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APRESENTAÇÃO

A obra Meio Ambiente, Sustentabilidade e Agroecologia vem tratar de um conjunto 
de atitudes, de ideias que são viáveis para a sociedade, em busca da preservação dos 
recursos naturais.

Em sua origem a espécie humana era nômade, e vivia integrada a natureza, 
sobreviviam da caça e da colheita. Ao perceber o esgotamento de recursos na região 
onde habitavam, migravam para outra área, permitindo que houvesse uma reposição 
natural do que foi destruído. Com a chegada da agricultura o ser humano desenvolveu 
métodos de irrigação, além da domesticação de animais e também descobriu que a 
natureza oferecia elementos extraídos e trabalhados que podiam ser transformados 
em diversos utensílios. As pequenas tribos cresceram, formando cidades, reinos e até 
mesmo impérios e a intervenção do homem embora pareça benéfica, passou a alterar 
cada vez mais negativamente o meio ambiente.

No século com XIX as máquinas a vapor movidas a carvão mineral, a Revolução 
Industrial mudaria para sempre a sociedade humana. A produção em grande volume 
dos itens de consumo começou a gerar demandas e com isso a extração de recursos 
naturais foi intensificada. Até a agricultura que antes era destinada a subsistência 
passou a ter larga escala, com cultivos para a venda em diversos mercados do mundo. 
Atualmente esse modelo de consumo, produção, extração desenfreada ameaça não 
apenas a natureza, mas sua própria existência. Percebe-se o esgotamento de recursos 
essenciais para as diversas atividades humanas e a extinção de animais que antes 
eram abundantes no planeta. Por estes motivos é necessário que o ser humano adote 
uma postura mais sustentável.

A ONU desenvolveu o conceito de sustentabilidade como desenvolvimento 
que responde as necessidades do presente sem comprometer as possibilidades das 
gerações futuras de satisfazer seus próprios anseios. A sustentabilidade possui quatro 
vertentes principais: ambiental, econômica, social e cultural, que trata do uso consciente 
dos recursos naturais, bem como planejamento para sua reposição, bem como no 
reaproveitamento de matérias primas, no desenvolvimento de métodos mais baratos, 
na integração de todos os indivíduos na sociedade, proporcionando as condições 
necessárias para que exerçam sua cidadania e a integração do desenvolvimento 
tecnológico social, perpetuando dessa maneira as heranças culturais de cada povo. 
Para que isso ocorra as entidades e governos precisam estar juntos, seja utilizando 
transportes alternativos, reciclando, incentivando a permacultura, o consumo de 
alimentos orgânicos ou fomentando o uso de energias renováveis.

No âmbito da Agroecologia apresentam-se conceitos e metodologias para estudar 
os agroecossistemas, cujo objetivo é permitir a implantação e o desenvolvimento de 
estilos de agricultura com maior sustentabilidade, como bem tratam os autores desta 
obra. A agroecologia está preocupada com o equilíbrio da natureza e a produção de 
alimentos sustentáveis, como também é um organismo vivo com sistemas integrados 
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entre si: solo, árvores, plantas cultivadas e animais.
Ao publicar esta obra a Atena Editora, mostra seu ato de responsabilidade com 

o planeta quando incentiva estudos nessa área, com a finalidade das sociedades 
sustentáveis adotarem a preocupação com o futuro. 

Tenham uma excelente leitura!

Tayronne de Almeida Rodrigues
João Leandro Neto

Dennyura Oliveira Galvão
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CAPÍTULO 11
doi

BEES IN THE POLLINATION OF COFFEE, COFFEA ARABICA 
VARIETY CASTILLO; IN PASUNCHA – 

CUNDINAMARCA - COLOMBIA

Daniel Augusto Acosta Leal
Corporación universitaria Minuto de Dios, 

Ingeniería agroecológica
Zipaquirá - Colombia.

Cristian Andrés Rodríguez Ferro
Corporación universitaria Minuto de Dios, 

Ingeniería agroecológica
Zipaquirá - Colombia.

Camilo José González Martínez
Corporación Universitaria Minuto de Dios, 

Ingeniería Agroecológica
Zipaquirá - Colombia.

William Javier Cuervo Bejarano
Corporación Universitaria Minuto de Dios, 

Ingeniería Agroecológica
Zipaquirá - Colombia

Giovanni Andrés Vargas Bautista
Universidad Nacional de Colombia, Zootecnia

Bogotá - Colombia.

