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The Southwestern region of Antioquia has been characterized for being at the forefront of coffee production 
in Colombia, with a high diversity in production systems. The research was intended to characterize and 
typify 13 coffee production systems (Coffea arabica L.) in Andes Municipality (Antioquia) under several 
types of management. The methodology included the qualitative characterization of aspects such as 
socio-demography, environment, economics, and agriculture, followed by a classification. Statistical 
multiple-correspondence analyses were conducted and the cluster method was applied. Results on the 
evaluation of sizes show that concerning the socio-demographic dimension 100% coffee growers own 
the land, completed primary school, hold a property area between three and four hectares, and have over 
20 years of experience in the field; with respect to the environmental dimension, 100% coffee growers 
have traditional benefits and their coffee is sundried, and between 46% and 69% of them used chemical 
fertilizers. In relation to the economic aspect, 77% of coffee growers market through unions and experience 
high production costs with no profit. Finally, concerning the agricultural aspect 100% of coffee growers 
prepare their soil with minimum farm work and purchase the seeds; 85% of them engage workforce; and 
46% of them own low-quality soils and biodiversity. Typification showed that 47% of coffee growers resort 
to conventional systems (use of chemical products); 38% of them use Transition I systems (Rationalization 
of Synthetic Supplies); and only 15% of them use Transition II systems (Use of Organic Supplies).

La región del suroeste de Antioquia, se ha caracterizado por estar a la vanguardia en la producción 
de café en Colombia, con una alta diversidad de sistemas de producción. En la investigación, se 
caracterizaron y tipificaron 13 sistemas productores de café (Coffea arabica L.), bajo diferentes tipos 
de manejo, del municipio de Andes. La metodología consistió en la caracterización cualitativa de 
las dimensiones sociodemográfica, ambiental, económica y agrícola, seguido de una tipificación 
estratificada. Se realizaron análisis estadísticos de tipo factorial por correspondencia múltiple y el 
método del clúster. Los resultados destacan que en la dimensión sociodemográfica el 100% de los 
cafeteros son propietarios de la tierra, poseen formación primaria, presentan un área predial entre 
tres y cuatro hectáreas y poseen más de 20 años de experiencia. En la ambiental, el 100% poseen 
beneficios tradicionales con secado solar y entre el 46 y 69% utilizan agroquímicos. En la económica, 
el 77% de los cafeteros comercializan con las cooperativas y poseen altos costos de producción sin 
ganancias. Por último, en la agrícola el 100% preparan los suelos con labranza mínima, compran las 
semillas, el 85% contratan mano de obra y el 46% presentan baja calidad del suelo y de biodiversidad. 
La tipificación arrojó que el 47% de los cafeteros presentan sistemas convencionales (utilización de 
insumos químicos), el 38% son sistemas en Transición I (Racionalización de insumos sintéticos) y 
sólo el 15% poseen sistemas en Transición II (Utilización de insumos orgánicos).
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C
offee is the second most important agricultural 
product marketed worldwide. Coffee is grown in 
over 70 countries around the world. During the 
last 20 years, coffee production has increased 

from 5.6 to 8.3 million tons per year due to the labor 
acting to countries such as Brazil, Vietnam, and Colombia 
(OIC, 2014).

The increase of coffee production has been directly 
associated to the increase on the use of soil worldwide 
(Jiménez et al., 2012). The intensive use of soils results 
in the planet’s loss of functional biodiversity of agricultural 
ecosystems year after year, all due to the technological 
package of the green revolution, deforestation, habitat 
destruction, pollution, introduction of exotic species, the 
strong climate change, and the development of an intensive 
conventional agriculture that impairs environmental natural 
resources (Altieri et al., 2012).

In coffee production systems in Colombia, environmental 
degradation generates a cost equivalent to 3.5% of the DGP 
and associated costs excel due to floods, landslides, and 
soil erosion (MA, 2014). In the department of Antioquia, 
68% of coffee is grown in strongly huddled lines and 
directly exposed to sunlight under an intensive single-crop 
conventional management system is used with excessive 
use of chemical fertilizes (Arcila et al., 2007).

In the municipality of Andes, the coffee cultivation settled 
down in the second half of the XIX century, as the main 
source of income for the 80% of the population. Andes 
represent the 24% of production in the total area of the 
territory. It covers 47,500 plots with 33,100 coffee growers, 
of which 68,300 of the cultivated areas correspond to the 
60% of the total cultivated area in Antioquia. Therefore, 
the cultural identity of the local people is closely linked to 
the evolution and sustainability of the coffee production 
(FNC, 2014; Mejía, 2016).

