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			Abstract 

			Intensive coffee production using a high quantity of inputs promotes several impacts to the environment. As an alternative, the afforestation of coffee plantations is a practice that contributes to the sustainability of production, since it contributes to the improvement of soil characteristics and to the reduction of pest and disease incidence, providing less use of chemical fertilizers and agrochemicals. Thus, this review has the objective to present the main characteristics and effects of the tree plantations of coffee in the production and quality of the beverage. Wooded coffee plantations may use one or more tree species that influence biodiversity, and the more distinct are the plants used for the highest shading is biological diversity. The choice of species for shading and management of these influence the productivity of coffee, because these plants store differently biochemicals and nutrients that will be returned to the soil by pruning equipment being decomposed by microorganisms. The shading influences coffee beverage by providing variation in beverage quality and major biochemicals (caffeine, trigonelin, chlorogenic acids, lipids and sucrose). Therefore, despite the benefits of afforestation coffee to the environment, the results in the literature regarding the increase of productivity and drink quality are still controversial, being appropriate the proper management of the plantations, since these characteristics vary with the degree of shade provided by arboreal species, the edaphoclimatic conditions, the species and the coffee genotypes used.
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			Introduction

			The coffee originates from the African equatorial forest, cultivated in shade, however, it is currently cultivated in several countries of the world predominantly in full sun. It is a product which is considered a high-value commodity in the international market, Brazil is the largest exporter and producer worldwide [1]. Coffee cultivation also has great social importance, since it is commonly concentrated in small farms, from the planting to the commercialization, involving many people [2]. To obtain high productivity coffee uses up large amounts of inputs that cause different damage to the environment. In this way, more sustainable managements of cultivation have been gaining space in the international and national market being highlighted the afforestation plantations that use tree species for the shade of the coffee, being considered one of the practices of ago-ecological base, therefore, they aim at the minimum the use of agricultural technologies, as well as reducing the application of pesticides and chemical fertilizers, contributing to the reduction of environmental contamination, which directly or indirectly influences the health of coffee growers and consumers [3,4]. Thus, this review has the objective to present the main characteristics and effects of the afforestation plantations on the grain production and the coffee beverage quality.

			Importance of Cultivation Coffee Afforestation

			The management of agricultural areas is one of the human 
activities that have most impact on the environment, which is be

coming increasingly important on the world scenario. After the green revolution, there was an intensive use of natural resources, promoting, over time, a decrease in the supply of fossil fuels, fresh water, phosphorus and other resources [5]. This fact has been reflected in changes in agriculture, in this way ago-ecological based systems have emerged that encompass practices that aim at the minimal use of modern agricultural science technology, such as: elevated fields, terraces, polycultures, agroforestry systems, among others [4]. Among these practices that have the objective of greater sustainability of the environment, the cultivation of afforestation coffee refers to the system in which coffee is cultivated intercropped with trees of shade, being able to be used fruit or forest. Thus, for the installation of these plantations, it is necessary to have a comprehensive knowledge of the management practices to be adopted and may be intensive systems where the shade cover is provided by a single canopy layer, which is usually composed of few or even a single species promoting less biodiversity. While in less intensive crops there is usually a multiple layer canopy due to the use of mixtures of tree species with different ages, favoring high biological diversity [6]. The species of plants used for afforestation have an impact on the yield of coffee cultivation, since they create a microclimate that interferes throughout the environment. Influencing the diversity of pollinators, diseases, pests, microfauna, macrofauna, among others. In this sense, the use of inappropriate species for shading contributes to the need for further intensification of agriculture, besides the reduction of the pest and disease [7]. This is relevant mainly for the afforestation Coffea arabica crops, since this species is more susceptible to pests and diseases in relation to Coffea canephora [8]. The rust (Hemileia vastatrix), the main disease of the coffee tree, may present a higher incidence and severity in the system of cultivation in full sun when the productivity is higher, than in the woody crops when the yield is lower. However, over the years this trade-off may disappear, since afforestation has the capacity to stabilize coffee production [9]. Shade trees retain a large amount of nutrients from the soil that return to the soil by means of pruning, which must be carried out regularly [10]. 

			The return of this material to the soil, provides the greater activity of decomposing microorganisms, increasing the release of nutrients and improving soil structure, reducing the risks of erosion, as well as contributing to improvements in chemical, physical and soil organic matter [11-13].

			Impact of the Afforestation System on Productivity and Quality of the Beverage

			The afforestation of coffee plantations causes great concern to coffee growers due to the possibility of a decrease in production due to light competition between plants [14]. However, with adequate shading of crops, greater or similar production of coffee beans can be obtained in relation to planting in full sun [15], due to the higher levels of C and N in the soil, as observed in the consortium between coffee and banana plantations, where there was a reduction in the need for nitrogen fertilizers and less change in soil acidity [13]. In the world coffee trade, the quality of the beverage determined by the cup test is the main standard of evaluation, and not always a good flavor is associated with uniform grain size and good appearance, in this sense the shading of the crops can provide increase of positive attributes (preference and appearance), along with the decrease of negative attributes (astringency and bitterness) The major biochemical compounds present in the coffee beverage are also influenced by the afforestation of coffee plants, providing an improvement in caffeine content when the shade is increased to 30%, 50%, 70% and 80%; 30%, 50% and 80% reduction of trigonelin in shading levels, with an increase of this compound only at the shade level of 70%; lower amount of chlorogenic acids and high lipid content in coffee beans with increasing shade level. It is emphasized that the response of coffee species and genotypes to beverage quality is different with shading, and further research is needed to verify their adaptability in this condition [16]. Moreover, in the literature there are also studies of the effect of trees in decreased productivity and quality of the beverage, as evidenced by [17] which found a higher yield and improved quality of the coffee under trees drink, but only increase the size of the grains, so they report that it would not economically compensate the coffee grower for the implantation of the system. Likewise [18] observed a similar result, in addition to a lower amount of sucrose in the grains produced, suggesting a redirection of sucrose metabolism in other ways. About production costs, in in the growing of coffee afforested monetary costs may be lower compared to full sun, due to the management of plantations to sustainable practices without necessarily having higher expenses for the grower. It should be emphasized that this system of cultivation does not result in higher costs, since the management of the canopy of shade plants can be carried out along with the operations applied to the coffee tree, and in small properties by the family members. Added to this, that in fruit cases the fruits can be used for own consumption or as a source of extra income [19]. 

			Conclusion

			The coffee tree plantations provide a microclimate that influence the incidence of pests and diseases in coffee plantations, and improvements in the physical, chemical and organic attributes of the soil, promoting a reduction in the use of chemical inputs and consequently increasing the sustainability of the system. Regarding the productivity and quality of the beverage, there are controversies regarding the possible benefits of this cultivation system, since the crop response varies with the management adopted, as well as with the edaphoclimatic condition of each place and in relation to the coffee genotypes used. 
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