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Abstract In the Zona da Mata of Minas Gerais State,

Brazil, family farmers are adjusting to agroecological

principles to reconcile sustainable agriculture, liveli-

hood improvements and biodiversity conservation.

Starting in 1993, experimentation with coffee agro-

forestry was gradually initiated on an increasing num-

ber of farms (37 in total), resulting in the simultaneous

management of sun coffee (SC) and agroforestry

coffee (AF) plots. We aimed (1) to identify factors that

determine the farmers’ selection of trees used in AF;

(2) to describe the agroecological farms in transition;

and (3) to perform an economic comparison between

AF and SC. These objectives were addressed by

combining data from botanical surveys in 1993/1994

and 2007, by interviews with farmers and by detailed

data on the production value and costs of labour and

material inputs. The results showed considerable

diversity in farming strategies and management among

the farmers. Early adopters of AF had diversified

towards production of different marketable products.

The use of native trees in AF for this purpose, and for

restoration of soil fertility (e.g., leguminous trees), had

increased since the start of the experiments, while

exotic tree species were eliminated. Over a period of

12 years AF was more profitable than SC due to the

production of a diversity of agricultural goods, despite

somewhat higher establishment costs. Other ecosys-

tem services delivered by AF, such as biodiversity and

cultural services are currently not valorized. Payment

schemes for environmental services could further

improve the economic benefits of AF for family

farmers and alleviate establishment and learning costs.

Keywords Family agriculture � Coffee

agroforestry � Productivity � Profitability �
Ecosystem services

Introduction

Poverty and food security depend on the functions and

services that local ecosystems supply (Sala and

Montes 2007; SSNC 2008). However, the ability of

ecosystems to secure human well-being has declined

(MEA 2005). Increasing food production while
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reducing the dependency on fossil fuels, protecting

wildlife species and enhancing environmental quality

is an important challenge for today’s society. As an

alternative to the current model that focuses primarily

on maximization of production of agricultural goods,

new forms of agriculture that strengthen the delivery

of multiple ecosystem services (ES) are being advo-

cated (Lundberg and Moberg 2008; Brussaard et al.

2010). Interdisciplinary science, agricultural manage-

ment interventions and institutional development at

local and global scales are needed for ecological

intensification of agricultural production (Perfecto and

Vandermeer 2008; Carpenter et al. 2009), but many

questions concerning the trade-offs between economic

and ecological benefits remain.

In developing regions family agriculture is usually

based on low external inputs and therefore strongly

linked to internal resources and ecological processes

(Sala and Montes 2007). For these conditions farming

practices based on agroecological principles (i.e.,

optimizing the recycling of biomass and nutrients and

enhancing species and genetic diversity and beneficial

interactions among biological components) in order to

maintain productivity with minimal use of agrochem-

icals and other external inputs have been promoted

(Egoh et al. 2008; Schroth et al. 2009). Agroecological

practices have been advocated as technologies that can

simultaneously offer environmental, social and eco-

nomic benefits to human beings and support the

conservation of wildlife (Harvey et al. 2008; Ouinsavi

and Sokpon 2008). In particular, agroforestry (AF)

can combine production functions with biodiversity

conservation by connecting fragments of remaining

natural forest in the landscape (Buck et al. 2006).

In the past, coffee in most areas in Latin America

was grown under the shade of a diverse tree canopy,

providing various environmental benefits. In years of

low coffee prices (and relatively high fertiliser prices)

the trees were allowed to provide more shade, while in

years of high coffee prices the shade trees were

severely pruned, more fertilisers were applied and

higher coffee production was obtained. With the

introduction of new high yielding coffee varieties (mid

of twentieth century) full sun coffee was more

generally applied and this is particularly the case in

Brazil. In more recent years renewed attention is

paid to the environmental and biodiversity benefits

of intercropping with multiple tree species and

opportunities for certification of shade-coffee (Per-

fecto et al. 2005; Vaast et al. 2006).

However, on-farm studies of the economic aspects

(including productivity, labour inputs and profitabil-

ity) of AF are scarce and documentation of local

knowledge on management strategies and tree selec-

tion is largely lacking (Molua 2005; Jose 2009). This

type of knowledge would be crucial for scaling up AF

coffee production and to inform agri-environmental

and rural development policies (Molua 2005; Bennett

and Balvanera 2007).

Our study focused on the Zona da Mata (ZM)

region, located in the Atlantic Rainforest biodiversity

hotspot (Myers et al. 2000) and characterized by the

predominance of family farms. Sustainable agriculture

is of vital importance for the ZM, where the side

effects of the ‘‘green revolution’’ have caused severe

environmental, agricultural and social problems (Fer-

rari 1996). Biodiversity loss in ZM is the result of a

huge loss and fragmentation of forest cover of which

only 12–14% remains today (Ribeiro et al. 2009;

Teixeira et al. 2009). Participatory experimentation

with agroecological principles has started in 1993,

with the aim to enhance crop diversification, soil

restoration, and biodiversity conservation on family

farms. Furthermore, farmers, together with NGOs and

university researchers started an agroecological

transition process, making gradually adaptations on

their farms converting them from the conventional

approach to more ecologically based systems. As part

of this experimentation AF coffee (Coffea arabica L.)

systems have gradually been established on an

increasing number of farms (37 in total; Souza et al.

