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Abstract – The objective of this work was to present an approach to evaluate soil functions in agroecosystems and 
their impact on environmental services (ES). An approach with case studies was proposed to assess the relationship 
between the establishment and management of agroecosystems, in three Brazilian biomes (Atlantic Forest, 
Cerrado, and Caatinga), and their environmental services provision, considering the specificities of each area. A 
set of soil parameters that can be used as indicators to monitor changes in the agroecosystem was also proposed. 
The environmental services types most affected by the establishment and management of the agroecosystems 
were the supporting and provisioning services, showing the potential of agricultural management in providing 
multiple services, besides food, fiber, and energy. “No fire use” and “agricultural consortium” were the criteria for 
the establishment and management of agroecosystems with greater potential to increase environmental services 
provision, whereas biomass stock in soil and litter was the most appropriate soil parameter to be used as an 
indicator to monitor the impact of agroecosystems in environmental services provision.

Index terms: environmental services indicators, multifunctional agriculture, public policies, soil management, 
sustainable agriculture.

Uma abordagem para avaliar o potencial de agroecossistemas  
em prover serviços ambientais

Resumo – O objetivo deste trabalho foi apresentar uma abordagem para avaliar as funções do solo em 
agroecossistemas e seus impactos sobre os serviços ambientais (SA). Uma abordagem com estudo de casos foi 
proposta para analisar a relação entre o estabelecimento e o manejo de agroecossistemas, em três biomas brasileiros 
(Floresta Atlântica, Cerrado e Caatinga), e a sua correlação com a prestação de serviços ambientais, tendo-se 
levado em consideração as especificidades de cada área. Também foi proposto um conjunto de parâmetros do 
solo que possam ser utilizados como indicadores para monitorar as alterações no agroecossistema. Observou-se 
que os tipos de serviços ambientais mais afetados pela implantação e pela gestão dos agroecossistemas são os de 
suporte e provisão, o que mostra o potencial que o manejo agrícola tem de fornecer múltiplos serviços, além de 
alimentos, fibras e energia. “Sem uso de fogo” e “consórcios agrícolas” foram os critérios usados na implantação 
e a gestão de agroecossistemas com maior potencial em aumentar a prestação de serviços ambientais, enquanto 
o estoque de biomassa no solo e na serapilheira foi o parâmetro do solo mais adequado para uso como indicador 
no monitoramento do impacto do agroecossistema na prestação de serviços ambientais.

Termos para indexação: indicadores de serviços ambientais, agricultura multifuncional, políticas públicas, 
manejo do solo, agricultura sustentável.

Introduction

The agroecosystem concept can be used to analyze 
food systems as wholes, including their complex sets 
and outputs, as well as the interconections between 
their ocmponents, resulting in benefits for the whole 
system (Gliessman, 2006).

Agroecosystems may benefit soils, by improving 
soil functions (Andrews & Carrol, 2001; Fultz et al., 
2013; Salomé et al., 2016) and by improving an 
environment for plant growth (Altieri, 1999; Baidu-
forson et al., 2012), water supply regulation (Willaarts 
et al., 2012; Barral et al., 2015), nutrient cycling 
(Wang et al., 2014; Singh, et al., 2016), atmospheric 
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modification, construction foundation, and a habitat 
for many organisms (Doran & Parkin, 1994; Jalloh 
et al., 2012; Lescourret et al., 2015), besides providing 
environmental services (ES) (Dale & Polasky, 2007; 
Dominati et al., 2010). All these examples highlight 
the benefits of agroecosystems to society, in addition 
to food production.

A term that has been widely used to indicate the many 
functions and benefits provided by agroecosystems is 
“multifunctional agriculture” (MFA). It recognizes the 
inescapable interconnectedness between agriculture’s 
different roles and functions, that is, that agriculture is a 
multi-output activity, producing not only commodities, 
but also non-commodity outputs, such as environmental 
services, landscape amenities, and cultural heritages 
(Unep, 2016). The MFA concept entered definitely 
in the sustainable development debate after being 
addressed in the Agenda 21 documents of the 1992 
Earth Summit in Rio de Janeiro, Brazil (Rossing et al., 
2007). Since then, it has obtained an increasingly 
important role in scientific and policy debates on the 
future of agricultural and rural development (Renting 
et al., 2009).