The conventional management system that prevails in the 
region, results in contamination of water resources, death 
of animals, economic unbalance, and affects food security 
of most families; it furthers deteriorates life quality of the 
population (Altieri et al., 2012). Additionally, this system 
directly impact human health through intoxication and 
respiratory, cardiovascular, and carcinogenic diseases 
(Paulo et al., 2013). 

In order to drive productions towards sustainability 
(Altieri et al., 2012), researchers, without causing negative 
environmental impact and keeping and increasing coffee 
production, quality of resources, and human welfare, propose 
that agricultural systems should be studies based on the 
grouping of sets according to their similarities, taking into 
account the diversity of structures, the functioning, and the 
dynamic of production units. In this manner, a classification 
of farm systems can be used as an attempt to know the 
dynamic of the agricultural development within a region 
(Escobar and Berdegué, 1990).

The farm classification system is required as a theoretical 
organization mechanism for the research on farm systems 
and as a communication tool which allows exchanging 
information among researchers, coffee growers, and 
extension agents. Different types of farm systems could 
exist within a coffee growing area. The result of a typology is 
always the effect of the criteria employed in the classification. 
An alternative classification method that is based on a solid 
conceptual framework and the application of multivariate 
techniques with principal components based on data 
collected through participative surveys to a stratified sample 
of production units constitutes an efficient choice for solving 
the problem (Escobar and Berdegué, 1990).

In coffee production systems from Latin America, 
characterization and classification have been performed 
through productive comparisons between conventional 
models and organic transition models, and the following 
aspects have been assessed: environment, biodiversity, 
management, soils, production, and the socioeconomic 
component as well (Vázquez et al., 2014; Machado et al., 
2015; Nicholls et al., 2016).

The research was conducted with the purpose of giving 
response to the following question: Could several types of 
coffee plantation management systems be assessed based 
on the characterization and classification of production 
systems at Santa Rita borough in Andes Municipality? 
Consequently, it will be possible rejecting or supporting the 
following hypothesis: If characterization and classification of 
systems are used, types of coffee management systems can 
be known under different socio-demographic, environmental, 
economic, and agricultural approaches. The study object 
of this research was to characterize and classify the coffee 
production systems at Santa Rita borough. 
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MATERIALS AND METHODS
The research proposal started in 2014 by means of a 
scientific event carried out in Universidad de Antioquia 
south-east campus, in Andes municipality. During the 
event, a research project entitled: “Participative Design for 
Conversion of Coffee Systems to Multidiverse Systems,” 
was launched. 50% of participating coffee-producers 
expressed an interest to participate in the project and 
were consolidated through a work group.

Coffee-growing systems were submitted to different 
selection criteria (land size, land possession, production 
experience, formation degree, articulation production-
trading, community share, water availability, presence 
of other productive activities and soil-climate factors), 
focused on property features, the producer, population 
and marketing, following Sarandon and Flores`s (2014) 
adapted methodologies. According to established criteria, 
there were 13 coffee-growing farms selected under 
different management types.

Study area 
The study area is located in Andes Municipality (southwest 
of Antioquia; 05° 39' 29" latitude north and 75° 52' 
51" longitude west), 121 km away from Medellin City 
(Colombia). The area shows a tropical warm wet climate, 
frequently observed in life zones of pre-mountain 
rainforests. The relief goes from slightly wavy to very 
steep; acute and rounded crests and peaks; generally 
long, straight, and convex slopes above 7%. In general, 
climate conditions show a mean bio-temperature between 
18 °C and 24 °C and an average annual rainfall between 
1000 and 2000 mm. The urban center is located next 
to a mountain stirrup falling from the west cordillera 
(PBOT, 2016). 

All 13 systems selected are located at the following 
villages: San Gregorio, La Soledad, La Clara, and Egipto; 
all of them from Santa Rita village over an altitude strip 
between 1700 and 2000 m. According to USDA (2014), 
soils of coffee-growing systems have been developed 
from metamorphic, igneous and sedimentary rocks with 
volcanic ashes deposits. They exhibit a clay-like and 
sandy loamy soil in some cases with high content of 
minerals and a strongly acid pH. They are very deep 
with an organic superficial horizon, good drainage and 
low moisture retention. Also, the study systems belong 

to producers with more than 10 years in coffee- growing 
production, either by solar exposure or under shade 
associated to several species represented in the low, 
medium and high stratums.