2010, Cardoso et al. 2001).

Considering low external input systems and the

relationships between biological components of an

agroecosystem in terms of supplementarity, comple-

mentarity or competition (Conway 1987; Filius 1982),

we hypothesized that AF systems have a higher

productivity (here defined as the harvested products

per unit of area) and profitability (defined as the gross

margin per unit of area and per man day) than SC.

The aims of this study were to: (1) identify factors

that determine the farmers’ selection of trees in

agroforestry systems; (2) describe the family farming

systems in agroecological transition and (3) perform

an economic comparison between coffee agroforestry

systems and conventional coffee production systems.
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Materials and methods

Study site

The Zona da Mata (ZM) is located in the state of Minas

Gerais (MG) and has a tropical highland climate. The

average daily temperature is 18�C and the average

precipitation is 1,500 mm year-1, with 2–4 dry

months. The slopes range from 20 to 75% and the

altitude from 200 to 1,800 m (Golfari 1975). The main

soil types are Oxisols, which are deeply weathered,

well drained, acidic and poor in available nutrients

(Cardoso et al. 2003). Around 18% of the population in

ZM lives in the countryside, mainly on family farms

(IBGE 2000). The average farm size is 18 ha and 91%

of the farms has less than 100 ha (IBGE 2000). The

characteristics of agricultural production in ZM are:

long-term land use, small-scale production systems,

and conventional agricultural practices, mainly for

coffee production and cattle.

In the nineteenth century the rainforest was

replaced by agriculture, mainly due to favorable

climate and market conditions for coffee production

(Dean 1995). Few forest fragments are conserved as

forest reserves and coffee plantations extend to the top

of the hills. Such deforestation has caused loss of

biodiversity and soil erosion, leading to drastic loss of

soil fertility (Dean 1995).

Conventional full-sun coffee (SC) is the predom-

inant type of coffee production. However, family

farmers that have participated in a participatory

project that has run since 1993 (Cardoso et al. 2001),

have changed at least part of their land from

conventionally managed systems to systems based

on agroecological principles. One of these systems is

coffee agroforestry (AF), in which coffee plants are

intercropped with trees, shrubs and herbaceous plants.

The main functions of the trees are protection of the

soil against erosion, recycling of nutrients and diver-

sification of production. AF and SC systems are

managed side-by-side on the same farm.

Selection of the farms and farming systems for this

study

Within ZM there is a group of about 600 families,

distributed over 20 municipalities, involved in agro-

ecological transition through collaboration with local

non-governmental organizations (NGOs), farmers’

organizations and research institutes (Cardoso et al.

2001). These farms serve as a platform for knowledge

exchange and study of the effects of agroecological

practices on productivity and profitability of farming

systems and of the environmental services provided.

From these 600 families, a group of 100 families

belong to a ‘‘Monitoring Program on the Sustainability

of Agroecosystems’’ conducted by the NGO Centre of

Technologies Alternatives of Zona da Mata (CTA-

ZM) and partners (CTA-ZM 2006) with the aim to

document changes in management practices on the

farms. From these 100 families, three sets of farms

were included in the study presented here (Table 1).

The first group was formed by those farms on which

botanical surveys were carried out in AF plots in the

early stage (1993/1994, 15 farms, group 1a) and

approximately 13 years later (2007, 7 farms, group

Table 1 Study design for this paper considering the different groups of selected farmers, data sets used for each topic of investi-

gation and the related objectives

Group Number of

family farms

Data used Topic of interest Objective

1a 15 Botanical survey conducted in: 1993/94

2007

Determinant factors for the selection

of trees to improve performance of

regional agroforests

1

1b 7

2 6 Farming activities, management, farm layout, inputs

and outputs obtained through participatory

techniques (interviews, flow diagram, maps)

Description of family farms in

agroecological transition

2

3 3 Coffee production, labour (demand ? costs),

sales, spending

Economic comparison between

agroforestry and conventional systems

2 and 3

a Regional references of coffee agroforestry experiments established at initial phase
b Best regional performers of coffee agroforestry experiments at later stage of experimentation; in this group of 7, two farms of the

group of 15 are included
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1b). Although the overlap between the two groups is

only two farms, the use of two sets of representative

farms allows for the interpretation of changes in

composition of coffee AF, by considering the existing

data on tree species and their uses by local farmers

over a long period of experimentation (objective 1).

A second group of farmers implemented agroeco-

logical practices in the period 2003–2005 and was

composed of 6 families (Farms 1–6; Fig. 1), which

volunteered (one family per municipality) to partici-

pate in a specific activity inserted in the monitoring

program mentioned above, which should reveal

‘‘indicators of sustainability’’.

A third group was formed by three families (Farms

A1, A2 and D1; Fig. 1). These belonged to the early

adopters of AF in ZM and started in 1993/1994 (Souza

2006). Information on farming practices and manage-

ment from the second and third group (9 farms) were

used to address objective 2.