The multifunctional capacity of agroecosystems is 
directly linked to the provision of ES, defined as the 
benefits people obtain from ecosystems. The Food and 
Agriculture Organization of the United Nations (FAO, 
2011) stresses that healthy ecosystems provide a variety 
of vital goods and services that contribute directly or 
indirectly to human well-being, in economic, social 
and environmental spheres. These services include: 
provisioning services, such as food, wood, fiber, and 
fuel production, as well as fresh water; regulating 
services, like flood, disease, and water quality control, 
besides carbon storage, waste treatment (nutrients and 
pesticides), and climate regulation through greenhouse 
gas emissions; cultural services, comprising spiritual, 
recreational, and cultural benefits, associated to 
scenic beauty, education, recreation and tourism; 
and supporting services, such as nutrient cycling and 
primary production, which maintain the conditions 
for life on Earth (Millennium Ecosystem Assessment, 
2005; Power, 2010). 

Although agroecosystems may have low ES 
values per unit area, when compared with other 
ecosystems, they offer the best chance of increasing 
global ES – given the proportion of land devoted to 
agriculture worldwide – by defining appropriate goals 

for agricultural and land use management regimes 
that favor the provision of these services (Porter et al., 
2009). In other words, it is possible and essential 
to improve ES provision from agriculture through 
agricultural management practices.

However, to reliably define the connections between 
agricultural practices and ES provision is still a 
challenge, since many factors, specific to each case, are 
involved. For this reason, it is necessary to define key 
factors to be considered in such approach. Dominati 
et al. (2010) presented a conceptual framework for 
classifying, quantifying, and modeling soil natural 
capital and ecosystem services. Lescourret et al. (2015) 
proposed a social-ecological conceptual framework 
to address the issue of multiservice management in 
agroecosystems. This approach tried to cover a gap 
observed by Binder et al. (2013), who found that social 
and ecological components were rarely treated with 
equal depth and that there was not always reciprocity 
between both systems. Moreover, once the link 
between agricultural practices and ES provision is 
well established, it is possible to use this information 
to support decision making, even those related to the 
payment of ecosystem services. 

Since the 1990s, ES has been used in Brazil to draw 
the attention of public opinion and decision makers 
to the values of ecosystems, particularly in relation to 
water supply in the Atlantic Forest, to the impacts of 
deforestation and forest degradation in the Amazon, 
and to the expansion and financing of protected areas 
in different biomes (Ring, 2008; Börner et al., 2010; 
Eloy et al., 2013).

A fundamental point concerning agroecosystems 
and their potential to provide ES is defining indicators 
to evaluate the impact of soil management on ES 
provision. Many efforts have been made in the search 
for indicators to assess soil quality (Niemeijer & 
Groot, 2008; Lal, 2010; Schipanski et al., 2014). 
Dale & Polasky (2007) stated that the challenge for 
selecting ecological indicators to link agroecosystems 
and ES provision is to identify the main features that 
represent the compositional, structural, and functional 
components of the system, which are important in the 
provision of ES. 

The The objective of this work was to present an 
approach to evaluate soil functions in agroecosystems 
and their impact on environmental services (ES).
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Materials and Methods

Three regions were considered for the case studies: 
the amended waters region, located at Distrito Federal, 
the country’s federal district, and characterized by the 
Cerrado (Brazilian savanna) biome; the Inhamuns/
Crateús region, in the state of Ceará, covered by the 
Caatinga biome; and the Pito Aceso watershed, at the 
mountainous region of the state of Rio de Janeiro, 
characterized by the Atlantic forest biome (Figure 1). 
All regions are typical agricultural areas, representative 
of family farming in each biome.

The amended waters region and the Inhamuns/
Crateús region are part of the “Programa Territórios 
da Cidadania”, the citizenship territories program for 
Brazil, which was created by the federal government 
in 2008 and defines 135 regional development actions 
and social rights that should be guaranteed in areas with 

the lowest human development index (HDI) within the 
country (Brasil, 2016b).