Methodological design
The research methodology was started with the qualitative 
characterization of socio-demographic, environmental, 
economic, and agricultural aspects of 13 coffee growing 
systems. Then, a statistical classification of the systems 
was made and final description of components and 
interactions of classified typologies was conducted by 
applying the system approach. 

Qualitative characterization of coffee growing systems
The qualitative characterization of aspects above (socio-
demography, environment, economy, and agriculture) 
from coffee growing systems was made from a survey 
administered to the work team in Santa Rita village, following 
Sarandón and Flores (2014) adapted methodology. The 
three assessment ranges set indicate the following: (1) 
Low state; (2) Medium state for variables having three 
ranges and High for variables having only two ranges; 
and (3) High state (Table 1). 

Qualitative assessments were performed in 2015 
through several theoretical-practical workshops, 
employing a participation training process with producers 
from Santa Rita borough by adapting Brüschweiler and 
Rist methodology (2005). 

In order to process the statistically collected information, 
the Multiple-Correspondence Analysis was used for 
each topic under study, corresponding to aspects such 
as socio-demography, environment, economy, and 
agriculture, relating to the management of the coffee 
growing system used by coffee growers. Additionally, 
the frequency distribution relating to each variable 
and modality associated to the same was found. The 
statistical packages SAS university edition (2016) and 
SPAD Version 3.5, were employed.

Classification of coffee growing systems
Classification of systems was performed by applying 
a cluster analysis from non-hierarchical agglomeration 
within a tree diagram and the same statistical package 
was used.
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        Socio-demography aspect

Variables                                      Assessment ranges

TT Own (3) Managed (2) Rented (1)
GF Primary (1) Secondary (2) University (3)
CF 1 to 3 (1) 4 to 6 (2) > 6 (3)
AT 0 to 2 ha (1) 2 to 4 ha (2) 4 to 6 ha (3)
SP Poor (1) Fair (2) Good (3)
EF 1 to 2 (1) 2 to 4 (2) > 4 (3)
VA Poor (1) Fair (2) Good (3)
AC 1 to 2 (1) 2 to 4 (2) > 4 (3)

ATE Yes (2) No (1) -
CEAT 1 to 2 (1) 2 to 4 (2) > 4 (3)

I Farm (3) Other activity (1) Both (2)
GO None (1) One (2) Two or more (3)

AGU
Water supply system 
(2)

Source (3)
River or brook 
(1)

R High slope (1) Medium slope (2) Low slope (3)
ACC 0 to 10 (1) 10 to 20 (2) > 20 (3)

ASNM From 1200 (1) 1200 to 1800 (3) > 1800 (2)

                                                                                  Environmental aspect

Variables                                     Assessment ranges

SS Yes (2) No (1) -
PSE Yes (2) No (1) -
UH Yes (1) No (2) -
UP Yes (1) No (2) -

EPP Yes (2) No (1) -
TB Traditional (2) Ecological (3) Others (1)
RI Yes (1) No (2) -

SCU Free exposure (1) Shade (2) -
DS Yes (1) No (2) -

             Economic aspect

Variables                                        Assessment ranges

TC Union (1) Alternate markets (2) Direct markets (3)
RTA Costs > Sales (1) Costs = Sales (2) Costs < Sales (3)
RTO < 2000 kg dpc/ha (1) 2000 to 3500 kg dpc/ha (2) -
AE Yes (2) No (1)

POLI Yes (2) No (1) -
REP Yes (2) No (1) -
BIOP Yes (2) No (1) -
DC Yes (2) No (1) -

TMO Family-owned (3) Rented (1) Both (2)

Table 1. Qualitative assessment of aspects in the coffee growing systems.
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 Agricultural aspect

Variables                               Assessment ranges

BIO High (3) Medium (2) Low (1)
NC 1 to 2 (1) 3 to 5 (2) > 5 (3)
PO 1 to 2 (1) 3 to 5 (2) > 5 (3)
AS Yes (2) No (1) -
CS High (3) Medium (2) Low (1)
TF Chemical (1) Organic (3) Both (2)
MF Yes (2) No (1) -
IB > 5% (1) 0 to 2% (3) 2 to 5%(2)
NA 1 to 2 (1) 3 to 5 (2) > 5 (3)
PS Purchase (1) Produced (2) -
TL Mínimum (2) Intensive (1) -

