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Abstract 
Coffee has major importance in tropical landscapes from agronomic, economic and ecological perspectives. Yet 
the conversion of shade-coffee into full sun monocultures has deep effect on the potential of those systems to 
conserve biodiversity and ecosystems services (such as pest control and pollination). Despite of this, effect of 
shade on production has not been sufficiently addressed, particularly in Brazil, the world major coffee producer. 
This study compared the performance of shaded coffee and full sun management in terms of productivity and 
production costs. The survey was conducted in Municipality of Mirante da Serra, in the Brazilian Amazon and 
eight coffee agroecosystems, four under shade and four under full sun were investigated. The results indicate that 
shaded systems have lower production costs requiring less working hours than sun plantations. The average 
production cost of shaded agroecosystems was 49.63%, while in systems under full sun, this value was 82.2%. 
Shaded and full sun productivity did not differ significantly, with higher variance in the former, showing that 
shaded systems are more heterogeneous. Shaded coffee agroecosystems presented an economically and 
environmentally viable alternative. The lower production cost enhances economic viability of these ecosystems 
in Amazon as well as in the rest of the tropics. Such efficiency may have influenced the persistence of these 
managements, despite the worldwide agriculture intensification tendency. 
Keywords: agroecosystems, agroecology, coffee production cost, full sun coffee, shade-grown coffee 
1. Introduction 
Coffee plantations covers 10,420,008 thousand hectares (Rudel et al., 2009), playing major role from economic 
to ecological perspective at global scale. In several coffee producer countries such as Brazil, Colombia, 
Venezuela, Costa Rica, Panama and Mexico, traditional cultivation of coffee is done under shading trees (Ricci 
et al., 2006). These shade-coffee plantations are considered biodiversity reservoirs, and yet serving for its 
productive end (Perfecto & Vandermeer, 2010). Agriculture intensification via tree removal and input use is 
known to reduce habitat extent and quality for native fauna. Intensification also promotes the decline in the 
provision of ecosystems services to coffee (such as pest control and pollination) (Goulart et al., 2012; Perfecto et 
al., 2004). This species loss may, therefore, reduce coffee production at long term (Goulart et al., 2012). The 
maintenance of those biodiversity rich ecosystems is largely depending upon the economic and productive 
viability for farmers.  

Brazil is the world’s major coffee producer, supplying one third of the worlds’ coffee gross production 
(FAOSTAT, 2016). Despite of this, there are many knowledge gaps on many aspects of coffee production in 
Brazil, particularly regarding the shade influences. In 2014 national coffee production was 2712 million kg of 
benefited, being 70.5% of the total species arabica and 29.5% of the total species Coffea canephora (Brazilian 
Institute of Geography and Statistics [IBGE], 2014). Rondônia occupies the 5th place on the national ranking of  
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coffee producers, being the second largest coffee producer of Coffea canephora, which corresponds to 
approximately 11.27% of the Brazilian production of coffee from group Coffea canephora (National Supply 
Company [CONAB], 2014).  

Coffee is the most widespread perennial crop in the state of Rondônia, composing one of the main sources of 
income for many families in the countryside (Marcolan, 2009). Among agroecological systems, agroforestry 
stands out as an alternative for reconciling agricultural, social and environmental goals by combining crops with 
other backbone trees in forest-like agroecosystems (Nair, 1991). The cultivation of shade-grown coffee is an 
example of such management, which consists in shaded of coffee farms with native and exotics, crops and 
non-crops trees, having coffee as the main crop (Ferreira, 2005).  

The effects of shade on coffee production are controversial and it may exert a positive effect by increasing soil 
quality, reducing climatic stress, and reduce weed invasion. On the other hand, low light incidence leads to low 
photosynthetic activity, and consequently less productivity. Therefore, shading should not exceed 30 to 40% of 
the entire agroecosystems (Mancuso, 2013). Perez et al. (1977) suggested that the removal of trees may increase 
in up to 30% productivity. According to Baggio et al. (1997), there is no difference between moderate shadow 
and full sun. Finally, other authors suggest that there is a ramped shaped relationship in which there is an 
increase of productivity with increase of shading up to a certain level, beyond which, a decline in productivity is 
observed (Soto-Pinto et al., 2000; Staveret et al., 2001). Therefore, cultivation of coffee may suffer favorable and 
unfavorable variations depending on shade level, soil and climate characteristics and management.  

