroscopic, so
the vapor pressure of water vapor molecules interacts with
the grains and environment).

3. Tapanco. This is the Central American term (in
Ecuador, soberado) for a wooden structure over the
cooking fire so that the smoke will repel insects. The
smoke, heavy with carbon dioxide, produces a rarefied
atmosphere preventing respiration, and the heat helps dry
ears of corn. It also bothers insects’ eyes. Rodents, who
feed at night, have these problems solved, and even build
their nests in the tapanco, as do insects that have gotten
used to the smoke and live there in comfort.

Photo 3. A tapanco in Guatemala.
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4. Metal barrel. These containers, initially used for
lubricants or pesticides and then to store grains, can hold
four hundredweights (400 lb. = 182 kg.). All kinds of basic
grains can be stored. However, if they are not properly
washed, residues of insecticide can affect the health of
those who eat the grain.

5. Parvas. These storage stacks are used by the
indigenous people in Ecuador’s Highlands, arranging the
wheat, barley or bean plants in a circular pyramid, with the
grains inward. They may be several meters tall. Grains
can last several years, although lichen will grow on the
stalks, fed by the rain. Parvas are fine nesting-places for
rodents, who thrive amidst the bountiful food supply.

Photo 4. The community of Chulcunag Alto, Province of
Chimborazo, Ecuador, with barley parvas in the background.
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6. Guallungas. Typical of indigenous and other rural
communities in Ecuador, Guatemala, and elsewhere, they
are used to store seed corn. As the ears are eaten, the
guallunga is a calendar showing how much is left, so
families can ration their consumption and make sure that
grain will last from harvest to the next year. In places with
high relative humidity, the ears are shucked so the husks
will not interfere with drying. Many insects and rodents
thrive with this abundant food supply and make sure to eat
their daily ration.

Photo 5. Guallungas in Guatemala.

Having described the main storage system used by small
farmers in Central America and Ecuador, now we will
discuss the main factors causing post-harvest losses of
stored grains.
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1.4. FACTORS CAUSING LOSSES 
OF STORED GRAINS

The concept of loss refers to those grains that have
spoiled to the point of being unusable as human food.
Damage is defined as the amount of grain that has been
altered by biotic and abiotic factors, although part of the
damaged grain may be recovered for food and feed. This
situation will depend on the consumer (their social class).
Generally damage is worse than loss in quantitative terms.
See Attachment 18.

To illustrate these two concepts: Calculating the damage
caused by birds in a cornfield, 40% of the ears were
damaged. In this case, the kernels eaten by the birds
reduced total weight (perhaps by one third or one quarter
of the corn ears) and the husks opened by the birds’
damage. Normally, birds do not eat all the kernels on an
ear, so the rest of the grain can be used. Loss can be
calculated on the basis of weight, constant volume, or
number of kernels.

Photo 6. Ears of corn damaged by fungi. Illustration of ecotypes
of corn grown by Mayan indigenous people in Guatemala.
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To estimate grain losses, studies must clearly determine
grain loss in the field, to avoid subsequent
misinterpretations, because loss increases
proportionally to storage time. As insects multiply,
voracious larvae eat the endosperm of grains, and occupy
the empty space inside the grain as they grow. The larvae
weigh more than the equal volume of endosperm they ate
(because larvae contain more water than the dry grain
does), larvae-infested grain weighs more than it did, which
must be taken into account when quantifying losses.

Loss may be expressed as weight loss compared to the
initial grain weight, or as decreased nutritional,
commercial, industrial, or agricultural quality (in the last
case, for use as seed).

Laboratory studies calculate the dry matter (DM) to
standardize among varieties of grain with different
moisture contents:

(Initial grain weight in grams) X (initial grain moisture
content/100) = Weight of water in the sample, in grams.

Initial grain weight – water weight = Dry matter weight, in grams
(Dry matter weight) X (grain weight with new moisture content)

Similarly, the socio-economic consequences of post-
harvest losses, analyzed at a macroeconomic national
level and a microeconomic farmer level, are quantified as
the economic costs to import grains, with the consequent
foreign currency drain, pushing the country further into
debt, with high societal costs. Farmers lose their crops in
the field and in storage, so they have to sell them too
cheaply, and grain becomes scarce toward the end of the
storage period, forcing them to purchase poor-quality
grains. This leads to indebtedness, inability to repay,
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strengthening of intermediaries, migration by farmers and
food insecurity for rural families. Food security may be
affected by increased prices and the use of corn in
biofuels.

Photo 7. In a rural community in Guatemala, a silo
arrives to provide an efficient way to achieve rural food security.

The concept of loss has been discussed at length.
According to FAO, "stolen grain is not a loss, but a transfer
of ownership. Someone ate the stolen grain, albeit
illegally". However, we will not consider this legal
argument, which is mentioned not to create a polemic, but
simply for reflection.

Inter-relationships among loss factors involve the
following:

1. Physical or abiotic factors: environmental
humidity and temperature, grain moisture content,
deficient post-harvest management practices, and
contaminants.

43

Bravo-Martínez Juan



2. Biological or biotic factors: metabolism,
insects, fungi, rodents, yeasts and the grain itself,
which is alive.

3. Economic and social factors: customs, credit
and technical assistance.

Post-harvest losses from the above factors are inter-
related. For instance, mechanical damage makes work
easier for insects, harvesting methods cause mechanical
damage, moisture contents over 15% help fungi develop,
etc.

Post-harvest losses must be analyzed at different stages
of management:

- Grain gathering.
- Transport – on-farm and from the farm to       

points of sale.
- Storage.
- Processing.
- Marketing.

Photo 8. Corn harvesting in El Salvador.
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Biological or biotic factors. The internal storage
microclimate, in the inter-grain spaces where insects, in
their different stages of development, move around, is
different from the outside climate, because grains have
very low thermal conductivity and can even be considered
as insulation.

In storage there is a lot of competition for the same food:
insects, fungi, yeasts, rodents, birds and people as the
center of interest, all wanting to eat the grain and survive
– first come, first served! In cereal grains, inter-granular
spaces account for 30% of storage volume.

Grains are alive. Their living process of aerobic
respiration release energy in the form of heat, water and
carbon dioxide. The water and heat interfere with storage
and conservation of grain but can be controlled by
ventilating and airing the grains. And the CO2 provides a
method to control insects during storage (controlled
atmospheres). The first lesson, to reduce respiration
levels, is for grains and seeds to have moisture contents
allowing safe storage (the amount depends on whether
cereals or legumes are involved).

The energy for seed respiration comes from the sugars
contained in cereal grains’ starch, so this reduces seed
weight. Under normal storage conditions, 0.5% of dry
matter is lost per month, by grain weight. This applies to
storage depots (industrial silos, warehouses) when
calculating the final weight of the stored grain, after
subtracting weight loss due to drying and any cleaning of
grain prior to storage.
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Seed respiration keeps them alive. Their glucose molecule
breaks down by the following reaction, under aerobic
conditions (i.e., in the presence of oxygen):

C6H12O6 + 6O2 = 6H2+6CO2+677Kcal.

The same molecule of glucose breaks down differently
without oxygen / under anaerobic conditions, fermenting
as in making alcohol, and tastes sour.
The reaction is as follows:

C6H12O6 = 2C2+2C2H5OH+22Kcal.

Legumes and other protein-rich grains break down at a
lipid molecule, by this chemical reaction:

(C15H31COO)3C3H3+721202+51CO2+49H2O+7626Kcal.

The above reactions show that legumes release more
heat than cereals do, which is one of several reasons
that legumes must be stored with lower moisture
contents than cereals. When heat is produced by insect,
fungi or such activity the grains must immediately be
aired out to lower their temperature.

Grain temperature and moisture content significantly
affect their respiration rate. The following postulates will
illustrate this:

There is a principle that the warmer grain is, the
more it respires16, and conversely the cooler it is, the
less it respires. For instance, when grain storage
temperature rises by 5 degrees Centigrade, the
respiratory rate doubles.
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Due to respiration, wheat stored at 30 degrees
Centigrade and 22% moisture content will lose 1.4%
of its original weight in a week.

Respiring wears grain out, decreasing its dry matter
and therefore its quality, sapping its germinative
power and food value, making its fatty matter acidic,
and developing fungi and insects.

The damper the grain, the more it respires; conversely, the
dryer it is, the less it respires. For instance, a grain with
30% moisture content, respires 400 times more than the
same grain with 15% moisture content.

For cereal grains to be dry and ready for storage, they
should have 13% moisture content. That is, the other 87%
is the dry matter, i.e., the flour when the grain is ground.

Grains are made of dry matter, comprising minerals (ash)
and largely organic matter, which can decompose (rot)
when improperly stored.

Mineral components of grains comprise macroelements,
such as: chlorides, phosphates, sulfates, carbonates,
sodium, potassium, silica and trace elements such as
copper, zinc, manganese, cobalt, iron, iodine and
selenium.

Organic matter is subdivided into fatty compounds,
cellulose, hydrocarbons (starch, sugar, pectins,
hemicellulose), and nitrogen-bearing compounds
(proteins and vitamins). The above description shows the
internal complexity of the grains analyzed from the
standpoint of their biochemical composition. See
Attachment 27.
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Grains are a major food reserve for people. However,
their natural enemies include pest insects that attack
stored grains, as described in the following summary:

1.4.1.- INSECTS THAT ATTACK STORED GRAINS.

This term will be used to distinguish them from beneficial
insects that are parasites attacking harmful insects that
destroy grains. Insects must be taken into account
because of their reproductive speed, adaptive power,
resistance, diversity of species and specificity.

The first reports on insects in storage, are found in Egypt’s
pyramids, dated at 2300 B.C. and these insects have
spread worldwide, borne by international grain trade.
Approximately 250 species of insects have been reported
that attack stored grains and their derived products, but 20
species are economically important.

Insects that attack stored grains, generally known as
beetles and moths, are classified as Coleoptera and
Lepidoptera, respectively. Beetles’ appetite is voracious
as adults or grubs, although moths destroy grains only as
larvae.

One of the insects causing the greatest losses (35% of
corn, especially en Africa) is known as the Larger Grain
Borer (Prostephanus truncatus). It attacks the center of an
ear of corn, drilling through it. Therefore, to break its
biological cycle, corn should not be stored on the cob,
but shelled and stored in metal silos. Prostephanus is
also destroyed by an initial dis-infestation to eliminate and
control this pest. So it is recommended not to store corn
on the cob but shelled, or to store it in wooden structures
such as trojas and to work on genetic improvement
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Photo 9. Comparing a moth and a beetle

a. Illustration. The top photo is a moth and larva; only
larvae eat grains. The bottom photo shows a beetle and its
larva (grub), both of which can destroy grains.
Consequently, beetles destroy more grain than moths do.

b. Morphology. The body of an insect is divided into three
parts: head, thorax and abdomen, which are joined to
each other. Insects have thick outer shells, exoskeletons,
with small orifices for respiration and excretion, which
protects them from physical and chemical damage, and
enables them to conserve water in their bodies, reducing
evaporation. However exoskeletons’ disadvantage is that
they are rigid, so to grow they must shed their shells,
which is a vulnerable time for insects.
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Their bodies are 4 to 5 mm long. Their mouths are of
different types, but most are chewers, with strong jaws
(beetles), that can break through the grain’s pericarp and
get to the floury inner endosperm.

Another characteristic of insects is that they have three
pairs of feet, except for some larvae, and many insects
have wings, with a pair of spiracles (openings) on their
abdomen to breathe.

The different changes in an insect from birth to adulthood
are called metamorphosis. Many species of insects
cause damage during their immature stages of
development. In complete metamorphosis, insects go
through four phases: egg, larva, pupa and adult. Insect
tolerance to phosphamine, in decreasing order, is young
nymph17, egg, adult nymph, larva and adult.

For reproduction, insects prefer darkness and quickly
adapt to new storage environments in their colonizing
stage. Then, during their development stage, their
explosive outbreaks can feature even cannibalism among
insect species. This situation is accompanied by a
rarefied, stale atmosphere with limited oxygen (due to
respiration by insects and grain), decreased inter-granular
space as insects’ feeding spills meal particles. These
changes in the storage environment lead insects to
migrate, so they are sighted walking around on containers.
Insects are selective, choosing a single grain as food,
though they may stay in other grains temporarily until they
complete their biological cycle. Insects and the damage
they cause are studied in terms of the population
dynamics of the harmful species over time.
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The parameter used is called the general equilibrium
position (GEP). An insect species gets into the grain and
grows slowly (biotic potential); then very quickly
(exponential growth) until food becomes limited; and the
population goes up and down fairly stably.

The biotic potential of a pair of insects (male and female)
is calculated like this:

P = (A+B) +(A2+AB) + (A3 +A2B) +.......................(A +An-1B)

P = Number of insects after n generations
A = Number of male insects
B = Number of female insects
n = Generation to calculate total progeny.

Example. 

A = 15 male insects; 
B = 20 female insects. 
Calculating the third generation (n), 
their biotic potential (P) is 16,310 insects.

Insects reproduce by laying eggs among, in, or on the
grain. Their high reproductive capacity is exponential.
A female beetle can lay up to 400 eggs, which become
adults, depending on the storage microclimate
temperature, in approximately 35 days.

For instance: A female beetle lays 400 eggs, with 60%
viability, increasing in a month and a half to 28,800 insects
(half male, half female), in 3 months to 3,4 million insects,
and in 6 months to the amazing total figure of 49 trillion
insects. These figures speak for themselves. This is one of
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the many reasons that humans must continually protect
their crops from insects, one of the most devastating
plunderers of grain. The chart shows the amazing ability of
insects to reproduce under normal conditions and without
disturbance.

Chart 3. Taken from the Fumigation Manual,
DETHIA, 1998, Guatemala.

Under normal conditions, insects can live for two years
and their infestation increases grains’ respiration rate,
increasing the temperature and moisture content; and
moister grains foster growth of fungi.

Insects pollute grains with excrement, hairs, scales, dead
insects, and some even produce diarrhea in animals that
eat them. The flour beetle known as Tribolium confussum
smells bad and affects the odor of stored grain.
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Insects can cause allergies affecting the eyes and
respiratory system, dermatitis, catarrh, colic, miscarriage,
intestinal diseases and decreased commercial and
nutritional quality of grains.

Moths, when changing from larvae to pupas, produce fine
fibers to form their chrysalis, which sticks grains together.
The unsightly appearance makes the grain harder to sell
for a good price. Insects generally eat the floury part of the
grain, others selectively eat the embryo, and as they move
around amid the grain they spread fungus spores, which
later affect crops.

Insects begin developing in the field (field infestation) once
grains reach physiological maturity, and complete their
development during storage. Many can fly, so they can
move from the fields to the farmer’s house in search of
food. Others infest kernels once birds have broken
through the corn husks or when the ears are not fully
covered by their husks; they infest grains in their different
stages of their biological cycle, and can get into storage
sites.

Insects have survival skills: they can fast for up to a
month; at temperatures under 10 degrees Centigrade,
they can slow their respiration; they use all available
hiding places to wait for the next harvest.

Environmental conditions, concretely the temperature,
help insects reproduce exponentially; temperatures over
25 degrees Centigrade help accelerate their reproduction,
although lower temperatures lengthen their biological
cycle.
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In addition to temperature, other factors such as food
availability and grain moisture content influence damage,
because lower moisture content makes the grain harder
and more difficult for insects to attack. Storage insects
prefer darkness to live as long as two years and reproduce
– moving the grain, exposure to light and sunlight disturbs
them and makes them migrate.

Insects are classed as primary and secondary, according
to their ability to break into grains, depending on their
mouth type.

Some knowledge about the biology of storage pest insects
will help prevent and control them, as described below. In
any event, preventive methods are always cheaper than
curative ones.

c. Insect control. Controlling insects should be easy –
they are so little – but what matters is not strength but
knowledge and application of timely strategies, especially
learning about their biological cycle and stages when they
are most vulnerable to curative control using fumigants. A
metal silo protects grain.

The fight to control and eradicate stored grain pest insects
is by no means over. Every year, thousands of tons of
pesticides are used but insects remain a serious problem
with catastrophic consequences. Some types of insects
are also showing some degree of resistance to chemical
control.

1.4.1.1. Traditional methods to protect crops during
storage
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Traditionally, farmers use natural control methods,
summarized below:

- Fine, dry sand. Sand is abrasive, so it scratches
the insect’s skin, leading to loss of water and the
insect dies by drying up.

- Ash or slaked lime, clay. These materials’ low
moisture content can dry out insects to the point
where they die. The fine powder also rarefies the
storage microclimate, making it inhospitable for
insects’ normal respiration.

Technically, the use of ash, lime or sand would
interfere with technical storage, which recommends
prior treatment of the grain, to remove impurities,
dry, sort and cool it. So, sand, ash and lime are
literally impurities or foreign materials.

- Plants with repellant properties. The different
organs of certain plants (stalks, dried leaves, roots,
fruits, etc.) have insecticides or repellant properties.
In any event, there is a technical problem to solve,
regarding the amount of plant material to obtain a
certain amount of active ingredient, to kill a given
kind of insect.

The recommended dose to protect grains during
storage is expressed in parts per thousand (ppt). For
example, 2 ppt means two parts of active ingredient
for each thousand parts of grain to protect. Although
this is a traditional method to accurately research
about the active ingredient, this requires cutting-
edge technology, such as gas chromatography.
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Other issues remain to be addressed such as how to
apply these plants to the grains. They could be
sprinkled as a powder, or mixed with diluents such
as alcohol, for example.

It would not be recommended to dilute with water,
because the principles of safe storage call for dry,
healthy, clean grains. Preliminary studies in the
National Post-harvest Program of Nicaragua have
found that neem oil controls storage insects.

- Exposure of grain to the sun. From time
immemorial, humans have learned that the sun can
be used to overheat adult insects, forcing them to
migrate out of grains, but many immature-stage
insects stay in the grains, protected from the sun.
Larvae and eggs outside the grains die by drying
out. While exposing grain to the sun, it is also
ventilated and residues of insects’ activities (dust,
meal particles, etc.) and dead insects are removed.

- Stirring the grain. Insects migrate away when
disturbed by movement. Many immature forms of
insects die from being knocked around; they live and
breed in the darkness and may not survive
disturbance of the storage place.

- Sorting the grain. This traditional way of limiting
grain infestation prior to storage is meticulous and
labor-intensive, calling for sorting out all grains
already perforated by insects. However, the
infestation often persists. Machinery is widely used
to shell ears of corn, which breaks a high
percentage of kernels, without any sorting, and
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grains are immediately stored, with the consequent
problems.

- Cooking the grain. Farmers from the province of
Bolívar, Ecuador, put their grains in hot water for a
while, so the heat kills adult insects and other
immature forms. Then they dry the grain again, and
it gets hard enough to prevent some subsequent
infestation.

- Smoke. Ears of corn hanging over a wood
cookstove let the smoke from the stove get among
the ears and bother insects’ ears or sometimes
asphyxiate them. However, some insects adapt to
this type of rarefied atmosphere.

Traditional methods used to protect grains, although not
the most effective, do work for treating small volumes of
grain, but with commercial agriculture and the need to
protect large amounts of harvested grains, other modern
methods to control stored grain insects have become
necessary, as described below:

1.4.1.2. Technical harvest protection.

- Controlled atmospheres. This method is used to
control stored grain insects in large central storage
facilities, specifically in industrial silos that can be
hermetically sealed. The principle is to alter the
atmosphere of the storage microclimate, making it
more rarefied by replacing oxygen with carbon
dioxide. This physically limits insects’ respiration
and asphyxiates them. This method requires the
most accurate estimates possible of the volume of
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oxygen in the storage microclimate, to replace it with
the equivalent amount of carbon dioxide, lethal to
the insects, then seal it to prevent re-entry of air from
outside the silo.

- Cold. This is another method to limit insect
reproduction in the storage system. This introduction
of air that is cold and dry enough to kill insects is
known by the name of GRANIFRIGOR. It requires
special equipment powerful enough to blow air
through the whole column of grain, overcoming any
resistance to the cold air flow.

Once again, this method will be used in commercial
storage sites for grains and seeds, where their
germinative vigor must be maintained, if they are to
be planted or sprouted (in the case of barley for
beer-making).

- Integrated control. This is another possibility to
control and prevent infestations, including:

1. Early harvest, when grains have just reached
physiological maturity and can be gathered because
they will build up no more dry matter. Studies show
that when corn remains in the field after folding18 it is
damaged more by insects, fungi, rodents and even
pilferage.

2. Resistant varieties, are another possibility, since
improved varieties, such as hybrid corn, are more
susceptible to insect attack due to their high starch
content. Other characteristics of the plant, such as
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size, and resistance to being beaten down by the
rain and wind, help prevent rodent damage. For
corn, the percentage of husk covering the ear is very
useful protection against insects in the field. These
elements must be taken into account by plant
improvement programs for corn.

3. CIAT in Colombia has studied the resistance of
types of beans, determining that a protein in beans
provides some resistance to storage insect attack.

4. Preventing infestations also involves managing
containers where grains are stored, which must be
treated with boiling water or fumigated in a sealed
container.

5. Biological control has not made much progress,
because of the way grains are handled during
storage (enclosed environments). There are certain
types of aphids that have proven effective as
parasites to attack beetle eggs, but they also cause
side effects, such as allergies, in people who eat the
grains.

6. There are kinds of wasps that are also
parasites for beetle eggs, but they need to have
free entrance and exit in the grain storage place.
This would mean storing the grain in open spaces, a
problem because of rodents, so the solution is no
better than the problem. However, studies continue
in this direction.

1.4.1.3. Chemical control of insects

59

Bravo-Martínez Juan



This is another of the methods available and used to
control insects that attack stored grains, sold as powders,
liquids, pressurized gas or tablets. These pesticides come
in different concentrations of active ingredients, for
curative treatment of grains, prior to storage. The
Post-harvest Program in Central America supported by
the SDC has used phosphine or phosphamine, a
fumigant with the chemical formula of PH3 that has no
residual effect, to treat grains in over 360,426 family silos
in four countries with excellent results. This strategic
action significantly improved the health of small and
medium farmers and other consumers, because the
grains have no insecticide residues. It also helped
reduce poverty, by reducing losses of tons of basic grains
and enhancing food security by lengthening storage time
with good-quality grains. For this reason, and to learn
more about fumigants, we will discuss this topic:

Principles governing the use of fumigants to treat
stored grains

Knowing the physical and chemical principles of how
fumigants work will clarify concepts, remove doubts and
enable users to suitably protect stored grains in metal
family silos.