EGA Yes (2) No (1) -

RP Yes (2) No (1) -
RPR Yes (2) No (1) -

Table 1. continuation

Variables: TT- Tenure of the Land; GF- Degree of Education; CF- Family Members; AT- Total Area of Property; SP- Quality of Utilities; 
EF- Farm Employees; VA- Ways of Access; AC- Supplementary Activities; ATE- Technical Support; CEAT- Amount of Entities Providing 
Technical Support; I- Income; GO- Union Groups; AGU- Water Supply Sources; R- Farm Relief; ACC- Years Growing Coffee; ASNM- 
Meters Above Sea Level; SS- Use of Solar Dryer; PSE- Use of Septic Tank; UH- Use of Herbicides; UP- Use of Pesticides; EPP- Use of 
Personal Protection Equipment; TB- Type of Processing Plant; RI- Intoxication Risks; SCU- Plantation Systems; DS- Soil Degradation; 
TC- Type of Marketing; RTA- Profitability; RTO- Production; AE- Economic Support; BIO- Plant Biodiversity; NC- Number of Plantations; PO- 
Organic Practices; AS- Soil Analysis; CS- Soil Quality; TF- Type of Fertilizers; MF- Phytosanitary Management; IB- Borer Beetle Infestation 
Percentage; NA- Number of Animal Species; PS- Origin of Seed; TL- Type of Farm Work; EGA- Preparation of Germinators and Seedbeds; 
RP- Crop Pruning; RPR- Production Records; POLI- Multiple-Crops; REP- Allelopathic Plants; BIOP- Use of Bio-Preparations; DC- Use of 
Crop Wastes; TMO- Type of Workforce.

Description of typified systems
Description of systems was performed by applying 
the systems approach proposed by Hart (1979). 
Typologies were plotted with relevant components 
and interrelations. The main components evaluated 
corresponded to soil, plantation, animal, and pests. 
Then, mass and energy flowcharts were prepared on 
the following interrelations: soil-plantation; plantation-
pests; plantation-weed; and plantation-infrastructure 
for each classified typology. 

The approach of the system was applied in conjunction 
with the coffee growers during several visits to the 
properties, workshops, and training conducted throughout 
the research. During the process, producers appropriated 
the state of components that comprise their systems 

and showed them with illustrations. In order to support 
this process, quick evaluations on soil quality (physical, 
chemical, and biological properties) and plant and animal 
multifunctional biodiversity were conducted, for this 
purpose, different adjusted methodologies were used 
(Altieri and Nicholls, 2008; Vázquez et al., 2014). 

RESULTS AND DISCUSSION
Qualitative characterization of coffee growing systems
Participation processes with the group subject matter of 
this research resulted in the appropriation of knowledge, 
techniques, and improvement of the participants’ life 
conditions. Additionally, coffee growers showed motivation 
to implement agro-ecological practices intended to reach 
the balance of the agro-ecosystem pillars toward the search 
for sustainability and resilience of coffee plantations. 
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When the analysis of relative frequencies was made, 
associated to each modality corresponding to variables 
associated to the sociodemographic aspect, it was found 
that 100% of people subject to the survey owned the 
farms, completed primary education, and enjoy regular 
utilities, technical support was provided by UMATA, and 
systems were located between 1200 and 1800 m.

Additionally, 100% of coffee growers who owned their own 
farms performed supplementary activities which allowed 
them to financially sustain themselves and they have 
access to governmental bank loans. Other associated 
variables indicated that 53.9% of respondents were 
members of different organizations, and 53.8% expressed 
that they had regular ways of access. Relating to family 
composition, families consisted of four through six children. 
The area of properties showed the highest percentage 
with values ranging between three and four hectares; 
69.2% of them extracted water from water springs, and 
84.6% had over 20 years of experience in the field of 
coffee production. 

Concerning the sociodemographic aspect, it was 
demonstrated that coffee growers having less than ten 
years of settling of coffee growing, had good ways of 
access, the slopes where they settled cultures were 
low, and the number of employees used for providing 
production services ranged between one and four. Coffee 
growers engaged four employees, and grew coffee at 
high slopes; water used was taken directly from the water 
supply system and had regular ways of access. Families 
showed a high number of children (above 6) and they 
took water especially from a brook or a river, and were 
located above 1800 m.