In Brazil, there is a great demand for assessing shading system in agronomic and economic terms, and there is 
scant quantitative information on shade effects in coffee systems (Perdoná, 2013). We here compared the 
productivity and production cost between shade and full sun systems of agroecological coffee Coffea canephora 
in the Brazilian Amazon. Furthermore, we draw the overall implications of our study to sustainability of coffee 
systems in the tropics.  

2. Method 
The study site is located in the Amazon Biome, in Padre Ezekiel settlement, in Mirante da Serra, Rondônia state, 
Brazil. The settlement is placed in the central region of the State of Rondônia, as shown in (Alves, 2010). The 
assessments were conducted in four properties with shaded coffee agroecosystem and four under full sun 
agroecosystems (Table 1). The data collection was carried out between June 2013 and June 2014 through visits 
to the crops accompanied by the farmers.  The information were given by the farmers that agreed in participate 
in the survey and all activities occurred in this period were recorded, even if the researcher was not present. The 
shaded agroecosystems are formed of native vegetation left when the crops were implemented; therefore, the 
trees have the same age of the coffee crops. Backbone trees were composed of Inga edulis, Tabebuia ssp, 
Bertholletia excels, Orbignya phalerata, Hymenaea courbaril, Musa paradisiaca (banana trees), Annona 
muricata, Caesalpinia equinata and Tabebuia cassiniodes. Many areas were previously composed of pasture, 
which have been abandoned for deployment of coffee.  

Crop management and the dates of the attainment were recorded (such as pruning, manual/mechanical thinning, 
mowing, harvest, drying and sale) in terms of working hours. The working costs analyzed here, only takes into 
account the operations in coffee plants without considering the depreciation of machinery, taxes and cost of land. 
We opt to assess only the costs related to the workforce due to the fact that it represents the major cost in coffee 
production. Cost of production is here defined as the sum of the values from all resources (inputs) and operations 
(services) used in a given productive process. For economic analysis purposes, cost of production is the 
compensation that production factors (land, labor and capital), use to produce determined goods. Production 
costs have been used to verify if resources employed in a production process are compensating, and enabling to 
check activity profitability (Viana & Silveira, 2009). 
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Table 1. Latitude, longitude and altitude of agroecosystems, total area, coffee plants interspacing and number of 
coffee plants 

Agroecosystem Latitude  Longitude  Altitude (m) Total Area (ha)
Spacing between 
plants (m) 

Number of 
plants 

Shaded 

I 11º00'57.24" 62º37' 04" 252 1 3.5 × 3  952  

II 11º01'44.34" 62º37'37.90" 228 1.5 3 × 3 1666 

III 11º01'36.2" 62º37'02.1" 200 1.6 2.5 × 2, 2 × 5 2200 

IV 11º01'08.5" 62º36'39.8" 236 0.27 3 × 3 300 

Full Sun 

V 11º01'14.5" 62º36'43" 237 2.42 3 × 3 2688 

VI 11º01'06.6" 62º36'27.1" 230 1 3 × 3  1111 

VII 11º01'01.84" 62º36'41.22" 251 1 3 × 3 1111 

VIII 11º01'07.21" 62º36'26.32" 228 1.5 3 × 3 1111 

 

The values paid by labor to carrying out harvesting were calculated using the economic value of kg of processed 
coffee. There was no variation in labor costs between shaded and under full sun systems, because the values paid 
to harvest were equal per kg in all agroecosystems. The variations in production costs in this activity occurred 
only in accordance with the quantity (in kg of coffee per hectare) produced by agroecosystems.  

Expenditure necessary for the production and cultivation related to the workforce detached for each activity were 
evaluated. F test (variance comparison) and t test (α = 0.05) were performed to compare the average productivity 
per hectare between shaded and under full sun agroecosystems Kolmogorov-Smirnov tests were carried out to 
check for data normality distribution (α = 0.05). The tests were performed using the Paleontological Statistics 
Software Package for Education and Date Analysis (PAST 2.04 for Windows).  