The “Território da Cidadania das Águas Emendadas” 
(TCAE), i.e., the amended waters citizenship territory, 
is formed by Distrito Federal, more specifically the city 
of Brasília, and by ten municipalities in two adjacent 
states, Goiás and Minas Gerais, as shown in Figure 1. 
TCAE has an average HDI of 0.83, covers an area 
of 37,721.70 km2, and its total population is around 
2,898,988 inhabitants, of which 146,190, i.e., 5.04% 
of the total, live in rural areas (Brasil, 2016b). TCAE 
is located in the Cerrado biome, the second largest 
in South America, occupying an area of 2,036,448 
km2, representing about 22% of the national territory. 
Considered one of the world’s biodiversity hotspots, 
the Cerrado presents extreme abundance of endemic 
species. Besides its relevance in biodiversity, it stands 
out in social and economic aspects. Many people 

Figure 1. Location of the case study areas in Brazil, that is, of the Caatinga, Cerrado (Brazilian savanna), and Atlantic Forest 
biomes. DF, Distrito Federal; CE, state of Ceará; and RJ, state of Rio de Janeiro.
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survive from the Cerrado’s natural resources, including 
indigenous people, riverine groups, and “quilombo” 
communities. The Cerrado is also the largest Brazilian 
grain-producing region, showing the importance of 
this biome for Brazilian agribusiness (Brasil, 2016a). 
The average annual temperature in the Cerrado is 
24ºC. In spring and summer, the temperature can 
reach 40°C, and, in winter (June, July, and August), 
it is around 12ºC and may reach 0°C. In these colder 
days, the presence of frost can occur, especially in 
the southern area of the Cerrado. The average annual 
rainfall is around 1,300–1,700 mm. Much of the rain 
is concentrated from October to March, that is, in 
the spring and summer seasons. Between May and 
September, is the dry season, a period when the rains 
are rare and natural fires may occur (Brasil, 2016a).

The “Território da Cidadania Inhamuns/Crateús” 
(TCIC), that is, the Inhamuns/Crateús territory in 
the state of Ceará, is located in the semiarid region, 
covering an area of 30,795.60 km2 and consisting of 
20 municipalities. The total population of this territory 
is around 524,000 inhabitants, of which approximately 
235,000 live in rural areas, corresponding to 
44.94% of the total. It has 45,145 farmers, 3,649 
resettled families, 12 “quilombo” communities, and 
1 indigenous land (Brasil, 2016b). TCIC is part of 
the Caatinga biome, which occupies an area of about 
844,453 km2, equivalent to 11% of the Brazilian 
territory. The Caatinga has great potential for ES 
provision – its biodiversity sustains many economic 
activities for agricultural and industrial purposes, 
particularly in the pharmaceutical, cosmetic, chemical, 
and food branches (Brasil, 2016a). Since the climate 
of this region is semiarid, the temperature during the 
year varies little – the annual average is between 25°C 
and 28°C. Moreover, rain occurs in small quantities, 
and the annual rainfall is around 700 mm, concentrated 
between January and May (Brasil, 2016a).

The Pito Aceso watershed (PAW), located at the 
mountainous region of the state of Rio de Janeiro, is 
not included in the Brazilian citizenship territories 
program, but is an important area in the state. It has 16 
municipalities, with 873,837 inhabitants, representing 
5.3% of the total state population. Between 1995 and 
2008, the employment in agriculture in this region 
increased more than 30%, showing its importance 
regarding social and economic aspects (Seminário..., 
2007). This region is covered by the Atlantic Forest 

biome, a set of forest formations and associated 
ecosystems, such as salt marshes, mangroves, and 
high fields, which originally stretched for about 
1,300,000 km2 in 17 states of Brazil. Today, the 
remnants of native vegetation are reduced to about 
22% of the original cover and are in different stages 
of regeneration. Although the Atlantic Forest is small 
and fragmented, it is estimated that it comprises about 
20,000 plant species, which represent about 35% 
of the existing species in Brazil, including several 
endemic and endangered ones. Besides being one of 
the richest regions of the world in biodiversity, it is the 
most populated biome in the country – approximately 
120 million people live there – and also the richest – it 
makes up about 70% of Brazil’s gross domestic product 
(GDP) (Brasil, 2016a). Because the Atlantic Forest is 
in the transition zone from the tropical to subtropical 
climate, it is characterized by a hot and humid season 
from November to March (summer) and by a cold and 
dry one from May to August (winter). The proximity 
to the ocean and to the mountains contributes to a 
predominantly hot and humid local climate, with high 
temperature and humidity. Temperatures and rainfall 
vary with altitude, decreasing 0.6°C and increasing 
about 200 mm per 100 m of altitude, respectively. 
The average annual temperature on the coast is 22°C, 
decreasing about 11°C at 2,000 m. The annual rainfall 
average at sea level is 1,600 mm.

Considering the specificities of each biome, criteria 
were established to improve the ES provided by each 
agroecosystem (Table 1). For each criteria and ES 
type, graduations were proposed according to biome 

Table 1. Criteria for the establishment and management 
of agroecosystems in the Atlantic Forest, Caatinga, and 
Cerrado biomes.

