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ABSTRACT

Integrated agricultural production systems (SIPA's) consist of growing grain-producing crops with forage
crops in the same area, in rotation, succession or intercropping. These systems, in addition to diversifying
agricultural production, promote efficiency and sustainability in rural production, benefiting crops and
livestock, are more sustainable, economically viable agricultural practices aimed at soil conservation. As,
among the objectives of integrated systems, when well managed, they are capable of promoting improvements
in soil quality, nutrient cycling, environmental adequacy and economic viability of the activities involved. As
a result, the Integrated Crop-Livestock (ICL) system becomes a very important method, because it seeks to
renew soil conditions, in order to make the most of natural processes, avoiding using external inputs. The ICL
system is a viable alternative in edaphoclimatic conditions, there are many potentialities of the systems,
enabling an increase in productivity and reduction of expenses for irrigation, fertilizers, soil conditioners and
other agricultural inputs, integrating production, environmental conservation and socioeconomic benefits.
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INTRODUCTION

Integrated agricultural production systems (SIPA's) consist of growing grain-producing crops
with forage crops in the same area, in rotation, succession, or intercropping (Barbosa et al., 2022).
These systems, in addition to diversifying agricultural production, benefiting crops and livestock, are
more sustainable, economically viable agricultural practices aimed at soil conservation (Coser et al,
2018).

Due to their ability to provide economic and environmental benefits (Barbosa et al., 2022)
LPIS have received special attention from researchers and have been adopted by farmers in Brazil
(Bonetti ef al., 2015). Thus, Brazil leads the research in LPIS in relation to the rest of the countries in
the world, according to Moraes et al. (2017), with approximately 11.5 million hectares are occupied
by different arrangements of LPIS's. Of these, the subtropical region accounts for 44% of this area
(Skorupa; Manzatto, 2019). However, its adoption in crops intended for the cultivation of irrigated
rice is still incipient, especially with regard to the availability of data to support management
recommendations. In these areas, called lowlands, the cultivation of irrigated rice in spring/summer
and ryegrass in autumn and winter is predominant. In Rio Grande do Sul, about 1.1 million hectares
are cultivated with flood-irrigated rice (CONAB, 2019) due to the characteristics of the soil in these
regions. These have a low rate of water infiltration, low macroporosity and high compaction close to
the surface, which makes it difficult for other crops to be inserted, according to Denardin et al.
(2019) to achieve positive results in LPIS.

Therefore, it becomes a challenge to deploy and conduct systems in LPIS and lowlands.
Countering this challenge, as rice cultivation is costly and expensive in terms of labor, water, energy,
and as these resources are becoming increasingly scarce, this activity is becoming less profitable
(Kumar; Ladha, 2011). Therefore, the implementation of LPIS in current agricultural production
models can help generate income in the off-season of summer crops, and/or increase productivity in
rice crops.

This increase would be possible because the SIPA's advocate the adoption of no-tillage as a
cropping system, thus, the absence or minimal disturbance of the soil minimizes its degradation
(Coser et al., 2018). In the same way, the constant maintenance of living or dead cover in the soil
contributes to the increase in the production of dry matter per unit area, according to Mazzuchelli et
al. (2020) that can be used as a ground cover (Skorupa; Manzatto, 2019). This also contributes to the
increase of soil carbon (C) stocks, according to Guesmi et al. (2019) that act as a subsidy for the
supply of nutrients, according to Soares et al. (2019), with a consequent increase in crop productivity
(Sousa et al., 2020). How can the SIPA's have their time-culture-space arrangements adjusted
according to the needs of each reality, according to Barbosa et al. (2022), research contemplating

lowland environments can be conducted under the principles of SIPA's. Furthermore, although the
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benefits of adopting LPIS are known, in lowlands they are still incipient, and require further studies
to generate more consistent technical recommendations (Carmona ef al., 2018).

