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Abstract 
Integrated crop-livestock-forest systems promote 
soil health and deliver more ecosystem services (ES) 
compared to conventional livestock systems, although 
most studies on the subject poorly describe the soil 
component of these systems. This preliminary study 
assessed the condition of the soil resource and its 
role in the provision of ecosystem services from a 
Brazilian Oxidic soil under conventional and integrated 
livestock-based systems. Five systems were studied 
from pasture only to partial and fully integrated crop-
livestock-forest systems. All are located on one of 
the Brazilian Agricultural Research Corporation 
(Embrapa) Research Farms. Data for the quantification 
of the soil resource and ES for each of these livestock-
based systems were retrieved from previous studies 
and used to quantify soil health, the provision of food 
and fibre and climate regulation, as well as report their 
impacts on receiving environment. Soil organic carbon 
content, a key component of soil health, was higher 
in the most integrated system. Soil-based grass yields 
were lower in integrated systems due to competition for 
resources from the trees or space taken by crops but had 
the highest overall provision of food and fibre. Carbon 
sequestration by trees in the integrated systems offsets 
enteric methane emissions from beef production, 
and this ES contributes to mitigating climate change. 
Future studies should include analysis of all the natural 
resources and a wider range of soil-based ecosystem 
services, along with impacts on receiving environments 
to provide a more complete picture of the performance 
of integrated livestock-based systems.

Keywords: crop-livestock-forest system, tropical 
grasslands, sustainability, Ferralsols.

Introduction
Grasslands cover about 40% of the world’s land area 
(Sun et al. 2022) and half of them have been degraded 
to some extent (Bardgett et al. 2021). In Brazil, the 
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world’s second-largest beef producer and leading 
beef exporter, grasslands cover 159 million ha and are 
primarily used for extensive beef production (Brazilian 
Institute of Geography and Statistics 2019). As more 
than 60% of Brazilian grasslands are degraded (Souza et 
al. 2020), grassland recovery and restoration are needed 
to increase grass yield and improve animal husbandry, 
while arresting deforestation and environmental 
impacts (Feltran-Barbieri and Féres 2021). Expanding 
the adoption of integrated crop-livestock-forest systems 
is seen as an option for addressing this issue (Salton et 
al. 2014, Alves et al. 2017b).

Integrating livestock, crop and forestry, either in 
time or space, aims to benefit the agroecosystem from 
synergistic effects among its components (Balbino et al. 
2011). These integrated systems are known to be more 
productive and profitable than monocultures (Kichel 
et al. 2014), as well as have better environmental, 
economic and social outcomes (Costa et al. 2018). They 
have also gained attention worldwide as a possible 
way to better sustain soil as a natural resource, also 
known as natural capital - the stock of natural resources 
(Costanza and Daly 1992), as well as strengthen and 
expand the provision of ecosystem services, the 
beneficial flows (amounts per unit of time) yielded from 
stocks (amounts) to fulfil human needs (Costanza et al. 
1997).

In tropical regions, studies describing and quantifying 
the role of soils in the provision of ecosystem services 
from agricultural and forestry systems are limited 
(Rodrigues et al. 2021) and only date back to the early 
2000s (Portela and Rademacher 2001). In Brazil, the 
leading country in studying integrated crop-livestock-
forest systems (Valani et al. 2020), studies of the 
influence that livestock-based systems have on the 
provision of ecosystem services have increased in 
recent years (Prado et al. 2016), but analysis is still 
limited to livestock and pasture measures and not 
the underlying soil and its health, as it influences the 
provision of ecosystem services.

Research article

mailto:valani@usp.br
mailto:gustavo.pereiravalani@agresearch.co.nz


74

Figure 1  Location of the five livestock-based systems (21°58’23” S 47°51’05” W). CONT: continuous grazing, ROT: rotational 
grazing, ICL: integrated crop-livestock system, ILF: integrated livestock-forest system, ICLF: integrated crop-livestock-
forest system. Adapted from Valani et al. (2022).
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A recent comprehensive review of soil ecosystem 
services in tropical regions (Rodrigues et al. 2021) urged 
scientists, farmers and governments to acknowledge 
soils as a finite resource and to make greater use of an 
ecosystem services assessment approach to monitor 
and report on the condition of the soil resource. The 
natural capital-ecosystem services framework of 
Dominati et al. (2010), which Dominati et al. (2014a) 
used to quantify and value the ecosystem services from 
agro-ecosystems, can be used to ensure the contribution 
that soils make to the provision of services is captured 
in future analysis of integrated crop-livestock-forest 
systems in Brazil.

This paper aims to describe and quantify the 
differences in the condition of the soil as a natural 
resource from a Brazilian Oxidic soil and impacts 
of this on the provision of three ecosystem services 
(provision of food, provision of fibre and climate 
regulation) and emissions to receiving environments 
under five livestock-based systems, ranging from non-
integrated through to partial and fully integrated crop-
livestock-forest system.

Materials and Methods
Study site and livestock-based systems
The five livestock-based systems studied, which varied 
from pasture only to partial and fully integrated crop-
livestock-forest systems are part of a research unit 
at the Brazilian Agricultural Research Corporation 
(Embrapa) in São Carlos, São Paulo State, Brazil. The 
area was part of a coffee farm that went out of business 
during the Great Depression of 1929 and was bought 

by the Brazilian government in 1935. The climate is 
humid subtropical with dry winter and hot summer 
(Alvares et al. 2013), with annual rainfall of 1,420 
mm and average mean temperature of 21oC. The soil 
is classified as a sandy clay loam “Latossolo Vermelho-
Amarelo Distrófico” (Santos et al. 2018), corresponding 
to an Oxidic soil in the New Zealand Soil classification 
system (Hewitt 2010) and a Ferralsol in the World 
Reference Base for Soil Resources – WRB/FAO (IUSS 
Working Group WRB 2015). The soil’s parent materials 
are derived from diabase and sandstone (Calderano 
Filho et al. 1998). The soil is in an advanced weathering 
stage, with an overall good natural draining capacity, 
but poor natural fertility. 