For the economic comparison of AF versus SC

systems (objective 3) we focused on the third group,

the early adopters. These three farms maintained

parallel long-term AF and SC experiments within each

farm and were comparable in terms of slope and age of

the coffee plants. These three families were living

under similar social and economic conditions.

Data collection

Changes in tree composition

Two botanical studies were used to assess the changes

that occurred in tree family composition across the

AFs established between 1993 and 2007. Franco

(2000) conducted the botanical survey in 15 of the 37

initial AF experiments established in 1993–1994 and

Siqueira (2008) studied the 7 best developed AF plots,

as suggested by local farmers in 2007. The farms A1

and A2 were included in both surveys. Information on

uses of trees was obtained through a participatory

appraisal among farmers.

Fig. 1 Location of the selected farms in six municipalities of the Zona da Mata (ZM), Minas Gerais state, Brazil
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Farm characterization

The six farmers of group 2 recorded the data on

consumption, production, income, farm layout and

subsystems, crops, inputs, outputs and the annual

calendar of farming activities and shared them during

several meetings held between 2005 and 2006. The

three farms of group 3 were visited in 2008 to obtain

the same information. During the visits the flow

diagram technique (Geilfus 2000) was used. The flow

diagram provides an evaluation of all inputs and

outputs of the agroecosystems, including both the

material inputs and services and the products pro-

duced. It also allows the identification of the links of

farming systems with the other agroecosystems of the

property (Geilfus 2000). The diagrams were drawn by

the families during the interviews. This was first done

for each individual subsystem, and thereafter for the

whole farm.

The nine farmers of groups 2 and 3 provided the

results of the last soil analysis for the coffee plots (SC

and AF) carried out in the labs of the Soil and Plant

Nutrition Department of Federal University of Viçosa

in 2005/2007. The range of soil characteristics of the

farms is presented in Table 2.

The three farms of group 3 fell within the range of

soil characteristics found for group 2 (Table 2). Group

3 (early adopters) presented less variation in nutrient

and organic matter content and generally higher values

than group 1 (Table 2).

Analysis of productivity and profitability

During the visits of farms A1, A2 and D1 in February

and March 2008, more detailed information used for

the economic comparison (objective 3) was also

collected. The annual average production of the most

important products over 3 years (2005–2007) was

calculated based on the farmers’ individual notes and

the number of trees existing in each AF system was

counted. Elevation and slope of the farms were

measured with GPS and clinometers.

The steps used for the analysis of production costs

are based on Duarte et al. (2004), in which the

Production value A minus the costs (B ? C?D ?

E ? F ? G) is equal to Gross Margin I. Below more

details are given for the respective items A until J:

A. Total production values: the production values

were obtained by considering all marketable

products produced during 1 year. The prices of

these products were verified in the local market of

Araponga and Divino during February and March

2008.

B. Annuities of establishment costs were calculated

based on the activities (person days) and mate-

rials (material costs) required to establish the

different coffee systems. One farmer belonging to

the first group of 6 farms had accurately docu-

mented all activities related to the establishment

of his SC and AF systems. We used his data to

calculate the establishment costs over a period of

3 years. Based on the information provided by the

farmers we set the length of the production cycle

at 12 years for both systems.

C. Labour for cropping covers the annual activities

required for the cash crop (coffee), other crops or

products, and the production of compost. The

prevalent daily wage rate in the region is R$ 20.00

a day or US$ 11.00 dollar (March 2010).

D. Intermediate consumption included all expenses

for external inputs not produced on the farm (e.g.,

fertilizers, lime, bio-fertilizers, compost, bags,

and boxes).

E. Processing costs were the total cost of post-

harvest activities for all products on the farm. The

costs of coffee drying on the ground was

Table 2 Range of soil characteristics for selected farms in Zona da Mata, Brazil

Farms Period pHH2O

(1:2.5)

P

(cmolc dm-3)

K

(cmolc dm-3)

Ca

(mg dm-3)

Mg

(mg dm-3)

CEC1

(mg dm-3)

B Sat2

(%)

OM3

(%)

Group 2a 2005/6 4.9–6.6. 0.4–7.6 29–161 0.3–5.4 0.2–1.7 7.2–19.0 6.3–85.0 2.7–5.3

Group 3b 2007 5.6–6.0 2.7–4.8 89–164 2.8–5.7 0.6–1.5 3.6–7.6 30.0–76.0 4.3–5.7

Codes: CEC cation exchange capacity, base saturation, OM organic matter
a Farms in agroecological transition (1–6)
b Farms of early adopters (A1, A2, D1)
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calculated at US$ 1.67 bag-1 (one bag = 60 kg)

for coffee in the early processing stages called

‘‘café em coco’’ (Bliska et al. 2009).

F. Overheads were considered 2.5% of intermediate

consumption following Bliska et al. (2009).

G. Interest on circulating capital was defined as

12% of the sum of intermediate consumption and

overhead costs (Bliska et al. 2009).

H. Total person days is the time spent (including

temporary workers) on farming activities.