1. Definition of fumigation. The activity of treating grains
with one or more fumigants, respecting the basic
principles governing how gases work and are managed.

2. Fumigant – the substance that, at a given temperature
and pressure, can release gas at a concentration that is
deadly to a given harmful species. Phosphamine or
phosphine (PH3) can be released from aluminum
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phosphide or magnesium phosphide.

3. How do gases act? They are governed by the law of
gases, specifically diffusion and sorption.

A. Diffusion of gases. Diffusion is the main property of
gases, by which their independent molecules can
penetrate into grains being fumigated and then come back
out.

- The rate of gas diffusion is inversely proportional to
its molecular mass. Example: Diffusion of PH3
(molecular mass 34) is faster than methyl bromide
CH3Br (molecular mass 95).

- Homogenizing gas by ventilation can help
disseminate gases with high molecular mass.

- Gases penetrate throughout the grain, through
inter-granular spaces, which amount to 30% in
cereal grains.

- Gases penetrate inside grains, through the
permeable pericarp, killing hidden insect forms.

- The effect of the gas depends on the exposure time
(sealed time) and on the concentration of the active
principle (PH3).

- Gases may be used in the most varied situations,
providing they are applied in sealed spaces.

- It is easy to accurately calculate the lethal dose for
insects by measuring the gas concentration and
exposure time.
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- Fumigants are simple molecules that act on
numerous vital mechanisms of insects, such as their
nervous system.

- Fumigation is curative treatment, and the
fumigant’s action stops when degassed, so grains
could be reinfested after being fumigated.

- The effectiveness of treatment depends on the
environmental conditions such as temperature,
humidity, etc.

- Fumigation as curative treatment will totally
eradicate insects, both hidden and visible,
regardless of their stage of development.

B. Sorption of gases. The result of gas/solid interaction,
distinguishing two phenomena:

- Adsorption. This is a reversible surface phenomenon,
where the gas molecule adheres to the surface of the
grain. This is the most frequent phenomenon, and the
factors that influence it are:

1. The molecular mass of the air. A large molecule
is adsorbed more than a small one (CH3Br / Ph3).

2. Temperature. At lower temperatures, more gas is
adsorbed.

3. Mass of grains to fumigate.

4. Dose. At higher doses, adsorption is greater.

5. Contact time. Adsorption increases
proportionally to contact time.

62

Metal Silos and Food Security



- Absorption. This is an in-depth phenomenon, where the
gas molecule goes inside the grain. Adsorption is more
common.

C. Desorption of gases. This begins when the gas
concentration decreases, and is generally faster than
adsorption.

In practice, sorption phenomena play a major role in
calculating the dose of fumigant to use, and the
degassing.

D. Concentration by time (CxT). A fumigant’s toxicity
against insects depends mainly on:

1. The effective concentration of the fumigant. Some
gases are more toxic to insects than others, at low doses.
The dose is known (number of pills or tablets per volume
of grain stored), but the concentration must be measured.

2. The duration of insects’ exposure to the gas. Called
fumigation or seal time, for family silos ten days is the
recommended period. A fumigant’s toxicity can be
expressed by product of concentration by time, called CxT,
for precise situations of temperature and for each species
of insect. CxT is stated in gxh/m3 (grams per hour / cubic
meter), for example: PH3, 72gxh/m3. Phosphamine is a
nerve inhibitor that stops insects from breathing and stifles
them. CxT can be graphed.

The above conditions show that the concentration for the
dosage depends on a number of factors:

1. Theoretical CxT

63

Bravo-Martínez Juan



2. Total volume to be treated
3. Size of the load, depending on how important
sorption is
4. Any gas leaks.

Tablets or pills of phostoxin, are available commercially in
several presentations, from 1 to 3 grams in weight as well
as larger strips. Each pill has 57% phosphamine, 4%
paraffin and at least 27% ammonium carbamate. After the
gas treatment, a powder residue remains, that should not
be left in contact with the grains. To calculate the amount
of fumigant to use, see Attachment 17.

Hands-on experience recommends the use of fumigants
(gases) and not solid insecticides of the residual type to
treat stored grains. Here is an example:

Difference between a fumigant (phosphine, PH3) 
and a residual insecticide (lindane)

PHOSPHAMINE OR PHOSPHINE (PH3)

Used in totally sealed spaces to treat grains for food or
the food industry.

No residual effect; after the gas is released, the grains
have no subsequent protection against pests and could be
reinfested.

The gases occupy the entire container where they are
applied, and the molecules, smaller than droplets of
insecticide, spread better through the grain.

It is a curative treatment, killing insects in their different
stages: egg, larva, nymph and adult.
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Fumigants seek out the insect to kill it, because they fill the
entire container, and the insect just has to breathe the gas.

LINDANE, MALATHION.

Used in open spaces: fields, warehouses, etc.

They have residual power, remaining active for some
time, and building up.

Application through the grain is not uniform, and they have
a strong smell.

These are treatments to protect seeds for planting, but
must not be used to treat grain to be used as food.

Insects must come in contact with the insecticide, and die
only if they ingest it.

1.4.2. FUNGI IN STORED GRAIN.

Fungus develops when grain has not been dried in time19

which allows a moisture content over 15%, enough for
fungi to grow. They cannot make their own food, so they
are parasites for different substrates, such as grains. This
chapter refers concretely to fungi that are harmful to
human health, because there are also beneficial fungi
that can be eaten as food or used to produce antibiotics or
human food, such as mushrooms.

The main danger of consuming grain contaminated by
fungi is the possibility that they released toxins or mico
toxins, which, after a certain limit, can cause food
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it to absorb water from the environment, getting damper before the final drying a few days
prior to storage. Fungi also occur when the grain goes into the silo warm, or when
condensation is not prevented.
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poisoning (micotoxicosis) and even death of animals,
since they build up in the body and are transmitted from
one living being to the next on the food chain. Example: If
a person drinks cow’s milk contaminated by toxins, the
poisons will build up in the person’s body; the same
applies to eating contaminated meat.

This happened in 1960 when 100,000 turkeys died in
England due to some mysterious cause, associated with
their feed, which had peanut cake as one ingredient.
Finally, the birds’ cause of death was found to be the
aflatoxin20 produced by the fungus Aspergillus flavus.

For fungus to develop, it needs a damp substrate, suitable
temperature, oxygen and time. For fungi to release toxins,
the most important factor is temperature. To determine
whether toxins have been released, the grain
contaminated by fungi can be analyzed chemically, by
various methods, such as gas chromatography.

Fungi are found in plants, soil and to a lesser degree
throughout the environment, and require suitable
temperatures and humidities to live (5 to 45 degrees
Centigrade, but they grow best from 12 to 42 degrees
Centigrade). Fungi will thrive in a relative humidity from 75
to 85%. Fungi may be divided into field fungi and storage
fungi. Field varieties infect grains before harvest or
afterwards. The main species are cladosporium,
alternaria, fusarium and claviceps.
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[Manual to identify fungi in grains and grain products], by Dr. Ernesto Moreno-Martínez,
Mexico City, 1998.
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Chart 1. FAO/ WHO have set the following allowable limits for
aflatoxin in foods :

In Guatemala, the Unified Food and Medicine Quality
Laboratory (LUCAM) conducted a study from 1983 to
1988 to determine the presence of residual aflatoxin in
tortillas22. Their findings are shown in Chart 2 below.
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21 ppb means parts per billion.
22 Tortillas are widely eaten by families in Central America, made of corn or sorghum,
precooked and ground, and then toasted in a big pan. A family eats tortillas three meals a
day, and each person eats as many as 8 tortillas per meal.
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According to this chart, samples of tortillas made in the
Department of San Juan de Sacatepequez repeatedly
yielded high values for aflatoxin, 41 ppb in 1983 and 26
ppb in 1987, both figures over the limits for human
consumption (5 to 20 ppb). The conclusion is simple: The
grain from which the tortillas are made was contaminated
by fungi, due to improper storage and high grain moisture
content.

Photo 10. Making tortillas in Nicaragua

The simplest way to prevent fungus from developing in
grains is:

a. Early harvesting, timely drying and storage in
metal silos.

b. Getting heat out of the grain, by cooling it or
ventilating it with dry air after drying.

c. Properly locating the storage site to avoid
condensation.
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d. Preventing infestation of the grain, since when
insects break into grains they damage their natural
covering and increase moisture absorption.

The main implications or effects of mico toxins produced
by storage fungi are:

1. Effects on humans. Liver cancer, Reyes
syndrome, acute food poisoning, miscarriage, birth
defects and tumors.

2. Effects on animals: Tumors, low fertility and
miscarriages, low growth rates, low productivity,
death of poultry, cattle and other livestock.

The danger is there, but can be avoided if the proper
measures are taken, because mismanagement affects all
end consumers the same, so it is essential to be aware of
this potential problem. Storage fungi occur in all grains,
flours, feeds and other organic matter that can serve as a
substrate for the fungus.

1.4.3. RODENTS

Rodents are a major group of pests that compete with
humans for the same foods (e.g., corn, rice, sorghum).
They have been around people throughout time, crossing
oceans without swimming, on boats, aircrafts and other
means of transport.

Rodents are 40% of all mammals and their order,
Rodentia, is highly adaptable and therefore found in most
environments. In Latin America, non-native rodent species
cause major grain losses, not only because of what they
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eat, but because of contamination by hair, feces, urine
and, above all, the danger of transmitting contagious
diseases to humans23.

The known rodent species are:

1. The common rat, rafter rat, black rat (Rattus rattus).
2. The Norwegian / coffee / sewer rat (Rattus norvegicus).
3. House mice, common mouse (Mus musculus).

Chart 3. Main characteristics of rodents that attack stored grains

Information taken from: Ratas y ratones domésticos [Domestic
Rats and Mice], Alejandro Velasco and Raúl Nava, Limusa, 1988.

Mexico City.
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Photo 11. Ears of corn damaged by rats

Rats are called rodents because their incisor teeth grow
continually, some 12 cm a year, so they have to gnaw hard
objects constantly to wear their teeth down. Otherwise, the
teeth would get so long that the animal could not eat.

Plate 4. The three species of rats, drawn by the author.
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Rodents behave as groups, and are quite wary, so they
first reconnoiter a new place before moving in. This
phenomenon of migration (and rats are everywhere) takes
them from homes out to the field when food runs out; they
hide in garbage, eat grains, damage home structures
(even causing short circuits by eating insulation), run
around wiring, beams; they jump, swim, etc. See
Attachment 26.

For rats to thrive, they need three minimal conditions:

1. Water.
2. Hiding-places.
3. Good-quality food.

These three conditions are present in cities and the
countryside, and must be taken into account in programs
to reduce the rodent population.

The main diseases transmitted by rodents are:

a. To humans: Poliomyelitis, jaundice, bubonic
plague, rat bite fever, rabies, leptospirosis, leprosy,
tuberculosis, coccidiosis, and teniasis, among
others.

b. To domestic animals: Mastitis, miscarriages,
trichinosis, tuberculosis, and leptospirosis.

Leptospirosis has killed many people in Chile, Nicaragua
and other countries. It was originally known as the cursed
plague, and later proven by epidemiological studies to be
caused by leptospira, which rats carry.
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1.4.3.1. Rodent control

Rodents are not easy to control. It is better to prevent
rodents from colonizing a given space rather than
investing in costly control measures. Since rodents
need water, food and hiding-places to breed, the control
principle is to alter or eliminate any of these three factors.

There are many natural methods used by farmers against
rodents, such as predators, water traps, protecting foods,
sound devices, snap traps, etc. However, rats and mice
are still around, living in most places, because they have
adjusted, and are not intimidated.

To use chemical control, it is important to first choose the
active principle of the rodenticide. If it is already
prepared as a bait, how much the better, ready to use
without adding anything else. This prior information is
essential for successful control.

Rodenticides are classified, by the way they work, as
acute (single-dose) and chronic (multi-dose). The former
kill rodents if they ingest the bait even once, which could
warn the rest of the rodent population; whereas chronic
poisons kill rodents that ingest them several times.

They may be classified by their active principles:

Anti-coagulant rodenticides block the action of
prothrombin and the rodent dies by hemorrhaging.

Desiccant rodenticides Dry up the rodent, without
leaving bad odors.
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Hydrating rodenticides make rodents so thirsty
that they drink water until they literally split.

When handling rodenticides, care must be taken not to put
the bait out with feelings of fear or anger, because both
release a bodily substance that rodents detect and fear.
The silo prevents rodent damage.

The brief description above has touched on post-harvest
issues only summarily – there are whole texts on this
single subject.

In view of this apparently grim situation, this book will go
beyond theory. As the foreword promised, it is devoted
wholly to describing the experience of a program to reduce
post-harvest losses, the CENTRAL AMERICAN
PROGRAM TO REDUCE POST-HARVEST LOSSES,
funded by SDC and its star product, the metal silo, used
by families to store basic grains, effectively helping
improve food security for Central American families. This
Program has successfully contributed for over 20 years to
reducing post-harvest losses of basic grains sustainably,
and currently continues without any outside support in El
Salvador, Guatemala and Honduras.

Next, we will discuss the central features of that Program,
which significantly reduced post-harvest losses, with an
impact summarized in a few lines: "The legacy of a
successful regional program, where post-harvest
management became part of the culture of Central
American farmers, and in other regions outside
Central America. These farmers can now face the
arrival of summer without fearing starvation".
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Central American Post-Harvest Program and
family silos to store basic grains

Success stories from over 20 years of service

Photo 12. The "corn festival" in Nicaragua. This prized grain is
part of the Central American countries’ culture.

Taking a look back at the history of the Central America
Post-harvest Program, in the 1980s a cooperation
agreement between the Governments of Switzerland and
Honduras set the first steps in motion to understand post-
production issues in the sensitive, battered livelihoods of
farmers growing basic grains in Honduras.

Several years of research and investment, actively
involving multi-disciplinary24 teams , estimated damage,
losses and causal25 factors , simulating family self-supply
models. However, more than getting a figure for estimated
losses to satisfy researchers’ scientific interest, the point
was to get into action, with the principle that “if there are
grain management problems, we need a solution that will
be socially and economically adapted, technically possible
and politically salable". First rapport was achieved
between technical staff and rural families, remembering
24 Among others members of the technical team of Swiss experts, I must mention Hans Sieber,
Kurt Schneider, Mr. Raboud, Regis Avantlay, Max-Streit and the hallmark of artisans in Central
America, Honduran Orlando Rivera. The support of planning expert, Ernesto Schaltegger, was
fundamental to this process for years. Central American experts also provided essential support.
25 Determining damages and losses is not an end in itself, but a way to orient an intervention for
food security and help assess the impact of the technology after it has been implemented. 77



that basic grains are usually stored in the farm family’s
home, so one has to go in to observe, analyze and check
how storage evolves over time.

Research and validation of several technological storage
alternatives, some inspired in traditional systems with
improvements and others totally new proposals, was all
done under real-life conditions. Such an effort could
even have been considered unprofitable, but the trail was
being blazed with a vision of the future, fine-tuning the
methodology and cutting-edge strategy to sustainably
transfer post-harvest technology.

Here the starring role was played by the post-harvest
artisans with business training (rural family enterprises
run by families) that currently comprise an “installed
capacity for local, decentralized, sustainable, permanent
response to reducing post-harvest losses”, a mainstay
for sustainable post-harvest activity in Central America.
Long-term planning with a business approach, using clear
methodologies geared toward action initiatives and active
participation by civil society, has been a success factor.

Photo 13. Ernesto Schaltegger, an expert in the methodology of
Planning by Objectives (PBO) led planning for the Central

American Post-harvest Project for several years.
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Once the groundwork was laid to upscale silos nationwide
in Honduras (1980-86), with training manuals, promotional
material, training for artisans and technicians, local
stakeholder involvement, etc. in place, and taking
advantage of similarities in post-harvest problems for the
countries surrounding Honduras, the visionary leadership
of Kurt Schneider (former chief advisor to the Regional
Post-Harvest Program) regionalized post-harvest
management. With success after success, the Program
went from Honduras to Guatemala, Nicaragua and El
Salvador (1990-95), becoming the Regional Post-harvest
Program, which totaled over 360,426 silos in the four
countries by December 2002, all purchased by small and
medium farmers. See Attachment 13, for El Salvador,
updated to 2007.

In 1997, the Central American Post-Harvest Program
received a visit by interested technicians from Costa Rica,
Bolivia and Peru; in 1999, the Mexican Rural Development
Foundation visited the Post-harvest Program of
Guatemala and these initial contacts led to specific
support for Costa Rica, Ecuador, the Dominican Republic
and Haiti (starting in 1998) to begin post-harvest projects
in their respective countries.

As silos got around internationally, among different
cultures and regions with their own unique features, they
proved to be a versatile, useful, effective technology to
uphold countries’ food security/sovereignty and contribute
effectively and sustainably to reducing poverty.

The success of the Post-harvest Program upscaled in
each country and beyond Central America’s boundaries
has also been recognized by SDC as one of their "star
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programs”, which is no accident, but the result of the
vision of the multi-disciplinary technical team (engineers,
economists, etc.) who planned from the demand side26

using a social marketing tool, the concept test27, to
determine intentions to purchase the technology, which
designed a technological menu from which user-
customers choose what actually meets their needs.

To satisfy demand (farmers, grain merchants, feed mixers,
nixtamal (tortilla dough) mills, etc., post-harvest artisans
were positioned as the local technology provider, acting in
a decentralized manner, respecting market dynamics of
supply and demand and making silos28 available to users
that are good-quality, locally-made and readily available to
users.

At the beginning of the Post-harvest Program, artisans
were sufficient, positioning post-harvest technology
among users, helping create a "culture of technical
storage at the household level” with a vision of the
future and to make post-harvest activities sustainable.

Much was spent on positioning post-harvest technology. It
was a good investment, because it got potential
customers interested.
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26 Demand-side approaches are innovative and empowering, building users’ perceived
needs into planning while taking market signals into account.
27 It is a social marketing tool: asking focus groups of farmers and other farmers
individually, one learns about their preference for a technology and their intention to
purchase it, borrow it or seek a donation. The full information on the technology is supplied
with a scale model.
28 Silos are cylindrical structures of galvanized sheet steel, built with various storage
capacities: 0.18; 0.36; 0.54; 0.8; 1.36; 2.7 MT (100 lb. = 45.45 kg). They are used to store
dry grains: corn, beans, rice, soy, sesame, and also flours and seeds.
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Photo 14. Canopy used for promotional events in El Salvador.

However, the process called for innovation, changing
paradigms or business approaches, to foster the strategic
transition from artisans to post-harvest businesspersons
(family enterprises). This systematic change process
was assimilated by the artisans and rural workshops
cropped up, diversifying the work, with accounting records
for income and expenses, increasing points of sale by
their own efforts, increasing their income and moving
past their family enterprise break-even points. These post-
harvest country businesspersons said “my trade used to
feed us, now it provides a livelihood”.

From 1980 to 1986, SDC and the Government of
Honduras invested approximately 2,5 million dollars in
research and development of the methodology to
transfer flat-type metal silo technology. That investment
– quite high to start with – developed knowhow throughout
Central America, and yielded handsomely as the Program
regionalized and replicated beyond Central America. So, a
post-harvest project started in Paraguay in 1995, with
support from Helvetas29, and later continued to the
Dominican Republic in 1996. CRS led the first action in
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29 Helvetas is a Swiss NGO partnering in replicating post-harvest management from 1995
to 2001, implementing phases one and two of the post-harvest project in Paraguay and
preparing work plans for post-harvest actions in the Dominican Republic and Haiti.
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Kenya, Africa (1998 and 1999), and in 1999 the first
training was provided for artisans in Peru. In 2000, post-
harvest advisory support was provided in Cuba
(introducing the silo), through a concrete intervention by
SDC, and Cuba – despite its constraints – had made over
8000 silos by 2004.

To meet demand, post-harvest artisans handled local,
skilled, decentralized technology provision, respecting the
market’s supply and demand dynamics, making good-
quality, locally-made silos readily available to users in a
decentralized manner.

Post-harvest Central America had its own identity, and
post-harvest became a brand synonymous with
guaranteed quality. This brand is now part of the technical
storage culture of farmers, and some handicrafts are even
“post-harvest” brand.

Figure 5. Logo of the Post-harvest Program (PRP)
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Corporate identity. YUM KAX, the “God of Corn” is part of
Central American cultures’ identity (Maya), holding an ear
of corn that is pest-free, and he shows his power by sitting
on the corn borer.

2.1. STRATEGIC GUIDELINES

These were the main strategic guidelines for the Central
American Post-Harvest Program:

The purpose was to achieve greater food and financial
independence for small and medium farmers in Central
America and other beneficiary farmers outside the Central
American region, through international replication.

The goal is to enhance availability of good-quality basic
grains for rural families, to reduce food insecurity.

Consequently, the Program worked to reduce losses from
improper storage of basic grains, improving food security
and bringing better prices for sales of surplus produce,
boosting household income and consequently helping
reduce rural poverty30.

Twenty-plus years of work can assert that the formula for
broad impact was due to:

1. Attractive, appropriate technology, meeting a
perceived need for users and abiding by market
supply and demand.

2. Concentrated efforts and defined roles:

30 About three quarters of the world’s poorest people live in rural areas and depend on
agricultural activities for their livelihoods. Pro-poor growth will entail increasing agricultural
productivity and income. Taken from the UNDP Human Development Report (Measures to
benefit the rural poor).
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- The Regional Post-harvest Program, facilitating,
promoting and setting norms for the technology
transfer.

- Decentralized training31, efficient promotion by the
artisans themselves, creating an image (corporate
identity) and consequently developing demand
sustainably.