Five livestock-based systems were studied: 
continuous grazing (CONT), rotational grazing (ROT), 
integrated crop-livestock (ICL), integrated livestock-
forest (ILF) and integrated crop-livestock-forest 
(ICLF). The systems cover a total area of 30ha on a 
flat topography, entirely managed by rainfed agriculture 
(Figure 1). The systems are used for growing Canchim 
(5/8 Charolais and 3/8 Nelore) and Nelore steers from 
weaning (240 kg live weight) to finishing at 442 kg of 
live weight (Meo-Filho et al. 2022).

The continuous grazing system (CONT) was 
established in 1998, based on a monoculture of signal 
grass (Urochloa decumbens ‘Basilisk’). This system 
receives no inputs but is not degrading due to its 
controlled low cattle stocking rate, which ranges from 
2.8 revised stock units (RSU) per hectare in the dry 
season to 8.3 RSU ha-1 in the rainy season, or 0.5 to 1.5 
animal units (UA, 1,000 lb of live weight) per 
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Figure 2 Integrated livestock-forest system in March 2019, with trees’ spacing of 15 m x 4 m (167 stems ha-1).

hectare. One RSU is defined as an animal with an 
intake of 6000 MJ ME year-1 or 550 kg DM year-1. As 
an example, ewes are roughly 1 RSU each, while steers 
5.5 RSU each. The stocking rate in CONT represents a 
typical condition for Brazilian grasslands, as the national 
average rate is 5.06 RSU ha-1 (Brazilian Institute of 
Geography and Statistics 2019). The rotational grazing 
system (ROT) was established in 2007, based on a 
monoculture of palisade grass (Urochloa brizantha 
‘Piatã). The system is divided into six paddocks, and 
the grazing management was kept as six days of grazing 
and 30 days of rest throughout the year. The stocking 
rate ranged from 8.3 to 16.5 RSU ha-1, or 1.5 to 3.0 AU 
ha-1, depending on forage availability in each season.

The integrated crop-livestock system (ICL) was 
also established in 2007. The grass and stocking rates 
are managed as ROT. Additionally, maize (Zea mays 
‘DKR390PRO2’) was sown using no-tillage and cut 
for silage production in two of the six paddocks every 
year. The silage produced went to dairy cows or beef 
feedlots in the same research farm, but not part of the 
systems studied in this work. The integrated livestock-
forest system (ILF) was established in 2011, with grass 
and stocking rates also managed as in the ROT system. 
Eucalyptus (Eucalyptus urograndis cl. GG100) was 
planted with spacing of 15 m x 2 m (333 stems ha-1) 

throughout the system. Grazing started 13 months after 
eucalyptus was planted, when the trees were about 5 m 
tall and had 6 cm of diameter at breast height. The trees 
were thinned in 2016 due to overshading, resulting in 
a spacing of 15 m x 4 m (167 stems ha-1), as shown in 
Figure 2. The trees were thinned again later in 2019, 
leading to a tree spacing of 30 m x 4 m (83 stems ha-

1). Timber was sold in reverse auctions, making its 
destination unknown. However, considering timber 
diameters from these two thinning periods, the trees 
harvested in 2016 may have been used for firewood 
in local pottery industries and the trees harvested 
in 2019 may have been used for energy, fencing or 
wood products, such as furniture. The integrated crop-
livestock-forest system (ICLF) was also established in 
2011 with grass and stocking rates managements as 
ROT, maize managed as ICL and trees as ILF.

Lime and fertilisers were regularly applied in 
ROT, ICL, ILF and ICLF according to regional 
recommendations (Cantarella et al. 2022). Lime was 
applied to achieve 60% of base saturation on grasslands 
and 70% on maize. Superphosphate was applied on 
grasslands to increase available phosphorus to 12 mg 
dm-3 and potassium chloride to increase exchangeable 
potassium to 3% of the cation exchange capacity. 
Nitrogen was applied to the grasslands at rates of 157 
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kg N ha-1 during 2013/14 and 202 kg N ha-1 in 2014/15 
using urea and ammonium sulphate. Maize fertilisations 
included 500 kg ha-1 of a 08–28–16 formulation 
(N–P2O5–K2O) during sowing and 500 kg ha-1 of a 
20–05–20 formulation via top-dressing 30 days after 
germination. Trees were not fertilised.

Mineral supplements were offered ad libitum to 
all animals in all systems throughout the year, and 
proteinaceous supplement during autumn and winter, as 
described by Meo-Filho et al. (2022). A single feeding 
trough was shared between all paddocks in ROT, ICL, 
ILF and ICLF. A more detailed description of these 
livestock-based systems and management can be found 
in the work of Valani et al. (2022).

Condition of soil natural resource and soil-based 
ecosystem services
The condition of soil resource was described in terms 
of soil physical and chemical properties, as well as soil 
organic carbon content. The data was retrieved from 
the work of Valani et al. (2022) for the topsoil of the 
five livestock-based systems and includes properties 
commonly used in soil health assessments.

The ecosystem services assessed included the 
provision of food and fibre, as well as climate 
regulation (the proxy used was the degree to which 
enteric methane from the livestock could be offset 
by carbon sequestered by trees). Data for calculating 
the provision of food and fibre in these systems was 
retrieved from several studies, including grass yields 
(Pezzopane et al. 2020b), maize yields (Pezzopane et 
al. 2020a) and fibre production from trees harvested 
in 2016 and 2019 (Pezzopane et al. 2021). In order 
to quantify the contribution from soil natural capital 
stocks, the impact of added capital (nutrient inputs) was 
subtracted from the total yield. It was assumed that one 
kg of added N ha-1 produced an extra 24.5 kg of grass 
yield (Bernardi et al. 2011) and extra 15.30 kg of maize 
yield (Primavesi et al. 2003, 2008). It is important to 
mention that the livestock-based systems are rainfed, 
so there is no added built capital in terms of irrigation.