3. Results 
Full sun systems present higher production costs, accounting for more than twice the average of hours per 
hectare spent on shade systems in pruning and thinning activities (Table 2), while higher maximum average 
mowing hours were also found in full sun systems (Table 3).  

 

Table 2. Frequency of activity, period and quantity of labor used in pruning and thinning 

Agri. Frequency Period Hours/per activity Average hours/ha
Average hours/ha  
shaded and under full sun

Shaded 

I 1 August 2013 48 48 

55.2 
II 2 July 2013  88 58.6 

III 0 00 00 00 

IV 1 January 2014 16 59.2 

Full Sun 

V 2 Jan and FEB. 2014 256 105.7 

 

113,07 

VI 2 Aug/Sep 13 Jan/Feb. 14 128 128 

VII 2 Jul/13 Feb 14 112 112 

VIII 2 Jul/13 Jan 14 160 106.6 
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Table 3. Frequency of mechanical/manual mowing and amount of labor hours required for the activity 

Agroecosystem. Area (ha) Frequency Date Hours Average h/ha

Shaded 

I 1 3.0 Nov 2013/Feb and May 2014 72.0 72 

II 1.5 1.0 April 2014 12.0 8.0 

III 1.6 2.0 Manual June 2013 96.0 49.2 

1.0 Mechanical May 2014 24.0 

IV 0.27 1.0 March 2014 8.0 29.6 

Full Sun 

V 2.42 2.0 Oct 2013/Mar 2014 128,0 52.8 

VI 1 3.0 Jul 2013/nov2013/Feb/2014 96.0 96.0 

VII 1 2.0 Oct/13 and March/14 72.0 72.0 

VII 1.5 2.0 Sep./13, Feb. and Mar/14  88.0 58.6 

 

The activity of drying were carried in farm and using a drier. Coffee beans were dried in the property, performed 
outdoors, bare soil or using direct fire dryers placed in the municipality of Mirante da Serra. Coffee grains 
produced by agroecosystem II the coffee were marketed mature, the sale was conducted without drying. Drying 
in the dryer was only performed for coffee produced in agroecosystem VI and represented 6.5% of the value 
obtained with the marketing of the kg of coffee.  

The table below (Table 4) shows that the average productivity per hectare in shaded agroecosystems suffered the 
greatest variation when compared to productivity of under full sun agroecosystems.  

 

Table 4. Harvest period, number of kg per hectare per agroecosystems, value paid for harvesting and total cost.  

Agroecos. Harvest Period  Kg per hectare Kg per agrieco.
Value of the kg/US$  
for harvesting 

Cost of harvesting US$ 

Shaded 

I May and June 2014 1260,00 1260,00 0,28 355,69 

II April and May 2014 499,80 750.00 0,28 210.00 

III April and May 2014 750.00 1200,00 0,28 336,00 

IV May 2014 2221,80 600.00 0,28 168.00 

Full Sun 

V April and May 2014 618,00 1500.00 0,28 420.00 

VI April and May 2014 870,00 870,00 0,28 242,60 

VII April and May  960,00 960,00 0,28 268,80 

VIII April and May 2014  920,00 1380,00 0,28 386,40 

 

Table 5 provides a synthesis of agroecosystems production, total production by agroecosystems and average per 
hectare. 
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Table 5. Total production, production and average production of shaded and full sun agroecosystems 

Agri. Total production (kg) Production (kg) 
Production (kg) average per hectare of 
shaded and unshaded agroecosystems  

Shaded Coffee   

I 1260,00 1260,00 

1.182,45 
II 750,00 499,80 

III 1200,00 750,00 

IV 600,00 2220,00 

Full Sunlight  

V 1500,00 619,00 

842,25 
VI 870,00 870,00 

VII 960,00 960,00 

VIII 1380,00 920,00 

 

The variation of sale values (US$) per kg of coffee occurred in accordance with the period in which this had 
been marketed. For this reason, the prices of kg of coffee between April and July ranged from US$ 0.882 to 
US$ 0.952, and between October and December, the price ranged from US$ 0.98 to US$ 1. 064. 