- Strict product quality control (hardware) and after-
sales service (software).

- Services for interested institutions outside the
Central American region, on demand.

- Effective involvement of civil society, especially
governments and private enterprise, in the transfer,
which stimulated local demand for quality raw
material on a win-win basis.

2.2 EVOLUTION FROM ARTISANS TO RURAL
BUSINESSPERSONS. Moving up from artisans to
businesspersons32 was a key challenge, since the
business created a feeling of ownership, greater
empowerment and true livelihoods. See Attachment 7.4.

Further, the alliance with the European Union provided
credit in Honduras and Nicaragua, which helped
encourage the transfer. SDC also provided funding for raw
material (galvanized sheet steel) and to provide start-up
capital for artisans, which was later discontinued, because
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31 Training was provided at various levels: Over 1000 artisans in the four countries, technicians from
partner institutions, who later acted as field liaisons linking demand and supply, rural leaders who
subsequently taught customers how to use the technology, teachers and professors who implemented the
post-harvest module in their schools and universities.
32 Allow me to quote former Director of the PROSIGUA Project in Guatemala: “artisans take the leap
forward to business persons when they use their hands less and their tongues more”. Of course, a
business does more promotion, hires skilled labor, makes deals and takes risks.
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the companies began to emerge, save, capitalize and
especially larger private enterprise played its role. For
more details on the Program’s evolution, see Attachment
19.

2.3. STRATEGIC ALLIANCES. Technology transfer was
organized through third parties, which encouraged
government and civil society collaboration. In the four
countries, around 240 institutions (public and private)
played an active part in transferring the metal silos,
contributing their own human and financial resources. This
made some of them higher-profile and more credible in the
eyes of their own donors. Other non-governmental
institutions, applying business concepts, offered loan
packages to purchase silos as an institutional service.

2.4.INSTITUTIONALIZING33 POST-HARVEST MANAGEMENT
IN EACH COUNTRY. From the outset, everyone knew the
projects would end at some point, so it was crucial to
agree on a systematic, responsible, gradual exit strategy.
In negotiations, each government (Honduras, Guatemala,
El Salvador and Nicaragua) agreed to assume increasing
responsibilities – significant in-kind contributions, human
capital and logistical support as national counterparts for
SDC cooperation.

In most cases, each country’s contribution was over
40% and rising. With creativity and each country team’s
unique identity, they designed promotional mechanisms,
such as the play: “From Pedestrian to Horseman with
Post-Harvest", implemented in El Salvador. Other
contributions are described in Attachment 15.
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33 This was a great accomplishment, with about 40% of the project’s cost in each country co-funded by
each government and continually increasing support. In Guatemala the MAGA’s Ministry Resolution
created the Special Unit to Implement the Post-harvest Program, reporting to the Minister.

Bravo-Martínez Juan



Photo 15. Play: "From Pedestrian to Horseman with 
Post-Harvest", El Salvador.

2.5. EVOLUTION OF POST-HARVEST PRACTICES IN
CENTRAL AMERICA. The Program owed its success to a
long-term strategic vision and significant changes over
time, including:

2.6. INSTITUTIONAL APPROACH. Work began by
applying demand incentive mechanisms, such as
subsidies for training, heavy investment in promotion,
training artisans with a business vision, research and
development of the silo, above all a focus on a target
market.

2.7. UPSCALING AND IMPACT OF THE TECHNOLOGY.
The Regional Post-Harvest Program, with support from
SDC and the respective governments, made strategic
decisions, such as:

- Concentrating efforts on transferring the silo versus
other technologies.
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- Decentralized training of artisans to make silos and
then to run their businesses.

- Participation by civil society in strategic alliances
with transfer channels such as NGOs, private
enterprise, ministries, etc.

- Long-term planning (horizon longer than 10 years).

- Concentration on basic grains post-harvest rather
than expanding to other areas such as fruits,
vegetables, etc., since approaches are different.

- Application of business principles with the market
approach of: “The silo is for sale, not for free”.

- Gradual regionalization of post-harvest
management, beginning in Honduras, then
Guatemala, Nicaragua and El Salvador. Subsequent
international replication spread to Paraguay, the
Dominican Republic, Peru, and Cuba and Africa.

Photo 16. Technical storage of beans in Guatemala.
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2.8. BUSINESS APPROACH. Supplying technology
on the basis of real demand, combining marketing with
the transfer process (product, price, place, promotion
and customers), strengthening the sales force by
involving families, organizing artisans, working more
closely with private enterprise, complementing storage
and marketing, diversifying production, demand-based
approach, business training and coaching, using
business indicators such as break-even point,
providing year-round work for artisans, capitalizing
small companies, etc. Also strategically, the benefits of
silos and of stored grain were promoted as a sales
mechanism. See Attachment 1.

Figure 6. Replication of the silos.
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2.9. THE STAR PRODUCT OF THE REGIONAL POST-
HARVEST PROGRAM. The flat-type metal silo34 is a
successful “star” technology of the Central American Post-
Harvest Program, with a high rate of transfer, totaling over
360,426 units placed with small and medium-scale
farmers in Honduras, Guatemala, Nicaragua and El
Salvador. This figure does not count the silos built during
replication in Paraguay, the Dominican Republic, Cuba,
Kenya, Peru, Mexico, and other countries such as Belize
and Costa Rica, where silos have been made by artisans
who emigrated there from neighboring countries.

Photo 17. Guatemalan family (descendants of the Mayas) 
using their silo to store grain.

The above photo shows how different ethnic groups have
accepted this technology.

The target population (potential customers) in the four
countries is estimated at 1,200,000 families35, so the
demand is far from covered. This potential demand will be
met by the artisans with business vision in each country.
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34 In Central America, with its tradition of growing and eating basic grains (corn, beans and
sorghum, mainly) they have been using conical grain containers for about a century, built by
traditional sheet metal workers. The author’s research yielded little about the precise origin
of the flat-type metal silo, which may be an adaptation of the conical container, but with
many improvements in design, material used and guaranteed production by artisans with
cards certifying completion of the requisite training.
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2.10. Technical information on flat-type metal silos.

2.10.1 Definition. A metal silo is a cylindrical
structure made of 26 gauge galvanized sheet steel
(0.5 mm thick) with the joints sealed by capillary
soldering to ensure that they are airtight, using tin-
lead (50/50) solder and a soldering iron. All silos
have a label attached to explain their use and
handling. See Attachment 2.

Chart 4. Approximate costs according to 
silo capacity in Central America

Source. Chart prepared by the author, 2002.Costs vary depending on
materials costs.
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35 Silos initially targeted small farmers, but by now have extended to many city families who
grow no grain but purchase grains at harvest time to store and then sell later. Many grain
merchants have also purchased silos to store harvested grain.



Chart 5. Approximate costs of silos in international replication.

* Information provided by Mr. Victorio Giusti, chief technical advisor of
the FAO post-harvest project in Bolivia, 1999.

2.10.2. Useful lifetime. 20 years, or more depending on
handling. Many families have even passed their silos on
as inheritance to their children or other relatives.

2.10.3. Uses. Bulk storage of dry basic grains such as
corn, beans, sorghum and rice. Flours, animal feed, sugar
and seeds in general can also be stored.

2.10.4. Weight. Depending on the capacity: an empty 0.8
MT silo weighs about 28 Kg36 and a 1.36 MT. silo weighs
38.6 Kg., for example.

2.10.5. Amortizing the silo. The initial investment to
purchase the silo is paid back by the price differential
between harvest-time and selling-time prices (depending,
of course, on the type of grain stored) and savings from
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36 One metric ton = 1000 Kg.
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two harvests, by preventing grain losses which normally
run about 10-20% a year. A silo’s life expectancy is
estimated at 20 years, depending on how it is handled. In
Central America the investment in the silo pays for itself
when losses are prevented for two yearly crops, and by
pricing differentials. In Honduras at the beginning of
transfers, the payback period was longer because silos
cost more, but shortened as sales volume increased and
good-quality sheet metal became more available. For cost
details on silos in El Salvador and Peru, see Attachments
10 and 11.

2.10.6. After-sales Service. Post-harvest artisans offer
transport service, provide a guarantee of repairs free of
charge for flaws in workmanship, teach customers about
use and management, and visit their customers to solve
any management problems.

Some offer credit and will accept payment in grains and
other farm products37. These ways of making it easy to buy
silos keep their customers loyal.

The flat-type metal silo technology was developed in
Honduras with technical and financial support from SDC
since 1980. Using the technical and socio-economic
approach, several storage technologies were validated at
once, investing time and money, and reaching the
conclusion that these technologies worked technically.
However, the “starring” technology for grain storage was
the flat-type metal silo, which has positioned itself on the
market, and is very widespread, especially because of the
“strategy of building installed capacity for local,
decentralized response to reducing post-harvest
losses”. This is shown by over 360,426 silos sold by
December 2002. The silo is described below:
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37 Initially, metal silos targeted small farmers, but as time went by many city famillies
purchased silos. Although they were not growing grains, they did buy them at harvest time,
to store and later resell. Many grain merchants also purchased silos to store crops.  



Figure 7. Source. Regional Post-Harvest Program 
(SDC Central America, 2000).

This structure has been designed to withstand the grain’s
pressure against the side walls and the base or bottom of
the silo. It is made of 26 gauge galvanized sheet steel (0.5
mm thick). The galvanizing (zinc-plating) is important to
prevent corrosion and ensure the 20-year or longer usable
lifetime.

2.11. Elements of marketing:

Promotion has been a mainstay for popularizing the silo’s
features38. The author prepared a summary poster to "sell
the silo’s benefits and help keep customers loyal", since
economic profitability and social benefits are both
important. See Attachment 1.
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The overall budget for each project invested
approximately 10% on promotion, including:

1. Plays with post-harvest themes. In El Salvador their
play was called “From Pedestrian to Horseman with
Post-harvest Technology".

2. Items such as key rings, pencils, pens, caps, t-
shirts, lighters, etc.

3. Updated Website, executive folder.

4. Participation in regional fairs and other forums of
interest.

5. The main places to promote silos were: hardware
stores, schools, agricultural service centers, markets,
field days, churches, etc.

Since this investment was profitable, considering silo
sales, silos were also positioned on the market,
awakening interest in this technology among potential
customers.

I would like to express my grateful appreciation for the role
played by the Catholic Church in El Salvador and
Guatemala in promoting silos, because of their credibility
and popular appeal. Several illustrations of this support:

1. In El Salvador. The Bishop of San Miguel, and a
priest from the Department of La Unión participated
decidedly in promoting silos, organizing field days,
training events, providing training for artisans and
placing silos right in the churches to promote them
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and sell them directly to interested customers. After
Sunday Mass, they would invite the congregation to
learn about this technology.

Photo 18. A Salvadoran artisan showing the sign to promote
silos, plus a scale model of the silo and a watering-can.

2. In Guatemala, the Bishop of Jalapa was
convinced of the silo’s importance. He trained
several artisans among the lay persons giving
Catechism classes. After setting up the sheet metal
workshop, the whole Catechism team took part in
promoting and gathering orders. He also set up a
grain storage center using metal silos, buying some
800,000 lb. of grain (364 MT) and storing it in silos39,
to sell it when the price went up. The profit resulting
from the price differential was used to support
farmers by donating seeds, fertilizer, shoes and so
on, and to finance a training center for youth using
the system of alternating classroom and community
work.
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39 Assuming that each family purchases a silo, but practice has shown that families first
purchase one silo to store grains for their own food supply during the following year and
then, having proven the silo’s effectiveness in storing basic grains, they purchase more silos
to store and sell grains. In communities of the Department of San Marcos, Guatemala some
families had as many as 15 silos (3000 lb. capacity) to store grains for sale, for example.



The food storage containing basic grains also
helped prevent famine for hundreds of Nicaraguan
victims of Hurricane Mitch, since Caritas Guatemala
donated several hundred 100-lb. sacks of grains to
Caritas Nicaragua to support this noble cause, and
this grain was stored in the Jalapa storage
facilities40.

3. Always in Guatemala. A priest from the
department of Petén did exceptional work,
coordinating actions with the Ministry of Agriculture,
Livestock and Food (MAGA), the Municipality,
producer organizations and a group of artisans to
build 4000 silos. The sheet metal was transported
with the Municipality’s assistance, and artisans’
workshops were set up in a large municipal
warehouse to meet this goal. The support of the Vice
Minister of the Ministry of Agriculture, Livestock and
Food (MAGA) de Petén was essential.

4. El Salvador. The Ministry of Agriculture and
Livestock41 (MAG), convinced of the importance of
post-harvest management, significantly involved this
Ministry in the country’s post-earthquake
reconstruction. For this purpose, they organized
brigades of 50 artisans from the departments of San
Miguel and Usulután, set up the workshops and
made an average of 100 silos a day, which were
given to families who had lost their homes. During
the ceremony of delivering the silos from the
Minister of Agriculture to the farmers, the Minister
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41 The Minister of Agriculture of El Salvador, Mr. Salvador Urrutia, was one of the promoters
of the National Post-harvest Program in his country, from the outset, and especially once he
became Minister.

Metal Silos and Food Security

40 Monsignor Ávila had implemented a storage system called Grain Food Batteries, using
small spaces in the churches of the jurisdiction of Jalapa. Proceeds from grain sales were
invested in training youth under the alternating (classroom and community work) including
feeding students during their on-campus classroom time.



effusively stated: "Imagine that a ship docks today in
San Miguel full of grain, to feed the hungry
earthquake victims, but after you recover
emotionally and prevent the famine, you have to fill
the ship back up” (referring to the over 4000 silos
that the farmers received.

5. Guatemala. A housing program in the
Department of Chimaltenango introduced the
concept of food security, so the new homes were
equipped with an 1800-lb. silo and an improved
cookstove, selling the concept of a “healthful home”.

Because of the importance of corn in making
tortillas, several nixtamal mills have been set up,
which grind corn for a fee to prepare this tortilla
dough.

Photo 19. Illustration of a nixtamal (tortilla dough) 
mill in Guatemala.

The ways to promote the silo are illustrated below.
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Figure 8. Source: National Post-harvest Program of El Salvador.

National post-harvest programs nave always been keen
on eliciting customers’ opinions, as an after-sales service,
so they have conducted surveys to measure customer
satisfaction. The findings from Honduras are shown below.

According to information from the Monitoring System of
the National Post-harvest Program of Honduras, the main
lessons learned by farmers and users have been:

1. What were the main factors leading you
to decide to get and use a silo? (profile of
the persons using the silo?)

Main factors:
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Education

Heads of households who use silos have an
average of 3.5 years of schooling.

17% of users are illiterate.

Technological level

Silos have been chosen by farmers based on their
knowledge of the advantages silos offer (airtight,
durable).

90% of those adopting a metal silo for corn use it to
prevent grain losses caused by pests and rodents.

The other 10% adopted it because of a silo’s ease of
handling in the home, safety, favorable purchase
terms, avoiding exposure to pesticides, scarcity of
wood to make a troja grain crib, among the most
important reasons for choosing a silo.

Social

Intervention by non-profit organizations in promoting
silos enabled more households in the lower socio-
economic strata to purchase them.

Health

20% recognized the advantage of reducing the
family's exposure to pesticides, in the home and
yard.

User families can eat high-quality grain (safe food).
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Environmental

- Saving over half a million pounds of organochlorate
pesticides and 145,140 lbs. of organophosphate
insecticides, which are no longer used to protect
grains.

- Savings – past and future – of 2,807,958 m2 of
wood thanks to trees not felled to build trojas.

- Savings of 210,000 lbs. obsolete carbon disulfide
fumigant they had used for trojas.

Economic

- Silo users have more money.

- 60.3% of silo users have corn available longer to
eat and to sell at a better price.

- They raise more animals (hogs and hens): 68%
more hogs than non-users and 42% more poultry
than non-users.

- By selling and transforming grain, families have
money to purchase other foods and meet other
basic needs (health, education and clothing).

- Grain in the silo is like “money in the bank” for
families, to help cope with emergency situations.
(June and July, when reserves used to run out, are
no longer of concern for silo user families.) This
reduces rural families’ vulnerability and serves as
their refrigerator.
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- 76% of farmers using silos own their land.

- Silo users harvest corn from an area 31% larger
than non-users.

Gender

- In 69.1% of households using silos, women’s
housekeeping chores were reduced.

- In 74.7% and 78.3% of silo user households,
women’s work shucking and shelling corn,
respectively, was reduced.

- 67.1% of user households perceive that silo
storage offers women more opportunities to sell
corn, since it is loose and clean, ready to sell at any
time.

Profile of people adopting the silo

Schooling: 3.5 years.
Average harvest: 2,500 lb. per 7,000 m2 field
Average family size: 6 members.
Sale of stored grain: They sell 30% of the stored grain.
Sale right after harvest: 37% of the crop.
Amount of stored grain: 2,500 lb. / silo and 650 lb in other structures.
Storage time: 90% of users have grain on hand year-round.
Land tenure: 78% of users own land.
Cropland area: 1% more than non-users.
Grain transformation: 42% raise more poultry and 68% raise more hogs.
Main activity: Grain farmers and traders.
Adopting new technologies: They know the advantages of storing grain in the 

silo.

2. Different modalities of silo adoption and grain
consumption and their characteristics (consumption,
sale, business, barter, keeping crops, farmers and
non-farmers).
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Different modalities of adoption

- Approval (validated technology, credibility).

- Training, promotion, publicity.

- Culture and heritage.

- Imitation.

Use of grain

- Consumption. Users adopt their silo to store
quality grain (healthful, clean, and dry) to eat year-
round and extra to raise hogs or poultry.

- Sale, business or barter. A silo give grain value
added in order to raise animals, stored corn is ready
to sell at any time (already shelled and cleaned) – it
remains only to remove, weigh and sell it.

Users adopt silos to sell grain, purchasing it at harvest
time when prices are low and selling it when grain is
scarce and brings a better price. They also do business or
barter transactions for basic consumer goods such as
soap, clothing, shoes and animals.

- Keeping the harvest. Crops are kept for self-
supply, sale, barter, transformation and other
purposes.

- Farmers and non-farmers. Both categories adopt
silos for self-supply and for sale, since both farmers
and non-farmers need to enhance sale profits and to
store grain to eat.
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3. Why is there still some difficulty in reducing
“misuse of the technology” and how can this be
overcome?

- Artisans are not held accountable enough for
transferring training in silo use and handling to
buyers.

- Transfer channels fail to comply with their
agreements signed with the Post-Harvest Program
regarding transfer of post-harvest technologies.

- Upscaling of skilled and unskilled workers making
metal silos in this country.

- High user illiteracy rates make it more difficult to
interpret use and handling recommendations
(poster).

- Corrective actions recommended in UPC
monitoring reports have not been taken.

4. How to encourage non-farmers to adopt silos?

Encouraging non-farmers to adopt silos

- Orienting grain storage in urban zones by grouping
artisanal factories of tortillas, rosquillas, etc.,
through municipalities, and aid programs such as
PRAFF and FHIS.

- Promoting silo purchase by people who don’t grow
grains but do buy them, to eat or for business.
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- Showing non-farmers that having stored grain
means safe food.

- Government policies to increase grain production
(crop insurance and subsidies) so non-farmers can
purchase and store cheap grain.

5. What strategies can be implemented to change
people’s way of thinking and increase farmers’
demand?

Strategies

- Insurance and subsidies for growers of basic
grains.

- Bank loans for growing basic grains that will
include financing storage structures (especially in
government banks).

- Incorporate grain storage and value-added into
development project operating plans.

- Setting up grain banks by grouping individual
farmers so they can supply government programs
when there are natural disasters, since it will be
cheaper to purchase relief grains locally than to
import them.

- Government subsidy for storing basic grains,
through a mechanism whereby production subsidies
also apply to storage. This will create gathering
centers for basic grains by organized farmers,
benefiting the country’s most vulnerable areas. The
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magnitude could be in the range of storing 5% of
total production.

6. How to reach the target population and showcase
silos?

To reach small and medium farmers:

- Develop a project strategy to reach small farmers
in the most isolated communities with differentiated
incentives.

The strategy may include designing an efficient,
effective co-financing system, taking the user's
profile into account. It must subdivide non-users in
order to include a strategy of subsidy for the poorest
people.

7. A demand-side program was designed, which does
not require each farmer to buy their own silo, as
happened in Jalapa, Guatemala, for example.

Work in the department of Jalapa yielded good results, but
is somewhat unique for this zone with very low yields. In
Honduras experience has shown that in the poorest
zones, e.g., southern Lempira, Copán and Ocotepeque,
each farmer has one or more silos, which is like a family
bank for them, so the Honduras post-harvest unit
recommends for each user to have their own silo, although
community banks of basic grains are also encouraged.

2.12. METAL SILO USE AND HANDLING.

A silo provides a physical barrier, offering protection for the
grain inside. The main functions of a silo are:
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2.12.1. Insulating from outside temperature.
Grains are by nature poor conductors of heat,
actually self-insulating. Moreover, the silo’s sheet
metal is also a natural barrier protecting grains from
the environment, keeping an inside temperature that
is usually about 5 degrees Centigrade lower than
outside.

Further, grain is hygroscopic (absorbing or releasing
water as vapor) so the silo keeps dry grains from
picking up humidity again.

2.12.2. Preventing attack by natural enemies of
grain. The sheet metal of which silos are made
keeps insects (beetles, moths), rodents (rats, mice),
fungi and yeasts out so they cannot attack and
destroy the grain.

For fungi, care must be taken to prevent condensation
inside, if the silo is improperly located. If the sun hits
the sheet metal directly during the day and heats up, when
the temperature drops at night this difference can
condense water, which will foster development of storage
fungi. This heating could also lead to localized spoilage of
just part of the grain, since the heat will not spread well to
the rest.
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Figure 9. Source. Prepared by the author.

Silo use and handling are key factors for proper grain
storage. A poster has been prepared to explain use and
handling in 13 steps, mainly by drawings. See Attachment
2.