The proxy for the climate regulation service for each 
of the five systems was the degree to which enteric 
methane emissions from the livestock could be offset by 
carbon sequestered by trees. Data for enteric methane 
emissions was retrieved from the work of Meo-Filho 
et al. (2022), who assessed emissions periodically over 
two years. Data on carbon sequestration by trees was 
retrieved from Pezzopane et al. (2021) and assumed 
linear increments of carbon capture through time (from 
2011 to 2019, the studied timeframe) and comprises 
carbon from the whole plant, including roots, stem, 
branches, leaves and inflorescences. Additionally, soil 
organic carbon (SOC) stocks down to 100 cm was 
retrieved from Bernardi et al. (2018). The SOC stocks 

also provide an insight into the condition of the soil 
resource, as organic matter is a key measure of soil 
health (Bongiorno et al. 2019).

Results
Condition of the soil resource
All soils had the same soil textural class, sandy clay 
loam, with an average clay content of 28% (Table 1). 
ROT was the livestock-based system with lowest soil 
pH, P and K contents, while the systems with trees (ILF 
and ICLF) accounted for the highest soil pH, as well 
as P, K, Ca and Mg contents (Table 1). Total organic 
carbon (TOC) contents range from 1.95 to 2.38% with 
the highest content in the ICLF, the most-integrated 
system (Table 1). This was also the system with the 
highest bulk density and resistance to penetration. 
The lowest stocking rate in CONT led to the lowest 
resistance to penetration and highest macroporosity 
(Table 1). 

Provision of food and fibre
Soil-based grass yield ranged from 5.3 to 11.5 tonnes 
DM ha-1 year-1 in the following order: ROT > ICL > 
ICLF > CONT > ILF (Table 2). Changes in grassland 
management from continuous to rotational grazing 
doubled the soil-based grass yield in the grazing-only 
systems, reflecting differences in nutrient inputs and 
system’s management. Soil-based silage production in 
ICLF was 7% higher than ICL, while soil-based fibre 
production in ICLF was 6% higher than ILF (Table 2).

Climate regulation 
A proxy for exploring climate regulation across the five 
livestock-based systems was to sum up the quantities of 
soil organic carbon stocks to 100 cm with the amount 
of carbon being sequestered by trees growing on the 
two integrated systems with forestry as a measure of the 
total organic stocks in the five livestock-based systems, 
but also compare the annual carbon sequestration rate 
of the trees with annual emissions from the livestock 
from each system. In this analysis enteric methane 
was used as the proxy for greenhouse gas emissions 
from livestock as ruminants are the main sources of 
anthropogenic emissions of methane (Broucek and 
Broucek 2014). As indicated SOC stocks ranged from 
121.0 to 179.9 tonnes of C ha-1 across the five systems 
(Table 3). The trees in ILF and ICLF are currently 
storing 22.9 and 23.7 tonnes of C ha-1, respectively 
(Table 3).
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Table 3 Carbon stocks in a Brazilian Oxidic soil (0-100 cm) and in trees from different livestock-based systems 

 Soil  Trees  Total
   tonnes of C ha-1 

CONT 121.0  121.0
ROT 173.1  173.1
ICL 136.4  136.4
ILF 179.9 22.9 202.8
ICLF 160.2 23.7 183.9

Table 1  Condition of the soil resource from a Brazilian Oxidic soil under different livestock-based systems. 

 Sand Clay Soil pH P K Ca Mg Al

 % % - mg kg-1 mmolc kg-1 mmolc kg-1 mmolc kg-1 mmolc kg-1

CONT 62 25 5.7 5.4 2.6 15.3 12.4 1.8
ROT 64 25 5.4 4.6 1.7 21.2 12.5 1.3
ICL 60 29 5.7 7.3 2.5 24.1 15.7 0.5
ILF 58 31 5.6 7.7 1.9 28.2 23.5 0.0
ICLF 59 30 5.7 7.3 4.6 29.9 21.9 0.4

 Ksat BD TP MA MI RP MWD TOC

 mm h-1 g cm-3 % % % MPa mm %
CONT 17.5 1.49 44.2 10.3 33.9 2.87 3.20 1.95
ROT 18.8 1.44 45.9 8.3 37.6 3.16 3.04 2.13
ICL 23.0 1.48 44.8 7.7 37.1 3.10 3.21 2.10
ILF 44.6 1.47 44.8 9.5 35.2 3.52 3.36 2.07
ICLF 69.3 1.56 41.5 5.4 36.1 3.47 2.84 2.38

CONT: continuous grazing system, ROT: rotational grazing system, ICL: integrated crop-livestock system, ILF: integrated livestock-forest system, ICLF: 
integrated crop-livestock-forest system. Soil pH determined in water (1:2.5 ratio). Soil P extracted using Mehlich-I. Ca, Mg and Al extracted using KCl 
1 mol L-1. Ksat: saturated soil hydraulic conductivity, BD: soil bulk density, TP: total soil porosity, MA: soil macroporosity, MI: soil microporosity, RP: soil 
resistance to penetration, MWD: mean weight diameter of soil aggregates, TOC: total organic carbon. Data from Valani et al. (2022). 

CONT: continuous grazing system, ROT: rotational grazing system, ICL: integrated crop-livestock system, ILF: integrated livestock-forest system, 
ICLF: integrated crop-livestock-forest system. Yield data was sourced for grass (Pezzopane et al. 2020b), maize (Pezzopane et al. 2020a) and fibre 
(Pezzopane et al. 2021) and the impact of added capital (nutrient inputs) was subtracted from the total yield to quantify soil-based yields.