Gross margin (GM) was calculated by deducting

the variable costs and also some fixed costs

(B ? C ? D ? E ? F ? G) from the total produc-

tion value (A). A distinction is made between ‘‘GM

including labour’’ (I), whereby labour costs are also

deducted and ‘‘GM excluding labour’’ (J) whereby

labour costs are not deducted. The gross margin per

person day is obtained by dividing ‘‘GM excluding

labour’’, by the total number of person days. This can

be compared with the prevalent wage rate.

Results

Tree composition and tree selection criteria at two

different stages of implementation

During implementation of the initial AF experiments,

the farmers together with a local NGO and university

researchers, focused on the following factors when

selecting trees for the AF systems: (a) stability/risk

alleviation, (b) avoiding nutrient competition, and

(c) maintaining or increasing coffee production

(Souza 2006). Changes in tree composition over time,

since the start of the on-farm AF experiments in the

early 1990s (Franco 2000) until 2008 (Siqueira 2008)

are shown in Fig. 2. The respective uses of each tree

family are indicated at the bottom of the graph and are

based on the information provided by the farmers

during semi-structured interviews (Fig. 2). Several

exotic tree species that were found in the AF systems

in 1993/1994 were not present in the AF systems

monitored in 2007 (e.g., Casuarinaceae, Ebenacea,

Myrsinaceae, Pinacea and Caprifoliacea) (Fig. 2).

Farmers reported that they had been eliminated

because of their different requirements in terms of

climate and soil conditions that led to increased

competition with, or damage to, coffee plants. Tree

families that provide multiple products, such as food,

wood, green manure, medicine and other products

(e.g., fibre, oil, seeds), were kept or added (e.g.,

Bignoniaceae, Rutacea, Myrtaceae, and Euphorbia-

ceae). Local availability and market opportunities are

determining factors for selecting those trees with

multiple uses.

The initial AF experiments on 15 family farms

(group 1a) started with a minimum of 2 and a

maximum of 72 tree species per AF plot, belonging

to a total of 34 different tree families (Fig. 2). This

wide range in the number of tree species reflects a high

diversity of approaches by different groups of farmers

due to the high uncertainty resulting from lack of

experience. One group decided to start with planting

few tree species to avoid risks. In the opposite extreme

there was another group of farmers that decided to

experiment with a large pool of tree species to be

intercropped with coffee. Thirteen years later 7 family
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farms (group 1b) reported different criteria for select-

ing trees than those initially defined at the start of the

project. Selected trees included then species that

(a) are compatible with the coffee crop; (b) produce a

good amount of biomass; (c) are soft and easy to

manage (e.g., cutting, pruning, transporting), and

(d) provide extra products such as food and animal

feed, or (e) stimulate wildlife, as reported during the

interviews.

General characterization of the farms and their

coffee systems

A compilation of the individual flow diagrams (not

shown) that was obtained for each of the 9 family

farms of groups 2 and 3 demonstrated that all of them

had diversified their farms as part of the agroecolog-

ical transition, with the objective to make the different

components of subsystems more closely connected

and mutually supportive to reduce the need for

external inputs. These 9 families represented a range

of different farm settings in family agriculture in the

ZM. The farm size ranged from 6 to 90 ha. The

number of family members, indicative for labour

availability, ranged from 2 to 7. Six families were land

owners and three were tenants. The total area of coffee

cultivation on the different farms ranged from 1.5 to

9.5 ha, corresponding to 4–47% of the total farm area.

The density of coffee plants ranged from 2,310 to

7,500 ha-1 in SC and from 1,785 to 5,333 ha-1 in AF.

The land owners, especially the early adopters of AF,

had a more diversified farm in terms of the number of

commercialized products and the presence of own

forest (Table 3).

Coffee was the main cash crop and different types

of coffee plots were present at all the farms. On 7 out

of 9 farms, the area under SC was higher (ranging from

0.9 to 7.9 ha) than the area under AF on the same farm

(0.3–2.6 ha). Coffee planting density was distinctly

higher in SC than in AF on four of the farms (farms 2,

5, 6 and A2), more or less similar on the other four

farms (farms 1, 4, A1 and D1) and lower in SC than in

AF on farm 3. The number of commercialized

products and the presence of forest on the farm varied

depending on land tenure. Based on the farms

considered in our study, coffee production (parched)

under AF ranged from 120 to 1,644 kg ha-1 and under

SC (based only on the early adopters’ farms) it ranged

from 1,320 to 1,602 kg ha-1. For Farm 1 there was no

AF coffee production in 2005 because that was the first

year in which coffee was planted.

A large variety of crops was produced on each farm

in AF areas. Food, firewood, water and construction

materials are the most common needs for the family.

Although such diversity contributes to local agrobi-

odiversity, it also increases labour intensity in the

beginning, which was indicated as a constraint by 6

out of 9 farmers.

Forest within the farms is also called ‘‘reserve’’,

following the Brazilian environmental law. However,

wood and non-wood products can be harvested for

family consumption only (e.g., honey, seed, medicines

and fibre). Together with AF as a subsystem they

represented the main source of wood for construction

(Table 3).