ABSTRACT: Entomophilous pollination is an 
ecosystem service of great importance for 
agricultural production; it contributes with the 
floral fertilization and with the formation of fruits 
and seeds. The present study was carried out in 
Pasuncha, Cundinamarca, from February 2016 
to February 2017 in three coffee production 
systems. In the crop, four species of bees 
that contribute to entomophilous pollination 
were identified: Apis mellifera, Tetragonisca 

angustula, Paratrigona pos. eutaeinata and 
Trigona Amalthea. The effect of entomophilous 
pollination in coffee (Coffea arabica) Castillo var., 
in the variables of fruit setting and the mooring 
was evaluated; the mooring percentage presents 
significant differences between the treatments 
(P<0,01). As a conclusion, the presence of 
pollinators such as A. mellifera contributes 
to the increase of productivity in the crop; as 
well as, the management to protect pollinators 
must be focused on cleaner production or agro-
ecological management in order to have a 
sustainable crop in terms of the lowest negative 
social, economic, and environmental impact 
possible. 
KEYWORDS: Bees, mooring, fruit setting, fruits, 
entomophilous pollination.  

INTRODUCTION 

Pollination is the process whereby the 
male gamete is transferred from the anther to the 
stigma of the same or another flower; this can 
be mediated by wind, water, the force of gravity, 
among others (Viejo, 1996). However, most of 
these transport mechanisms cause the pollen to 
reach the flowers from the same plant or from 
nearby plants; when this is mediated by insects 
is known as entomophilous pollination. In this 
case, the insect carries the pollen attached to the 
hairs of its body and transport it long distances, 
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which generates a more effective cross-pollination and it is a large ecosystem service 
of great importance due to its contribution to plant diversity (Bonilla Gomez, 2012). This 
is related to the agroforestry systems and the natural habitats surrounding the crops 
(Klein, Cunningham, Bos, & Steffan-dewenter, 2008) and it is also fundamental for the 
human being, since many of the agricultural products, which are commercialized, depend 
on it for their production (A.-M Klein et al., 2007). Therefore, insects are used to favor 
fertilization increasing the production of many crops (Mc.Gregor, 1976).  

Among the coffee species most cultivated in the country, the Castillo variety, 
developed by Cenicafé, has a high degree of tolerance to rust (Alvarado, Posada, & 
Cortina, 2005).  Given the high percentage of coffee self-pollination, 90% (P. Herrera & 
Gonzales, 2013), there are few studies carried out in order to determine the effects that 
cross-pollination causes in production.

On the other hand, in Colombia, coffee is an agricultural product of great importance 
since it is in the second line generator of foreign exchange, with a share of 4% of total 
GDP in the last decade and an annual export of US $ 2,576,546 thousand dollars of 
which 42% is exported to the United States (Trademap, 2017). Hence, the present 
study has been proposed in order to evaluate the effect of pollination, considering the 
necessity to identify tools that contribute to the quality and production of Colombian 
coffee.

Besides, Apis mellifera is one of the most used species in pollination service 
due to its easy handling, high productivity, and the beekeeping benefits obtained like 
honey, pollen, and propolis (Valido, Rodríguez-Rodríguez, & Jordano, 2014). There 
are evidence that the introduction of A. mellifera increases productivity in crops such 
as melon (Reyes-carrillo, Nava-camberos, & Cano-ríos, 2009), strawberry, mango, 
avocado, orange, and blackberry (Vasquez et al., 2011). 

MATERIALS AND METHODS

Study area: The study was done from February 2016 to February 2017.  
Three farms were selected, each with an established plantation of coffee 
Coffea arabica in production stage. The three farms were located in 16’04’’N 
74º13’41’’W with a height of 1560 masl, 5º16’12 ‘’ N 74º13’79 ‘’ W at 1,760 
masl and 5º18’38 ‘’ N 74º13’22 ‘’ W at 1,650 masl on the corregimientos  

  of  Pasuncha and Villa Gómez in Pacho Cundinamarca.
  

POLLINATION EVALUATION METHOD 

In each farm an apiary was located. It consisted of five Langstroth type beehives, 
with tapapiquera; workers and queens of the Africanized species Apis mellifera, from 
the Marengo Agricultural Center.