2.13. PREPARING GRAINS FOR STORAGE

The steps are:

2.13.1. Drying the grain. Dry it three days in the sun
(each day with 8 hours of actual sunshine) to guarantee
that the grains have low enough humidity to be safe to
store. As a reference, see the following illustration:
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Time that corn can be safely kept at different storage
humidity and temperatures.

Chart 6. Effect of temperature and humidity 
on safe storage times

Taken from the course on drying grains given by Axel Caro, Technical
Advisor to the Post-harvest Project by FAO-MAG, Ecuador. 1990.

With three days of drying (8 hours of actual sunshine each
day) grains get down to 12% moisture content (measured
on a wet basis), dry enough to store for a year or longer.
The moisture content of grain is essential to ensure
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safe storage. Cereal grains (corn, rice, sorghum) can be
stored at higher humidity than legumes (beans) and other
protein-containing crops (sesame, soy, sunflower). Seeds
must also be kept at low moisture content levels, but down
to certain limits, to keep them in a state of latency.

The following diagram illustrates safe storage, depending
on the grain’s equilibrium moisture content.

Figure 10. Grain storage in relation to 
temperature and relative humidity.

The figure shows how relative humidity and temperature
influence the grain’s equilibrium moisture content, which
means that, even if the grain is artificially dried, storing it
in open environments might allow it to pick up moisture
from the environment and become too moist again.
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Temperature also influences relative humidity contents, so
climates with high temperatures have low relative
humidities. However, coastal zones have high relative
humidity. The higher the relative humidity and
temperature, the faster grain will spoil.

The following diagram illustrates the combined effect of
temperature and moisture content of grain, which are
determining / limiting factors for proper grain conservation
and act directly to extend or shorten storage time.

Figure 11. Safe grain conservation

Grain temperature and moisture content are two key
factors determining proper conservation. For instance, if
we place some freshly harvested rice and some freshly
picked tomatoes on the table, which of the two is more
perishable? Actually, the rice, with over 40% moisture
content. It will immediately undergo intense respiration,
generating high heat, and fungi will spoil the grains.
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2.13.1.1.- Determining the moisture content of grain.
Prior to storage, grain must be dry and free of
impurities. There are several methods to determine
the moisture content, described below:

Indirect methods. These commercial instruments
measure electrical resistance, so they have to be
calibrated beforehand and are not too accurate.

Direct methods. Samples of grain are dried in special
ovens, which circulate air by forced convection. To
determine the moisture content, the weight is compared
(initial vs. final weight of the sample). Another method
used is distillation. The important thing is to clarify whether
the content is expressed on a dry or wet basis, since the
wet basis is used in international grain trade, whereas the
dry basis is used for laboratory studies42.

Traditional methods. These are the ones most used in
the field, because they are simple and cost nothing.
However, they are only approximate and depend greatly
on the experience of the person applying them:

Teeth. To gauge the moisture content, take some
grain and squeeze it between your teeth. The harder
the grain, the drier it is.

Fingernails. Press your nail against the grain. If a
mark is made, it is still moist; otherwise, it is dry
enough, ready to store.

Sound. Take a sample of grain in your hands, close
them and shake the grain. If the sound is light, the
grain is dry; if there is little or no sound, the grain is
moist.
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Hands. Poke your hand into the grain in a container.
If your hand goes right in, up to the elbow, the grain
is dry; otherwise, it must be dried more.

Dry salt. Dry some table salt in a frying pan or
griddle, put it into a clean, dry wide-mouth glass jar
or bottle, add some grain, put on the lid, and mix the
salt and grain by shaking it all for several minutes.
When you stop, observe the result: if there is salt
stuck to the wall of the bottle, the grain is still moist;
otherwise, it is dry.

2.13.2. Silo Location. Silos are generally located inside
farmers’ homes. Sometimes there are problems getting
the silo inside, because it is wider than the door jamb –
often narrow in rural cottages. In any event, the important
thing is to protect the silo from direct sunlight and from rain
that might rust the sheet steel.

The silo should be placed on a wooden platform some 20-
25 centimeters high, built of wood strong enough to
withstand the weight when it is full of grain. A padlock is
often placed at the silo outlet, to prevent grain pilferage,
depending on the zone. Please look at the following
illustrations.
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2.13.3. Placement of pills or fumigant. Fumigant tablets
must be placed at the top of the silo, on top of the grain.
To avoid direct contact with the grain, they are placed on
a piece of paper, cloth or other material that will let the gas
out.

2.13.4. Number of tablets. It is recommended to use one
0.6 gram tablet of phosphamine or phosphine for each
400 lb. of silo capacity. This dosage depends on the
volume of the silo and not the amount of grain contained,
since the tablet’s gas fills the whole recipient, regardless
of the amount of grain inside.
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For instance, a 3000 lb. capacity silo, if filled with grain,
will be fumigated using 6 tablets of phosphine weighing
0.6 grams each; if that silo (with 30 hundredweights’
capacity) has only 100 lb. of grain, it will still be fumigated
using those same 6 tablets.

These tables must be handled and transported in a
sealed, dry container, because if air gets in, they turn into
gas. When an un-labeled container is used, it must be
clearly indicated somehow that a fumigant is inside.

In 2001, the Post-harvest Program of Central America
engaged the FUSADES integrated quality laboratory from
El Salvador to assess insecticide residue levels in stored
grains, in silos and traditional systems. 122 samples were
analyzed (90 of corn and 32 of beans). The conclusion
was that the corn stored in silos had no residues of
phostoxin, the only pesticide residues being when the
farmer had applied residual insecticides such as aldrin,
dieldrin, lindane, etc.

This information shows that proper use of phostoxin in
over 360,426 sealed silos to protect grain has significantly
boosted productivity, reduced rural vulnerability and
clearly improved the health of producers and consumers.

114

6. Amount of Tablets

Metal Silos and Food Security



2.13.5. Sealing. It is essential, to ensure a gas
concentration that will kill storage pests, to seal the silo. It
is not airtight without sealing, but if appropriately sealed
can be airtight. To seal the silo, use strips of rubber (such
as a vehicle or bicycle inner tube) or grease, tallow or
soap. First the outlet is sealed, to prevent grain spillage,
and then after the silo has been filled and the tablets
placed, the inlet or filling port is sealed.

2.13.6. Checking for leaks. After sealing the silo, weight 3
to 5 hours to test whether there is any leakage. The gas
smells like garlic and will be smelled anywhere the sealing
was not perfect. If there is a gas leak, the silo must be re-
sealed.
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2.13.7. Fumigation time. Minimum fumigation time is ten
days, so the tablets will have totally released their gas and
the gas will have reached levels of concentration that will
kill insects. The silo must not be opened during those ten
days, because this would prevent the fumigation from
being effective. To fumigate small quantities of grains and
seeds, see Attachment 16.

2.13.8. Regular review of the grain. Whenever grain is
removed from the silo, check for the presence of insects.
Experience would recommend, whenever grain is
removed from the silo, replacing the airtight seal to keep
insects from reinfesting the grain, and never putting grain
removed from the silo back into it.
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2.13.9 Removing the grain. As long as the silo is full of
grain, it will flow out normally. However, as the column of
grain in the silo is reduced, it does not flow so smoothly.
So, a sort of wooden rake can be made to help pull the
grain toward the silo outlet. If the silo were tipped, this
might hurt its edges.

2.13.10. Silo maintenance. After emptying the last grain
from the silo, it should be cleaned with a dry cloth. If there
are any signs of rust, it must be sanded off and then
painted with a light coat of anti-rust paint. If there are any
holes, they must be patched with solder.
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2.13.11. Transporting a silo. Silos are often damaged
during transport. They must be firmly lashed onto the
vehicle before hauling them, or onto a wooden litter to be
carried by two people.

Figure 12. Transporting a silo.

Attachment 2 shows the poster on using and handling a silo43.

2.14. GOLDEN RULES FOR STORING GRAIN IN
METAL SILOS.

In summary, there are four golden rules to be followed in
preparing grain to store in the silo: store grain that is dry,
clean, fresh and healthy. Here is some more detailed
advice:

1. Dry grain. Cereals must have a moisture content (wet
basis) around 12% and legumes must be under 12% to be
ready for storage. Keep in mind that water is one of the
main limiting factors to keep in mind for safe storage.
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2. Clean grain. Free of impurities44, because impurities
occupy inter-grain spaces and interfere with free
circulation of phosphine during fumigation. Impurity
contents over 2% are considered to affect grain45 quality .
During a business transaction, accurate determination of
the impurity content will make it possible to assess the
value accurately, so a high-quality grain gets the high price
it deserves.

3. Fresh grain. After drying grain, in the direct sunlight or
artificially in industrial dryers, the grain holds that heat.
Because grain is a poor conductor of heat, it must be
cooled beforehand, at least one night, to remove the heat,
and thereby ensure a low grain storage temperature that
will extend storage time.

4. Healthy grain. They begin laying eggs, which will then
grow and develop in storage. Therefore, after filling the
silo, curative treatment is recommended: fumigating the
grains. As already explained, a silo is a natural barrier that
helps prevent grains from spoiling. However, if insect-
infested grain is stored, it will be conserved in that
condition, so grain should first be sorted, and then a
curative treatment can stop further grain infestation.

One of the main materials used to make the silo is
galvanized sheet steel, which must be good quality, to
ensure the silo’s durability and appearance
(workmanship). The sheet steel to make silos in Peru was
analyzed:

Quality control of sheet steel to make silos in Peru.
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commercial, agroindustrial and nutritional.



Chart 7. Source. Chart prepared by the author, 1999.
Mission to replicate silos in Peru.

The focus in grain storage is no on the silo itself, but the
grain. A silo may be quite well made, but if it is improperly
handled, the grain will be negatively affected. Silos must
be subjected to an after-sales checkover.

2.15. POST-SALE SILO CHECKOVER. To perform its
function of preventing grain damage and loss, a silo must
be handled technically. As part of after-sales follow-up, the
Regional Post-Harvest Program, each May46, takes a
random sampling of silos to see whether they have live
insects and to check the moisture levels of stored grain.
However, they also check whether the silos have their
label, if they are placed on a wooden platform, the sealing
they use, whether other objects are placed on top of the
silo – that is, to ascertain any mismanagement that might
cause poor quality grain in the silo.
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begins to run out, six months after storage time, because losses increase over time in
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and guarantee the results of the Post-Harvest Program.
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Figure 13. Source, prepared by the author.

For instance, the sampling of grain in 300 silos in El
Salvador47, distributed throughout the Departments of
Santa Ana, Aguachapán, Sonsonate, Chalatenango, La
Libertad, San Salvador, and others, revealed that:

- Most silos have 1800 lb. capacity and contained
grain at the time of sampling (May) after six months
of technical storage. Under traditional storage
conditions, grain can be kept for only one or two
months.

- 92% of the silos contained grain with moisture
under 15%, and batches sampled had similar
moisture levels, especially in a given zone. For
example, in San Miguel, the moisture content of the
grain ranged from 9 to 13%, being a hot, dry zone
with a low relative humidity.
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- 15% of samples contained living insects, which
would imply re-infestation, when the airtight seal
was removed.

- 51% of the silos sampled were handled by women,
in line with their major role in food security.

- 46% of the silos had heavy objects on them,
deforming their structure.

- 59% of users did examine the grain at the time of
sampling.

- Only 10% of users place gas tablets properly at the
top of the silo (on top of the grain).

- 48% of users dry their grain less than 3 days, 14%
dry for three days, 18% dry more than three days
and the other 20% don’t dry their grain, since they
purchase it, and assume it must be dry.

- Training in use and handling of silos was: provided
by the post-harvest technician (45%), by the post-
harvest artisan (35%), by the local leader (6%) or no
training at all was provided (7%).

- Most users removed the airtight seal after ten days
and used the recommended dose of the fumigant,
but others applied no fumigant. One important
benefit is that the fumigants replaced contact
insecticides such as Folidol, Malathion, etc.

- In preparing grain for storage, 80% sorted the
grain, 85% cleaned it and 77% cooled it.
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2.16. IMPORTANCE OF SILOS DURING NATURAL
CATASTROPHES.

Decentralized storage is a strategy to meet the people’s
needs immediately, when natural catastrophes occur,
playing a key role by preventing grains from spoiling
because of a lack of safe storage, during campaigns for
mass distribution of foods by humanitarian relief agencies;
otherwise, there might be no way to protect these foods.

The case of El Salvador is illustrative:

Grain stored in silos prevented famine after the
earthquake in El Salvador48

After the tragedy suffered by poor rural families in El
Salvador, as a consequence of the earthquake in 2001,
which swallowed whole villages, demolishing thousands
of homes, famine threatened the poorest families,
especially children and elderly. However, grain stored in
flat-type metal silos "prevented famine, as the silos also
proved strongly built enough to survive the
earthquake unharmed". The disaster revealed a
gratifying reality, with one or more silos in each home, as
well as conical stacks reflecting the Salvadoran farmer’s
storage culture, which was reinforced under the Post-
harvest Project.

Illustrated testimonies gathered in the Department of
Usulután after the earthquake, show these benefits: In the
Municipality of Chambala, the earthquake harshly
wrecked hundreds of homes. Families had to sleep
outdoors amidst the trees, under plastic tarps, but they
pulled their metal silos out of the rubble to eat the corn
they had stored there.
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American Post-Harvest Program, in March 2001, Managua, Nicaragua.
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Photo 20. Silo after the earthquake

As the photo shows, the earthquake reduced the house to
rubble, but the silo remained standing – and full of grain to
save lives, preventing starvation (Photo by René
Galdámez, former journalist for the Regional Post-Harvest
Program (PRP) 2001).

Artisans were no exception: José Isaac Cruz, in the
Municipality of San Juan Tepezontes, department of La
Paz, lost his home and workshop. Worse, the silo
business was just picking up before the earthquake, but
afterwards families’ priorities shifted, since they had to
immediately begin rebuilding their homes.

Photo 21. José Isaac Cruz
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His workshop losses totaled about 1500 Colons (180
dollars) but the greatest loss was the drop in his business
volume. Anyway, he rebuilt his home and is still making
silos.

As the photo shows, traditional storage was seriously
damaged, including tabancos and conical grain
containers, which caused major grain losses. Costs of
repairing them were higher than just making a new silo.

Photo 22. Grain container after the earthquake

By 2007, El Salvador had installed over 59,512 silos in
every department of the country (with an installed storage
capacity of 48,692 MT). This is the technical rural installed
storage capacity that will play a key role in times of
scarcity caused by natural catastrophes.

The above testimonies eloquently show the importance of
storage for times of emergency, which is viewed as one of
the achievements of the Regional Post-Harvest Program
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(PRP), strengthening food security. More information
further confirms this judgment:

2.17. ACHIEVEMENTS OF THE CENTRAL AMERICAN POST-
HARVEST PROGRAM. The Program has played and
continues to play its role of reducing post-harvest losses
of basic grains by families in Central America and other
regions benefiting by international replication, with direct
impact on the family using the technology, and boosting
the local hardware and grain markets. It also provided
funding for post-harvest artisans, undeniably making a
"macro-level impact, starting in the departments, and
expanding to the country and the Central American
region".

The main achievements were:

- Proper use of phostoxin, which has no residual effect,
totally eliminated spoilage losses, reducing rural
vulnerability and clearly improving the health of small and
medium-scale farmers and end consumers.

- Reducing macroeconomic fluctuations in grain
price (regulating supply).

- Silos are provided sustainably as a simple, low-
cost, high-impact technology.

- This contributes sustainably to narrowing the
poverty gap, generating wealth, reducing poverty
because of the ample impact, the low cost per
storage structure, reducing women’s work and
giving partner entities a higher profile.
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- Reducing the high initial subsidy (training,
promotion) of $400 to $8 per silo, by upscaling the
technology to a mass level.

- Training artisans in business skills, to ensure
ongoing, quality supply.

- This is a decentralized, large-scale, sustainable
solution.

- It builds public-private partnership between the
State and Civil Society.

- A post-harvest culture is growing among families in
Central America.

- The technological knowhow developed has
supported international replication, among other
follow-up actions.

- Ongoing building of local capacities has yielded
hundreds of highly trained technicians, artisans with
a feel for business, NGOs involved and
governments interested in all four countries, to
shoulder this activity on a permanent basis.

- This is substantiated because SDC support ended
in 2002 for this work in Central America, but the
governments of El Salvador, Guatemala, Nicaragua
and Honduras internalized post-harvest activity in
each country.

- At the macro level, the Regional Post-Harvest
Program contributed to enactment of the Law on
Food Security in Nicaragua.
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Capitalizing on the experience and technological
development has benefitted other countries, by
international replication, which is further supported
by the publication of this book.
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POST-HARVEST ARTISANS TRAINING SCHOOL
FOR CENTRAL AMERICA.

3.1. BACKGROUND.

The Regional Post-Harvest Program (PRP), with its main
offices in Managua, Nicaragua, financed by the SDC and
the governments of Honduras, Guatemala, Nicaragua and
El Salvador, after having achieved a transcendental
impact in delivering over 360,426 flat-type metal silos, has
entered the stage of international replication in
neighboring countries: Costa Rica, Dominican Republic,
Haiti, Mexico, and Panama. In Latin America the Program
has worked since 1994 with Paraguay and has begun
providing support for Peru. In Africa, activities have begun
in Kenya, with Catholic Relief Service (CRS), which is
interested in implementing a post-harvest project for a
four-year period.

These replication actions are different and will be based
exclusively on the supply of skilled labor, rural artisans /
businesspersons, and the demand for technology from
small and medium-scale farmers. After verifying the
demand for technology at the pilot level, post-harvest
replication will begin as a project in countries that show
interest.

To capitalize on experience developed while training over
a thousand post-harvest artisans in four countries of
Central America and provide a guiding document, this
chapter will describe what I feel the Central American
Post-Harvest Artisan Training School has achieved,
showing the different manuals used, the main selection
criteria, post-training follow-up and complementary
training in business skills.
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The main elements are outlined below:

Purpose

To present a summary of the information that must be
taken into account to orient public and private institutions
interested in undertaking activities involving food security,
by training artisans with a business vision, to provide
their services building flat-type silos of good quality, and to
teach customers and users about their use and
management, to make this noble activity a profitable
business.

Courses offered

3.2. METAL SILO MANUFACTURE I. Known as Fabsil I.

Photo 23. Course on manufacturing silos, for artisan instructors
from Honduras, Nicaragua, El Salvador and Guatemala, given by

Mr. Orlando Rivera, who the author feels is the epitome of
Central American artisans.
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a. Purpose. To teach trainees as artisans about the
technical details of manufacturing quality silos in different
capacities, according to specifications and norms
established by the Regional Post-Harvest Program. By the
end of the course, participants must have made two silos:
for 1800 lb. (0.8 MT) and 3000 lb. (1.3 MT). They also
learn to use and handle a silo properly and how to
transport it. In this five-day course, the slogan is "the first
silo I make must be the best". Details on this training
course are given in Attachment 7.1.

b. Duration. A full week, starting the day before and
ending on Friday afternoon, for full-time hands-on training.
The course is given by an experienced artisan instructor,
who explains the process of making, using and handling
silos. Groups of up to six persons are trained in couples to
facilitate the work.

c. Place. The course is given in the artisan training
workshop for each country’s post-harvest units, which is
outfitted with several sets of tools and learning materials
for the artisans. To guarantee that artisans will do this work
on return home, they are asked to invest approximately
65 to 80 dollars, to purchase their own tools, in order
to substantiate their genuine interest and motivation.
During the trainee selection process, census data are
gathered. For more details, see Attachment 4.

d. Tools needed to begin building silos.

1. The tools49 used are:

- A work bench 2.50 meters long by 0.90 meters
wide, at a height depending on the artisan’s height;

133

49 The list of tools with photographs, in the Silo Making Manual, is used during the course
by trainees, and the manual is then useful as a reference work for solving practical problems
in their own workshops. See Attachments 8 and 9.
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therefore it is recommended for the artisan to build it
himself. See Attachments 8 and 9.

- Tape measure
- Sheet metal shears, a good brand, No.12 

(12 inches, with lined grips).
- One-pound ball-peen hammer
- Pounding plate 3cm by 40cm by 1/4 inch, 

with square edge
- Heating iron
- Wide and narrow bender
- Screwdriver 7mm wide
- Universal pliers 1cm wide
- Cold chisel 1cm wide
- Two soldering irons with pointed tips, 500 grams each
- One carpenter’s square No. 12
- One brush 2.5 cm wide
- One wire brush with four rows of bristles
- One angle iron 2 meters long by 2 1/4 inch wide, 

with one square edge.
- One board (2x4 inches by 8 feet long) for hammering
- One round piece of wood, 10cm in diameter 

by one meter long.

3.2. MATERIALS

- Post-harvest quality sheet steel. To make sure that the
silo lasts for over 20 years, it is made with 26 gauge
galvanized sheet steel 0.5 mm thick and 1.82 meters long
by 0.92 meters wide, subjected to strict quality control,
which is fundamental during the galvanizing process. This
calls for a paper certifying the process, showing the time,
number and length of the coil and the amount of
galvanizing (layer of plating).
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- This is technically expressed as G60, G70, G80 and
G90. To make silos, G90 is recommended, which means:
4mm thick base steel, 273 grams of galvanizing per
square meter. The average chemical composition of the
galvanizing coating is iron 0.05%, antimony 0.20%,
aluminum 0.45%, lead 1%, zinc 98.3%. Technical
specifications under Standards DIN-UNI-BS, No.
ST027275NA, DIN 17162, DIN 59232 and ASTMA
Standards, No. G 90 commercial quality, ASTMA A525.

- To perform quality control of the sheet steel, several
characteristics must be analyzed: galvanizing (when
bending, the galvanizing must not flake off), shine (an
esthetic feature that makes a silo look nice), strength
(resistance of sheet steel to buckling), cutting strips for
necks (the strips of sheet steel are easily bent round,
without crimping), bottoms (the bottom edge foldover
flange strip is easily bent without any loss of galvanizing),
soldering (the soldered joint is airtight).