Management of SC and AF coffee systems

More detailed information on coffee management was

obtained for the three farms of group 3 (Table 4). On a

yearly basis, the management activities could be

divided into three main periods. From January to

April, the activities included the first sowing of some

annual crops, weeding, fertilizer application, tillage,

and trimming. The harvesting of beans, maize, and

cassava is done from May to July. From May till

September, the main activities are to soil preparation,

crop management (routine), foliar fertilization and the

second sowing of beans and maize.

In AF the spontaneous vegetation is kept or

trimmed, no pesticides or herbicides are used and

limestone is applied biannually. The use, type and

quantity of fertilizers depend on whether the AF coffee

is certified for organic production or not. Family

members do most of the field operations in the AF

systems. The SC systems do not have trees shading the

coffee. In this type of system liming is done biannu-

ally, fertilizers are applied annually and herbicides/

pesticides are used when considered necessary. Some

farms apply tillage and some farms do not. Some

farmers intercrop the coffee with herbaceous plants (in

few cases even with annual crops). It is common to

employ temporary workers for field operations in the

SC systems. Soil preparation includes limestone

broadcasting and manure application. In some cases

manual tillage is used, especially when maize is

cultivated. All coffee systems are biannually limed
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and annually fertilized. The farmers spray homemade

liquid compost called ‘‘supermagro’’, as biological

fertilizer in AF at least twice a year. Spontaneous

vegetation in the coffee field is weeded at least twice

per year, mainly in the period November to February,

and residues are left on the soil surface. The pruning of

the trees is done from December to March on all farms,

but on farm A2 the bottom branches of the trees are

also pruned in July.

Characteristics of selected SC and AF coffee

systems used for economic evaluation

The specific characteristics of the AF and SC coffee

systems of group 3 farms are shown in Table 5. The

systems in each farm were established at similar

elevation (ranging from 1,040 m at farm A2 to

1,160 m at farm D1). Slopes were steeper on farm

A2 (75%) than on A1 and D1 (approximately 34%).

The size of the coffee systems ranged from 0.45 to

0.77 ha for SC and 0.15–0.72 ha for AF.

The density of coffee plants was the same for both

systems in the case of A1 and D1. In A2 the AF system

had a lower planting density (1,700 coffee plants ha-1)

than the SC (2,600 coffee plants ha-1) which resulted

in 76% higher production per unit area for SC than for

AF. In addition to this, the farmer stated that the

location, where the AF was established, was a ‘‘cooler

area’’ that always affected negatively the production

performance. For this farmer, the main goal was to

rehabilitate the area by controlling soil erosion. Any

extra coffee production obtained from that area would

be considered an advantage. On the farms A1 and D1

the coffee production per hectare was respectively 18

and 3% higher for AF than for SC (Table 5).

The AF systems contained on average 335 trees

ha-1, but they differed in taxonomic richness

(Table 5) and composition, which is related to the

history of land use and to the requirements of the

farms. On farm A1 the area where AF and SC were

implemented had been degraded after several years of

rice cultivation, and coffee stopped to produce. In the

beginning, soil was covered by grass species and the

tree species Hovenia dulcis (uva-do-japão), Glandul-

osa colubrine (sobrasil), Inga sessilis and Inga

subnuda were interplanted randomly with the coffee.

On farm A2 the AF system was introduced to halt the

advanced erosion process, which had removed the top

soil and deposited the soil material to the lowest part ofT
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the farm where it had damaged the roads and farm

buildings. The farmer planted some trees belonging

to a pioneer succession and several fruit species,

mostly avocado (Persea americana). The farmer has

harvested bananas, oranges, avocados, sugarcane and

pumpkin from the AF. This system is converted into

an organic system and the coffee plants have been

rejuvenated once, in the beginning of the experiment.

The system has a low density of coffee plants

compared to the other two farms. Chemical fertilizers

were not applied in this system.

The farmer of D1 planted some pioneer trees in his

AF system and there were already some mature trees

from secondary succession, such as Zeyheria tuber-

culosa (ipê-preto), Tabebuia sp. (ipê-amarelo) and

Vitex montevidensis (maria-preta). This area was

originally an abandoned pasture. Bananas, oranges

and avocados have been harvested from the AF. The

trees also supply wood for construction, firewood,

fencing and animal feed.

Production values and gross margins in AF and SC

systems

The total production value was higher for all AFs

(ranging from US$ 4,976 to 6,281 ha-1 year-1) in

comparison to all SCs (ranging from US$ 3,534 to

4,284 ha-1 year-1) (Table 6). The production value

for AF-D1 was about 20% higher than for AF-A1 and

AF-A2. For SC-D1 the production value was about

17% higher compared to SC-A1 and SC-A2.

In AF-A2 other products than coffee, including

banana, papaya, pumpkin, citrus, wood, and guava,

made up 73% of the total production value. Banana,

citrus, pumpkin, wood, and organic compost repre-

sented 30% of the total production value in AF-D1,

whereas in AF-A1 the products banana, wood,

avocado, cassava, sugarcane and organic compost

represent only 14% of total value (Table 6).