Sociodemographic results concerning the tenure of own 
land, access to financing sources, and sociodemographic 
characteristics of coffee growing families coincide 
with studies performed by Machado et al. (2015), and 
these aspects help decrease rural poverty and create 
neighborhood and cooperation networks that allow them 
to face together all critical moments that may arise. 

Also, Gómez (2016) affirms that variables corresponding 
to type of property, ways of access, technical support 
provided, and topography of properties, assure production 
integrity and efficiency of the agricultural production 

systems, with an increase of plantation biodiversity higher 
than that of the systems that may be rented or only 
managed by third parties.

When environmental variables were assessed, it was found 
that 100% of coffee growers resort to sun to dry coffee 
and own a traditional processing system. 46.1% of them 
employ herbicides; 76.9% affirmed that they had been 
exposed to intoxication risks due to the use of herbicides 
and fungicides; 69.2% employ pesticides and only 15.4% of 
them use septic tanks. Over 60% of respondents affirmed 
that they had experienced degradation processes in their 
soils and that the plantation system employed was a free 
exposure system.

The multiple-correspondence analysis of the environmental 
aspect allowed determining (as similarities) that coffee 
growers who used herbicides owned degraded soils. 
On the one side, the ones who used shadow system for 
coffee plantations did not employ pesticides or herbicides 
and had not experienced intoxication or degradation 
problems in their soils. On the other side, producers 
who experienced intoxication affirmed that they used 
pesticides in the coffee plantation.

From the environmental point of view, results indicate that 
the highest percentage of coffee growers showed intoxication 
risks due to the excessive use of pesticides and herbicides. 
These results coincide with research works performed by 
Márquez (2013) where intensive systems characterize for 
the application of chemical products that result in chronic 
intoxication, residual character of plantations and soils, 
contamination of natural resources, and impairment of 
food security of both animals and coffee growers. The 
aggressive environmental impact shown by agro-ecosystems 
with crops directly exposed to sunlight was verified; the 
crops decrease the biological activity of soil and speed 
up the climate impact; different from the positive benefits 
provided by crops with diversified shadow, which regulate 
the microclimate, provide shelter and micro-habitats to 
natural enemies, and assure multi-diverse ecosystemic 
services. Many researchers demonstrated that in order to 
assure an agro-ecosystem free of hazardous organisms 
and with a high soil fertility, biodiversity and introduction of 
agro-ecological practices should be implemented in order 
to stimulate trophic networks through several interactions of 
the components (Vázquez et al., 2014; Nicholls et al., 2016).
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After assessing the economic aspect, it was found that 
76.9% of coffee growers marketed their products through 
cooperatives, while remaining 23.1% did it in alternate 
markets. 76.9% of them expressed that production costs 
were equal to the amount collected from the sale of the 
product. 61.5% of them affirmed that profit was below 
2000 kg dpc/ha. Therefore, the correlation analysis on the 
economic aspect showed that coffee growers who made a 
direct sale affirmed that sales meet production costs, and 
this shows that, in general, there is not a strong relationship 
among the modalities associated to this aspect.

Concerning the economic results, coffee growers showed a 
significant interest in the equality between production costs 
and profits. These results indicate that the way of production 
is the main cause for the economic unbalance. Hence, the 
systems which exhibited the highest economic risk were the 
ones comprised by families who only have coffee associated 
to subsistence products and have a marketing channel; 
contrarily, coffee growers with more diversified systems 
have more sources of food and byproducts, an organic 
management, and different channels to sustain production 
and assure additional income. These results coincide with 
similar research works (Márquez, 2013; Machado et al., 2015).

Finally, concerning the multiple correspondence analysis of 
the agricultural aspect, associated to the management of 
crops, it was found that the most common aspect noticed 
was that small coffee growers surveyed had a maximum 
of two crops, with a low-quality soil, affirming that 53.8% 
of their crops showed between 3% and 4% of Borer Beetle 
Infestation (Hypothenemus hampei Ferrari) 

In general, 100% of coffee growers prepared soils 
with minimum farming work, purchase the seeds, own 
germinators and seedbeds, and carry out pruning. 84.6% 
engage workforce to perform productive activities and vegetal 
matter collected from crop wastes and cultural management 
is used to prepare different types of fertilizers. Only 7.7% 
of them use exclusively organic fertilizers. 15.4% of them 
keep records of their crops.