Shaded agroecosystems (I, II, III and IV) presented a lower frequency in crop handling reflected in the decrease 
in required labor quantity (h) for the activities performed in the agroecosystems under full sun. This occurred 
mainly due to tree species in the agroecosystems, which increased the shade to coffee plants and altered the 
spontaneous weed populations, reducing competition. 

The agroecosystems under full sunlight showed low variation in productivity (standard deviation SD = 153.31 
and variation coefficient VC = 18.20 %), while variation was significantly higher in shaded agroecosystems, 
(standard deviation SD = 760.60 and variation coefficient VC = 64.32%). In agroecosystems under full sun, 
cultivation also came with small differentiation in total cost of production (88.30% and 78.45% 94.60% and 
67.45%). The possible causes of similarity in production may be due to crops being conducted with the same 
crop handling. The systems under full sun are more homogeneous, presenting low differentiation amongst the 
agroecosystems themselves. The costs with the workforce in under full sun systems were higher compared to 
shaded crops (Tables 6 and 7) due to the absence of the woodland component (tree layer) , which inhibits the 
incidence of direct light in cultivation and consequently reduces the need for time in labor to suppress weed. 

 

Table 6. Production cost per activity (pruning and thinning, mowing and weed suppression, harvest, drying), 
total cost and net margin in percentage of the cost required per activity 

Agrecossytem 
Pruning and 
thinning 

Mowing Harvesting Drying 
Total cost of 
production 

Net Margin  

Shaded 

I 6.20% 16.30% 28.50% 4,13% 55.13% 44.87% 

II 20.00% 4.8% 30% 00 54.80% 45.20% 

III 00 17.11% 26% 2.97% 46.08% 53.86% 

IV 4.56% 4.0% 30% 6.84% 45.4% 54.6% 

Full Sun 

V 29.10% 25.60% 30% 3.60% 88.30% 11.70% 

VI 25% 33.10% 30% 6.5% 94.60% 5.40% 

VII 29.41% 12.65% 29.41% 6.98% 78.45% 21.55% 

VIII 26.31$ 9.56% 26.31% 5.27% 67.45% 32.55% 
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Table 7. Total Cost, gross income, percentage and net margin per agroecosystem 

Agri. Workforce total cost US$ Total gross income in US$ Net Percentage Net margin in R$

Shaded 

Agri. I 686.53 1245.30 44.87% 558.76 

Agri. II 212.72 470.63 45.20% 257.90 

Agri. III 374.58 811.84 53,86% 437.26 

Agri. IV 260.55 564.76 54.6% 304.20 

Full Sun 

Agri. V 515.17 583.43 11.70% 68.26 

Agri. VI 774.67 818.90 5.40% 44.22 

Agri. VII 723.06 921.70 21.55% 198.62 

Agri. VIII 665.88 987.20 32.55% 321.33 

 

The data on productivity presented a normal distribution (p = 0.53). The differences between the variances was 
significant (F = 24.6, p = 0.02), and considering unequal variances, we compared the averages using the t test for 
unequal variances (Welch test), which showed no significant differences between the productivity in the different 
agroecosystems (p = 0.44). Thus, the raw values are higher in shaded agroecosystems, however, differences were 
not statistically significant, due to the large amplitude in average productivity among shaded agroecosystems 
(499.8-2222.22 kg/ha). 

4. Discussion 
The results of this research indicate that the shaded agroecological systems presented higher economical results 
than cultivation under full sun, because it requires less working hours. Systems under full sun have smaller 
variation in productivity than shaded intercropping; possibly due to the fact that full sun agroecosystems are 
more homogeneous among themselves, while shade agroecosystems are much more heterogeneous. Another 
possible cause of high variation in shaded agroecosystems is area variation in the shade systems. For instance, 
agroecosystem IV presented a small area (0.27 ha) and presenting the highest productivity (2222.22 kg/ha). The 
conversion of the value of total production (0.27 ha) in production per hectare may have overestimated the value 
of average systems productivity. The negative relationship between farm size and productivity is long known in 
the agricultural sciences, and smaller farms are more easily and effectively management and thus produce more 
than larger counterparts (Rosset, 1999).  