The annuity of establishment costs was on average

17% higher for the AFs than for the SCs due to the

increased labour for other crops (Table 6). Labour is

the most expensive factor during this phase contrib-

uting on average 58% of establishment costs in both

systems, over the first 3 years. The establishment costs

of other crops are on average 11% of the total

establishment costs (data not shown). The labour

required for annual cropping was higher for AF than

for SC, varying from 136 to 202 person days ha-1

year-1 in AF, and from 99 to 134 person days ha-1

year-1 for SC. The intermediate consumption val-

ues largely depended on the management, arrange-

ment and level of external inputs of the farming

systems (e.g., chemical fertilizers, lime, liquid com-

post, fuel and electricity cost). While AF-A1 (US$

641 ha-1 year-1), SC-A1 (US$ 631 ha-1 year-1),

AF-D1 (US$ 851 ha-1 year-1) and SC-D1 (US$

841 ha-1 year-1) have quite similar expenses in both

systems, in AF-A2 the intermediate consumption

value is much lower (US$ 158 ha-1 year-1) than in

SC-A2 (US$ 522 ha-1 year-1), mainly because no

chemical fertilizers are used in AF-A2.

Regarding the processing costs, more labour is

required for coffee than for other products (e.g.,

drying, bagging, post harvest preparation, transport).

The costs of total material inputs depended on the type

of crops, frequency of cultivation and care needed.

The values were higher for AF on all three farms.

Table 5 Characterization of the agroforestry and full-sun coffee systems of the three early adopters in the Zona da Mata, Brazil

Systems Elevation (m) Slope (%) Area (ha) Coffee plantation Trees

(#/ha)
Plants (# ha-1) Spacing (m) Age (year) Production*

(kg ha-1)

AFA1 1,062 33 0.15 3,300 3.0 9 1.0 12–14 1,650 380

SCA1 0.75 3,300 3.0 9 1.0 12–14 1,350 0

AFA2 1,040 75 0.72 1,700 4.0 9 1.5 12–14 317 370

SCA2 0.77 2,600 3.2 9 1.2 12–14 1,320 0

AFD1 1,160 35 0.27 2,200 3.0 9 1.5 10–14 1,644 257

SCD1 0.45 2,200 3.0 9 1.5 10–14 1,600 0

Codes: AF agroforestry, SC full-sun coffee systems, A Araponga, D Divino

* Considered the average over 3 years (2007, 2008 and 2009)
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They were considerably higher in AF-A1 (US$

1,254 ha-1 year-1) than in SC-A1 (US$ 580)

ha-1 year-1 and in AF-D1 (US$ 1,063 ha-1 year-1)

than in SC-D1 (US$ 687 ha-1 year-1) and somewhat

higher in AF-A2 (US$ 681 ha-1 year-1) than in

SC-A2 (US$ 567). Most of the products intercropped

with the coffee cannot be stored and demand imme-

diate processing when harvested (e.g., pumpkins,

banana, green maize, papaya).

Despite the higher establishment, labour and pro-

cessing costs for AF in comparison to SC, the gross

margin, both including and excluding labour, was

higher for AF than for SC on all three farms (Table 6)

thanks to the higher overall production value of AF.

The gross margin per person day for coffee was for all

systems higher than the prevalent wage rate of US$

11.00. The exception was the value of the gross margin

per person day for other products in AF-A1 that has a

lower value than the prevalent wage rate.

Discussion

Farmers’ selection of trees in AF systems

For the majority of the farmers intercropping trees and

coffee was quite a challenge initially due to lack of

experience with AF in the region and the difficulties to

select the suitable trees among many species available

in the Brazilian Rainforest biome. By comparing tree

species composition on farms between 1993–94

(group 1a) and 2007 (group 1b) we obtained insight

in the developments of tree selection criteria with

time. Although Group 1b only included two farms of

group 1a, and a pure quantitative comparison is not

possible, it is important to note that the 7 farms of

group 1b, surveyed in 2008, were the ‘‘best perform-

ers’’ in the view of the farmers. Hence, in a general

sense, the difference between the two groups reflects

the selection of the tree families most compatible with

regional coffee AF and other farmers’ needs.

The use of leguminous tree species had clearly

increased between 1993–94 and 2007, whereas the

contribution of exotic trees had decreased (Fig. 2). It is

widely known that leguminous species are very

beneficial to tropical agroecosystems because of the

low natural soil fertility. A study carried out by Duarte

(2007) in AF systems in ZM showed that Senna

macranthera, Erythrina verna and Inga subnuda are N

fixers and contribute to the fertilization of crops by

supplying on average 0.4 kg year-1 of N per tree. In

addition S. macranthera and I. subnuda produced the

highest amount of leaf litter, thereby returning on

average 52 kg tree year-1 of organic material to the

soil. Jaramillo-Botero (2007) showed that the legumi-

nous tree species S. macranthera, planted at a distance

of 3–5 m from coffee trees had a positive effect on

coffee production at the family farm in Araponga.