- Other characteristics: weight of the sheet steel, tone
and shine (appearance) – the cosmetic aspects that make
the finished silo look its best, thickness, length and width.
Finally, the practical assessment of the sheet steel is
made while making a silo, which must be strong,
attractive and without defects.

- Muriatic acid. Used to remove grease and other
substances from the surface of the sheet metal, applied
carefully and then cleaned to avoid stains.

- Pine resin or ammonium salt. Used to clean the
soldering irons after using them to apply the solder. If the
pine pitch is hard to find, ammonium salt can be used,
although it wears down the soldering irons quickly.
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- Bars of tin and lead. The silo’s joints or seams are
soldered using soldering irons heated in a small furnace,
and a 50/50 tin-lead alloy (50% tin and 50% lead). When
the alloy has more lead, the bar breaks when bending,
revealing its bad quality.

- Rust preventive paint. Aluminum-colored anti-rust paint
is used to cover all surfaces of the sheet steel that were
soldered, to prevent corrosion. This paint is also used to
repair a silo that begins to show signs of rust on the sheet
steel as it wears.

- Detergent. Used to wash off acid stains after applying
the solder on al joints, to prevent staining.

- Coal and furnace. The joints are made in the sheet
steel, using soldering irons heated in a small furnace
burning coal, charcoal or wood.

e. Requirements. Applicants for training as post-harvest
artisans must pass the pre-selection and then a selection
test. Much care is taken at this point because proper
selection will ensure the artisan’s subsequent
performance. See Attachment 3.

As a guide, the following requirements may be used:

- Being able to afford to purchase tools to make silos.
This may cost from 65 to 80 dollars, and if the applicant for
training has to invest some of his own money, he may take
the new trade he is going to learn more seriously.

- To have a place to set up the workshop. No new
building is required. A hallway, porch or lean-to on the
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trainee’s house will do. The workshop houses the work
bench, and there must be room to keep materials such as
the sheet steel and silos for promotion.

- Not to be studying during the daytime and to have a
permanent residence. An artisan must be free to move
around, away from home, and be able to work during
harvest season full-time making silos and then providing
follow-up service.

- Showing interest and motivation to be a post-harvest
artisan. Interest is first assumed when a future artisan is
willing to invest money to purchase his own tools. During
the interview and while the new trade is explained, the
applicant must ask about details of the proposed training.

- Having time available to make silos. From the
beginning of harvest season to the end, the artisan must
always be ready to satisfy his customers’ (farmers’) needs,
rather than lose them because he is short on time.

- Applicants must be farmers with few commitments
and not much land to plant. Being an artisan requires
time to get trained (until the course is completed).
Farmers50 are assumed to understand post-harvest issues
and to be able to talk to customers in language they
understand. If the farmer does not have much land, he can
spend more time working as an artisan. Traditional
sheet-metal workers can also be trained as post-harvest
artisans. In this case, the selection, training process, place
and follow-up monitoring must all be adjusted accordingly.

- They must be willing to travel to nearby communities
and further, to make silos. An artisan is trained to cover
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the demand for silos from about two thousand families on
the average. After that demand is saturated, they must go
beyond their community, first to promote silos and then to
make them. They must also organize marketing, by setting
up a sales force.

- They must be accepted and respected in their zone,
for trustworthiness and leadership. An applicant for
post-harvest artisan training must be a leader in his or her
community, to set up a broad network of rural promoters
for silos. An artisan’s reliability and honesty are
fundamental because later credit is provided for working
capital, and customers will also be making down
payments to make silos.

- Ability to read and write, and proven skill in handling
the tape measure, pliers, hammer, shears and cutting
tape. Although an artisan will use manual skills and
abilities, he/she needs to know how to read and write to
keep records on silos in a notebook, to take
measurements with the tape measure, to purchase
materials (math skills) and to pay and receive money.

- The zone where training is proposed for artisans
must produce basic grains. During the field visit, the
person responsible for selecting trainees must look on
both sides of the road to see whether there are basic grain
crops that will ensure clientele for an artisan to get into
business making silos.

- The artisan’s home must be accessible. For
monitoring and subsequent promotion, it is recommended
for the artisan’s home to be on or near the roadway, near
a market, bus terminal or crossroads. The workshop must
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be strategically located, with a large sign to attract
customers, and several other silo points of sale. It is
important to ascertain whether the applicant is well-
respected in the community, asking for references
regarding their leadership and trustworthiness.

- Trainees with an organized family and who show
responsibility. When an artisan begins work, his/her
family will be vital support for promotion, construction and
sales of silos, so it is important to take into account the
family’s opinion of the new trade the applicant will be
learning. Experience indicates that an artisan’s
enterprise development will be based on the family,
with different members specializing in different roles
and functions.

- Applicants must be told that, if selected, they must put up
their own sign saying "We make flat-type metal silos".

- See whether the applicant for training as an artisan has
potential to grow as a business, by analyzing the
following elements:

- Ability to promote sales, get customers and
overcome any hesitance to marketing, since
“limitations are in one’s mind”.

- Ability to make sales, to set up several points of
sale or a sales force.

- Willingness to keep records of materials purchases
and silo sales.

- Willingness to establish annual goals for silo
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production, using assistants in the workshop to
increase the number of silos per day.

- Working capital.

- Enterprising spirit, among other qualities.

- Selection will emphasize attitude rather than
aptitude.

f. Materials to be used during selection of post-
harvest artisan trainees:

- A six-pound metal silo scale model.
- Manual for manufactury metal silos for grain 

storage.
- Artisan’s notebook.
- Tape measure.
- Brochure showing the differences between a

conical storage container and a flat-type silo.
- Leaflet on silos’ advantages and benefits.

g. Required paperwork.

- Admission examination
- Census of applicants for post-harvest artisan

training. See Attachment 4.
- Report on selection of artisans
- Invitation to the Silo Manufacturing I course. See
Attachment 4.1. Requirements to select candidates  
for artisan training

- General summary of post-harvest artisans – Listing
of active artisans nationwide.

- Leaflet on metal silos.
- Comic strip about silos.
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h. Supporting materials.

Each artisan receives a Silo Making Manual, with
drawings explaining, step-by-step, how to make a silo.
When an artisan begins this work, he receives a record
notebook to keep track of silos sold, materials purchased,
and monitoring visits to his workshop. These visits are like
a refresher course and help catch any errors in
craftsmanship right in the workshop.

This is the cover of the Silo Making Manual:

Photo 24. Manual for manufacturing metal silos is given to 
trainees at the beginning of the course.

j. Welcome and instructions for participants.

Dear participants: We are very pleased that you have
been pre-selected for training as post-harvest artisans
with business orientation. You will have a chance to learn
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a new trade, which is very noble and will enable you to
serve, make a living, and contribute through your work to
preventing losses of basic grains for low-income
households. So, we are very happy to welcome you very
cordially to the course.

To meet the course’s goals, you are asked to respect the
following norms:

- The course will be given by the artisan-instructor,
who must be treated with the respect he deserves.

- Participate actively in the course, because it is
hands-on learning by doing.

- Follow the instructions in the Manual for
manufactury metal silos.

- Handle the sheet steel, muriatic acid, soldering
irons and all other materials and tools with care to
prevent workplace accidents.

- Practice teamwork in the group, maintaining
respect for instructors and participants.

- No leaving the course during the week. You must
complete the course you began.

- The class schedule will be (agreed upon by all).

- No alcoholic beverages may be drunk during the
course. Each participant is responsible for his own
safety and must take all necessary precautions.

- Participants must purchase their own work tools,
the last day of the course.
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- By working together, we can ensure a successful
course.

Commitments an artisan undertakes as a future rural
post-harvest businessperson

A post-harvest artisan has learned a new trade to improve
his/her family’s standard of living, serve the community
and contribute to reinforcing the country’s food
security, so he/she must make the commitment to:

- At the end of the course, purchase his/her own
tools.

- Immediately make the first silo in their own
workshop.

- Make good quality silos, respecting the technical
recommendations in the Silo Making Manual.

- Use good-quality materials, including galvanized
sheet steel with the following dimensions: 0.5 mm
thick, 0.92 meters wide and 1.83 meters long.

- Teach users how to use and handle silos.

- Visit farmers who purchase silos.

- At the home workshop, have silos available with
different capacities for display and sales, with the
prices.

- Provide good customer service.

- Identify the workshop with a prominent sign.
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- Keep records of silos sold, materials purchased,
materials in stock, etc.

- Use calling cards and labels to promote the silos.

- Identify the competition and challenge them with
competitive quality, prices and after-sales services.

- Diversify work done in the workshop.

- Save part of the earnings in order to have their own
working capital.

- To begin work on the basis of down payments from
customers.

- To always have a silo full of grain in the workshop
to demonstrate.

- To promote silos in hardware stores, agricultural
service centers, fairs, market days, churches, bus
terminals, cooperatives of farmers producing basic
grains, etc.

- To use assistants in the workshop.

- To organize work in the workshop, allocating tasks.

- To set up several silo points of sale in different
strategic places.

- To grow their silo making company, with their
family’s active participation.

144

Metal Silos and Food Security



- There is a dossier on each artisan. For more
details, see Attachment 4.2.

- Sales records must also be kept.

I. Poster on using and handling silos. This technical
poster has drawings in 13 boxes, providing the main
recommendations for use and handling. To make sure it
will stick to the silo, it is recommended to clean that wall
area. The poster has a space to write the name of the
artisan who made it, the number of tablets to use, and the
silo’s serial number. See Attachment 2.

II. Promotional material. The Post-harvest Program has
produced several types of promotional materials, to create
a post-harvest culture, and material for farmers, under the
new post-harvest business orientation. This promotional
material is sold to artisans, who include this cost in the
price of silos. The promotional material includes:

1. Executive folder. 9. Key rings
2. Post-harvest pens 10. Pencils
3. T-shirts 11. Caps
4. Document bags 12. Wall calendars
5. Post-harvest 

notebooks 13. Backpacks
6. Agendas 14. Post-harvest

blankets
7. Scale models of silos 15. Post-harvest Bulletin
8. Rural roadway signs 16. Advertising billboards

17. Signs for the Post-harvest workshop
18. Colored flyers on the benefits of a metal silo, etc.
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In addition to the Training Manual, all artisans receive the
artisan’s notebook, used to:

1. Identify the artisan.
2. Keep track of construction material purchased

and other expenses.
3. Keep records of tool purchases.
4. Keep record of the status of workshop tools.
5. Keep track of sales of sheet metal products.
6. Keep records on silos made and sold.
7. Record the number of silos made.
8. Keep technical data on silo supervision.
9. Keep records on visits made to monitor the
artisan.

The cover of this notebook looks like this:

Photo 25. Artisan’s notebook, given to trainees 
when they complete the course.
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To guarantee quality craftsmanship, it is recommended to
monitor artisans after training, to check on the first silo
they make at their own workshops. For more details, see
Attachment 6.

3.3. METAL SILO MANUFACTURE II. Known as the
refresher or “error-correction” course.

a. Purpose. To backstop artisans who are starting
out in this trade, to catch any errors in silo making.
Trainees are requested to bring soldered joints,
unpainted, to inspect their quality. The refresher
course also gives an opportunity to clear up any
doubts about silo making.

b. Duration. One or two days. It is recommended for
artisans who will come to the refresher course to
have all the materials ready to make an 1800 or
3000 lb. silo. The refresher course is given by a
Post-harvest Program artisan-instructor.

c. Place. The refresher course is given in the
workshop of the artisan who received training. This
course is fundamental to ensure that good-quality
silos are made, catching any mistakes in time and
coaching the artisan in the start-up phase.

d. Tools. The tools described for Fabsil I are
required, plus materials to build an 1800 or 3000
pound silo. See Attachment 8.

Requirements.
- The artisan must have made 1 to 3 metal silos and
they must not have been painted.
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- The artisan is making silos, or must have material
on hand to make at least one silo: five 26 gauge
sheets of steel, 1 lb. of tin and lead, coal, muriatic
acid, pitch, detergent and rustproofing paint.

- The technician from the institution / transfer agency
must make sure that the tools indicated in the Metal
Silo Making Manual (pages 18 to 20) are complete.

- The regional post-harvest coordinator or local
institution’s technician must endorse the need for a
refresher course.

3.4. 3.4. TINSMITHING COURSE.

a. Purpose. To teach artisans to use leftover scraps
of sheet steel to make other products such as
rainwater eave troughs, watering-cans, buckets,
smokers for beekeeping, coffee-pots, recipients for
baking, etc.

b. Duration. One week, given by a specialist
artisan-instructor.

c. Place. Training workshop for artisans under each
country’s Post-harvest Units.

d. Tools.

- Large compass. - Small compass.
- Rivet set. - Thick punch.
- Narrow punch. - Anvil.
- Stapler.
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e. Sheet metal brake. Sheet metal work is a
complementary activity in the workshop for making silos,
so a post-harvest artisan can make other products when it
is not silo-making season and therefore be busy all year-
round, as well as taking advantage of scrap material from
making silos. To undertake this activity requires having a
sheet metal brake, which should cost about 650 dollars.
The sheet metal brake helps add ornamental details, work
faster and more consistently, and makes sheet metal
objects stronger.

f. Supporting manuals. Each participant receives a sheet
metal training manual, with the main patterns for making
sheet metal objects. The articles that can be made for
agricultural and industrial use include: watering-cans,
artistic crafts, drinking troughs, smokers for beekeeping,
drainage canals, honey extractors, bread-making tins, etc.

g. Requirements:

- Be an artisan actively making silos.

- Visit the owners of silos number 20 to 25 and fill in
the monitoring sheets with the farmers.

- Make at least 30 good-quality silos.

- Show interest in sheet metal work.

- Be interested in diversifying work done in his/her
shop to become rural businesspersons.

- Use leftover scraps from making silos to make
sheet metal products.
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- The training course contents are shown in
Attachment 7.1.

3.5. ADMINISTRATION AND MANAGEMENT COURSE.

a. Purpose. Provide the necessary knowledge for artisans
to grow as successful rural businesspersons, by properly
using business management tools such as records,
business plans, and product catalogs. Provide skills in
promotion and marketing that will result in increased
annual sales.

b. Duration. One week. It is recommended to get support
from an institution specializing in business training, with a
micro emphasis (small and medium rural enterprises) to
facilitate the course. However, post-training backstopping
for artisans must be organized. This calls for training
business advisors or promoters, to provide this mentoring,
with the suitable tools.

To measure the main entrepreneurial changes by the
artisans it is recommended to prepare a data base and
update it regularly, with field observations by business
advisors.

c. Place. This course can be held in the capital city or for
each department (province) with the best active
artisans, establishing selection criteria and other
operational issues.

d. The expectations for a successful course will
include:

- Support development of active artisans’ business talents.
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- Increase the efficiency of work in the artisan’s
workshop.

- Enable post-harvest artisans to compete with
traditional artisans.

- Foster creation of business groups of artisans,
through strategic alliances with other artisans.

- Provide training in promotion, advertising and
marketing.

- Find alternatives to capitalize artisan companies.

- Involve artisans’ families more in the family
business.

- Keep records of sales, purchases, stock inventory,
etc.

- Business organization of artisans to provide
services and purchase materials.

e. Requirements

- Take all previous training courses given by the
Post-harvest Program in each country.

- Make at least 50 good-quality silos.

- Sell at least 30 silos independently.

- Interest in forming a company, which involves
analyzing the following:
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- Working capital.

- Stable clientele.

- Diversified work in the workshop.

- Several assistants working in the workshop.

- Fully equipped workshop.

- Records of materials purchases, silo sales, etc.

- Doing promotion and having several silo points of
sale, among others.

- Spend most of the year working in the workshop.

- Visit owners of silos number 40 to 48, and fill in
monitoring sheets with the farmers.

f. Supporting manuals. The course could use the
following manuals, among others:

- Administration Manual, PRP/SDC.

- Basic Business Administration Manual, Know Your
Company.

- Specialized Business Management Manual. Grow
with your Company.

- Manual: Sell and Earn More. The post-harvest
entrepreneur. PRP/ SDC.
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The course content is given in Attachment 7.2, and further
information about it is included in Attachments 7.3 and 7.4.

3.6. RECOMMENDATIONS TO SET UP A POST-
HARVEST WORKSHOP.

a. Physical space. To set up a post-harvest workshop, a
new place need not be built. It is better to adapt an area in
the artisan’s house. The physical space should meet the
following recommendations:

- Roomy, approximately 25 square meters.

- Strategically located, visible, to reach the highest
possible volume of sales, such as along a roadway,
at a market, etc.

- A sign clearly identifying the workshop.

- Room to keep finished silos out of the rain.

- Orderly, with sheet steel up off the floor, tools kept
in safe places, and the muriatic acid out of children’s
reach.

b. Norms for working in the post-harvest training
workshop

- Be orderly and participate enthusiastically in the
work.

- Respect training schedule and timing.

- The schedule is full-time, without interruptions,
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Monday through Friday, without days off during the
week.

- Good shop housekeeping.

- Discipline and respect among classmates and
toward the artisan-instructor.

- Participate actively in learning, work in the group.

- Meet the training goal of making one 1800 lb. silo
and one 3000 lb. silo during the five days of training.

- Seal the silo using strips of rubber and wax, and
actually fumigate corn in an 1800 lb. silo.

- Determine the moisture content of grain, using the
salt method.

- Learn to transport a silo in a vehicle, in practical
exercises.

- Learn to melt tin and lead into bars and practice.

- Learn to explain the flipchart on the silo.

- Clearly explain the differences between a flat-type
silo and a conical storage container.

- Learn to explain the benefits of the flat-type silo.

c. Other recommendations

- The norm for working in the workshop is for all
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students to learn to make silos, learning by doing,
but thinking while doing.

- The first silo made by the artisan in the workshop
must be the best, with no mistakes.

- When artisans are working alone, it is
recommended to use the Silo Making Manual,
checking measurements and recommendations for
making silos.

d. Cost of setting up a post-harvest artisan workshop.
To set up a post-harvest workshop, no electricity is
required, since the soldering uses tin and lead (melted
together 50/50) and a soldering iron heated in a charcoal
fire, or by some other source of energy. The greatest
investment will be the infrastructure. In a post-harvest
workshop measuring 8 by 6 meters (48 square meters),
built in the Community of Ztbal in the Municipality of Nebaj,
Guatemala, the owner invested 1000 dollars, using locally
available materials.

The main investments include:

Tools to make silos. 65 a 80 dollars approximately.

Locale for the workshop. If the artisan’s home is
used, it must be adapted.

Construction materials. 26 gauge sheet steel,
which may be purchased on a seasonal basis, since
demand for silos is keyed to harvest time.

Initial working capital. Most of the working capital
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is required to purchase sheet steel, for which the
artisan can ask farmer customers for a down
payment of 50% of the price of the silo.

3.7. SILO QUALITY CONTROL

The norm for post-harvest artisans is to provide quality
silos so the technology is transferred with quality. To make
a good silo, quality materials must be used, to guarantee
20 years or more of useful life expectancy. Follow the
recommendations in the Silo Making Manual, to maintain
the established dimensions and ensure that the silo can
be hermetically sealed, in order to use fumigants to protect
the grain.

The most important aspects to check in detail for a
completed silo include:

- Bending of sheet steel.
- Flange edges of the bottom.
- Stapling of the cylinder.
- Soldered joints.
- Necks.
- Lids.
- Label and poster, and wooden platform.
- Soldered places must be painted, because heating
detaches the tin.

3.8. POST-SALE SILO CHECKOVER

Quality is a key issue when delivering a flat-type silo. The
indicator to be used states: "90% of the farmers using silos
as of 31 May each year do so properly, the grain has a
moisture content no higher than 15% and zero live insects,
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and is kept under a roof, on a wooden platform, sealed
hermetically”. Artisans’ visits to each customer are also to
build trust and customer loyalty, because it reduces their
uncertainty about the silo they have purchased.

3.9. HELPING ARTISANS BEGIN THEIR WORK

All artisans trained to make silos will purchase and take
home the set of silo-making tools at the end of the course.
When they get home, they will set up their workshops and
make their first silo, then fill it with grain to use for
promotion, to show other farmers interested in the
technology, because it is wise to practice what one
preaches.

At the same time, they will begin promotional activities and
simple market research to encourage demand for silos,
with the artisan actively involved. When they are quite
skilled in making silos, they can hire an assistant to
increase the number of silos they can make per day.
Future business performance depends on getting off to a
good start in the artisan’s own workshop, as a
psychological factor providing self-confidence and
personal self-esteem.

Availability of good-quality construction materials is
another aspect to take into account and include in quality
control.

3.10. VISITING THE POST-HARVEST ARTISAN’S
WORKSHOP

a. Purpose. Remain in contact with the artisan-
instructor, who must first be the artisan’s friend, to
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get to know their problems, check the quality of
workmanship, examine their workshop and orient
them toward growing their business.

b. Materials. The artisan-instructor must have a
tape measure, a silo making manual, a list of
artisans in each department (province), and a list of
places selling post-harvest quality sheet steel.

c. What to check when visiting an artisan's workshop

- Notebook up to date.

- Sold silos have labels and posters on them.

- Availability of posters.

- Quality and condition of tools used.

- Quality of the silos made.

- Quality of the sheet steel used.

- Silo selling prices.

- Sign for the workshop.

- Make sure they have already taken all the training
courses.

- Supply of materials to make silos.

- Observe how the artisan communicates with
customers: for example, how they explain silo use
and handling to farmers.
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d. Materials to use

- Listing of artisans nationwide.

- Tape measure, leaflets on silo quality control,
calipers, Silo Making Manual, samples of post-
harvest-quality sheet steel.

- Listing of suppliers for materials.

3.11. DATABASE ON POST-HARVEST ARTISANS From
the outset of post-harvest artisan training, it is
recommended to set up a data base for the information on
artisans, such as:

- Artisans’ full name.

- ID card number.

- Artisan’s address.

- Training date.

- Training courses received.

- Number of silos made.

- Status of the artisan (active, inactive, could be
activated).