It is also worth noting that the conventional agricultural system model is in evidence, because
over the years the loss of forage diversity and environmental pollution by excess nutrients and
pesticide residues, according to Anghinoni et al. (2013) has made society currently demand that
specialized production models commit to producing food in the most connected way possible with

nature (Carmona ef al., 2018)element.

LITERATURE REVIEW
BRIEF HISTORY OF CROP-LIVESTOCK INTEGRATION

Culturally, Crop-Livestock integration systems are considered as innovative systems of
agricultural exploitation. However, they were already developed in Europe since the Middle Ages. At
the time, various forms of plantations were used associated with annual or perennial crops, or
between fruit crops and timber trees (Lourengano; Cavichioli, 2019). Also, in the sixteenth century
there was integration of fruit trees with the livestock production of cattle or sheep, however, due to
the mechanization and intensification of agricultural systems, such integration almost disappeared
(EMBRAPA, 2019).

In the mid-to-late 1970s, especially in the southern region of Brazil, there were efforts to
reverse soil degradation, with integrated terracing systems in watersheds, and the development of
technologies for the no-tillage system (Loureng¢ano; Cavichioli, 2019). This scenario encouraged
research into sustainable production systems, which harmonized the increase in animal and plant
productivity, and preserved natural resources, according to EMBRAPA (2019), thus resulting in the

beginning of scientific research on Crop-Livestock Integration (Lourengano; Cavichioli, 2019).

FOOD DEMAND AND THE BRAZILIAN AGRICULTURAL AREA

The increase in the world population, according to Sene; Bacha (2024), which has been
accelerated in recent years, according to Cabral Neto et al. (2024), will lead to growth in food
demand in the medium and long term (Sene; Bacha, 2024). This increase will be intensified by the
increase in purchasing power resulting from the development of industries (Cabral Neto et al., 2024).
Among the countries that will meet this demand, Brazil is a country that will certainly provide an
increase in food supply through agricultural and livestock expansion (Cabral Neto et al., 2024). This
expansion can occur in two ways, either by expanding the cultivated area and/or by increasing its
agricultural productivity (Oliveira et al., 2013).

In Brazil, according to data from the 2017 Agricultural Census (IBGE, 2019) there are
5,073,324 agricultural establishments. These properties occupy a total area of 351.289 million of the
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851 million hectares (ha), that is, 41% of the total area of the country is allocated to agricultural
establishments (Sene; Bacha, 2024). Of these areas, 18.1% of the Brazilian agricultural area in 2017
(IBGE, 2019) was occupied by crops (temporary and permanent), 45.4% by pastures (natural and
planted), 32.8% by forests (natural and planted) (Sene; Bacha, 2024). When considering the total
areas of pastures in comparison to the total area of our territory, we have 160 million hectares of
pasture, according to Cabral Neto et al. (2024), which correspond to 18.94% of its entire Brazilian
territorial extension, evidencing its broad agricultural potential (Sene; Bacha, 2024).

However, about 52% of these pasture areas are at some level, degraded (Cabral Neto ef al.,
2024). This factor means that when compared to the world scenario, Brazil has one of the lowest
cattle stocking rates (Lapig, 2022). This aspect causes several consequences, which directly interfere
with production performance, increased costs and decreased revenue on properties (Ledo ef al.,
2021). In view of this scenario, integrated crop-livestock systems can be a good option for
agricultural expansion, according to Cabral Neto et al. (2024), inhibiting or eliminating the need for
deforestation to advance the agricultural frontier, in addition to generating less environmental impact

(Carlos et al., 2022).

DEGRADATION OF SOILS AND PASTURES AND BIOMES

Soil degradation induced by traditional agricultural or livestock production systems has been
studied by Cabral Neto et al. (2024), as it is an important factor in compromising the sustainability of
agricultural production (Macedo; Aratjo, 2019). In agriculture, traditional agricultural production
systems, which are those of annual crops, with continuous crops, without crop rotation, in which
there is excessive soil preparation, as is the case with the conventional cultivation of irrigated rice
(Cabral Neto et al., 2024).