CONT: continuous grazing system, ROT: rotational grazing system, ICL: integrated crop-livestock system, ILF: integrated livestock-forest system, ICLF: 
integrated crop-livestock-forest system. Data for soil organic carbon stocks from Bernardi et al. (2018) and fibre sourced from Pezzopane et al. (2021).
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Table 2 Soil-based provision of food and fibre from a Brazilian Oxidic soil under different livestock-based systems

Grass Silage Fibre

     tonnes of dry matter ha-1 year-1 tonnes of dry matter ha-1 after 8 years

CONT 5.3
ROT 11.5
ICL 10.9 9.6
ILF 5.2 63.4
ICLF 7.1 10.3 67.4
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Enteric methane emission from animals in the five 
livestock-based systems ranged from 2.4 to 4.8 tonnes 
of CO2-eq ha-1 year-1 (Table 4). The CONT system 
had the lowest emission per unit of area due to its low 
stocking rate, whereas the opposite was true for ROT. 
Carbon sequestration rate by trees was 29.1 tonnes of 
CO2-eq ha-1 year-1 in ILF and 30.6 tonnes of CO2-eq 
ha-1 year-1 (Table 4). 

Table 4 CO2-equivalent flows from enteric methane 
emissions (source) and vegetation (sink) in 
different livestock-based systems on a Brazilian 
Oxidic soil

 CH4 emission Carbon sequestration by trees
 tonnes of CO2-eq ha-1 year-1

CONT 2.4 
ROT 4.7 
ICL 3.3 
ILF 3.8 29.1
ICLF 3.0 30.6

CONT: continuous grazing system, ROT: rotational grazing system, ICL: 
integrated crop-livestock system, ILF: integrated livestock-forest system, 
ICLF: integrated crop-livestock-forest system. Data for enteric methane 
emissions sourced from Meo-Filho et al. (2022) and carbon sequestration 
by trees from Pezzopane et al. (2021).

By combining carbon stocks from soil and trees, the 
ILF and ICLF are sequestering and storing more carbon 
than the other systems and these can be used to offset 
carbon emission to the atmosphere from these systems. 
For example, carbon stocks from trees (Table 3) in ILF 
could offset enteric methane emissions (Table 4) for 
22 years, while the carbon stock from trees in ICLF 
could offset enteric methane emissions for 29 years. 
Combined, these two systems could offset the enteric 
methane emissions for all five systems for 10 years, 
before the area in trees would need to be expanded or 
other strategies would need to be used.

Discussion
Condition of the soil resource
Results from fertility status (Table 1) suggest that 
nutrient inputs in ROT, ICL, ILF and ICLF are in the 
maintenance range, as their contents were not always 
higher than the CONT, which receives no fertiliser 
inputs. An example of this can be noted from K 
contents, which according to a regional classification 
(Cantarella et al. 2022), ranged from “average” (1.6 to 
3.0 mmolc kg-1) to “high” (3.1 to 6.0 mmolc kg-1) in all 
livestock-based systems.

By comparing the soil physical condition of these 
five livestock-based systems with an adjoining area 
of native vegetation, Valani et al. (2022) found a 
degree of soil compaction in all five systems, which 
was attributed to cattle trampling. Grazing is known 
to cause soil compaction, especially under continuous 

grazing systems (Byrnes et al. 2018). In the systems 
with silage production (ICL and ICLF), wheel traffic 
during maize sowing and harvesting, as well as the lack 
of crop residues left over the soil after harvesting, are 
also factors that would place additional pressure on the 
soils physical condition.

The ILF integrated system is better able to sustain 
and critically buffer the provision of services under 
future climates, which are predicted to be more 
variable. This is intuitive, based on the organic matter 
content, along with the physical and chemical condition 
of the soil, which are all key soil properties regulating 
the provision of all services (Dominati et al. 2014a). 
Soil organic carbon stocks down to 100 cm soil depth 
in the five livestock-based systems (Table 3), also point 
to the integrated systems storing and retaining more soil 
organic carbon. Bieluczyk et al. (2020) found that the 
integrated systems improved the quantity and quality of 
soil organic matter compared to soil under continuous 
grazing. Similarly, Tadini et al. (2021) pointed out that 
soil organic matter in these integrated systems is more 
chemically stable, with a longer half-life in the soil than 
soil organic matter in conventional systems, therefore 
mitigating climate change by avoiding soil carbon 
decomposition and CO2 release.

The role of soil in ecosystem services provision
Fibre production in the ILF and ICLF systems lowered 
the soil-based grass yield by shading and competition 
for nutrient and water. While reducing grass yields, 
other studies have reported improved grass quality 
in terms of crude protein content and digestibility 
(Pezzopane et al. 2020b) and reduced hours of thermal 
stress on animals over the summer months (Pezzopane 
et al. 2019, Barreto et al. 2022). During winter, the dry 
season in the region, the shading is more pronounced 
(Bosi et al. 2020a) as is the competition for soil water 
(Bosi et al. 2020b). Both these impacts translate into an 
overall lower soil-based grass yield.

Silage production also slightly affected the soil-
based grass yield, as maize was grown in two out of 
six paddocks every year, decreasing the overall grass 
yield per hectare for the system (Table 2). Despite its 
lower grass production, ICLF combined the provision 
of grass, silage and fibre in a single livestock-based 
system. This is especially important for Brazil as 
such integrated systems were recommend as a win-
win strategy to avoid deforestation, whilst boosting 
livestock husbandry, sustaining natural resources and 
delivering more ecosystem services (Feltran-Barbieri 
and Féres 2021).

In relation to climate regulation, the trees are the 
primary offset, followed by carbon sequestered in 
the soil, for the enteric methane emissions from these 
livestock-based systems. Both these mitigation options 
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for enteric methane emissions contribute to Brazilian 
policies such as the low-carbon agriculture plan 
(2020-2030), also known as the ABC+ plan (Brazilian 
Ministry of Agriculture Livestock and Food Supply 
2021) and the potential marketing benefits associated 
with carbon-neutral Brazilian beef (Alves et al. 2017a). 
In the long-term, however, both these mitigation 
options have a finite capacity to offset enteric methane 
emissions in these livestock systems. Into the future, 
options for either direct reductions in enteric methane 
(e.g., feed additive, animal genetics) and or carbon 
capture (e.g., biochar) will need to be incorporated into 
these systems.

