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Abstract 
Consumption of specialty coffee, mainly organic coffee, increases worldwide following the tendency of consuming social and ecological sustainable products. Brazil is the world largest coffee producer, with an average of 2,300,000 tons of green coffee in the last 5 years. Cultivation of organic coffee and shaded coffee are common in Central America, while in Brazil both conventional and organic coffee are cultivated in the full sun system. The full sun system is criticized due to the lack of biodiversity and high demand for inputs. Shaded coffee system has more biodiversity, recycles and fix more chemical elements, such as N, P, K, Ca and C, having a great potential to mitigate the global warming, being consequently more sustainable. In Brazil, shaded coffee system is not well trusted and known as less productive. Seeking for organic coffee sustainability, this work evaluates productivity, coffee quality and chemical composition of coffee beans from two distinct organic coffee systems: shaded and full sun, in the largest arabica coffee producing region of the world, south of Minas Gerais State, Brazil. For productivity and coffee quality there was no statistical difference, although there was a tendency of superiority for the shaded treatment. For coffee beans composition, the shaded system presented higher K values. Considering the results obtained, the shaded system can be suited to increase organic coffee sustainability in this region of Brazil.

Introduction 
Concerns of the society with life quality, environmental and social aspects of agricultural production continually increases. The organic agriculture fully attends this need of the society and the demand for its products rises globally generating market opportunities for producers worldwide. 

The International Federation of Organic Agriculture Movements (IFOAM, 2007) estimates that the global organic market in 2006 reached 30 billions Euros and that the total area of production was of 31 millions hectares. 

Coffee sector worldly represents a market of US$ 70 billion/year, only behind oil (Loureiro & Lotade, 2005). Consumption of specialty coffees, such as organics, gourmets and fair trade is increasing intensively. According to Illy (2005), consumption of conventional coffee increases at a rate of 1,5% a year while specialty increases at a rate of 12% a year.

Although Brazil is the largest world coffee producer its organic coffee production is comparatively small, being the sixth largest producer in 2002 and 2003. In the 2004 crop the Brazilian organic coffee production has risen significantly reaching around 15,000 tons. (Souza et al., 2005).

Mexico has been the largest world organic coffee producer, with an average of 30,000 ton in 2003 and 2004. Peru has also increased its production and nowadays Mexico and Peru are the two world leading organic coffee producers, being most of their production from shaded systems (Lernoud & Piovano, 2004). 

In most producing countries, coffee is cultivated in shaded systems, being Brazil one of the largest exceptions (Bacon, 2005). Researchers, producers and society fear for the sustainability of these production systems ecologically simplified and highly dependent from inputs. Coffee plantations with high vegetal biodiversity are environmentally balanced, with reduced pressure from pests, stable climate conditions, humidity during the dry periods, lower soil erosion and lixiviation, higher rates of nutrients cycling and better coffee quality (Altieri, 1999).  

The use of shade coffee trees for C sequestration and reduction of N fertilization has a huge potential for mitigation of the global warming (Montagnini & Nair, 2004). This potential is even greater in Brazil where most of the coffee plantations are in the full sun system. 

Therefore it is needed to study the few shaded systems in Brazil, evaluate its potential and establish new techniques and policies to stimulate the increase of biodiversity and the sustainability in Brazilian coffee plantations (Ricci et al., 2002) 

Materials and methods 

The study was conducted at Jacarandá Organic Coffee Farm, Machado town, south of Minas Gerais state, Brazil. The farm is certified since 1992 by the Instituto Biodinâmico de Desenvolvimento Rural (IBD), an accredited IFOAM member. The experimental field is cultivated with Arabica coffee plants, Mundo Novo variety. Shading is provided by a native leguminous tree Platycyamus regnellii. Three blocks were set and the two treatments were: (i) shaded and (ii) full sun. Four repetitions were established, resulting in 24 plots. Each plot was composed by two coffee plants.