Some studies show an increase of 10% to 30% in coffee productivity with the removal of trees (Perez, 1977). 
Baggio et al. (1997) show that there is no difference between moderate shade and full sun. Finally, other authors 
suggest that there is productivity increase with shading up to a certain level, beyond which, a decline in 
productivity takes place (Soto-Pinto et al., 2000; Staveret et al., 2001). In a revision paper, Damatta (2004) 
concludes that the productivity in shaded systems is superior in comparison to crops under full sun in situations 
in which the edaphic conditions are sub-optimal. Shading agroforestry is also known for reducing the impact of 
frosts (Baggio et al., 1997) and water stress on the events of drought (Damatta, 2004). Moreover, in cultivations 
under full sun that are more than one or two decades old, the quality of the soil is committed, thus there is lower 
productivity compared to shaded systems (Damatta, 2004). 

We did not find significant statistical differences in the productivity of shaded versus full sun systems, although 
raw values suggested higher performance of shaded systems. Lower variation in productivity was found in full 
sun systems, possibility due to complexity and heterogeneity of shaded systems in comparison with the former. 
The combination of different shade degrees, agriculture design, backbone tree composition, farm size and other 
management variations may greatly increase shade system variability. 

Full sun systems are more labor intensive than shade counterparts, due to the greater frequency and time spend 
per activity of pruning, thinning and mowing for weed suppression. Due to less light incidence in shaded 
agroecossytems, weed invasion is reduced and coffee plants show lower sprouting, easing the systems 
management. For Mancuso (2013), shading can modify the composition of weed species, reducing the number of 
most competitive plants. Weed invasion drops to very low levels in systems with more than 40% of shade 
(Mancuso, 2013). Other positive effects of shading are the increase of organic matter, edaphic fauna enrichment, 
and increase in nutrient cycling, reduction of soil erosion, biodiversity conservation, and attenuation of extreme 
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temperature and wind incidence (Mancuso, 2013). Furthermore, productive lifespan of shaded coffee is longer 
than plants under full sunlight (Damatta, 2004). 

Back-bone trees promote changes in energy distribution, in thermal air conditions, soil and in the coffee plants 
which presents differentiated growth. Plant´s stress reduction by the improvement of microclimate and soil 
quality (Lemos, 2007). Additionally, shading with appropriate tree species produces larger fruits, with softer and 
sweetened tissues, improves vegetative aspect of coffee, increase in the number of primary and secondary 
branches, increasing reproductive capacity of coffee trees (Lemos, 2007).  

Intermediate levels of shade are known to alleviate extreme climatic conditions in Coffea canephora providing 
greater sustainability to the systems (Damatta, 2004). Back bone trees also adds to the productive potential for 
the shaded systems, providing extra income for growers due to production of wood, fruits, medicinal plants, 
herbs and essential oils, fuel and fiber (Pezzopane et al., 2007; Coelho, 2010). These additional crops can be 
harvested during the periods between coffee harvests, securing a more constant income source for famers. 
Furthermore, shade systems may also contribute for better working conditions, protecting farmers from direct 
solar radiation, promoting health and wellbeing (Mangabeira, 2009). Also, shade coffee certification can increase 
coffee price in markets, due to its ecological and social benefits. Fair trade, shade coffee, organic is example of 
agriculture certification which is growing around the world, increasing the economic return of the agroforestry 
products (Perfecto et al., 2005). 

By and large, the cultivation of shaded coffee Coffea canephora presented higher performance than full sun, due 
to less workforce requirements, enabling extra-income from associated crops, contributing to farms wellbeing 
and biodiversity conservation, although shade systems present very high variation in productivity in the Amazon. 
Many other tropical landscapes may share similarities with this environment and thus may present similar trends 
in terms of shade effect on coffee production. Much of the tropical farmers are small holders, owing properties 
not larger than two hectares (Lowder et al., 2014). These farmers are mainly economically poor population 
particularly susceptible to price elasticity of agriculture inputs. Our results corroborates with the high productive 
efficiency of shaded coffee, being a viable alternative and environmental friendly practice in the tropical region. 