Criteria Cerrado Caatinga Atlantic 
Forest

No fire use Yes Yes Yes
Rational use of agrochemicals(1) No No Yes
No use of agrochemicals(1) Yes Yes No
Permanent litter on soil surface No No Yes
Agricultural consortium Yes Yes Yes
Crop rotation Yes Yes Yes
Native trees No Yes No
Use of irrigation Yes No Yes
Inclusion of animal component No Yes No
Strategy of water use in the rural property Yes Yes Yes

(1)Chemical fertilizers and pesticides.
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characteristics and requirements, as well as a set of soil 
parameters that can be used as indicators to monitor ES 
improvement. This information was organized based 
on the knowledge of biome characteristics associated 
with social, economic, environmental, and agricultural 
aspects.

In each area – TCAE, TCIC, and PAW –, the 
criteria for the establishment and management of 
agroecosystems were validated with representatives of 
agricultural entities, producers, and the research team. 
Afterwards, the groups systematized the information 
and defined the priorities for each biome concerning 
agroecosystems, ES provision, and indicators to 
monitor the proposed changes. Information about public 
policies was also considered, since these are crucial 
to enable changes in the agriculture and environment 
sectors. The improvement of ES provision from 
agriculture represents a real chance for Brazil to meet 
the international agreements about climate change.

Results and Discussion

The criteria for the establishment and management 
of the agroecosystems in each study area are presented 
in Table 2. It was observed that the ES that were most 
affected were the supporting and provisioning types, 
which showed multifunctionality in agriculture: 
supporting services, for example, are related to nutrient 
cycling and primary production, whereas provisioning 
services include food, wood, fiber, and fuel production, 
as well as fresh water. Yahdjian et al. (2015) point 
out that supporting services, particularly biodiversity 
and nutrient cycling, are essential to other ecosystem 
services, since they affect the supply of provisioning, 
regulating, and cultural services. Furthermore, Lal 
(2010) highlights that the increase in supporting 
services improves soil quality and crop yield, and 
also reduces soil erodibility and carbon dioxide (CO2) 
emissions into the atmosphere. Schipanski et al. (2014) 
found that agricultural management may provide 
supporting services through biological nitrogen fixation 
by legumes and through nitrogen mineralization from 
cover crop residues. These factors reflect the potential 
to support crop production through internal nutrient 
cycling, reducing the use of synthetic fertilizers and 
their associated fossil fuel emissions. In addition, 
excessive nitrogen inputs can increase nitrate (NO3) 
pollution in streams and groundwater, and nitrous 
oxide (N2O) emissions into the atmosphere, affecting 

air and water quality regulation. This shows that the 
ES type regulation is affected by the agroecosystem’s 
capacity to offer supporting and provisioning services.

Agricultural management, therefore, directly 
affects soil functions. Among these, some of the 
most affected by the establishment and management 
of the agroecosystems in the study areas were: water 
infiltration, nutrient cycling, carbon sequestration 
and accumulation, sediment retention, and habitat 
(Table 2). The proposed managements provide various 
nutrients to the soil, mitigate the buildup of pathogens 
and pests that often occur in conventional systems, and 
improve soil structure and fertility, also affecting soil 
functioning.

“No fire use” and “agricultural consortium” were 
the criteria for the establishment and management 
of agroecosystems that showed higher potential for 
increasing ES provision.

Fire is one of the most important causes of impacts 
in the ecosystems (Zavala et al., 2014). Fire impacts 
on the soil are basically of two types: direct, as a 
result of the combustion of organic matter and of the 
temperatures reached in the soil; and indirect, as a result 
of changes in the other components of the ecosystem, 
such as reduction in vegetation cover, charred litter, or 
the deposition of partially burned plant residues and 
ash (Neary et al., 1999; Pausas & Verdú, 2005, 2008; 
Zavala et al., 2014). Specifically in the Caatinga biome, 
the vulnerability to fires is worrying, since, in this case, 
agriculture is performed in a dry environment.