The plant composition in the AFs on the three farms

studied for the economic analysis was correlated with

farmers’ preferences based on market accessibility

and environmental needs (e.g., soil fertility). The

results point out the need for further investigations on

a wide range of leguminous tree species to match

farmers’ needs. This concerns mainly N fixing species.

For example, farmers could select trees to increase N

fixation among several available leguminous tree

species. Such decision would help to increase the

number of plants which contribute to N inputs, and at

same time provide other uses for family consumption.

It would also lead to further diversification in terms of

tree species composition thereby enhancing the con-

servation of tree diversity in the landscape.

Family farming systems in agroecological

transition

The characteristics of the farms studied here were in

line with the most common regional family size (4–6

members), and land tenure characteristics reported by

Miranda (2002). These factors have a strong influence

on farm management decisions and arrangements of

the land and on which farming systems are adopted

(Klingen 2009; Miranda 2002). Diversified farms and

more connected subsystems took part of the agroeco-

logical transition aiming to reduce the need for

external inputs. The outputs (e.g., crop residues, dung)

of one farm component were used as an input for

another component. In contrast, conventional coffee

producers usually do not pay attention to interactions

among subsystems, once they use chemical fertilizer.

Ethnobotanical studies conducted on seven AF plots in

the same region have identified more than nine

different uses of trees on farms, including construction

materials, firewood and medicines (Siqueira 2008;

Fernandes 2007). Farmers reported that the produc-

tivity of forest and AF systems depended on soil
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conditions and their age, which influence the arrange-

ment, composition and structure of these ecosystems.

They were aware that time is needed to achieve best

results for soil improvements as well as farm perfor-

mance. That was the reason why farmers kept both AF

and SC on the farm, so that they can make changes

gradually.

Productivity and economics of AF and SC systems

Reflect on the coffee yields which were very variable

depending on farmers strategies and preferences. Each

farmer manages his own farm to keep productivity and

profitability of the implemented systems, and there-

fore is a source of information for family agriculture.

For farm A1, labour requirements were less for SC

than for AF. The farmer preferred to focus on the

coffee, because of the higher returns on investment

and to invest less time in the production of other

products. In D1, although it is diversified and produces

several other products (e.g., wood, banana, citrus,

beans), the total production costs are higher compared

to the others. However, on the third farm (A2) the

management approach adopted shows that long term

planning is needed in order to deal with more complex

agroecosystems. The farmer has been able to get his

area certified according to an organic standard that

allows him to get a higher price for his coffee

production (60% higher). The diversification of prod-

ucts (avocados, bananas, cassava, wood, sugarcane)

together with the strategy of farm-gate sales guaran-

tees the farm stability during the period of reestab-

lishment of the coffee production (after rejuvenation).

For example, on farm A2, P. americana (Lauracea)

produced on average 120 kg year-1 of avocado fruits

per tree, thereby generating extra income for the

family.

Considering production, all cases show a higher

return to labour than the wage rate of US$ 11.00 per

person day. The gross margin per person day for coffee

production obtained from SC in A1 and A2 (US$ 33

and US$ 29 person day-1, respectively) were higher

than in AF (US$ 26 and US$ 16 person day-1,

respectively). Some reasons for this could be that more

labour was required for investments in coffee produc-

tion than in other products, that the products selected

were less accepted in the regional market (e.g., guava,

pumpkin) or that they had higher processing costs,

reducing the revenues. The contrary was observed in

D1 where the gross margin in AF (US$ 31 person

day-1) was higher compared to SC (US$ 29 person

day-1). A possible explanation for the higher produc-

tion could be the fact that AF-D1 has received more

organic fertilizers (cow manure, castor bean cake,

residues of leguminous species, biofertilizer and cattle

urine), as mentioned by the farmer. Higher soil fertility

was found at this farm that may contribute to a better

production in both coffee systems. In addition, AF-D1

had a lower density of intercropped trees and higher

diversity of tree families. Furthermore this is the

smallest farm, so more time could be spent on the other

crops.

For risk reduction reasons it is advisable to have

both coffee systems side by side, at least during the

transitional/learning phase.

Ecosystem services and economic incentives

In current economic models, many ecosystem services

are considered economic externalities by farmers,

economists and society, and tend to be under-valued

(Pagiola et al. 2007; Alavalapati et al. 2004). Farmers

receive payments for the food, fiber and other goods

they produce (categorized as provisioning services),

but the real value of other ecosystem services (e.g.,

supporting, cultural, regulating services) is generally

ignored or underestimated (Costanza 2000). For

instance, a survey conducted in the surroundings of

the Brigadeiro State Park showed that 1.44 m3/month

of firewood is consumed per family (Casali et al.