Traditional soil preparation, combined with inadequate practices and monoculture, has caused
low productivity, degradation of soil and natural resources (Lourengano; Cavichioli, 2019). These
effects are the result of the damage caused to the physical and chemical quality of the soil (Cabral
Neto et al., 2024). Also, with the growing increase in demand for food, there was an intensification
of agricultural activity, according to Lourengano; Cavichioli (2019), with aggravation of the
aforementioned losses and problems with invasive pests and diseases (Cabral Neto et al., 2024). And
with constant technological evolution, modern agricultural activity has been standardized into
simplified monoculture systems, in addition to the use of machinery, agrochemicals, and irrigation
(Lourengano; Cavichioli, 2019).

In pasture degradation, there is a decrease in the supply of forage for animal feed, since there
is a loss of the ability to sustain plant production due to soil depletion and overgrazing (Senne;

Bacha, 2024). This generates a vicious cycle, intensifying environmental and economic problems on
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properties (Cabral Neto et al., 2024). It is estimated that in Brazil, in 2020, there were 40.16 million
ha of pastures with severe degradation (Senne; Bacha, 2024).

Soil degradation in agricultural and/or pastoral environments, in addition to harming the
conservation of ecosystems, also leads to the degradation of Brazilian biomes (Cabral Neto et al.,
2024). For this reason, they have been questioned and require intervention for their mitigation. The
recovery of these areas, with the objective of maintaining soil quality and promoting higher biomass
yield, consequently, leads to an increase in productivity rates and allows competitiveness in the
economic sector (Souza et al., 2021). Part of these degraded areas, once recovered, represents a good
opportunity for the country to expand its plant and animal production and meet the expansion of
world food demand, without having to deforest new areas (Sene; Bacha, 2024).

The degradation process needs to be controlled in the early stages, as the impacts are more
drastic over time (Cabral Neto ef al., 2024). There are several ways of intervening in pastures, such
as recovery, in which the same cultivar is maintained and the productive potential of forage is
restored; renewal, which is the introduction of a new species replacing the one that is degraded; and
finally, the reform, which is characterized by corrections or repairs after the establishment of a
pasture (Rocha; Viana-Filho, 2021). The recovery of degraded areas takes place from the integration
of techniques involving air, soil, water, fauna and flora, in order to obtain ecological balance with a
view to achieving sustainability and being productive in the long term (Cabral Neto et al., 2024). In
general terms, it means using all the strategies necessary for the quality of the soil to reach standards
similar to, or even higher than, its original condition.

Some integrated systems have been widely used, such as the no-tillage system (NTS),
integrated crop-livestock system (ICL) and integrated crop-livestock-forest system (ICLF), which
have numerous benefits aimed at improving the physical quality of the soil, favoring carbon
accumulation and greater water availability (Silva et al., 2021). Aiming to associate production and
environmental conservation, and with a view to recovering areas that are already in a state of
degradation, integration systems emerge as options for the adoption of more sustainable food
production practices (Sene; Bacha, 2024). From this perspective, the interaction between crops and
livestock is a good strategy to achieve these goals, since it is directly linked to sustainability (Junior

et al.,2020).

CONCEPTUALIZATIONS AND BENEFITS OF ILP

Integrated systems are strategies for sustainable production, where agricultural, livestock
and/or forestry activities are integrated, carried out in the same cultivation area (Lourencano;
Cavichioli, 2019). The interaction between crops enables rotation in the use of agricultural

production systems, and aims to raise the quality of the final product, allowing natural conservation,
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especially in degraded areas (Silva et al., 2022). When the forestry component is contemplated, the
use of these systems enables the production of grains, meat and wood, with sustainability and
conservation of natural resources, according to Magalhaes (2019) by allowing the combination of
two or more agricultural activities in the same productive area, that is, bringing together agriculture,
livestock and/or forestry on the same farm (Sene; Bacha, 2024).