Agricultural consortium is an agricultural 
management present in silvopasture and agroforestry 
systems, which are recognized for presenting lower 
losses of nutrients and organic carbon. These systems 
are very well adapted to different regions of Brazil due 
to their characteristics concerning erosion control and 
nutrient cycling rates. Therefore, according to Aguiar 
et al. (2010), both systems are interesting alternatives 
to reduce the effect of pluvial soil erosion; however, 
these systems have annual rates of net contributions of 
dry matter that vary from 4.5 to 4.0 Mg ha-1 per year, 
respectively. Silvopasture systems, in special, have 
shown high efficiency in reducing soil pluvial erosion, 
recovering soil quality (Maia et al., 2006; Nogueira 
et al., 2008) and increasing carbon stocks (Maia et al., 
2007). In terms of global impact, this system has 
also shown substantial potential to promote carbon 
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Table 2. Relationship among the criteria for the establishment and management of the agroecosystems, in the study areas, and 
the environmental services (ES) types, soil functions, potential soil indicator, ES benefits, and policy relevance(1). 

Criteria ES type(2) Associated soil 
functions

Soil parameters or potential soil indicator ES benefits

Prov. Sup. Reg.

No fire use +++ +++ +++ Water infiltration / 
Habitat

Soil porosity; bulk density; hydraulic conductivity; retention curve; 
biomass carbon stock in soil and litter; microbial enzymatic activity 

(carbon cycle); microbial enzymatic activity (phosphorus cycle); microbial 
enzymatic activity (sulfur cycle); and soil macrofauna

Co2 mitigation; 
stability in crop 
production; air 

purification; 
biodiversity 

protection; human 
health

Rational use 
of agroche-
micals(3) 

+++ +++ ++ Nutrient cycling / 
Habitat

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + 

Na; biomass carbon stock in soil and litter; microbial enzymatic activity 
(carbon cycle); microbial enzymatic activity (phosphorus cycle); microbial 

enzymatic activity (sulfur cycle); and soil macrofauna

Environment and 
human health

No use of 
agroche-
micals(3)

+++ +++ ++ Habitat
Biomass carbon stock in soil and litter; microbial enzymatic activity 

(carbon cycle); microbial enzymatic activity (phosphorus cycle); microbial 
enzymatic activity (sulfur cycle); and soil macrofauna

Environment and 
human and health

Permanent 
litter on soil 
surface

+++ +++ +++

Water infiltration / 
Nutrient cycling / 

Sediment retention 
/ Habitat

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + Na; 

soil porosity; bulk density; hydraulic conductivity; retention curve; and soil 
macrofauna 

Water supply and 
food production

Crop rotation +++ +++ ++

Water infiltration 
/ Nutrient 

cycling / Carbon 
sequestration and 

accumulation / 
Sediment retention 

/ Habitat

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + Na; 

soil porosity; bulk density; hydraulic conductivity; retention curve; biomass 
carbon stock in soil and litter; microbial enzymatic activity (carbon cycle); 

microbial enzymatic activity (phosphorus cycle); microbial enzymatic 
activity (sulfur cycle); and soil macrofauna

Higher food 
diversity; food 

security; mitigation 
of greenhouse 

gases; biodiversity 
protection

Agricultural 
consortium + ++ ++

Nutrient 
cycling/ Carbon 

sequestration and 
accumulation/ 

Sediment 
retention/ Habitat

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + 

Na; biomass carbon stock in soil and litter; microbial enzymatic activity 
(carbon cycle); microbial enzymatic activity (phosphorus cycle); microbial 

enzymatic activity (sulfur cycle); and soil macrofauna

Higher food 
diversity; food 

security; mitigation 
of greenhouse 

gases; biodiversity 
protection; 

avoidance of land 
use change

Native trees +++ +++ +++
Nutrient cycling 
/ Habitat / Water 

infiltration 

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + 

Na; biomass carbon stock in soil and litter; microbial enzymatic activity 
(carbon cycle); microbial enzymatic activity (phosphorus cycle); microbial 

enzymatic activity (sulfur cycle); soil macrofauna; soil porosity; bulk 
density; hydraulic conductivity; and retention curve

Co2 mitigation; 
air purification; 
mitigation of 

greenhouse gases; 
biodiversity 
protection

Inclusion 
of animal 
component

+++ +++ ++ Nutrient cycling

Phosphorus (P2O5) content; potassium (K2O) content; calcium (CaO) 
content; magnesium (MgO) content; sum of bases = Ca + Mg + K + Na; 

soil porosity; bulk density; hydraulic conductivity; retention curve; biomass 
carbon stock in soil and litter; microbial enzymatic activity (carbon cycle); 

microbial enzymatic activity (phosphorus cycle); microbial enzymatic 
activity (sulfur cycle); and soil macrofauna