Limitations of this study
A more comprehensive study of the ecosystem services 
in these five livestock-based systems would need 
to include an analysis of all natural resources and 
ecosystems services. Data on the soils need to extend 
to biological activity, while regulating services need to 
be extended beyond climate regulation to include for 
example flood mitigation, filtering of nutrients, to name 
two. A full carbon footprint assessment would include 
changes in soil organic carbon over time, carbon storage 
by vegetation, emissions from fertilisers and from 
machinery use. Guidelines from the Intergovernmental 
Panel on Climate Change (IPCC 2019) and/or life cycle 
assessments could be used to address some of these 
gaps to promote a better understanding of the delivery 
of ecosystem services in these livestock-based systems, 
as well as impacts on receiving environments, as part 
of a more comprehensive assessment. Future studies 
about the provision of ecosystem services in tropical 
grasslands should also include cultural services, such 
as the sense of place and aesthetics.

Different arrangements of integrated systems should 
also be studied, including the contribution of other 
species of trees and in different densities and across 
landscapes beyond flat and easy rolling landscapes 
and proximity to waterways. The findings in this study 
can also apply to New Zealand integrated systems, 
where, for example, poplar and willow are used in low-
density tree-pasture systems for slope stability and soil 
conservation (Dominati et al. 2014b), although other 
species or arrangements, with different functional 
traits, may deliver different ecosystem services (Case 
et al. 2020, England et al. 2020, Dominati et al. 2021).

Conclusions
Complex agricultural systems, such as integrated crop-
livestock-forest systems, have multiple trade-offs that 
need to be considered in farm management plans. 
Gathering reliable data to compare conventional and 
integrated livestock-based systems is challenging, 
especially as it requires a multidisciplinary approach in 

the quantification of ecosystem services. 
This preliminary study was the first attempt to study 

soil-based ecosystem services in conventional and 
integrated livestock-based systems on a Brazilian Oxidic 
soil. In addition to an assessment of the condition of 
the soil as a natural resource, three services, provision 
of food, provision of fibre and climate regulation were 
assessed. On the face of it, the most integrated system 
accounted for the highest stock condition and provision 
of ecosystem services. In systems with trees, the rate 
of carbon sequestration by trees may offset enteric 
methane emissions during beef production, which 
contributes to a more environment-friendly agriculture 
that includes mitigating climate change.

Acknowledgements
This work was supported by the Brazilian National 
Council for Scientific and Technological Development 
(CNPq); by São Paulo Research Foundation (FAPESP) 
- grant numbers 2019/14144-0 and 2022/14135-4; and 
by the Sustainable Rural Project – Cerrado (Technical 
Cooperation BID BR-T1409), a partnership between 
the Inter-American Development Bank (IDB), the 
United Kingdom Government’s International Climate 
Finance, the Brazilian Ministry of Agriculture, 
Livestock and Supply of Brazil (MAPA), the Brazilian 
Institute for Development and Sustainability (IABS) 
and the Integrated Crop-Livestock-Forest-System 
(ICLF) Network Association through the Brazilian 
Agricultural Research Corporation (Embrapa).

REFERENCES
Alvares CA, Stape JL, Sentelhas PC, Gonçalves JLM, 

Sparovek G. 2013. Köppen’s climate classification 
map for Brazil. Meteorologische Zeitschrift 22: 
711–728. Retrieved 24 May 2023 from: https://doi.
org/10.1127/0941-2948/2013/0507

Alves F V., Almeida RG, Laura VA. 2017a. Carbon 
neutral Brazilian beef: a new concept for sustainable 
beef production in the tropics. Embrapa, Brasília, 36 
p. Retrieved 12 December 2019 from: http://dx.doi.
org/10.13140/RG.2.2.23086.41282

Alves BJR, Madari BE, Boddey RM. 2017b. Integrated 
crop–livestock–forestry systems: prospects for a 
sustainable agricultural intensification. Nutrient 
Cycling in Agroecosystems 108: 1–4. Springer 
Netherlands. Retrieved 18 May 2020 from: https://
doi.org/10.1007/s10705-017-9851-0

Balbino LC, Barcellos AO, Stone LF. 2011. Reference 
Document Crop-Livestock-Forestry Integration. 
Embrapa, Brasília, 130 p. Retrieved 25 February 2019 
from: http://dx.doi.org/10.13140/RG.2.1.1741.4569

Bardgett RD, Bullock JM, Lavorel S, Manning P, 
Schaffner U, Ostle N, Chomel M, Durigan G, L. 
Fry E, Johnson D, Lavallee JM, Le Provost G, Luo 

Valani et al. Condition of the soil resource and provision of ecosystem services from a Brazilian Oxidic soil under conventional...



80

S, Png K, Sankaran M, Hou X, Zhou H, Ma L, Ren 
W, Li X, Ding Y, Li Y, Shi H. 2021. Combatting 
global grassland degradation. Nature Reviews Earth 
and Environment 2021 2:10 2: 720–735. Nature 
Publishing Group. Retrieved 2 May 2023 from: 
https://doi.org/10.1038/s43017-021-00207-2

Barreto A do N, Barioni Junior W, Pezzopane JRM, 
Bernardi AC de C, Pedroso A de F, Marcondes 
CR, Jacintho MAC, Romanello N, Sousa MAP de, 
Nanni Costa L, Garcia AR. 2022. Thermal comfort 
and behavior of beef cattle in pasture-based systems 
monitored by visual observation and electronic 
device. Applied Animal Behaviour Science 253: 
105687. Elsevier. Retrieved 14 September 2022 from 
https://doi.org/10.1016/J.APPLANIM.2022.105687