1997). Extrapolating this value to over 600 families

involved in agroecological transition in ZM, this could

save 10,368 m3 year-1, or 5,456 trees a year from

being cut elsewhere, outside these farms (12 years old

tree: 6.0 9 0.30 m, calculated according to Brown

et al. (1989)). In a study performed on agroforestry

systems in Peru and Guatemala the consumption and

sale of all non-coffee products accounted for 20–30%

of the total value obtained from the agroforestry

system and tree species that provided good fuel wood

and construction materials were preferred by the

farmers (Rice 2008). Among other ecosystem benefits

is the reduction of soil and nutrient losses due to

erosion (Franco et al. 2002), which contribute to a

better water quality and quantity and Carbon seques-

tration to mitigate global climate change (Montagnini

and Nair 2004).
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With the advent of economic instruments such as

Payment for Ecosystem Services (PES), these benefits

could be internalized, ensuring that those services are

taken into account monetarily (Pascual and Perrings

2007; Zbinden and Lee 2005). Most PES schemes

focus on carbon sequestration, biodiversity and/or soil

and water conservation (Pagiola et al. 2007). Some

examples in Latin American countries are The

Western Altiplano Natural Resources Management

Project (Guatemala), a GEF-financed project (Vene-

zuela), Hydrological Environmental Services program

and BioCarbon Fund (Mexico), The Ecomarkets

Project and biodiversity conservation (Costa Rica)

and others under preparation (Dominican Republic,

Ecuador, and El Salvador) (Pagiola et al. 2004).

According to PES schemes currently available in

Brazil, groups of farmers could receive additional

income when adopting soil and water conservation

practices on their farms, up to a maximum of US$

55.6 ha year-1 (Chaves et al. 2004). These payments

can be received for a maximum period of 3 years,

which coincides with the period of additional expenses

on (annuity of) establishment costs in AF when

compared to SC. In addition, the time between AF

adoption and reaping the benefits from the diversifi-

cation can take several years. Ricci and Oliveira

(2007) argue that in the first 3 years after adoption of

AF farm income is substantially lower due to high

costs, intensive labour, and the fact that trees do not

yet provide any commercial benefits. The farmers that

have adopted AF in ZM have done so without the

payments, but only on a limited area.

Financial support during the first years following

adoption may therefore be instrumental to upscaling

AF especially for the poorer households, as was also

pointed out by Pagiola et al. (2007). PES schemes

could provide such support if designed properly. In

Costa Rica, for example, the largest part of the total

PES is provided in the first and second year of

adoption (Zbinden and Lee 2005). Monitoring is

also required to ensure that land use changes

generate the desired services as argued by Pagiola

et al. (2007). Next to the provisioning services,

that farmers in ZM have provided, efforts must

therefore also be made to monitor and document the

effects of AF on other types of ecosystem services

such as biodiversity conservation, carbon sequestra-

tion in soils and tree biomass, and soil and water

protection.

Conclusions

This paper described the strategies and economics of

coffee farming systems based on studies among three

groups of farmers, who are at different stages of the

agro-ecological transition process. These groups of

farmers reflected the diversity in terms of family size,

farm area, land tenure and cropping systems, charac-

teristic for family agriculture in the Zona da Mata.

Based on our findings we conclude that:

1. There was a considerable diversity among the

different farmers in their farming strategies and

management of agroforestry and full-sun coffee

production systems. This strongly affected the

productivity and profitability of the systems and is

thus an important source of information for

further optimization of family agriculture.

2. Early adopters of AF had diversified towards

production of different marketable products. The

use of native trees in AF for this purpose, and for

restoration of soil fertility (e.g., leguminous

trees), had increased since the start of the exper-

iments, while exotic tree species were eliminated.

3. The total production value for agroforestry sys-

tems was on average 43% higher than for full-sun

coffee systems over a period of 12 years, despite

somewhat higher establishment costs. The diver-

sification of production renders additional income

and offers a strategy for risk mitigation.

4. The agroforestry systems provide various ecosys-

tem services in addition to agricultural goods.

Future research should focus on the quantification

and valuation of ecosystem services, as PES

programs could help farmers to overcome estab-

lishment and learning costs when adopting AF.

Acknowledgments We are grateful to the farmers for providing

inspiring moments and sharing unconditionally their enthusiasm

with agroecology; to the CTA-ZM (Centre of Alternative Tech-

nologies of Zona da Mata) for providing valuable data and

information; to CAPES (Coordenação de Aperfeiçoamento de

Pessoal de Nı́vel Superior) for providing a scholarship to the first

author; to Daniel Orellana for the map. We thank Lijbert Brussaard

for useful comments on an earlier version of the manuscript. This

work was part of the agroBIODIVERSITY network of DIV-

ERSITAS, the International Organization for Biodiversity Science.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

240 Agroforest Syst (2012) 84:227–242

123



References

Alavalapati JRR, Shrestha RK, Stainback GA, Matta JR (2004)

Agroforestry development: an environmental economic

perspective. Agrofor Syst 61–62(1):299–310

Bennett EM, Balvanera P (2007) The future of production sys-

tems in a globalized world. Front Ecol Environ 5(4):

191–198

Bliska FMdM, Vegro CLR, Júnior PCA, Mourão EAB, Cardoso

CHS (2009) Custos de Produção de Café nas Principais
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sistemas agroflorestais na Mata Atlântica. Dissertação

(Mestrado em Solos e Nutrição de Plantas), Federal

University of Viçosa, Viçosa
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