Hence, coffee growers exhibiting high levels of borer 
beetle in their coffee plantations get associated to systems 
having low-fertility soils. Besides, they do not use fertilizers, 
allelopathic plants or bio-preparations. Contrarily, it does 
occur in systems with low levels of borer beetle. It should 

be noticed that systems involving the use of chemicals do 
not use vegetal wastes. 

These relationships involve two types of management for 
the coffee plantation: intensive systems that use the green 
revolution model with low vegetal biodiversity, low soil fertility, 
and sanitation of crops; on the other hand, systems with 
conservationist organic principles that improve physical, 
chemical, and biological properties of soil and increase 
vegetal biodiversity through the use of organic products 
(FNC, 2014) stand out. 

Typification of coffee growing systems
Typification of coffee-growing systems showed a tree 
diagram with three types of management, where study 
coffee-growing systems are listed (Figure 1). Results by 
typology show that coffee productive systems in Colombia 
can be put into groups or sets according to their similarities 
concerning social, ecological, environmental, economic, 
technological, and agricultural management characteristics 
of the agro-ecosystem components. Also, the environment 
of systems, the development capacity, and soil-climate 
factors may influence on aspects that bring similarities to 
the systems. These parameters, that provide similarities 
among systems, are clearly seen with positive or negative 
aspects in the management of coffee crops, and can 
be analyzed under several conventional, traditional or 
organic approaches of coffee crops. These parameters 
have been analyzed and assessed by different authors 
in similar agro-ecosystem typification studies (Carvajal et 
al., 2014; Gómez, 2016).

Description of typified systems
Typified systems are shown below through the approach of 
systems proposed by Hart (1979). Graphs were prepared 
with components corresponding to soil, crop, animal, pests 
and recycling, environment, inputs and outputs (Figure 2).

Systems shown in Typology I are characterized by a 
mandatory input of potentially toxic agricultural chemical 
fertilizers that, together with human resource and climate, 
assure excessive fertilization of coffee and subsistence 
products crops. Also, the permanent use of herbicides is 
observed in order to handle the invasive weeds that appear 
in the system. This intensive management of coffee crops 
allows the coffee growers to obtain dry parchment coffee 
and secondary agricultural products.
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Figure 2. Diagrams on Typology I, II y III systems, respectively.

Figure 1. Cluster analysis of coffee growing systems.
Distribution of the systems according to cluster analysis: Typology I: F1 System: El Pedregal; F2 System: La Loma; F3 System: Esperanza 
J; F4 System: El Zapote; F6 System: Esperanza L; and F8 System: La Cumbre. Typology II: F9 System: San Juan; F10 System: La Isabela; 
F11 System: La Aurora; F12 System: El Progreso; and F13 System: La Quinta. Typology III: F5 System: La Cecilia; F7 System: La Dalia.
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In Colombia, these results are reflected on the intensive 
modern coffee systems where the productive model based 
on synthetic products transforms quality of landscape, 
triggers alterations in ecological and climatic processes 
of the region, and decreases functional biodiversity of the 
agro-ecosystem (Rojas et al., 2012). 

These systems are characterized by the replacement of 
more diversified and heterogeneous ecosystems with 
homogeneous and regular ecosystems, which make 
of them systems more sensitive to erosive processes, 
contamination of water resources, and imminent attack 
of pests and diseases (Luna et al., 2012).

Concerning Typology II, systems show the restricted use 
of agricultural chemical products and the employment of 
organic fertilizers as inputs. These inputs, together with 
the influence of soil and climate factors of the region 
and human resource, allow the system to create several 
interrelations between crops and weeds, recycling of 
nutrients, and management of pests of the agro-ecosystem. 
In his manner, parchment coffee, agricultural products, 
fruit crops, and byproducts are assured as outputs. 

The traditional coffee production model expressed through 
these systems decreases the dependence on external 
supplies, thus reducing production costs and favoring 
conservation of natural resources of the farm, such as 
soil, water, and biodiversity (Guhl, 2009). Additionally, 
the presence of fruit trees brings a small percentage of 
shade to the crop, which regulates light intensity and 
decreases soil temperature, creating optimal conditions for 
the settlement of soil microbial populations and increasing 
fertility of soil (Bosselmann et al., 2009).