The coffee beans were manually harvested and the volume (l) from each plot was quantified on the same day. Coffee from each plot was naturally (with skin and pulp) sun dried. Samples were brought to the Radioisotopes Laboratory (LRi), Piracicaba – CENA/USP where beans were mechanically peeled in a “coffee huler equipment”, oven-dried and then ground. Test portions were irradiated in the nuclear research reactor IEA – R1m of the Instituto de Pesquisas Energéticas e Nucleares, (IPEN/CENEN), São Paulo. The induced radioactivity was measured with detectors after 3, 7, 20 and  28 days of decay time. Determination of chemical elements was carried out by k0-INAA using the Quantu software package (Bacchi and Fernandes, 2003). 
The quality coffee determination took place at the Laboratory of Classification and Cupping Quality from the Brazilian Agriculture Ministry (MAPA-Rio de Janeiro). Three quality parameters were evaluated by the coffee experts: (1) Screen size proportion of the beans, (2) Type determination (number of defects) and (3) Cupping of the coffee drink (flavour and aroma).  

The data were statistically evaluated through the SAS program. Univariate tests included ANOVA to test the hypothesis of similarity to all the parameters evaluated. Tukey test at 95% was applied for multiple comparison among the averages. 
Results 
Table 1 below shows the results of the work for productivity, coffee quality and chemical composition of the beans. 
Tab. 1: Average results and standard deviations for production (in litters of coffee), cup drinking quality, percentage of screen 14 and up (size of beans), type in points (number of defects) and coffee beans elemental concentration for Ca, Fe, K and Zn ((g g –1) for the shaded and for the full sun treatments.

	
	Prod. /

plot (l)
	Cup quality
	% Screen 14 and up
	Type in points
	Ca
	Fe
	K
	Zn

	Shaded (n=12)
	36.4a
	1.83a
	84.9a
	-84.2a
	1140a
	24a
	16200a
	7.2a

	SD
	20.24
	0.8348
	4.87
	46.8
	120
	3
	900
	1.0

	Full sun (n=12)
	33.9a
	1.67a
	83.6a
	-89.2a
	1080a
	24a
	15100b
	7a

	SD
	18.31
	0.77
	3.22
	56.23
	140
	2
	1200
	0.9


Means followed by the same letter are not significantly different (P<0.05) by Yukey test
Discussion 
The results of production from Table 1 present no statistical difference among the treatments, although the shaded system shows slightly higher volumes than the full sun. Higher production for shaded system was also observed by Ricci et al. (2002).  Important to consider that the tree studied in this paper Platycyamus regnellii lose its leaves during the winter while in the work carried by Ricci et al. (2002) the trees were pruned in the winter. This reinforces observation from producers that the shade trees have to lose the leaves in the period of short and cold days (winter) in order to obtain a good coffee production.
The higher concentration of K on coffee beans may be a consequence of a higher concentration of K on the soil of the shaded system. As this element is very mobile in the soil and in the plant it was absorbed by the coffee plant in larger quantities in the shaded system. Moreover, this higher concentration of K in the shaded system may also be related to larger volume of coffee roots, resulted of lower soil temperature (Rena et al., 1986). The possible higher concentration of K in the soil may be a result of lower leaching and erosion (Rena et al., 1986). Besides, this system may also count with the recycling of nutrients carried by the shade tree, originated through the absorption of nutrients by the roots and latter falling of its leaves on the soil of (Theodoro, 2001). 

As it can be seen in Table 1, no statistical differences were observed among the two systems of production for cupping quality, size of the beans and type. Although, there is a tendency of superiority for the shaded treatment to these parameters. This reinforces the smaller number of defects obtained by Ricci et al. (2002) and the better cupping quality and larger size of the beans obtained by Matiello (2002) and Rena et al. (1996) for the shaded coffee. 

A wider interpretation and correlation of the results suggests that the higher values of K obtained for coffee beans from the shaded treatment must have had influence over the productivity and coffee quality. The K element is for long considered the element of the quality in plant nutrition (Malavolta, 1989) and also the most important element for coffee drinking quality (Silva, 2002).  

Conclusions 
The shaded organic coffee treatment presented the best results for productivity, coffee quality and chemical composition of the beans, therefore, being recommended for this region of Brazil.
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