 In the three farms, the fruit setting was evaluated with and without the inclusion of 
Apis mellifera applying the methodology described by Vásquez et al. (2011).  Meshes 
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were used to isolate the plants observed during the investigation. Besides, productive 
branches of the coffee plants were taken in the same phenological stage, with flowers in 
pre-anthesis state, that is, they were with closed flowers. This is registered in states 57, 
58 or 59 of the BBCH scale, for its acronym in German (Federal Center for Biological 
Research, Bundessortenamt and the Chemical industry (Meier, 2001) as can be seen 
in Figure 1.  

Figure 1 flowersnin pre-anthesis state

 
   

Three treatments were carried out (T1, T2 and T3): T1: Pollination, which allows 
any insect including Apis bees pollinate the flowers of the plant. T2: Negative control, 
with a mesh of 18x16 threads per square inch, it is the treatment that excludes all kinds 
of insects, so, the self-pollination of the coffee plant Castillo variety, will be evaluated 
under the ecological conditions of Pasuncha Cundinamarca. T3: Without Apis, with 
mesh 8x8 threads per square inch, insects with a size equal to or greater than Apis 
are excluded.  In this treatment, small insects (less than 3mm) can enter such as the 
honeybee (Tetragonisca angustula). This is implemented in order to determine if the 
presence of Apis presents a significant difference in comparison with the pollination by 
insects in the area or by the effect of self-pollination of the plant.

Because of the fact that in treatment 1 (T1: Pollination) any pollinator can arrive, a 
replica of each treatment was designed with its respective repetitions in three distances 
(D1, D2 and D3) with respect to the apiary, being D1 from 0 to 30 m, D2, from 31 to 
70 m and D3 greater than 70 m. This allows determining if the location of the apiary 
in relation to the coffee plantation presents a difference in the pollination efficiency 
of Apis. To corroborate the data about the visit of the workers to the coffee flowers, a 
sampling was made with the pollen ball collected in beehives, stained with fuchsine 
and observed in the microscope for the respective palynological identification.
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STATISTICAL ANALYSIS                         

It was used the statistical program software SAS® (SAS University Edition 9.4, 
Cary, NC: SAS Institute Inc.), comparing the interaction between treatments, distances 
and repetitions.

COLLECTION OF POLLINATORS

Pollinators were observed in the coffee flowers for 10 minutes every hour, from 
5:30 am to 6:30 pm; photographic records and collection of individuals were made for 
their classification in the laboratory. The mounted specimens were sent to the Bee 
Research Laboratory of the National University (LABUN for its initials in Spanish), for 
identification.

To corroborate the data about the visit of the workers to the coffee flowers, a 
sampling was made with the pollen ball collected in beehives, stained with fuchsine 
and observed in the microscope for the respective palynological identification.

RESULTS

The data obtained in the investigation and reported in the previous graphs, were 
analyzed through the statistical program SAS, where the effect of the interaction among 
treatments, distances and repetitions was evaluated. The effect of the treatments has 
significant differences with an P=0,0002*. That is to say, the pollination treatment keeps 
the fruits attached to the plant by the peduncle until its harvest and this increases the 
production by 14%, as present in table 1.

Amarre Cuaje
% F Pr > F % F Pr > F

Apis mellifera polinization 82±0,11a

10,11 0,0002

76±0,22

 Negative witnees 68±0,11b
    

73±0,25
Without A. mellifera 69±0,009b 76±0,25 0,10 0,90

Table 1. Results  and estadístic analisis, moorning percentage. 
Average percentage of mooring of coffee fruits in the three types of pollination. Stockings with the same letter do 

not differ significantly  (Tukey test, p>0,05).

Regardingmthe mooringiii variable, this corresponds to the proportion of coffee 
fruits, after setting remained in the plant until harvest. It is possible to observe that 
in Pollination treatment 1 with 82%, the mooring was significantly greater than the 
presented by the negative control with 68%. Finally, the exclusion treatment of large-
sized pollinators such as Apis mellifera showed a greater mooring percentage than the 
self-pollination treatment (negative control) and less than the pollination treatment in 
which Apis could enter, as can be seen in graph 1.
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Graph 1 Mooring percentage 

As a result, the distance parameter does not generate significant differential 
effects. This allows formulating the hypothesis that Apis mellifera bees can pollinate 
coffee crops at distances greater than 120 meters from the bee hive, conserving the 
effectiveness of the ecosystem service provided.