Relating to Typology III, systems only employ organic 
products and apply agro-ecological practices which, 
combined with human talent and climatic conditions of 
the region, allow growers to plant coffee, timber-yielding 
species, fruit trees, food species, and non-competing 
weeds. This balance between soil fertility and management 
of pests and diseases provides timely outputs such as 
chemical-free dry parchment coffee and agricultural 
products and byproducts from food, fruit, and timber-
yielding species. Coffee growing systems under these 
diversified shade characteristics result in conservation 
of vegetal and animal biodiversity, increase of beneficial 

insect populations, and outstand for their provision of 
environmental agro-ecosystem services to the communities 
(Moorhead et al., 2010).

Several synergies and interactions taking place on the soil 
with the use of poly-cultivations and within the soil, with 
the increase of organic matter and the biological activity of 
the soil under this typology, offer resilience before climatic 
events, reestablish eroded soils, self-regulate populations 
of pests and diseases, and improve productivity and 
efficiency of systems. These results have been obtained 
from research works of different authors (Alvarado and 
Laura, 2013).

Components of the system by typology approach
Soil component. In coffee-growing systems, soils of 
Typologies II and III are characterized by a granular 
structure with high structural stability of aggregates, high 
porosity and permeability, receiving organic fertilizers 
such as vermicompost, rustic compost, bocashi, mineral 
mixes. This practice accounts for a higher percentage 
of organic matter, essential macro- and micro-nutrients, 
and biological activity; this improves physical properties 
of soil such as porosity, aeration, structural stability, 
infiltration, and humidity retention (Altieri and Nicholls, 
2008; Cabrera, 2014). 

When compared to freely exposed soils observed in 
Typology I, these present a compact structure with erosive 
processes, such as surface runoff, presence of ditches, 
localized mass movements. Also, there is low water storage 
capacity and low porosity and permeability. The content 
of organic matter and the biological activity result much 
lower, which unbalances the state of physical, chemical, 
and biological properties of the soil and brings severe 
erosive processes that affect growth and development 
of coffee growing (Nicholls et al., 2016).

Vegetal component by stratum. Characterization of vegetal 
component was performed through low, medium, and high 
strata of the typified coffee growing systems (Table 2).

Vegetal biodiversity seen in systems under Typologies II 
and III offers optimum shade conditions and permanent 
contribution of dead leaves; this helps regulate soil and 
climate conditions of the crop, increases soil fertility, 
provides shelter and food for natural pest controllers, 
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Table 2. Characterization of vegetal component.

Vegetal strata
Typologies

I II III

Low Consisting of very competing 
weeds such as: Grass (Cynodon 
dactylon), cadillo (Triumfetta 
semitriloba), coquiyo (Cyperus 
rotundus), verdolaga (Portulaca 
oleracea), lengua de vaca 
(Rumex obtusifolius), pata 
de gallina (Eleusine indica), 
and pasto blanco (Digitaria 
sanguinalis).

Consisting of weeds such as: 
Grass  (Cynodon dactylon) 
and pata de gallina (Eleusine 
indica). Other species such 
as carey (Salix cordata), 
maracuya  (Pass i f lo ra 
incarnata), and weeds with 
flowers.

Consisting of medicinal species 
such as: sauco (Sambucus nigra), 
limoncillo (Cymbopogon citratus), 
sábila (Aloe vera), rosemary 
(Rosmarinus officinalis), salvia 
(Salvia officinalis), toronjil (Melissa 
officinalis), basil (Ocimum basilicum), 
chili pepper (Capsicum annuum), and 
fruit trees such as pineapple (Ananas 
comosus), blackberry (Morinda 
citrifolia), granadilla (Passiflora 
laurifolia). All these vegetal species 
provide coverage to soil, serve 
as living barrier, regulate natural 
enemies, and associate with coffee 
in poly-plantations.

Medium Coffee is produced in strongly 
tight lines directly exposed to 
sunlight. 
Subsistence species such as 
yucca (Manihot esculenta) and 
plantain (Musa sp.)

Coffee is produced directly 
exposed to sunlight and with 
species that provide slight 
shade.
Subsistence species such as 
yucca (Manihot esculenta), 
corn (Zea mays),  and 
plantain (Musa sp.)

Coffee is produced under shade.
Subsistence species such as yucca 
(Manihot esculenta), corn (Zea 
mays), bean (Phaseolus vulgaris), 
and plantain (Musa sp.).
Citric and fruit species such as lemon 
(Citrus sp.), orange (Citrus sinensis), 
tangerine (Citrus tangerina), guava 
(Psidium guajava), sugar cane 
(Saccharum officinarum), and 
higuerilla (Ricinus communis).