Bernardi ACC, Esteves SN, Pezzopane JRM, Alves 
TC, Berndt A, Pedroso AF, Rodrigues PHM, Oliveira 
PPA. 2018. Soil carbon stocks under integrated crop-
livestock-forest system in the Brazilian Atlantic 
Forest region. 21st World Congress of Soil Science. 
Retrieved 5 April 2023 from: https://ainfo.cnptia.
embrapa.br/digital/bitstream/item/203951/1/Soil-
carbon-stocks-under-integrated.pdf

Bernardi ACC, de Souza GB, Polidoro JC, Paiva 
PRP, de Mello Monte MB. 2011. Yield, Quality 
Components, and Nitrogen Levels of Silage Corn 
Fertilized with Urea and Zeolite. Communications 
in Soil Science and Plant Analysis 42: 1266–1275. 
Taylor and Francis Group. Retrieved 4 April 2023 
from: https://doi.org/10.1080/00103624.2011.57198
0

Bieluczyk W, Piccolo M de C, Pereira MG, Moraes MT 
de, Soltangheisi A, Bernardi AC de C, Pezzopane 
JRM, Oliveira PPA, Moreira MZ, Camargo PB 
de, Dias CT dos S, Batista I, Cherubin MR. 
2020. Integrated farming systems influence soil 
organic matter dynamics in southeastern Brazil. 
Geoderma 371: 114368. Elsevier B.V. Retrieved 
19 June 2020 from: https://doi.org/10.1016/j.
geoderma.2020.114368

Bongiorno G, Bünemann EK, Oguejiofor CU, Meier 
J, Gort G, Comans R, Mäder P, Brussaard L, de 
Goede R. 2019. Sensitivity of labile carbon fractions 
to tillage and organic matter management and their 
potential as comprehensive soil quality indicators 
across pedoclimatic conditions in Europe. Ecological 
Indicators 99: 38–50. Elsevier B.V. Retrieved 
8 April 2021 from: https://doi.org/10.1016/j.
ecolind.2018.12.008

Bosi C, Pezzopane José Ricardo M., Sentelhas PC. 
2020. Silvopastoral system with eucalyptus as a 
strategy for mitigating the effects of climate change 
on Brazilian pasturelands. Anais da Academia 
Brasileira de Ciencias 92. Academia Brasileira de 
Ciencias. Retrieved 1 August 2023 from: https://doi.

org/10.1590/0001-3765202020180425
Bosi C, Pezzopane José Ricardo Macedo, Sentelhas 

PC. 2020. Soil water availability in a full sun pasture 
and in a silvopastoral system with eucalyptus. 
Agroforestry Systems 94: 429–440. Springer. 
Retrieved 1 August 2023 from: https://doi.org/ 
10.1007/s10457-019-00402-7

Brazilian Institute of Geography and Statistics. 2019. 
Census of Agriculture. Rio de Janeiro, 104 p. 
Retrieved 2 May 2023 from: https://censoagro2017.
ibge.gov.br/

Brazilian Ministry of Agriculture Livestock and Food 
Supply. 2021. Climate change adaptation and low 
carbon emissions in agriculture for a sustainable 
development (2020-2030): strategic plan for a new 
cycle. Brasilia, 25 p.

Broucek J, Broucek J. 2014. Production of Methane 
Emissions from Ruminant Husbandry: A Review. 
Journal of Environmental Protection 5: 1482–
1493. Scientific Research Publishing. Retrieved 
18 May 2023 from: http://dx.doi.org/10.4236/
jep.2014.515141

Byrnes RC, Eastburn DJ, Tate KW, Roche LM. 2018. 
A Global Meta-Analysis of Grazing Impacts on Soil 
Health Indicators. Journal of Environmental Quality 
47: 758–765. Wiley. Retrieved 16 June 2021 from: 
https://doi.org/ 10.2134/jeq2017.08.0313

Calderano Filho B, Santos HG, Fonseca OOM, 
Santos RD, Primavesi O, Primavesi AC. 1998. Os 
solos da Fazenda Canchim, Centro de Pesquisa de 
Pecuária do Sudeste, São Carlos, SP: Levantamento 
semidetalhado, propriedades e potenciais. Embrapa-
CNPS, São Carlos, 95 p.

Cantarella H, Quaggio JA, Mattos Jr D, Boaretto R 
M, van Raij B (Eds.). 2022. Liming and fertilization 
recommendation for the State of São Paulo, Brazil. 
Instituto Agronômico de Campinas, Campinas.

Case BS, Pannell JL, Stanley MC, Norton DA, Brugman 
A, Funaki M, Mathieu C, Songling C, Suryaningrum 
F, Buckley HL. 2020. The roles of non-production 
vegetation in agroecosystems: A research framework 
for filling process knowledge gaps in a social-
ecological context. People and Nature 2: 292–304. 
Blackwell Publishing Ltd. Retrieved 24 May 
2023 from: https://doi.org/10.1002/PAN3.10093/
SUPPINFO

Costa MP, Schoeneboom JC, Oliveira SA, Viñas RS, 
Medeiros GA. 2018. A socio-eco-efficiency analysis 
of integrated and non-integrated crop-livestock-
forestry systems in the Brazilian Cerrado based on 
LCA. Journal of Cleaner Production 171: 1460–
1471. Elsevier. Retrieved 23 March 2019 from: 
https://doi.org/10.1016/j.jclepro.2017.10.063

Costanza R, Daly HE. 1992. Natural capital and 
sustainable development. Conservation Biology 6. 