IDENTIFIED POLLINATORS

In the coffee flowers located in the three farms of Pasuncha, Cundinamarca, four 
species of bees were observed pollinating the coffee flowers, these were Apis mellifera, 
Tetragonisca angustula, Paratrigona pos. eutaeinata and Trigona Amalthea. The four 
species were observed and recorded photographically, collecting pollen from coffee 
plants, being a protein source that allows strengthening entomophilous pollination in 
the crop.

DISCUSSION

Fruit setting of coffee 

The results obtained during the investigation show an increase in production of 
14% due to the mooring effect; these findings coincide with those found by (A.M. Klein, 
Steffan-Dewenter, & Tscharntke, 2003). The authors  reported that bee pollination 
represents an increase in production of 14%, similar to the 10.5 + -2% increase observed 
in Santander, Colombia (Bravo-Monroy, Tzanopoulos, & Potts, 2015) according to the 
17% increase in open pollination reported by Roubik for the Caturra variety (Roubik, 
2002). 

In contrast, in a study conducted in four agro-productive coffee systems, two rustic, 
one in monoculture and one free exhibition, was determined that insect pollination 
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increased between 11.8 and 31.1% the mooring of fruits (Vergara, Contreras, Ferrari, 
& Paredes, 2008). 

In Costa Rica, entomophilous pollination favors the production of coffee in terms 
of size and weight, with A. mellifera (Badilla & Ramirez, 1991) as the main visitor. 
Plant diversity is a key factor (Florez, Muschler, Harvey, Finegan, & Roubik, 2002). In 
Venezuela, the results obtained show that the pollination by Africanized bees stimulates 
an increase fruit setting and weight (Manrique & Thimann, 2002). 

The study shows that in the Sierra Nevada of Santa Marta, Colombia, part of 
the pollen collected during bee activity corresponds to the Coffea arabica species 
(Montoya-pfeiffer, León-bonilla, & Nates-parra, 2014). 

These results are presented for Coffea Arabica. However, this ecosystem service 
has been evaluated in other coffee species, as in the case of C. canephora, where 
the bees that intervene in pollination contribute to a 50% increase with respect to the 
obtained by the effect of the wind (Krishnan, Kushalappa, Shaanker, & Ghazoul, 2012). 

BIODIVERSITY AND AGROECOLOGY

The pollination service of bees in coffee plantations is affected by the structure of 
the landscape, Teixeira, Jaffé, & Paul (2016) reported A. mellifera as the most abundant 
pollinator found in their study. Additionally, an increase of 28% in production was 
presented in that investigation. Agroforestry coffee systems with biodiverse management 
impact positively in terms of bee abundance and richness (Jha & Vandermeer, 2010). 

Some investigations carried out in Colombia has highlighted the fundamental role 
of insects, especially bees as coffee pollinators (Jaramillo, 2012). The participation of 
bees in the increase of production and the quality of fruits is emphasized (O. Herrera 
& Sabogal, 2016), leaving in clear that biodiversity and the pollination service directly 
depend on a sustainable management of the productive system.

Thus, the changes in the main agroecological structure of the crop and all the 
variables that this implies, affect the diversity of bees that visit the flowers of the coffee 
tree (Cepeda-Valencia, Gómez P., & Nicholls, 2014) decreasing their productivity. 
Reason why, an agroecological management with minimal or no application of chemical 
synthesis products is suggested. The bee activity of Apis mellifera in the study area is 
between 9am and 1 pm, reports (Penagos, 2016), reason which, if it were to require 
an application of a chemical synthesis product, those products should be applied after 
3pm to generate the least possible impact on pollinators.

CONCLUSIONS 

The presence of Apis mellifera in a coffee agroecosystem increases the mooring of 
fruits evidencing an increase in productivity of 14%, for the areas and period evaluated.

An appropriate agroecological management of the crop allows the presence of 
endemic insects that favor the ecosystem service of pollination and to conserve them 
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in order to receive the benefit of an increase in harvests is necessary. 
The result of this research has been developed in C. Arabica Var. Castillo; however, 

studies reported in other species imply the importance of entomophilous pollination in 
the production of coffee in other varieties. 
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