This data base may also be provided to suppliers and
development agencies interested in getting involved in
post-harvest technology transfer activities. See
Attachments 4.2 and 5.
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3.12. DIVERSIFYING WORK IN THE ARTISAN’S
WORKSHOP

Silo sales are seasonal, so artisans must find ways to
diversify their work, such as by artistic sheet metal work,
starting work that requires oxy-acetylene welding, forging
alliances with other artisans, locating or relocating the
workshop strategically, etc.

The idea of diversifying the work done in the artisan’s
workshop is to make this trade their main livelihood, so
they spend most of the year in their workshop.

3.13. FAMILY PARTICIPATION IN THE ARTISAN’S
WORKSHOP

Active family involvement is essential for the business to
grow, with each performing the tasks best suited to their
skills. An artisan’s family can be an effective promotion
and sales force. It is recommended to backstop the
upcoming generations of artisans, who learn the trade
from their parents.
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STRATEGY FOR INTERNATIONAL REPLICATION OF
FLAT-TYPE METAL SILOS

With know-how developed by over twenty years of the
Regional Post-Harvest Program in Central America, it
seems timely for this simple technology to spread through
other countries, for the following reasons:

1. There is sufficient experience.

2. Several million dollars have been invested in
developing and validating the technology (the total is
estimated at 30 million dollars, adding the contributions of
SDC, the governments of Honduras, Guatemala,
Nicaragua and El Salvador, by private enterprise, NGOs
and other local stakeholders).

3. There are trained technicians with sufficient experience.

4. Food security is still a pressing issue and will surely
continue to be for some time.

The author was charged by SDC to lead the Mission to
replicate the Post-harvest Program in Peru and Cuba, and
will share the lessons learned in this chapter on
international replication of the flat-type metal silo, which
we will refer to below as International Post-harvest
Replication.

4.1. ANTECEDENTES. The Regional Post-Harvest
Program in Central America has reached full maturity after
nearly two decades of implementation, reflected in over
360,426 silos sold to date in the four countries, reaching a
major critical mass. Using an effective transfer strategy, its
success is due, among other reasons, to appropriation of
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the technology by customers, support by governments
and civil society and over 1000 artisans who have become
rural businesspersons.

The Regional Post-Harvest Program has had, since 1999,
SDC’s explicit mandate to foster metal silo delivery in any
country where it can be useful, always on the basis of
genuine demand (under credit application 1999-2002 for
the Post-harvest Program, submitted by the PRP and
approved by Headquarters in Berne), with funding of SFr.
70,000; and the colloquium organized in 1998 in
Nicaragua, involving representatives of the SDC offices of
the region. Further, the Food Security team in Berne and
the importance of food security on SDC’s sectoral policy
on agriculture show that this is a key issue for SDC.

4.2. CONCEPT. The Regional Post-Harvest Program has
extensive experience in transferring post-harvest
technology for basic grains, and the specialized and
logistical technical resources to expand this technology to
continents or countries with similar issues, adjusting it to
local customs, terminology, resources, language, etc.

4.3. RELEVANCE OF THE REPLICATION. International
replication of the silo is a highly relevant action and
feasible as well. The silo technology is appropriate and
appealing to low-income families because of its low price,
high durability (over 20 years), easy handling, avoidance
of the misuse of residual pesticides in grains and reduction
of basic grain losses to zero, if properly used.

This technology is highly visible, with a quick social
impact, generating rural enterprises, "narrowing the
poverty gap and strengthening food security or
sovereignty".
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In countries such as Honduras, 25% of the basic grains
are stored in household metal silos, for a macro-level
impact.

4.4. PHILOSOPHY OF REPLICATION. International
replication of post-harvest management, based on the
successful Central American experience, can assure real
impact from SDC and PRP countries’ support, based on
the sale of technical post-harvest services. This second-
generation program will have a single mandate: to support
international replication of metal silos in countries with
genuine demand for this technology.

4.5. WHAT WILL REPLICATION ACHIEVE? Sharing with
other countries the successful strategy used in Central
America to transfer metal silo technology, saving them
the high costs of developing and validating metal silos
funded by SDC and the Government of Honduras in the
1980s.

Since this is a validated technology, impact is assured,
taking full advantage of the experience gathered for over
20 years in the Regional Post-Harvest Program (PRP) and
the four national post-harvest programs, and making even
more efficient use of the funds invested in developing the
technology.

To commence activities requires minimal pre-conditions
such as:

- Planning on the basis of demand for the
technology (e.g., customers who need to store basic
grains).
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- Post-harvest problems and user customs and
traditions that are somewhat similar to those of
Central America.

- Expressed interest in supporting this activity, by
agricultural development organizations in the
applicant country that have real leadership.

- Materials and inputs to build silos must be
available to make silos in decentralized locations.

4.6. POTENTIAL FOR REPLICATION. Judging from
Internet hits on the Regional Post-Harvest Program (PRP)
Website, seminars, etc., there is interesting in replicating
the silos in Mexico, Costa Rica, the Dominican Republic,
Haiti, Mozambique, Bolivia, Venezuela, Ecuador, Peru,
Panama, Paraguay, Cuba, and India (Asia), among
others. For further details, see Attachments 20 and 21.

Asia (India) has been postponed because Africa was
given priority as a poorer continent, where there are major
corn-growing regions, such as the zone between Kenya
and South Africa.

4.7. MECHANISMS OF REPLICATION. On the basis of
the experience acquired by the PRP (in Peru and Cuba)
two forms of replication have been tested:

4.7.1. Light Post-harvest Management. Inexpensive for
the country that decides to implement it, the strategy is to
take pilot action in coordination with private development
organizations and other partners who show interest. First
a core of post-harvest artisans are trained. They must be
strategically located and receive support initially for
promotional activities, credit, demonstrations, etc.
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The post-harvest artisans, on the basis of actual demand,
begin and intensify a sustainable delivery of silos from
decentralized workshops, and grow and consolidate as
businesspersons.

To begin this activity the following steps are
recommended:

- Agreeing on the procedure and ground rules:
economic, logistical and other inputs.

- Agree on joint selection of applicants (PRP/
development organizations) for training as post-
harvest artisans.

- Train the chosen artisans with participation by PRP
Instructors.

- Train artisan-instructors (chosen for their teaching
talents).

- A seed group must be formed (whatever the
institutional arrangement) at the national level by the
development organizations interested in delivering
metal silos, to monitor and exchange experiences.

- Rural development organizations may also help
organize materials supply for silo making, quality
control of silos, reproduction of promotion and
training materials, self-evaluation, etc.

- After the following harvest season, evaluate the
situation to decide if it is worth it or not to invest more
money.
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- It is recommended to train a group of carefully
selected technicians in post-harvest management to
help deliver silos. See Attachments 24 and 28.

4.7.2. Post-harvest as a project. This decision must be
made by the country, as to whether there is sufficient
funding on hand to prepare, plan and implement the
project using the model from Central America.

In this case, the PRP has planning matrices ready to use,
indicators for monitoring, specialized literature for
technicians who are specialists in implementing post-
harvest projects, samples of promotional, instructional and
other materials.

The alternative of replicating post-harvest management as
a project can be considered as a better alternative than
Post-harvest-Light if the latter fails to generate enough
supply to cover demand.

4.7.3. Natural replication in neighboring countries and
by Central American emigrants. A typical case is
Mexico, where Guatemalan artisans are delivering silos in
the border zone with Mexico.

Many emigrants, whether farmers or not, from El Salvador,
Honduras, Nicaragua and Guatemala, while in
neighboring countries, take the idea of silos with them,
especially if they are post-harvest artisans. We know of an
amazing case: five silos were exported from Honduras to
the United States by air.

4.8. STEPS TO FOLLOW FOR “LIGHT” POST-HARVEST
REPLICATION51
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4.8.1. Agreeing on the procedure and ground rules.

a. Not to start experimenting with post-harvest
technology all over again from scratch.

b. Respect the same pricing policy nationwide.

c. Regulate just through the density of artisans per
region. An artisan can serve some 2000 to 3000
families.

d. It is crucial for no one to give silos away:

There is no way to know if a genuine demand is
being met.

Giving away silos quickly destroys business for
artisans.

Use existing credit systems (with terms longer than
one year).

Add flat-type metal silos to the list of what loans can
be granted for.

e. Artisans with business orientation also market
independently, contributing to sustainability.

f. Implement one or more workshops, equipped to
train artisans, with an artisan-instructor, who has
talent for teaching.

The training workshop for artisans should be located
strategically, with some 150m2 of space to keep finished
silos, construction materials, work benches and room for the
instructor’s office. It is recommended to provide lodging and
food service to lower costs and cover utility costs.
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4.8.2. Agree on selecting candidates for the startup
workshop

- According to the selection criteria applied in Central
America.

- Find existing sheet metal workers and train them
on-site.

- With an instructor of artisans, give the courses on
making silos I and II, and on sheet metal working,
and organize follow-up activities.

4.8.3. Form a core of artisans with an eye for business.
Only demand can drive expansion of training to new
artisans.

4.8.4. Begin pilot activities with a two-year horizon.
That is long enough to ascertain farmers’ interest and the
commitment of development organizations and the
government.

4.8.5. Train artisan-instructors. In this case, partners
must contribute to co-funding.

4.8.6. Form a national network of institutions
interested in supporting post-harvest management,
deciding the leader, with a concrete work plan and roles
for all involved.

4.8.7. Subsequent evaluation, when the next harvest
season begins, to assess users’ response. This will help
decide whether to invest any more or not.

4.8.8 Supply of Post-harvest Technology
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- Complete training package in Central America or
in the applicant country for artisans, technicians,
leaders, etc.

- Training for artisan instructors.

- Internships for two weeks or longer with National
Post-harvest Programs in Central America.

- Workshops to begin activities.

- Specific support missions.

- Start up post-harvest activity, coordinating with
delivery channels, public or private.

- Implement post-harvest monitoring, backstopping,
sampling of grain in silos (after-sales monitoring and
quality control).

- Support social marketing (test the concept),
marketing and promoting silos.

- Instructional and promotional material: training
manuals, videos, etc.

- Manual on selling services / providing technology,
costs, duration, etc., other manuals, Website, poster
on silo use and handling, technical leaflets on post-
harvest management, available in English and
French.

- Data base on technical personnel, specializing in
post-harvest management, to take part in work
missions.

- In all four countries there are technical post-harvest
specialists who speak English and French, which is
a strong point for international replication of silos.
See Attachments 20, 21 and www.postharvest.ch
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- Book on "Metal Silos and Food Security,
lessons learned from a successful Central
American Post-Harvest Program” to strengthen
food security, funded by the SDC, translated into
English as technical support for international post-
harvest replication in Africa.

4.9. AVAILABLE TIME FOR REPLICATION

4.9.1 Registration of Post-harvest trademark and the
silo product. A franchise could be used, for example,
which is an international business technique to provide or
transfer rights to post-harvest knowhow, to use the Post-
harvest brand and the silo product. This calls for a contract
between the franchiser and franchisee, to maintain the
corporate image or identity and silo quality, specifying
territory, payment terms, contract duration and renewal
criteria, costs to be paid, etc.

Because of the social benefits of metal silos, the know-
how could be transferred free of charge to rural
development organizations involved in activities related to
food security.

Salient aspects of the post-harvest replication in Peru and
Cuba are summarized below.

4.9.2. Experiences with post-harvest replication in
Peru

In July 1999, engineer Max Streit, former chief advisor to
the PRP, did a prior mission to analyze the feasibility of
replicating metal silos in Peru. His recommendations
appear in the 18-page technical report dated 22 July 1999.
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For international replication and specific demand-driven
support, in October 1999, the Central American Post-
Harvest Program supported a work mission to train post-
harvest artisans in Lima, Peru, selected by the following
Peruvian institutions: Arariwa, Cirnma, CRS (Peru),
CARE, CALCA, AFHASUP, Herrandina. See Attachment
21.

The author, with support by artisan-instructors Otto
Castillo and Manuel Tejada, from Guatemala and El
Salvador, respectively,  trained 37 artisans from Cuzco,
Puno, Cajamarca, Junín, Piura, La Libertad, Huaraz,
Ayacucho, Ancash, Arequipa, Apurimac and Lima. An
analysis of the costs of making silos set prices at 88, 108,
163, 180, and 232 Sols for silos with capacities of 0.18;
0.36; 0.54; 0.8; 1.36 Metric Ton. The details of these cost
calculations are given in Attachment 11, with equivalences
in dollars and euros.

Photo 26. Metal Silo in Peru
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A press conference was given by the Coordinator of SDC
in Peru, former chief advisor Max Streit, and was recorded
for television in Lima, to provide mass exposure to the silo
idea.

This first experience reveals the enormous potential for
providing metal silos (called “graneros”52) in Peru, since
there are many basic grains and foods to store and many
problems because of mis-handling of grains. The key
factor lies in the backing from the institutions that sent
trainees to the courses, until they start their work.
However, it is also important for an institution to lead the
process, in order to create a post-harvest culture.

Photo 27. Training artisans in Peru

As a mechanism for promotion and practical
demonstration, representatives of various institutions in
Peru were invited to the first training workshop for
artisans, so they could observe the workshop’s results.
They learned about technical handling of grain in silos,
determining the moisture content of the grain, filling the
silo, and using the fumigant.
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Photo 28. Training workshop in making metal silos

Most of the trainees in this workshop on making metal
silos in Lima, Peru already had experience making farm
tools (ironsmithing) because they had been supported
previously by the Herrandina project, funded by SDC,
which also engendered their entrepreneurial spirit. For
instance, trainees took advantage of the practice in
transporting silos using a vehicle to drive around
downtown Lima, which of course gave rise to much public
curiosity and resulted in mass promotion.

Since the artisan training mission in October 1999, SDC
has no reliable, accurate information on the performance
of the 37 artisans trained, or the civil-society organizations
who nominated them for the training. In the year 2000, the
author received an email with information from engineer
Raúl Hermoza, who reported that over 200 silos had been
made.

The author feels that more post-training backstopping
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should have been provided for the artisans, and
leadership by one of the development organizations in
Peru, as well as more government involvement. In Peru
they prefer to call them “graneros”, because “silo” means
a latrine.

4.9.3. Experiences from post-harvest replication in
Cuba

In 1999, engineer Max Streit, former chief advisor to the
Regional Post-Harvest Program, did two missions to Cuba
to analyze the feasibility of replicating metal silos there.

In 2001 and 2002, SDC, with support by Mr. Olivier
Berthoud, beginning bilateral Switzerland – Cuba
cooperation, implemented a post-harvest project, based
on the experience of the Central American Post-Harvest
Program. See Attachment 21.

The author coordinated closely with the National
Association of Small Farmers (ANAP) and with the
support of Nicaraguan artisan-instructor, José Luis Bonilla,
in 2001 trained 12 artisans from farm cooperatives in the
provinces of Holguín and Villa Clara.

In 2002 new training courses were given by Cuban
artisans: Armando Álvarez, Jorge Pérez, Alberto Morera
and Rolando Gálvez, with José Bonilla from Nicaragua as
observer and tutor. As a result, 15 new artisans were
trained, 10 from Holguín and 5 from Villa Clara, for a total
of 27 artisans.

At the end of the workshops they practiced filling the silo
with grains for a demonstration effect. Then Valarie
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Williamson, the person responsible for monitoring in the
Post-harvest Program of Nicaragua helped with
monitoring workshops to analyze performance indicators,
artisans’ records and other aspects to organize
backstopping for Cuba’s Post-harvest Project. To support
sheet metal work, a sheet metal brake was donated by
INFOP of Honduras. Subsequently, trainees continued
developing sheet metal products based on the Cubans’
own ingenuity.

Photo 29. Training artisans in Cuba

Further, during the two support missions done by the
author in 2001 and 2002, Cuban farmers were visited to
assess their situation. They do in fact have major losses
due to poor post-harvest management. This situation
helped successfully start the project to reduce post-
harvest losses, especially since corn is a staple of the
Cuban diet.
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Another 20 technicians and farmers were trained in using
and handling silos, from ETHIA, the L. Dimitrova Institute.
At the end of the course, they practiced filling the silos with
corn, to use them as a demonstration of this technique.
The contents of the training course for technicians are
shown in Attachment 24.

The experience was very enriching, because of the
Cubans’ social structure and level of organization.
Demand for the technology is high because of storage
problems. This is shown by recent information from the
SDC Office in Havana, which confirms the production of
over 8000 silos to store corn and beans, which saves
hundreds of thousands of pounds of grains by preventing
losses due to mis-management. This is the impression of
engineer Rodolfo Hernández, the person responsible for
the Post-harvest Project in Cuba. The leftover scraps of
sheet steel are also used to make sheet metal items.

The Project is currently in the phase of expansion to other
zones of the Island, since storing basic grains in metal
silos that are decentralized and under the control of
thousands of farm families is a key element of national
security and contributes to Cuba’s food sovereignty.
Another important use of silos is to store seeds, which can
be conserved with high germinative power. As an
anecdote, I remember that in Villa Clara they were storing
seeds in silos high off the ground, with a bottom outlet in
a refrigerated area (expensive). The Post-Harvest Project
challenged them to store seeds in metal silos without
refrigeration and the experience was a success.
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Photo 30. User removing corn from the silo. Evidently, this is
convenient to do, in the shade. A silo occupies an important

place in the home. Courtesy of the Havana office of SDC, 2004.

Innovation and creativity are the ingredients that stand out
in development of artisans in Cuba, who have made the
outside housing for computers from sheet steel, as well as
electrical installation accessories.

Photo 31. Cuban artisan working in the post-harvest workshop.
Photo courtesy of the Havana office of SDC, 2003.
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This description of post-harvest replication in Peru, Cuba,
the Dominican Republic, Paraguay (in this last case as a
National Program to Reduce Post-harvest Losses,
implemented by Swiss NGO HELVETAS, since 1995)
provides a sound basis on which to assert that
international replication of metal silos is relevant, with
huge possibilities for replication and consequently the
experience from Central America must be taken
advantage of.

During international replication of silos, the author
recommends:

1. Beginning with mass deliveries of silos, to reinforce
food security or sovereignty in the country.

2. Work on marketing activities, using silos as a way to
keep harvest to increase farmers’ income.

3. Add value to basic grains, by making flour, feed to
raise livestock, etc.

4. Store seeds in silos, to ensure quality seeds on an
ongoing basis.

5. Institutionalize silo delivery, as a mechanism to
support State policy regarding food security.
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BUSINESS TRAINING FOR 
POST-HARVEST ARTISANS.

As this book has emphasized, post-harvest artisans
with business skills have been the key stakeholders in
popularizing flat-type metal silos. To recapitulate the main
elements of this paradigm shift, the main activities of the
Program will be summarized below, as a historical review
of the successful Post-harvest Program.

The main elements are outlined below:

a. Concept. Business training aims to make artisans
more competitive and consequently make their
business profitable.

b. Principle. The artisans initially trained have
moved up from artisans to businesspersons,
individually diversifying the products they have to
offer from their shops: over 10 different sheet metal
products, for domestic and industrial use, plus
artistic handicrafts.

c. Strategy. Both organized and individual artisans
participate in business training, building on the initial
training by teams specializing in business
management from the national post-harvest
programs, which gave rise to business advisors.
Then private enterprise got involved, such as
INGASA in Guatemala, specialized official entities
such as INFOP of Honduras, etc.

Because of the nature of the Post-harvest Program, the
greatest efforts were made to train artisans in
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decentralized locations in Honduras, Guatemala,
Nicaragua and El Salvador and, as from the very outside,
the aim was for this trade of sheet metal working to
become a business. Consequently, the artisans
themselves demanded complementary training to make
their sheet metal workshops profitable businesses, since
making silos was seasonal (some 3 months a year).

The business approach was essential – artisans knew that
this was their own business; This increased their level of
commitment, feeling of ownership and consequent
empowerment, so they invested in training and promotion,
setting up their own workshop and then diversifying.
Accordingly, it was a strategic decision to have provided
business training for the artisans, including their wives.

Business training focused on the demand (potential
customers in both rural and city areas) using a marketing
approach, with its four 4 Ps: place, promotion, price and
product (see figure below).

Figure 14. The
Four Ps of
Marketing
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A strategic alliance with the PROSIGUA project, funded by
the European Union in Guatemala, supported a broad-
based business training program for all artisans in
Guatemala through FUNDES53, with the following
modules:

1. Get to know your own company, one week
duration.

2. The company and its environment, 100 class-
hours in duration.

3. Training for wives of the best artisans, three days
in duration. These women also took part with their
younger children. So a day-care center was set up
alongside the training, with a specially trained
instructor, who did drawing and puppets with the
children. It was heartening to see how the little ones
imitated their parents working in the workshop, mak-
ing silos and other sheet metal objects. This was
essential to actually include women in the training.

After the business training, guided tutorial coaching
ensured that learning was applied and solving any
problems. A mutual collaboration agreement was signed
by each country’s National Post-harvest Program with the
artisan, to enforce compliance by both parties. A monthly
schedule of visits and tasks to perform was agreed on and
the person responsible for monitoring verified the main
changes in each company.

To expand business training to the other countries, a five-
day workshop was organized to train “business advisors”
in Antigua Guatemala to teach the main tools for individual
monitoring of each artisan.
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Also with support from the national post-harvest programs
of the four countries, a training manual was prepared,
entitled “Sell and earn more the post-harvest
entrepreneur”, as a guide during training. The author of
this book coordinated the preparation and publication of
that manual.

5.1 MAIN CHANGES OBSERVED IN BUSINESS

The main changes resulting from the business training,
observed in the four countries, were:

5.1.1. Better appearance of workshops, signs to
identify them, cards that artisans can give their
customers, more orderly tool storage, etc.

5.1.2. Use of purchase and sales records in each
workshop, using the artisan’s notebook or other
forms.

5.1.3. Better integration of artisans’ wives into
silo sales54: in most workshops, formerly wives
didn’t even know the prices of silos and could give
no useful information to customers who came to
purchase one. However, now wives help keep
records and make sales directly in places such as
markets.

5.1.4. Better knowledge of the market. The
artisans are now able to quickly assess the market,
identify new customers and needs for new products.