Acknowledgements 
FFG received a post-doc fellowship from Análise e Modelagem de Sistemas Ambientais-UFMG/CAPES-PNPD. 
Project “Regularização Ambiental e Diagnóstico dos Sistemas Agrários dos Assentamentos da Região Norte do 
Estado do Mato Grosso”, INCRA-FINATEC n° 5788/2015 funded the publication fees. The Programa de 
Pós-Graduação em Agroecossistemas-UFSC provided a master scholarship for VA. All the farmers involved in 
the research for all the support. 
References 
Alves, V. (2010). Avanços e limites no processo de cooperação de famílias do assentamento Palmares, Nova 

União-RO. 68 f. Monografia (graduação em agronomia) departamento de agronomia, Universidade do 
Estado de Mato Grosso-UNEMAT. Cáceres, MT. 

Baggio, A. J., Caramori, P. H., Androcioli Filho, A., & Montoya, L. (1997). Productivity of southern Brazilian 
coffee plantations shaded by different stockings of grevillea robusta. Agroforestry Systems, 37, 111-120. 
http://dx.doi.org/10.1023/A:1005814907546 

Bolero, J. C., Martinez, H. E. P., & Santos, R. H. S. (2006). Características do café (Coffea arabica L.) 
sombreado no norte da América Latina e no Brasil: Análise comparativa (Vol. 1, No. 2, pp. 94-102). Coffea 
Science, Lavras.  

Coelho, A. R., et al. (2010). Nível de sombreamento, umidade do solo e morfologia do cafeeiro em sistemas 
agroflorestais. Revista Ceres, 57(1), 95-102. http://dx.doi.org/10.1590/S0034-737X2010000100016 

CONAB (Companhia Nacional de Abastecimento). (2014). Acompanhamento da safra brasileira de café, safra 
2014 (pp. 1-59). Terceiro Levantamento, Brasília. 

Damatta, F. M., & Ramalho, J. D. C. (2006). Impacts of drought and temperature stress on coffee physiology and 
production: A review. Braz. J. Plant Physiol., 18(1), 55-81. http://dx.doi.org/10.1590/S1677-0420200600 
0100006 

FAOSTAT. (2016). Database collections. Food and Agriculture Organization of the United Nations. Rome. 
Retrieved August, 2016, from http://faostat.fao.org 

Ferrão, R. G., et al. (2004). Biometria aplicada ao melhoramento genético do café Conilon. 256 f Tese (Doctor 
Scientiae), Programa de Pós Graduação em Genética e Melhoramento, Universidade Federal de Viçosa. 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 11; 2016 

18 

Ferrão, R. G., et al. (2007). Café conilon. Vitória, ES: Incaper. 

Ferreira, J. M. L. (2005). Indicadores de qualidade do solo e de sustentabilidade em cafeeiros arborizados (p. 
90). Florianópolis, SC. Dissertação (Mestrado em Agroecossistemas), Centro de Ciências Agrárias, 
Universidade Federal de Santa Catarina (USFC).  

Gomes, J. C. C., & Assis, W. S. de. (Eds.). (2013). Agroecologia: Princípios e reflexões conceituais. Coleção 
Transição Agroecológica (p. 245). Brasília, DF. Embrapa.  

Goulart, F. F., Jacobson, T. K. B., Zimbres, B. Q. C., Machado, R. B., Aguiar, L. M. S., & Fernandes, G. W. 
(2012). Agricultural Systems and the Conservation of Biodiversity and Ecosystems in the Tropics.  

IBGE. (n.d.). CENSO 2006/2013/2014. Instituto de geografia e estatística.  

Lemos, C. L., et al. (2007). Avaliação do desenvolvimento vegetativo em cafeeiros sombreado e a pleno sol. 
Revista Brasileira de Agroecologia, 2(2), 4.  