Journal of New Zealand Grasslands 85:  73-82  (2023)



81

Retrieved 27 July 2023 from: https://doi.org/10.1046/
j.1523-1739.1992.610037.x 

Costanza R, D’Arge R, De Groot R, Farber S, Grasso 
M, Hannon B, Limburg K, Naeem S, O’Neill R V., 
Paruelo J, Raskin RG, Sutton P, Van Den Belt M. 
1997. The value of the world’s ecosystem services and 
natural capital. Nature 1997 387:6630 387: 253–260. 
Nature Publishing Group. Retrieved 21 September 
2022 from: https://doi.org/10.1038/387253a0

Dominati E, Mackay A, Green S, Patterson M. 2014. A 
soil change-based methodology for the quantification 
and valuation of ecosystem services from agro-
ecosystems: A case study of pastoral agriculture in 
New Zealand. Ecological Economics 100: 119–129. 
Elsevier. Retrieved 21 September 2022 from: https://
doi.org/10.1016/j.ecolecon.2014.02.008

Dominati EJ, Mackay A, Lynch B, Heath N, Millner 
I. 2014. An ecosystem services approach to the 
quantification of shallow mass movement erosion 
and the value of soil conservation practices. 
Ecosystem Services 9: 204–215. Elsevier. Retrieved 
24 May 2023 from: https://doi.org/10.1016/j.
ecoser.2014.06.006

Dominati EJ, Mackay AD, Rendel JM, Wall A, 
Norton DA, Pannell J, Devantier B. 2021. Farm 
scale assessment of the impacts of biodiversity 
enhancement on the financial and environmental 
performance of mixed livestock farms in New 
Zealand. Agricultural Systems 187: 103007. 
Elsevier. Retrieved 22 May 2023 from: https://doi.
org/10.1016/j.agsy.2020.103007

Dominati E, Patterson M, Mackay A. 2010. A 
framework for classifying and quantifying the natural 
capital and ecosystem services of soils. Ecological 
Economics 69: 1858–1868. Elsevier. Retrieved 20 
September 2022 from: https://doi.org/10.1016/j.
ecolecon.2010.05.002

England JR, O’Grady AP, Fleming A, Marais Z, 
Mendham D. 2020. Trees on farms to support natural 
capital: An evidence-based review for grazed dairy 
systems. Science of The Total Environment 704: 
135345. Elsevier. Retrieved 22 May 2023 from: 
https://doi.org/10.1016/j.scitotenv.2019.135345

Feltran-Barbieri R, Féres JG. 2021. Degraded pastures 
in Brazil: improving livestock production and forest 
restoration. Retrieved 2 May 2023 from: https://doi.
org/10.1098/rsos.201854

Hewitt AE. 2010. New Zealand Soil Classification. 
Manaaki Whenua Press, Lincoln, 87–90 p. https://
doi.org/10.7931/DL1-LRSS-1-2010

IPCC. 2019. Agriculture, Forestry and Other Land 
Use. In: Calvo Buendia E, Tanabe K, Kranjc 
A, Baasansuren J, Fukuda M, Ngarize S, Osako 
A, Pyrozhenko Y, Shermanau P, Federici S Eds. 
Refinement to the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories. IPCC, Switzerland.
IUSS Working Group WRB. 2015. World Reference 

Base for Soil Resources: International soil 
classification system for naming soils and creating 
legends for soil maps. FAO, Rome, 192 p.

Kichel AN, Costa JAA, Almeida RG, Paulino VT. 2014. 
Systems integration crop-livestock-forest (iCLF) - 
Experiences in Brazil. Boletim de Indústria Animal 
71: 94–105. Retrieved 23 March 2019 from: https://
doi.org/10.17523/bia.v71n1p94

Meo-Filho P, Berndt A, Pezzopane JRM, Pedroso 
AF, Bernardi ACC, Rodrigues PHM, Bueno ICS, 
Corte RR, Oliveira PPA. 2022. Can Intensified 
Pasture Systems Reduce Enteric Methane Emissions 
from Beef Cattle in the Atlantic Forest Biome? 
Agronomy 2022, Vol. 12, Page 2738 12: 2738. 
Multidisciplinary Digital Publishing Institute. 
Retrieved 5 April 2023 from: https://doi.org/10.3390/
AGRONOMY12112738

Pezzopane JRM, Bonani WL, Bosi C, Fernandes Da 
Rocha EL, Campos Bernardi AC, Oliveira PPA, 
Faria Pedroso A. 2020. Reducing competition in a 
crop–livestock–forest integrated system by thinning 
eucalyptus trees. Experimental Agriculture 56: 
574–586. Cambridge University Press. Retrieved 
28 March 2023 from: https://doi.org/10.1017/
S0014479720000162

Pezzopane JRM, Bosi C, de Campos Bernardi AC, 
Muller MD, de Oliveira PPA. 2021. Managing 
eucalyptus trees in agroforestry systems: 
Productivity parameters and PAR transmittance. 
Agriculture, Ecosystems and Environment 312: 
107350. Retrieved 7 May 2021 from: https://doi.
org/10.1016/j.agee.2021.107350

Pezzopane JRM, De Campos Bernardi AC, Azenha 
MV, Oliveira PPA, Bosi C, De Faria Pedroso A, 
Esteves SN. 2020. Production and nutritive value of 
pastures in integrated livestock production systems: 
Shading and management effects. Scientia Agricola 
77. Scientia Agricola. Retrieved 26 June 2020 from: 
https://doi.org/10.1590/1678-992x-2018-0150

Pezzopane JRM, Nicodemo MLF, Bosi C, Garcia 
AR, Lulu J. 2019. Animal thermal comfort 
indexes in silvopastoral systems with different 
tree arrangements. Journal of Thermal Biology 79: 
103–111. Pergamon. Retrieved 28 April 2019 from: 
https://doi.org/10.1016/j.jtherbio.2018.12.015

Portela R, Rademacher I. 2001. A dynamic model of 
patterns of deforestation and their effect on the ability 
of the Brazilian Amazonia to provide ecosystem 
services. Ecological Modelling 143: 115–146. 
Elsevier. Retrieved 20 September 2022 from: https://
doi.org/10.1016/S0304-3800(01)00359-3

Prado RB, Fidalgo ECC, Monteiro JMG, Schuler 
AE, Vezzani FM, Garcia JR, de Oliveira AP, Viana 

Valani et al. Condition of the soil resource and provision of ecosystem services from a Brazilian Oxidic soil under conventional...