High No high stratum. Consisting of fruit species 
such as avocado (Persea 
americana) and mango 
(Mangifera indica).

Consisting of fruit species such as 
avocado (Persea americana) and 
mango (Mangifera indica); timber-
yielding species such as nogal 
(Cordia alliodora), yarumo (Cecropia 
peltata), cedar (Cedrela odorata) and 
guamo (Inga densiflora).

and assures a more self-sustainable and resilient system 
over time (Vázquez et al., 2014).
 
On the other hand, vegetal biodiversity of Typology I 
systems is scarce. This low vegetal coverage alters 
the balance of agro-ecosystem components, decreases 
natural fertility and water storage capacity in the soil, and 
this tends to speed up the hydrological erosive processes 
caused by surface runoff and ditches throughout the 
slope (PBOT, 2016). Weeds comprising the land become 
invasive species that compete with coffee for light, water, 

and nutrients. Soil biota that recycles nutrients starts 
decreasing and predatory insects and pests accelerate 
populations (Ospina, 2015; Socarrás, 2016).

Coffee (Coffea arabica L.) is the main agricultural product 
of the production systems studied. This cultivation is 
produced in Andes Municipality with a clean cup and acidy 
and body ranging from medium to high, under different 
management systems. The main varieties of coffee seen 
in the systems are Variety 2000, Catimor, Castillo, Caturro, 
Colombia, and Bourbon (Arcila et al., 2007).
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Interrelations by management typologies: flowcharts 
on mass and energy
Interrelations of management typologies are shown 
below through different mass and energy flowcharts 
(Figure 3). 

In the results of the interrelations by study systems, 
it was found that the Conventional and Transition I 
systems show similarities in the management of soil, 
cultivation, weeds, and plagues. Conventional systems 
are the most abundant in the country with modern 
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Figure 3. Flowcharts of interrelations: soil-cultivation; cultivation-weeds; cultivation-plagues; and cultivation-infrastructure by management 
typologies
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methods designed and managed to increase coffee 
production at any environmental cost (Jiménez et al., 
2012). Transition I systems, located at the initial stage 
of the conversion process, are a little different from the 
conventional management, applying several practices 
that restrict the use of agrochemicals and introduce 
organic fertilizers; these changes stabilize physical and 
chemical properties of the soil and benefit the increase 
of vegetal and animal biodiversity (Vázquez et al., 
2014), while Transition II systems show specific qualities 
concerning interrelations; therefore, these are the most 
conserved and sustainable systems. Interrelations seen 
keep a balance between soil fertility and agroecological 
management of plagues, thus promoting integrity of 
coffee-growing agro-ecosystems that perform such 
practices (Nicholls et al., 2016).

Finally, it should be noted that interrelations such as 
soil-cultivation, cultivation-weeds, cultivation-plagues, 
and cultivation-infrastructure constitute key processes to 
understand the coffee-growing systems. In this manner, 
coffee growers and their families recognize the principal 
aspects that offer them valuable contributions to 
approach the sustainable and resilient agro-ecological 
systems; they understand the main factors that may 
decrease coffee production and detract environmental, 
social, and financial value to current production systems. 
In general, orientation of interrelations to redesign the 
agro-ecosystem components will allow rescuing the 
ancestral knowledge coffee growers have and providing 
new knowledge and innovative tools to efficiently execute 
the process to redesign, manage, and conserve natural 
resources. Many researchers coincided in affirming that 
the settlement of interrelations is the ecological and 
functional basis of agro-ecosystems during the agro-
ecological conversion process (Márquez, 2013).

CONCLUSIONS
In Santa Rita, a village of the Municipality of Andes, 
three types of coffee production systems were founded 
with characteristic that correspond to the highly 
intensive, in transition and organic systems. They are 
the Conventional, Transition I, and Transition II. The 
scientific contribution of this research has been centered 
on the development of a methodology that shows 
an integral vision of the coffee production systems. 
Additionally, it becomes a perfect tool for coffee 

growers, and researchers who wish to identify the main 
strengths and restrictions of the structure, and function 
of coffee-growing systems towards a sustainable 
production. The results of the characterization and 
typification showed the current state of the components 
of the coffee agroecosystems, and the necessity of the 
implementation of an agroecological building design that 
may be resilient over the time, for each management 
typology, increasing the coffee plantation productivity, 
improving the life quality, and reaching a balance 
between the agroecosystems bases.
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