Lowder, S. K., Skoet, J., & Singh, S. (2014). What do we really know about the number and distribution of farms 
and family farms worldwide? Background paper for The State of Food and Agriculture 2014. ESA Working 
Paper No. 14-02. Rome, FAO. 

Mancuso, M. A. C., Soratto, R. P., & Perdoná, M. J. (2013). Produção de café sombreado (Vol. 9, No.1, pp. 
31-44). Colloquium Agrariae.  

Mangabeira, J. A. de C., et al. (2009). Análise comparativa entre café produzido a pleno Sol e no sistema 
agroflorestal em Machadinho D’Oeste-RO. Congresso Brasileiro de Sistemas Agroflorestais 7. Anais. 
Brasília, DF: SBSAF: Embrapa. 

Marcolan, A. L., et al. (2009). Cultivo dos cafeeiros conilon e robusta para Rondônia (3rd ed. rev. atual). Porto 
Velho, Embrapa Rondônia: EMATER-RO.  

Nair, P. K. R. (1991). State-of-the-art of agroforestry systems. Forest Ecology and Management, 45(1), 5-29. 
http://dx.doi.org/10.1016/0378-1127(91)90203-8 

Perdoná, M. J. (2013). Cultivo consorciado do cafeeiro (Coffea arabica L.) e cultivares da nogueira-macadâmia 
(Macadamia integrifolia maiden e betche) sob os regimes sequeiro e irrigado. Botucatu, 130 f. Tese 
(Doutor em Agricultura), ciências agronômicas, Universidade Estadual Paulista, Júlio de Mesquita Filho. 

Perfecto, I., & Vandermeer, J. (2010). The agroecological matrix as alternative to the land-sparing/agriculture 
intensification model. Proceedings of the National Academy of Sciences, 107(13), 5786-5791. 
http://dx.doi.org/10.1073/pnas.0905455107 

Perfecto, I., Vandermeer, J. H., Bautista, G. L., Nunez, G. I., Greenberg, R., Bichier, P., & Langridge, S. (2004). 
Greater predation in shaded coffee farms: The role of resident neotropical birds. Ecology, 85(10), 
2677-2681. http://dx.doi.org/10.1890/03-3145 

Pezzopane, J. R. M., Pedro Jr, M. J., & Gallo, P. B. (2007). Caracterização microclimática em cultivo 
consorciado café/banana. Revista Brasileira de Engenharia Agrícola e Ambiental, 11(3), 256-264. 
http://dx.doi.org/10.1590/S1415-43662007000300003 

Ricci, M. dos S. F., Costa, J. R., Pinto, A. N., & Santos, V. L. da S. (2006). Cultivo orgânico de cultivares de café 
a pleno sol e sombreado. Pesquisa Agropecuária Brasileira, 41(4). http://dx.doi.org/10.1590/S0100-204 
X2006000400004 

Rosset, P. (1999). On the benefits of small farms. Backgrounder, 6(4). 

Rudel, T. K., Schneider, L., Uriarte, M., Turner, B. L., DeFries, R., Lawrence, D., et al. (2009). Agricultural 
intensification and changes in cultivated areas, 1970-2005. Proceedings of the National Academy of 
Sciences, 106(49), 20675-20680. http://dx.doi.org/10.1073/pnas.0812540106 

Soto-Pinto, L., et al. (2000). Shade effect on coffee production at the northern Tzeltal zone of the state of 
Chiapas, Mexico. Agriculture, Ecosystems and Environment, 80, 61-69. http://dx.doi.org/10.1016/S0167- 
8809(00)00134-1 

Staver, C., et al. (2001). Designing pest-suppressive multistrata perennial crop systems: Shade-grown coffee in 
Central America. Agroforestry Systems, 53(2), 151-170. http://dx.doi.org/10.1023/A:1013372403359 

Viana, J. G. A., & Silveira, V. C. P. (2009). Análise econômica da ovinocultura: Estudo de caso na Metade Sul do 
Rio Grande do Sul, Brasil. Cienc. Rural, 39(4). http://dx.doi.org/10.1590/s0103-84782009005000030 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 11; 2016 

19 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