82

JHM, Gomes B da CCP, Mendes I de C, Reatto A, 
Parron LM, Clemente E de P, Donagemma GK, 
Turetta APD, Simões M. 2016. Current overview 
and potential applications of the soil ecosystem 
services approach in Brazil. Pesquisa Agropecuaria 
Brasileira 51: 1021–1038. Embrapa Secretaria de 
Pesquisa e Desenvolvimento, Pesquisa Agropecuária 
Brasileira. Retrieved 20 September 2022 from: 
https://doi.org/10.1590/S0100-204X2016000900002

Primavesi O, Corrêa LA, Freitas AR, Primavesi AC. 
2008. Surface liming in pastures of Brachiaria 
decumbens cv. Basilisk under intense nitrogen 
fertilization. São Carlos. Retrieved 6 April 2023 from: 
https://www.embrapa.br/busca-de-publicacoes/-/
publ icacao/48727/calagem-superf ic ia l -em-
pastagens-de-brachiaria-decumbens-cv-basilisk-sob-
adubacao-nitrogenada-intensa

Primavesi O, Corrêa LA, Primavesi AC, Cantarella 
H, Silva AG. 2003. Urea fertilization on Brachiaria 
brizantha pasture under rotational management: 
efficiency and losses. São Carlos. Retrieved 6 April 
2023 from: https://www.embrapa.br/busca-de-
publicacoes/-/publicacao/46697/adubacao-com-
ureia-em-pastagem-de-brachiaria-brizantha-sob-
manejo-rotacionado-eficiencia-e-perdas

Rodrigues AF, Latawiec AE, Reid BJ, Solórzano A, 
Schuler AE, Lacerda C, Fidalgo ECC, Scarano FR, 
Tubenchlak F, Pena I, Vicente-Vicente JL, Korys 
KA, Cooper M, Fernandes NF, Prado RB, Maioli V, 
Dib V, Teixeira WG. 2021. Systematic review of soil 
ecosystem services in tropical regions. Royal Society 
Open Science 8. Royal Society Publishing. Retrieved 
20 September 2022 from: https://doi.org/10.1098/
RSOS.201584

Salton JC, Mercante FM, Tomazi M, Zanatta JA, 
Concenço G, Silva WM, Retore M. 2014. Integrated 
crop-livestock system in tropical Brazil: Toward 
a sustainable production system. Agriculture, 
Ecosystems and Environment 190: 70–79. Elsevier. 
Retrieved 10 January 2020 from https://doi.
org/10.1016/j.agee.2013.09.023

Santos HG, Jacomine PKT, Anjos LHC, Oliveira VÁ 
de, Lumbreras JF, Coelho MR, Almeida JA, Araújo 
Filho JC, Oliveira JB, Cunha TJF. 2018. Brazilian 

Soil Classification System. Embrapa, Brasília.
Souza CM, Shimbo JZ, Rosa MR, Parente LL, Alencar 

AA, Rudorff BFT, Hasenack H, Matsumoto M, 
Ferreira LG, Souza-Filho PWM, de Oliveira SW, 
Rocha WF, Fonseca A V., Marques CB, Diniz CG, 
Costa D, Monteiro D, Rosa ER, Vélez-Martin E, 
Weber EJ, Lenti FEB, Paternost FF, Pareyn FGC, 
Siqueira J V., Viera JL, Neto LCF, Saraiva MM, 
Sales MH, Salgado MPG, Vasconcelos R, Galano 
S, Mesquita V V., Azevedo T. 2020. Reconstructing 
Three Decades of Land Use and Land Cover Changes 
in Brazilian Biomes with Landsat Archive and Earth 
Engine. Remote Sensing 2020, Vol. 12, Page 2735 12: 
2735. Multidisciplinary Digital Publishing Institute. 
Retrieved 2 May 2023 from: https://doi.org/10.3390/
RS12172735

Sun J, Wang Y, Piao S, Liu M, Han G, Li J, Liang 
E, Lee TM, Liu G, Wilkes A, Liu S, Zhao W, 
Zhou H, Yibeltal M, Berihun ML, Browning D, 
Fenta AA, Tsunekawa A, Brown J, Willms W, 
Tsubo M. 2022. Toward a sustainable grassland 
ecosystem worldwide. The Innovation 3: 100265. 
Cell Press. Retrieved 2 May 2023 from: https://doi.
org/10.1016/J.XINN.2022.100265

Tadini AM, Martin-Neto L, Goranov AI, Milori 
DMBPBP, Bernardi ACCC, Oliveira PPAA, 
Pezzopane JRMM, Colnago LA, Hatcher PG. 2021. 
Chemical characteristics of soil organic matter from 
integrated agricultural systems in southeastern Brazil. 
European Journal of Soil Science 73. John Wiley and 
Sons, Ltd. Retrieved 26 October 2021 from: https://
onlinelibrary.wiley.com/doi/full/10.1111/ejss.13136

Valani GP, Martíni AF, Pezzopane JRM, Bernardi AC de 
C, Cooper M. 2022. Soil physical quality in the topsoil 
of integrated and non-integrated grazing systems in a 
Brazilian Ferralsol. Soil and Tillage Research 220: 
105357. Elsevier. Retrieved 1 August 2022 from: 
https://doi.org/10.1016/j.still.2022.105357

Valani GP, Martíni AF, da Silva LFS, Bovi RC, Cooper 
M. 2020. Soil quality assessments in integrated crop-
livestock-forest systems: a review. Soil Use and 
Management: sum.12667. John Wiley and Sons, 
Ltd. Retrieved 18 October 2020 from: https://doi.
org/10.1111/sum.12667

 

Journal of New Zealand Grasslands 85:  73-82  (2023)