5.1.5. Development of innovation. They are able
to offer new sheet metal products, such as water
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heaters that tap heat from the wood-burning stove,
honey extractors, artistic sheet metal items,
computer housings (by Cuban artisans), funnels for
pouring diesel or gasoline, etc.

5.1.6. Increasing self-esteem. This motivation has
moved artisans’ creativity, overcoming barriers and
developing their shop as a business.

Photo 32. A sample of the creativity of artisans with an eye for
business – artistically decorated watering cans.

The author has a collection of 100 photographs of a broad
range of artistic sheet metal items, which are sold as
deluxe souvenirs. Doubtlessly this new field of sheet metal
applications opens up new opportunities, more income
and above all confidence to diversify the work. The next
step will be a catalog of artistic sheet metal products.

Sheet metal work uses a machine that increases
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efficiency and makes it possible to scale up volume and
therefore lower costs, making products stronger and
adding artistic designs to objects.

Photo 33. Sheet metal machine

5.1.7. Artisans want to organize, understanding
that it is indispensable to work together in order to
be competitive. Artisans have organized
cooperatives, interest groups and other ways. They
have also taken part in regional meetings, made
business alliances, and shared new ways of working
and new technologies with other people. In the four
countries, 18 artisans’ organizations have formed
legally, and will in the future set up the Central
American Organization of Post-harvest Artisans.

We will give more details on their organizing efforts below.
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5.1.8. Organizations of Post-harvest artisans

In the four countries participating in the Regional Post-
Harvest Program, as of October 2002 18 artisan
organizations were legally constituted, with an
entrepreneurial orientation and each with its own
organizational arrangements: 10 in Guatemala, 2 in
Nicaragua, 1 in El Salvador, and 5 in Honduras.

Further, in El Salvador, associative groups of artisans
have begun forming (four so far) which are not legal
entities yet, but operate at a regional level. The
associative group methodology was originally developed
by SwissContact, but could also involve a strategic
alliance with the Foundation for Self-Development of
Micro and Small Enterprises (FADEMYPE), which is very
experienced in this field.

Organizations of post-harvest artisans in Central America
are truly the backbone of post-harvest activity at the
grassroots of local stakeholders. Their members’ dynamic
interactions epitomize the contribution by SDC and the
Central American governments to human development of
persons in rural areas, who have made positive changes
in their lives and their families’ standard of living.

Organizations of artisans in Central America have great
potential for negotiating as a bloc, breaking into
promising markets such as Mexico, setting up regional
coordination mechanisms such as a Central American
Confederation of Post-Harvest Organizations,
comprising 18 artisan organizations. This enables them to
take part as business groups in regional fairs, to have a
shared business office, participate in business
promotion meetings, etc.
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Comparing the total active artisans in each country to the
number of artisans who are organized, we find that in
Guatemala the artisans in the 10 organizations are 35% of
all active artisans; in El Salvador, they are 29%; in
Nicaragua, 29% and in Honduras, 26.4%.

Independent artisans can participate in associative
groups, which can then become members of
organizations in the future, and participate as skilled labor.

There is potential and opportunities are arising for joint
businesses among organizations of post-harvest artisans
in Central America. For example, between Honduras and
Nicaragua, the cost of 26 gauge sheet steel is USD 0.67
different, the cost of the tin and lead bar is USD 0.23
different, and the cost of a 500-gram soldering iron is USD
6.29 different.

For finished products (completed silos) labor costs in
Honduras and El Salvador to make one 3000 lb. silo are
USD 6.55 different, and the 3000 lb. silo selling prices
differ by USD 9.23

The main advantages of artisan organizations have been:
Decreased production and marketing costs, improved
negotiating capacity, access to technology and
information, sharing of experiences, backing for the
businesslike image, greater production and marketing
capacity, access to financing, project development,
avoiding intermediation, greater competitiveness, and
capacity for immediate response.

Strengthening organizations of artisans has made post-
harvest activity more sustainable, because members
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have received business training and are expected to
consolidate as companies offering products and services
with a businesslike vision, dealing jointly among the 18
organizations of artisans in Central America.

Making and selling silos is not enough to generate rural
enterprises, so organizations must diversify their supply of
products and services, as a growth and risk reduction
strategy and to take advantage of members’ capacities.

As a contribution to developing and consolidating
organizations of artisans in Central America it is necessary
to guide continued activity, with some suggestions for lines
of businesses to break into gradually and profitably,
considering of course each organization’s degree of
development and their target market.

As a way of giving Central America back the knowledge
acquired in the four countries, the author of this book
prepared the thesis entitled "Diversification of the
Business Portfolio for the ‘Las Segovias’ Cooperative of
Post-harvest Artisanal Services in Estelí, Nicaragua", to
obtain the degree of Specialist in Corporate Leadership
and Strategies. Many of the proposals contained there
may be used to develop organizations of artisans in other
countries.

5.1.9. They have diversified as a growth strategy,
diversifying products and services, implementing new
distribution and sales channels, and have a catalogue of
products and services. For example, several sheet
metal workshops have now expanded to metalworking,
automotive mechanics, etc.
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Photo 34. Device to apply insecticides in ant colonies and other
home pests. Designed by a Honduran businessperson. Photo by

Honduran Post-harvest Unit, 2002.

5.1.10. They are investing in promotion, financing
and airing radio spots, sports events, participating in
fairs, using sales promotion, with rubber stamps to
promote their own products, all workshops identified
by name, etc.

The success of post-harvest activity depends on the
strategic location of the workshop of artisan
businesspersons, with great potential to promote,
sell silos and cooperate to compete.

It requires a few artisans with high performance in
making silos, moving around different regions of the
country seasonally, with a dynamic, organized,
market-oriented sales force (entrepreneurial
approach).

These activities have enabled artisans to develop as
business and diversify. Consequently, it was
essential to complete the business training, which
we will describe in greater detail below.
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5.2. CORE ISSUES IN BUSINESS TRAINING
Activities. Each country used different modalities for
business training, building on the experience acquired in
Guatemala.

In all four countries the business training contents were
similar, with the main themes of marketing, finance,
record-keeping, and business management, among
others. They were all modular, with adaptations to each
country:

1. In Guatemala the training was given in three
courses. The first training course was given at the
departmental level for all active artisans. The
second was given only to the best artisans,
considering the pre-established criteria55 and the
third, to the wives of the artisans who took the
second course.

2. In Nicaragua training was given to the members
of artisan organizations CASPOSEN and
COPSACOLAS in 6 modules.

3. In El Salvador seven modules were given, to the
organization of artisans in the eastern part of the
country and to independent artisans, while the
subsequent backstopping and tutorial coaching was
done by zones to optimize time.

4. In Honduras, with the valuable support of the
National Institute of Vocational Training (INFOP) and
instructor Denis Juárez, four modules were given,
lasting two months each. At the end of each module,
a practical assignment was given, as a prerequisite
for continuing with the next module.
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The following chart shows an analogy of the business
issues as bodily functions:

Figure 15. Taken from the Recursos S. A. 
Company of Lima, Peru. 2002.

Comparing the total number of active artisans in each
country and the number of artisans who received business
training, we find: 26% for Honduras, 51% for Guatemala,
18% for El Salvador and 26% for Nicaragua.

It would be ideal for all artisans who are interested to
receive business training in order to develop their
entrepreneurial potential. So strategies must be
designed to make this happen, such as organizing visits to
model workshops, for example.

El Salvador verified the enterprise development indicators
already agreed upon. 75% of the sample surveyed handle
their own silo marketing (i.e., they find their own
customers). This is one of the spectacular changes,
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because artisans have always depended on the work they
get from distributors56. 

Monitoring by the Post-harvest Program in El Salvador of
enterprise development indicators show that 95% of
those surveyed had surpassed their break-even point, and
had sales catalogues, were using corporate documents
(e.g., taxpayers’ registration, invoices, etc.) were dealing
directly with customers, investing in promotion, hiring
salespersons and diversifying.

Post-harvest artisans’ strategies to increase sales in El
Salvador included visiting farmers (27%), offering good-
quality products (18%), low prices (18%), customer
service (9%), visiting institutions (9%), having salesrooms
(9%), hiring sales promoters (4.5%) and offering
promotional products (4.5%). The results speak for
themselves, and show that artisans are applying what they
learned in business training.

Promotion by post-harvest artisans in El Salvador
included workshop signs (100%), calling cards (86.4%),
radio spots (72%), and visits to institutions (86%), among
others. These data also reflect changes in attitudes,
investment in promotion and above all empowerment57

and a feeling of ownership.

In a sheet metal workshop, the protagonists are the man
and woman who own it – as well as their family, in most
cases – forming a family business that generates local
employment, developing local capacities and thereby
driving development, generating significant resources for
the family and community. They also make more business
for other local companies who offer the sheet steel, solder,
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and other inputs required to make silos.

The most remarkable thing is how families’ lives have
changed58 by working directly or indirectly in this activity.
The next chapter will relate some cases the author has
witnessed.

The approach started with the customer, as shown by the
wide range of silo sizes (from 100 to 6000 lb. capacity). In
some cases, in Honduras and El Salvador, larger silos for
8000 and 10,000 lb. have been made for grain storage
centers. The idea is not just to sell silos, but to build
customer loyalty, encouraging families to get and use a
silo (women have played a key role in making this decision
to purchase silos). The Minimum Requirements for the
market – quality, volume, continuity and pricing – have
been met.

Studies of the outcomes of business training in
Guatemala, conducted case studies of three workshops.
The findings are summarized in the following chart:
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handling, grain storage and marketing, adding value to grains by making meal and flour for
hog and chicken feed, for example.



Comparative results from four post-harvest workshops,
Guatemala, 2001

Chart 8. Prepared by Carlos Zamora, 
Post-harvest Program of Guatemala, 2002.

Guatemala’s study of three workshops of artisans who
received business training found that they passed their
break-even point when they had sold 152 silos (1800 lb.
capacity). Another workshop broke even when it had sold
103 silos (1800 lb. capacity) and other sheet metal
products.

This shows the importance of the business training, which
is considered to be one of the Regional Post-Harvest
Program’s strategic orientations.
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Photo 35. A variety of sheet metal objects made by a post-
harvest business in Honduras (not just by hand but with

machinery).
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TESTIMONIES OF HOW POST-HARVEST PRACTICES
HAVE IMPROVED PEOPLE’S LIVES.

People are at the center of all efforts made by rural
development programs. The tools used for this work are
only means used to achieve the results that will yield
tangible and intangible benefits and above all irreversible
positive changes.

Consequently, the book would be incomplete if it did not
include the voice of direct and indirect beneficiaries. To
illustrate these changes, we will cite some examples of
field experiences the author has witnessed in Honduras,
Nicaragua, Guatemala and El Salvador, to demonstrate
the enormous contribution that post-harvest management
has made to people’s human development and how their
lives have changed for the better.

6.1 TESTIMONIALS:

6.1.1. HELPING THE PHYSICALLY HANDICAPPED
GET INVOLVED. In El Salvador, two physically
challenged artisans (deafness and dwarfism) were
trained. The deaf artisan's wife interpreted to facilitate
communication with him. To date, he has made over 170
good-quality silos. For the artisan who is small, the
solution was simply to adapt the workbench dimensions,
and the rest was easy in his workshop. To date, he has
made over one hundred good-quality silos. This shows
how the Post-harvest Program has contributed to human
development even for people with physical disabilities.

6.1.2. REHABILITATING PEOPLE WITH BEHAVIORAL
PROBLEMS. In the Department of San Vicente, El
Salvador, artisan Marvin Alférez got training in making
silos, set up a workshop, and hired two brothers to help
him work. He loves sports, so he solidarily supports a
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football (soccer) team, showing how a person can get
ahead, raise their self-esteem and participate in
productive activities.

6.1.3. HE SWITCHED FROM A JOB TO HIS OWN
COMPANY. In Honduras, post-harvest businessman,
Alexis Mejía, worked as a teacher, and then in a local
bank. However, one day, as a post-harvest artisan, he was
fixing a water downspout at the office of the bank where
he had been an employee. Many customers of the bank
recognized him and asked him “What are you doing up
there?” He answered: “I make more up here than down
there”. Alexis has Salvadoran blood, since his father was
a Salvadoran sheet metal worker, and is an excellent
example of how sheet metal can be a family business. He
has hired eight full-time workers, and his sizable workshop
makes and sells over 30 sheet metal products that he sells
nationwide, with the support of a professional salesman.
The salesman makes a 10% commission on sales
(depending on the type of product) and a vehicle, and in a
good month makes over 100,000 lempiras. With this work,
he has built up some capital, owns a new home and a new
vehicle.

Alexis told the secret of success: his enterprising spirit,
initiative and strong desire to get ahead, with clear goals,
continually seeking market openings, and growing
technically. He hired his employees, trained them, got into
the market and has been growing stably ever since. His
products are top quality, he has expanded, he takes
advantage of opportunities (for financing, and training), his
family supports the business, and they want to keep
growing. He recommends not spending more than is
necessary. He is a good example of progress based on his
own efforts and his family’s involvement. He left his job
and made his own company. He is a good example to
keep in mind.
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6.1.4. IMPROVED SELF-ESTEEM. In Honduras, post-
harvest businessman Audiel Alemán has a workshop with
a wide assortment of products and his eagerness to keep
progressing led him to invest over 1500 lempiras (1
USD=19 lempiras, in 2008), in two English courses. With
great satisfaction, he shows that he passed his course
with a grade of 96 over 100. This shows his level of self-
esteem, and his enterprising spirit that has led him to
succeed in business dealings with North American
currencies.

6.1.5. WOMEN ARE COMPETITIVE IN POST-HARVEST
PRACTICES. In the department of South Lempira,
Honduras, artisan Celso Monje-Rodríguez, was able to
buy his home with the proceeds of his silo business.
However, he had to emigrate to the United States and left
the business to his wife, María Amparo Meléndez. She got
tired of hassling with the workshop assistants, and
decided to get artisan training herself. She got the family
involved in the work, and the second time her husband
emigrated she says he didn’t have to. She is currently
President of the ARDAL organization, making silos,
watering cans, smokestacks, and has her own workshop.
This is a typical case of women’s empowerment and
development of her business talent, and the way the new
trade changed her life, making her economically
independent. She has also successfully represented the
organization at public events.

6.1.6. BUSINESS TRAINING CHANGED THE FAMILY’S
LIFE Jacobo Domínguez, in San Juan de Opoa, Copan,
Honduras, a villager, got trained as an artisan and
emigrated to a more populated area with a larger market
for silos. He was able to buy a piece of land in San Juan
de Opoa, built the workshop in a shed, and put up his sign.
He involved his large family (12 children) in the family
enterprise. He now negotiates directly with customers,
subcontracts to other artisans, invested in a course in
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metal structures and made 8,000 lempiras in a single
contract, which enabled him to invest in purchasing a
welding machine, so he now has a workshop combining
sheet metal and metal structures. This case shows how
business training helps bring out people’s business
talents, as the saying goes about eagles that fly ever-
higher.

6.1.7. NEW GENERATIONS OF ARTISANS BECOME
SUCCESSFUL BUSINESSPERSONS. In the community
of La Esperanza, Intibucá, Honduras, Adrián Vásquez,
trained as a vocational instructor and then as a post-
harvest artisan, had Salvador Rodríguez and Juan Díaz
working for him (sheet metal, forging, making plows and
over 20 sheet metal products. Now his employees have
set up their own metalworking and sheet metal shops,
each of them with four assistants of their own. The spirit of
enterprise enabled these students to surpass their
teacher.

6.1.8. THE HONDURAN TIGER. It was a nice surprise, at
the meeting of artisans’ organizations of Honduras, held at
Lake Yojoa, Honduras in 2002, when Salvador Rodríguez,
revealed that he had written his own biography, in "The
Art of Metals". He was born in 1972 in Intibucá,
Honduras, and worked with Adrián Vásquez. He got
training, but was not accustomed to that world, so different
from his own, and therefore left Adrián’s workshop to set
up his own, which he called The Tiger.

His courage and unceasing efforts enabled him to get The
Tiger workshop going, despite the serious difficulties he
had to overcome. He says we have to remember how the
“Asian tigers” emerged.

To start his work, he got his first loan in 2000, arranged for
silos to be made and purchased a vehicle. He got a
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telephone – now he advertises on cable TV, and has the
following tools: 2 compressors, 2 polishers, 1 set of
exhaust ducts, 2 pairs of ramps, 5 large welding machines
and one small one, 3 vises to cut iron, 1 electric cutting
machine, 3 drills and 3 work benches. All this equipment is
work some 65,000 lempiras. Salvador says that The Tiger
workshop has gotten ahead despite difficulties and he has
overcome them because of courage and effort.

6.1.9. HOUSEWIFE, ARTISAN AND TEACHER.
Palmerinda Valdés, the first woman trained as a post-
harvest artisan in Guatemala, was very young when she
was orphaned. She learned to make silos, and to date has
made over 260, overcoming the mistrust of many
customers who had little faith in the work of a woman. She
has taken the courses on business advisory support. Then
she got her husband to take the training, and now both of
them work together. Their earnings enabled her to lend
him money to invest in agriculture, and although she has
11 children, she has studied, graduated, and now she is a
schoolteacher. She also leads a group of 2,000 women on
Mt. Jalapa and had the honor of a visit from former
President Álvaro Arzú, during a field visit. She is the
epitome of personal progress, overcoming customers who
didn’t trust women, and showing how post-harvest
technology transformed the life of a woman who got
trained as an artisan.

6.1.10. CUSTOMERS’ LOYALTY REACHES BEHIND
PRISON BARS. Mr. J.M.G. of the Municipality of Yugula,
department of La Paz, Honduras, a successful post-
harvest artisan trained in 1997, had some bad luck, for
whatever reason, and is now in the jailhouse of Marcala,
Honduras. The author of the book had the opportunity to
talk with him on the telephone and hear his story, which I
found very moving and will share below:
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José Malaquías, age 48, father of eight children, went to
jail. When his customers found out, they looked for him
there to have him make silos for them in jail. He is allowed
to work at his mobile workshop, make silos and sell them.
One of his sons is also allowed to help him in the
workshop and deal with customers. So far he has made
305 silos, 120 of them while in jail. Now he is making 60
silos for an NGO, CERMA. Hardware stores supply him
with materials, and he says he has given a course on
using and handling silos to the other inmates of the jail.
Here we see how a successful post-harvest artisan
maintains high self-esteem, and can support his
numerous family with his earnings from making silos and
other sheet metal items (pitchers, smokestacks, tubs). He
has applied to the Post-harvest Program for a loan to
purchase a sheet metal machine and increase his
production.

6.1.11. SUCCESSFUL FAMILY BUSINESS. In
Huehuetenango, Guatemala, three brothers from the
Méndez family are successfully making silos and sheet
metal products in general and have even gone over to
Mexico to make silos in the state of Chiapas. With the
profits obtained from making silos, they have opened a
grocery shop, then a drugstore and also sell veterinary
and agricultural products. They show how the Post-
harvest Program contributes to emerging family
businesses, fostering family union and identification, and
enables them to participate in business dealings together.

6.1.12. BACK ON THEIR FEET AFTER HURRICANE
MITCH. One of the post-harvest artisans in Nicaragua was
asleep when Hurricane Mitch swept away his home,
livestock and post-harvest workshop, with finished silos,
construction materials, etc. Miraculously the members of
his family were saved, and had to sleep under a tree. After
the storm, he began making silos again for several NGOs,
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and soon recovered. Now they have a new house, a
roomier post-harvest workshop, and a daughter who is
studying Medicine in Cuba. This shows how the Post-
harvest Program helped a family recover its confidence
and livelihood, keeping their self-esteem high and paying
their expenses and losses.

6.1.13. SILOS RELIEVED HUNGER AFTER
EARTHQUAKES. After the earthquakes that shook El
Salvador in 2001, the author visited the disaster zones
and heard many moving stories. The grains stored in silos
kept hundreds of poor families from starving, who
solidarily shared the grain free of charge with their
neighbors. Moreover, silos full of grains acted as supports
and, in five cases, kept the house from crumbling down
and burying the people, although the house collapsed. In
Lower Lempa, El Salvador, during Mitch, homes flooded
and silos full of grain floated. When the waters subsided,
the silos settled to the ground and the grain inside was
completely fine. These cases showed the role of silos and
how stored grains staved off famine and kept people alive
through natural catastrophes. They also showed how
strong the silos are, earthquake-proof and floating in
floodwaters.

6.1.14. SILOS INCREASE NGOS’ VISIBILITY. In 1999,
the Director General of World Vision visited the World
Vision office in El Salvador, and the eastern rural areas. At
the end of the day during the evaluation of the field trip, he
was asked what he thought of the visit. The Director said:
“I am impressed, because every house we visited had
silos with grain". It was very satisfying for World Vision of
El Salvador for their Director to acknowledge their work
promoting silos. This shows that, when NGOs include silo
promotion as part of their regular activities, it helps them
increase their visibility and recognition.
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6.1.15. FROM DISPLACED PERSON TO
BUSINESSPERSON. When Santos Chicas, in the
Department of Morazán, El Salvador, was still he child, he
had to flee to Honduras. Santos tells us he was restless in
a shelter where their role was passive, since there was
food and clothing, but no work, so he was quite bored.
When some instructors came from Honduras to teach
them sheet metal work, he was one of the most interested
in learning. He had fun making pitchers, pots and kitchen
utensils, but his greatest satisfaction was when he saw
people using his products.

He learned about sheet metal but not about money,
because everything was bartered. Finally, he returned to
El Salvador and got a job with a metal mechanics
workshop and forge, the first place he was ever paid for
his work. He stared at the bills, but not to make sure they
were the promised amount, but because it was the first
time he had money in his hands. In 1997, a post-harvest
technician visited the workshop where Santos Chicas was
working, and notices how creative Santos was, so he
offered to train him as a post-harvest artisan. Santos
received the course in silo making in his own community,
set up independently, and now has his own workshop,
making silos and other sheet metal goods, including
successful artistic products with potential for export.
Santos Chicas does his own promotion, has his office with
a cell phone, purchased a vehicle, invented a sheet metal
machine, a brake and cutter, and has made over 300 silos.
He shows how an assistant acquired his own company
and self-confidence. One day we visited him in his
workshop, and he was on the telephone. He told us, “I’ll be
with you in a moment; I’m closing a deal”.