Integration systems have numerous advantages, especially in relation to the traditional
cultivation system, according to Lourencano; Cavichioli (2019), because in integrated systems, crops
can be intercropped, in succession or in rotation (Cordeiro et al., 2015). With this, there is an
improvement in productivity, use of residual fertilization from the crop and supply of nutrients and
organic matter to the soil, according to Lourengano; Cavichioli (2019) as the main results of the
synergistic effects between its components (Cordeiro et al., 2015).

As among the objectives of integrated systems we have the intensification of land use,
environmental adequacy and economic viability of the activities involved, according to Cordeiro et
al. (2015), in addition to the benefits mentioned above, there is also a reduction in the emission of
greenhouse gases (GHG) per unit of food produced (Reis et al., 2020). An improvement in soil
quality is also obtained, according to Reis ef al. (2020) by the formation of straw, which will be used
for the no-tillage system, and diversifies the cultivation of forages, according to Alvarenga et al.
(2010) allowing the recovery of degraded pastures, water conservation and increased animal
performance (Reis et al., 2020). There are many benefits obtained from the implementation of the
system, which provide diversification of production, as well as increased production efficiency and
reduction of environmental damage (Cabral Neto et al., 2024).

There is also a significant reduction in the application of inputs, since it breaks the cycle of
pests and reduces invasive plants, in addition to reducing the cost of production or pasture reform
(Lourengano; Cavichioli, 2019). Also, aiming at the effective use of available resources, the
possibility of implementing diversified production systems, leading to the rationalization of the use
of inputs, in addition to improving soil and water quality, resulting in greater profitability per area
(Cabral Neto et al., 2024). Thus, in summary, production in an integration system brings several
benefits, not only for the producer, with the reduction of production costs over time; reduction of
idleness in the use of agricultural areas; diversification in production and income stability, but also
in the environment, where there is improvement in the physical, chemical and biological conditions
of the soil; there is an increase in cycling and efficiency in the use of nutrients; enables the recovery
of areas with degraded pastures; there is an increase in animal welfare and productivity (Cordeiro et

al., 2015).

\\
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DIFFICULTIES IN IMPLEMENTATION AND CONDUCTION

Integrated systems provide several benefits, however, as they are more complex production
systems, it may be necessary to consider some difficulties present in this system, such as soil
compaction by animal trampling (Lourencano; Cavichioli, 2019). However, these negative impacts
are limited to the surface layers, in addition to being temporary and reversible, for the most part
(Vilela et al., 2011). Compaction combined with the removal of vegetation, also caused by trampling,
can lead to a series of soil problems, as well as a decrease in water infiltration, increasing surface soil
erosion, consequently reducing plant growth (Lourencano; Cavichioli, 2019).

For this reason, it is necessary to properly manage pastures, avoiding overgrazing/overgrazing
and ensuring the maintenance of remaining residual dry matter. Also, even if the presence of the
animal causes trampling and compaction, grazing stimulates the root growth of forage plants, that is,
the harm can be compensated by the benefits. Thus, both obviously depend on a series of factors to
be considered in an integrated system, including: soil type, moisture content, animal stocking rate,
forage mass, species and vigor of the forage used (Lourengano; Cavichioli, 2019). There is also a
need for financial investment for the implementation and maintenance of the system, so small
farmers find it difficult in this regard (Balbino et al., 2012a). For the reasons described, even with
several benefits, there is still resistance to the adoption of new technologies by producers, in short,
due to the requirement of their qualification, in addition to the need for technicians and specialized

labor (Lourengano; Cavichioli, 2019).

INTEGRATED SYSTEMS MODALITIES

Integration consists of the implementation of different production systems of grains, fibers,
meat, milk and agroenergy in the same area, in intercropping, which can be sequential or rotational
(Vilela et al., 2011). Integrated systems have been disseminated throughout the country, in different
combinations of their components, namely: crop-livestock integration (ICL), crop-livestock-forest
integration (ICLF), livestock-forest integration (IPF) and crop-forest integration (ILF) (Vilela ef al.,
2015; EMBRAPA, 2019). In crop-livestock integration (ICL) or agropastoral, there is integration of
the components: agricultural, with annual or perennial production (grains, pastures), and livestock
(EMBRAPA, 2019). In this system, the combination of two components is adopted: agricultural
(crop), with annual or perennial production (grains, pastures), and livestock (beef cattle, milk), which
can be in rotation, intercropping or succession, but in the same area and in the same agricultural year,
or for multiple years (Lourencano; Cavichioli, 2019). This system seeks the diversity of forage crops,
the reduction of the application of inputs on the property (Lourenc¢ano; Cavichioli, 2019). The most
used species are intercropped into winter species (white oats, black oats, ryegrass), and summer