Food security

Strategy of 
water use 
in the rural 
property

++ +++ +++ Water regulation / 
Sediment retention Soil porosity; bulk density; hydraulic conductivity; and retention curve Water supply

(1)Policy relevance: Plano setorial de mitigação e de adaptação às mudanças climáticas (Plano ABC), the sector plan for mitigation and adaptation to climate 
change for low carbon in agriculture (Brasil, 2010); Programa produtor de água, the water producer program (ANA, 2016); Programa de aquisição de ali-
mentos, the food acquisition program (Brasil, 2011); Programa nacional de alimentação escolar, the national school feeding program (FNDE, 2016). (2)The 
qualitative estimates of the effects of each agricultural practice on ES types are represented by low (+) to high impacts (+++); Prov., provisioning; Sup., 
supporting; Reg., regulating. (3)Chemical fertilizers and pesticides.  
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sequestration (Assis et al., 2011), rising as an important 
land use practice to mitigate climate change impacts.

The set of indicators suggested to monitor changes 
in each agroecosystem, in order to show the effect 
of the proposed managements on soil functions, are 
presented in Table 2. The proposition of simple and 
easy indicators was prioritized, and all indicators are 
soil parameters validated by soil science that can be 
easily found in the literature. Biomass stock in soil 
and litter was the soil parameter considered the most 
appropriate to be used as an indicator in monitoring 
the impact of agroecosystems in ES provision. The 
reason for this is that soil organic carbon, a link to 
the carbon cycle, is mainly derived from biomass. 
This component can contain between 50 and 80% of 
natural forest carbon and more than 95% of the carbon 
in a grassland area (Ogle et al., 2005). Moreover, the 
carbon stock in the soil reflects the balance between the 
inputs of crop residues and other organic compounds 
and the outputs of decay, erosion, and leaching 
(Cowie et al., 2006). Therefore, the carbon turnover 
rate and mineralization of organic matter (OM) lead to 
a higher carbon stock in temperate forests due to the 
lower activity of soil microbiota than in the tropics, 
where OM turnover is very fast (Bolin et al., 2000). 
The maintenance and improvement of soil quality 
are critical to its good productivity and fertility, 
which are related to the soil properties microbiology 
and chemistry (Banerjee et al., 2000). This shows 
the importance of the changes undergone by these 
properties during the year or due to land use systems 
in understanding soil quality indicators. This way, 
grazing, stocking rate, tillage, and other soil practices 
may affect the soil microbial activity and its role in the 
transformation of nutrients.

Four public policies in Brazil were associated 
with ES provisioning in the multiple agricultural 
system (MAS): “Plano setorial de mitigação e de 
adaptação às mudanças climáticas” (Plano ABC), the 
sector plan for mitigation and adaptation to climate 
change for low carbon in agriculture; “Programa de 
aquisição de alimentos” (PAA), the food acquisition 
program; “Programa produtor de água” (PPA), the 
water producer program; and “Programa nacional de 
alimentação escolar” (PNAE), the national school 
feeding program. All these programs give farmers the 
opportunity to enhance their productivity, stimulating 
the shift from conventional production systems to the 

MAS. However, it is worth highlighting that the MAS 
needs to reflect the community’s reality and to be built 
in a participatory way, as recommend by Mattos et al. 
(2010).

Conclusions

1. Agroecosystems represent a way to practice 
multifunctional agriculture, as well as a source of 
environmental services (ES) provision.

2. An approach to assess soil functions in 
agroecosystems and their impacts on ES provision 
should consider as criteria the establishment 
and management of agroecosystems, taking into 
consideration the specificities of each area and a set of 
indicators to monitor changes.

3. The ES types most affected by the establishment 
and management of agroecosystems are the supporting 
and provisioning services, showing the potential 
of agricultural management in providing multiple 
services, besides food, fiber, and energy.

4. Water infiltration, nutrient cycling, carbon 
sequestration and accumulation, sediment retention, 
and habitat are the soil functions most affect by the 
establishment and management of the agroecosystems 
in the study areas.

5. “No fire use” and “agricultural consortium” are 
the criteria for the establishment and management 
of agroecosystems that show higher potential for 
increasing ES provision, whereas biomass stock in 
soil and litter is the most appropriate soil parameter 
to be used as an indicator to monitor the impact of 
agroecosystems in ES provision.

6. Four public policies in Brazil present opportunities 
for farmers to enhance their productivity, stimulating 
the shift from conventional production systems to 
agroecosystems.
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