6.1.16. WOMEN’S INPUT INTO FAMILY BUSINESSES.
Armando Xuyá, after his training as a post-harvest artisan,
left his native village in the department of Chimaltenango,
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Guatemala, set up in the department’s main town, and has
diversified his work with over 25 sheet metal products. He
supplies artistic products to a souvenir shop in Antigua
Guatemala and also has three points of sale. His wife,
Angélica Juchán, received the training course on business
sensitivity, and now has a point of sale in the
Chimaltenango market. This case shows how women’s
talent contributes to developing successful family
companies, how commercial linkages develop within the
couple, and how innovation brings out the talent and skill
of these enterprising people.

6.1.17. A BUSINESSPERSON WHO REACHED HIS
OWN GOAL. In 1996, Isidro Ramírez, from the locality of
San Pedro Mártir, in San Juan Opico in the department of
La Libertad, El Salvador, was visited by the Vice Minister
of Agriculture of El Salvador, and she asked Isidro; “How
are you going to sell your silos?” Isidro had been trained
by the Post-harvest Program only a few months ago, and
with the characteristic sincerity of Salvadoran villagers, he
simply replied: “We’ll see”, and there was no more
conversation.

Four years after that question was asked, Isidro had sold
over 250 silos, had his own workshop, and it is remarkable
the way he has built up his working capital and brought
this family business to life. With the profits from his first
silos, he bought a horse, to go around promoting silos. He
not only got more customers, but also got a wife, who now
accompanies him in helping his company grow.

The next year, he bought a cow with a calf, sold the cow
and kept the calf, and with the proceeds from the cow
purchased more sheet steel and made more silos. The
next year, he raised hogs, selling the older ones and
keeping the piglets. In this way, Isidro, ingeniously and
with the business knowledge learned from the Post-
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harvest Program, has been able to diversify his sources of
income and change his life, starting as a day laborer and
moving up to being a rural businessman.

His silo workshop makes him over 13,000 colons a year
(8,64 colons to the USD). He uses the money to diversify
his activities, both in the workshop, and farming his land,
raising small livestock, doing promotion, going to other
communities to make silos, partnering with hardware
stores and agricultural service centers to display and sell
his silos there. This shows how people only need an
opportunity and, with appropriate guidance, bring out their
business talent, which would otherwise often be wasted.

The six chapters of this book have attempted to
summarize the conceptual issues of post-harvest
management of basic grains and, above all, to objectively
portray the author’s experience during over 16 years in
Ecuador, Central America, Cuba, and Peru. Many details
have surely been left out, but I hope I have shared the
core elements of the lessons learned from a successful
Central American Program to Reduce Post-harvest
Losses of Basic Grains.

I want to share these lessons learned in the Central
American Post-Harvest Program, as a reference for those
who want to start with this work, because if we learn from
the past, we can plan for the present.
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6.2 LESSONS LEARNED FROM THE OVERALL
PROGRAM

6.2.1. The sale of over 360,426 silos leant vigor to the
region’s economy, assuring the technical, decentralized
storage under farmers’ control of some 294,426 metric
tons of healthy grain, a major impact on productivity,
reducing rural vulnerability and clearly improving
consumers’ health. That grain is estimated for corn at
approximately a 87,5 million dollars so the losses avoided
mean a savings of about 29,484 metric tons a year,
equivalent to 8,7 million dollars a year. Further, the sale of
over 360,426 silos meant some 18 million dollars.
Approximately 1,6 million sheets of steel were used, worth
11,8 million dollars, and the installed storage capacity in
silos among farm families in the four countries amounts to
the harvest produced from 92,144 hectares. Making the
silos provided work to earn an estimated 3,6 million
dollars. This shows that silos are a low-cost, high-impact
alternative for generating employment and income, to
effectively reduce poverty. See Attachments 14 and
25.

6.2.2. Use of metal silos and stored grain helps keep farm
homes free of rodents, saves physical space in the home,
makes women’s work easier, extends storage time, saves
money by preventing grain losses, decreases foreign
exchange use, makes it possible to safely use fumigants
with no residual effect, generates rural enterprises,
strengthens farmers’ position in dealing with
intermediaries, regulates grain prices, diversifies crops,
makes healthful grain available for the family to eat and
sell, providing a savings bank, helping put the household
economy in order and strengthens the country's FOOD
SECURITY.
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6.2.3. The strategic alliance between civil society and the
State is essential to address the problems affecting poor
or impoverished countries. To get silos to farmers, at least
50 organizations (governmental and non-governmental)
were formed by each of the four countries, thereby giving
life to collaboration among civil society, the State and
international cooperation.

6.2.4. Ongoing investment in training of local
stakeholders, such as artisans, extension field workers,
farmers, and teachers in agricultural schools, built up a
critical mass of professionals and mid-level technicians
able to continue promoting post-harvest activity without
outside support. This is now evident in El Salvador,
Guatemala, Nicaragua and Honduras, where post-harvest
activity continues. The less dependency a project creates,
the better its chances of assuring sustainability.

6.2.5. Planning a project with a long time horizon (20
years), involving civil society, increasing logistical and
financial support from governments (60%) and
institutionalizing post-harvest activity in the ministries
responsible for the agricultural sector has made it possible
for technical management of basic grain storage to
become the culture of technical post-harvest
management.

6.2.6. Designing a project on the basis of the target
population’s genuine demands, such as the urgent need
to store healthful grains to feed families for longer than
three months, following the market laws of supply and
demand) meant that, once the project got up to the critical
mass of farmers owning and using metal silos, there could
be a potential market demand of over 1,2 million families,
assuring the success of artisans who have set up their
own companies to make and sell silos and provide
advisory assistance on technical harvest management.
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6.2.7. When a project achieves expertise and designs a
clear strategy to upscale a product (such as the metal silo)
or service (training to use and handle silos), this creates a
chain of related services, driving the local or regional
economy and consequently leads to expanding coverage.
So, starting in Honduras, it spread to Guatemala,
Nicaragua and El Salvador, then continued the replication
in Paraguay, Cuba, and Peru. This reflects the broad
impact, decreases costs of developing and implementing
technologies, as long as they are socially, technically, and
economically acceptable and politically saleable.

6.2.8. Families’ active participation in driving and
developing family enterprises has enabled family
members to apply their aptitudes and competencies,
keeping records, making sales, and doing promotion,
thereby generating family empowerment and unified
desire to grow the business.

6.2.9. The implementation and results obtained in the
Central American Post-Harvest Program have shown that
the concept of food security can be addressed from a
business approach, training post-harvest artisans with
their own rural enterprises, decentralized in zones
producing lots of basic grains. Silo making workshops
have employed skilled labor. Technical assistance
services have been offered. Private enterprise has
partnered with the new businesses. Silo users themselves
have organized silo banks (10 or 20 silos, each 3000 lb.
capacity) in order to save and sell grain. The principle has
been: “Silos are for sale, not for free”. Purchases of inputs,
manpower to make and sell the silos, mobilized some 19
million dollars in the four countries.

6.2.10. Credit in rural development projects is not the
purpose, but a means to reinforce production. Therefore,
it is better not to participate directly in granting or collecting
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loans, but to let specialized institutions handle that, so that
after the project they can continue serving farmers, since
we know that rural areas offer a major potential market for
lending agencies.

6.2.11. Continual motivation of human capital was one of
the reasons for the Regional Post-Harvest Program’s
success. Every year a regional meeting was held with all
the staff from the four countries (about 80 persons). This
was a way to keep the organizational climate growing, so
every staff member would face demanding challenges and
goals, always cultivating a spirit of teamwork – not just any
team, but a winning team.

6.2.12. Decentralized storage of basic grains under the
control of farm families is less expensive, strategic for
national security purposes, with less risk of losses, which
enables a country to strengthen food security in rural
areas, curbing migration to the cities.

6.3 LESSONS LEARNED IN EACH COUNTRY

6.3.1. In the four countries, after harvesting basic grains,
approximately 10 to 20% is lost due to improper handling
and storage. Traditionally, farmers store corn, sorghum,
beans, and rice in sacks, paper bags, tabancos, chests
and barrels.

6.3.2. Distribution of the metal silos developed by the
Central American Post-Harvest Program has reduced
storage losses to zero in properly handled silos.

6.3.3. Silos’ quality guarantees their effectiveness. Silos
are cylindrical structures made of zinc-plated sheet steel.
Joints and bends are soldered, to make them airtight, to
fight insects and keep rodents out.
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6.3.4. To make and sell silos, the Regional Post-Harvest
Program trained some 893 artisans with a business
orientation, who promote their products, invest in their
workshops, diversify their products so they have year-
round work (not just at harvest time) and thereby remain
in business.

6.3.5. Silos are well-accepted among farmers both
because they solve storage problems and because they
are affordable. An average price of 50 USD/ silo of 1800
lb. capacity is a low-cost alternative, so farmers get to
know the technology and promote it themselves.

Before ending this book, I would like to go on the record
with my sincerest thanks to SDC, for making it possible to
publish this modest contribution, to help manage
knowledge about one of SDC’s star programs, as the
Central American Post-harvest Program and its replication
in other countries beyond the region has been and
continues to be, such as in the replication in Africa begun
by SDC in 2008 and 2010.

Many thanks to the thousands of persons - technicians,
farmers, extension workers, artisans, and agricultural
development institutions – whom I have had the pleasure
to get to know along the way.
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Changing the approach, from artisan to post-harvest
entrepreneur. Artisans have played a starring role in
delivering metal silos. To make and deliver metal silos, the
Program has trained over 900 artisans in four countries.

Artisans received support for business education, to
manage their workshops or family enterprises, diversifying
their work, entering the market and staying in the market
successfully, prospering with their small rural or urban
enterprises.

Diversifying work in the artisan’s workshop is essential to
stay in business, to increase income and get past the
break-even point.

Artisans stay active year-round, because when the
demand wanes for metal silos (after the harvest and
storage season) they make other sheet metal items,
including:

1. Agricultural items such as watering cans, honey
extractors, bee smokers, etc.

2. Items for services, such as bread pans, eave troughs to
collect rainwater, water heaters, smokestacks, etc.

3. Decorative handicrafts, such as lamps for hotels (e.g.,
the Hotel Copán Honduras), ornamental items, flowers,
etc. (These often use scraps of sheet steel, helping
recycle this material.) They also do blacksmithing wrought
iron work such as windows, banisters, etc.
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ATTACHMENT 7.3.
BUSINESS APPROACH

 



4. Most post-harvest artisans are farmers who were then
taught a trade and are being mentored toward business
management, so the change instruments used have
included:

- Business type training with a vision of marketing oriented
toward organizations of artisans.
- Guided tutorial coaching.
- Monitoring, active incorporation of women.

At present, the best artisans with potential to grow as
businesspersons are being backstopped by guided tutorial
coaching, applying the principles of marketing: product,
place, promotion and pricing (the 4 Ps). All these efforts
are oriented toward achieving an awakening of business
skills, overcoming the barrier between post-harvest
artisans and businesspersons.

For business coaching, indicators reflect the desirable
outcomes, including:

1. Diversifying work in the artisan’s workshop (production)
2. Getting past the break-even point with the enterprise
3. Working year-round
4. Having working capital.

For business coaching, candidates are first selected, with
emphasis for those with the greatest potential for business
growth, gauged by applying the test on “Evaluation of
Business Capacities”, to assess potential and
deficiencies. Then, the Guided Tutorial Business
Coaching Plan turns weaknesses into strengths helping
businesses take off. Self-esteem is also taken into
account as a premise for selection.
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Juan Bravo – Adviser SDC/UCPCG/UCPCES.

In each of the countries that has been part of the PRP,
substantial progress has been made in training post-
harvest artisans, in selecting candidates to train, for
refresher courses and for sheet metal work. All these
courses contribute to increasing skill in making silos and
sheet metal products, and the central theme is HOW TO
PRODUCE WITH QUALITY.

So far, over 900 artisans have been trained in the four
countries, with a hefty economic investment. However,
artisans still need to complete their training to become
successful rural businesspersons, to generate profits that
will enable them to grow and not just subsist.

Artisans by nature and training will lack the skills of
advertising, promoting their workshops and technology,
marketing, sales strategy during the high season, how to
organize their sales force, to provide points of sale, to
profile their customers, to get to know their competitors
well, to provide personalized customer service, to satisfy
customers’ interests, to use records property on materials
purchases and sales, and to use inventories for decision-
making. They need an explanation on HOW TO SELL.
They also need to organize for business purposes, to
become efficient and effective enough to be competitive in
pricing and quality.
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ATTACHMENT 7.4
OVERCOMING THE BARRIER BETWEEN BEING AN ARTI-
SAN AND RUNNING A BUSINESS – A CHALLENGE FOR
THE GUATEMALA POST-HARVEST PROGRAM

 



Therefore, the Post-harvest Program of Guatemala has
established a strategic alliance with a project specializing
in microenterprises called PROSIGUA (funded by the
European Union and the Ministry of Economics), to
commence actions to guide the post-harvest artisans of
Guatemala in their business growth. Similar steps are
being taken enthusiastically in the Post-harvest Program
of El Salvador, replicating the training received in
Guatemala.

For this purpose, training for 122 active artisans in
Guatemala began with a course on basic business
administration (with the four-day module entitled "Get to
Know Your Company"), also involving nine technicians
from UCPCES and all personnel of UCPCG.

On the basis of pre-established criteria, the best post-
harvest artisans of Guatemala, were selected and took the
specialized business management course (with the
module entitled “Grow with Your Company”), with 26
artisans from Guatemala and two technicians from El
Salvador in this 100-hour course. This event highlighted
the participation of a dynamic post-harvest artisan who is
a woman, a community leader, and skilled in marketing.

This training has stirred up interest among artisans. The
first workshops on business for post-harvest artisans are
clearly consolidating.

The first steps have been taken, and success will depend
on follow-up backstopping. For this purpose, there is a
data sheet on the post-harvest artisan workshop. With this
information, Regional Post-Harvest Coordinators and
Artisan-Instructors will record the changes from artisan to
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entrepreneur, as well as any socio-economic changes.

These changes require concrete, timely responses,
basically starting at home, in order to change attitudes.
For example, the advantages of the silo must be promoted
before the silo itself, costing the silo on the basis of
seasonal production volume rather than on one unit,
distinguishing between the functions of the Post-Harvest
Unit and of artisan businesspersons.

For this purpose, the promotion and marketing course was
given to 24 technicians, with guests from El Salvador,
Honduras and Nicaragua. Continuing the training and
updating of artisan-instructors’ knowledge, they were
given a course in Adult Education, with 11 participants
from Guatemala and El Salvador.

The first signs of attitude change in post-harvest artisans
are emerging: some artisans have a rubber stamp to
identify their workshop, and use it to make promotional
flyers; they have given their workshop a name; they have
calling cards; they are forming groups of artisan
businesses; they have expressed interest in separating
workshop income from current expenses; and they are
eager to keep records of their purchases, sales and
stocks.

However, these complementary training efforts must result
in an increased number of silos delivered per artisan, in
workshop management, in capitalizing to be able to
purchase materials, increase investments to improve the
workshop, diversify their work and make their new trade
their primary livelihood.
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This will ensure continuity of post-harvest activity, efficient,
competitive, profitable and with 21st-century quality, to
increase the rate of deliveries without losing quality, to
meet the post-harvest technology demand of 1,270,000
families in the four countries, laying the groundwork for an
active, responsible and transparent exit by SDC in the
period from 2003 through 2006.

Overcoming the barrier between artisan and
businessperson status means that an entrepreneur will
make more silos by using his tongue more and his hands
less. This is a challenge. The seed has been planted in the
prodigious mind of the artisans, and the fruits will be
coming.
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ATTACHMENT 8:
LIST OF TOOLS

Currency equivalencies
One euro = 1.44 USD
One dolar = 8.72 Colons
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ATTACHMENT 9:
ILLUSTRATION OF TOOLS
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ATTACHMENT 10
COSTING OF METAL SILOS IN EL SALVADOR
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ATTACHMENT 11
COSTING OF METAL SILOS IN PERU
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ATTACHMENT 12:
TABLE OF CONVERSIONS TO DERIVE THE MEASURE-
MENTS FOR THE BOTTOMS OF SILOS
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ATTACHMENT 13.
SILOS DELIVERED IN CENTRAL AMERICA
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ATTACHMENT 14.
ECONOMIC IMPACT OF DELIVERING A SILO



250

ATTACHMENT 15.
SILO PROMOTION
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1. Place the grains in plastic
bag, filling the bag halfway.

(45.45 kg capacity bag)
2. The plastic bag must be

inside a burlap sack.

3. Put a tablet of phostoxin in
the middle and fill the bag
with grains, tightly knotting

the bag at the top.

ATTACHMENT 16
STEPS TO FUMIGATE SMALL AMOUNTS OF GRAINS AND
SEEDS.
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4.- Fold over the plastic bag 5. Tie a tight knot.

7. Turn over the sack.6. Close the burlap sack.

Illustration and drawings: José Bravo-P.
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ATTACHMENT 17
CALCULATING THE AMOUNT OF FUMIGANT TO USE
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ATTACHMENT 18:
INTER-RELATIONSHIPS AMONG FACTORS AFFECT-
ING POST-HARVEST MANAGEMENT
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ATTACHMENT 19:
STAGES OF EVOLUTION IN THE POST-HARVEST
PROGRAM IN CENTRAL AMERICA
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ATTACHMENT 20:
POTENTIAL TO REPLICATE SILOS
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ATTACHMENT 21:
RESULTS OF REPLICATING SILOS
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ATTACHMENT 22
STUDY TO DETERMINE RESIDUES OF INSECTI-
CIDES IN GRAINS
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ATTACHMENT 23:
STUDY ON ADOPTION AND IMPACT OF METAL
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ATTACHMENT 24.
CONTENTS OF THE TRAINING COURSE FOR TECH-
NICIANS.



. For an 1800 lb. capacity silo (0.82 MT) the materials
and labor requirements are:

1.1. Sheet steel, 33 USD, which is 63% of the silo's
total cost.
1.2. Labor, 6 USD, which is 30% of the silo's total
cost.
1.3. Other materials, 3.60 USD, which is 7% of the
silo's total cost.

The average selling price is 53 USD; 36.80 Û.

2. To make 360,426 silos, assuming they are all 1800
lb. capacity, would require:

2.1). Sheet steel, 1,6 million (using 4.5 sheets per
1800 lb. silo), which makes 11,8 million dollars; 8,19
million Euros (7.3 USD / sheet; 5.06 Û/sheet)
2.2). Other materials, 1,2 million dollars; 833,333 Û.
2.3). Labor and profits, 5,7 million dollars; 3,9 million
Û .
2.4). Only labor, 3,6 million dollars; 2,5 million Û. (10
USD per 1800 lb. silo, equivalent to 6.9 Û.).

This shows the contribution to employment
generation in rural areas and its impact on reducing
poverty.

Total required, 18,7 million dollars; 12,9 million Û.
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ATTACHMENT 25.
BASIS FOR CALCULATING THE SOCIO-ECONOMIC
IMPACT OF SILOS AND THEIR STORED GRAIN.

 



3. Amount of grain stored in 360,426 silos:

3.1). Each year 294,863.7 metric tons are stored
technically, worth some 87,5 million USD/year; 60,8
million Euros/year. (Cost per MT of corn, 297 USD;
206.25 Û.).

This shows the impact on consumers, who have
healthful grain without pesticide residues.

3.2). 29,486 metric tons/year of grain not lost, is
worth about 8,7 million USD/year; 6 million
Euros/year.

4. Summary of estimated calculation:

4.1 Average selling price of an 1800 lb. capacity silo,
53 USD; 36.8 Û.
4.2 Money generated by sales of 360,426 silos, 19
million USD; 13 million Û, which guarantees a
technical rural installed storage capacity to store the
crops grown on 92,144 hectares of corn in the four
countries.
4.3 Money generated by labor 3,6 million USD ; 2,5
million Û.
4.4 Amount of grain stored per year, 294,863.7
metric tons.
4.5 Value of grain stored per year, 87,5 million USD;
60,8 million Û.
4.6 Amount of grain not lost per year, 29,486 metric
tons.
4.7 Value of grain not lost per year, 8,7 million USD;
6 million Û.
4.8 Persons with safe food, 1,800,000 (assuming 5
members per family).
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ATTACHMENT 26.
KNOWLEDGE ABOUT RODENTS



ATTACHMENT 27.
BIOCHEMICAL COMPOSITION OF GRAINS
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1. Define the country’s interest. Contributions in cash, in
kind, etc.
2. Choose the institution to lead, guide and coordinate.
Define roles clearly.
3. Train a core of artisans: Set up a training workshop,
guarantee supply of good-quality sheet steel, the package
of tools for artisans, posters and materials to make silos.
4. Train a group of local technicians, with the course on
storage of basic grains. Have flipcharts, leaflets, training
manuals for technicians and artisans, etc.
5. Calculate the costs of making silos and their selling
prices, according to their capacity.
6. Define lending guidelines: For artisans and for farmers.
7. Clearly define distribution channels: NGOs, agricultural
development institutions, artisans, others.
8. Define promotional mechanisms: Promotional material,
demonstration silos, signs, etc.
9. Begin delivering silos: Establish a data base for
artisans, record the silos made and sold, quality control of
silos.
10. Complementary training for artisans: Refresher
courses, sheet metal working, business management.
11. Selecting artisans with teaching talent to be future
instructors.
12. Implement the monitoring system: Indicators of
efficiency, such as the after-sales silo checkover, % of live
insects, % of moisture content in grain, break-even point
for enterprises making silos, etc.
13. Organize artisans with talent for business.
14. Institutionalize silo deliveries, to reinforce food security
or sovereignty, as State policy: Participation by

ATTACHMENT 28. 
RECOMMENDATIONS TO REPLICATE METAL SILOS
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government, civil society, etc.

 