species (sorghum, millet, soybean, beans) (Assis et al., 2019).

\
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The integrated crop-livestock-forest (ICLF) system, or agrosilvopastoral, is the combination
of three components: agricultural (crop), forestry (tree and/or fruit species) and livestock (beef cattle,
dairy), aims at the efficiency of the biological cycles of plants, animals and their residues, where it
minimizes and improves the use of inputs, in addition to reducing impacts on the environment (Assis
et al., 2019). When the forestry component is integrated, the benefits observed are: the afforestation
of pastures, allowing the grass to remain green in the drought, in addition to the thermal comfort
provided to the animals (Lourengano; Cavichioli, 2019). It also enables the recovery of degraded
areas, as it optimizes the use of the soil through the production of grains and wood in pasture areas
(Lourengano; Cavichioli, 2019). Thus, it can be varied among its components, arriving at an
integration that best suits its area, soil and climate (Cordeiro et al., 2015). This integration system is
part of agroforestry systems, being subdivided with another nomenclature, namely: agropastoral;
agroforestry; silvopastoral and silvoagricultural (Lourengano; Cavichioli, 2019).

Livestock-forest integration (IPF) or silvopastoral, integrates the livestock component
(pasture and animal) and the forestry component in the form of consortium (Lourengano; Cavichioli,
2019). The most suitable trees for planting are those that best respond to expectations of economic
return and have a lower risk of loss due to damage caused by cattle, so producers usually opt for:
eucalyptus, Australian cedar, teak, pink cedar, guanandi and African mahogany (Vilela ef al., 2015;
EMBRAPA, 2019). And finally, the crop-forest integration (ILF) or silviagricultural, integrates the
forestry and agricultural component (crop), through the intercropping of tree species with
agricultural, annual or perennial crops (Lourencgano; Cavichioli, 2019). Trees are planted between the
rows of crops so that there is the production of leaf biomass and an increase in the content of organic
matter in the soil (Assis et al., 2019; EMBRAPA, 2019).

Crop-forest integration (ILF) integrates the forestry and agricultural component (cropping) by
the intercropping of tree species with agricultural crops, annual or perennial. And in turn, the
integrated crop-livestock-forest (ICLF) is the integration of the three components: agricultural (crop),
forestry (tree and/or fruit species) and livestock (beef cattle, dairy), in rotation, intercropping or
succession, in the same area. This system aims at the efficiency of the biological cycles of plants,
animals and their residues, minimizing the use of inputs and reducing impacts on the environment

(EMBRAPA, 2019).

VARIATIONS OF INTEGRATED SYSTEMS IN BRAZIL
In any region where the implementation of an integrated production system begins, good
planning is required. This should include a detailed project of all stages of the process, considering

the different aspects, including: edaphoclimatic conditions, existence of infrastructure for the supply
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of inputs, storage and flow of production (Lourengano; Cavichioli, 2019). Thus, it can be applied to
any rural producer, regardless of the size of their property (Kichel et al., 2014).

In Brazil, due to the edaphoclimatic diversity of our territory, we have great variability of
integrated systems implemented (Lourengano; Cavichioli, 2019). In the Amazon region, the crop-
forest and livestock-forest systems are widespread, where forest species such as parica, eucalyptus,
teak and African mahogany are used (Balbino et al., 2011). In these systems, the most common
forage species are: brachiardo, kikuyu, gingergrass, Jaragua, Pueraria, and composing the livestock,
there are cattle, buffaloes and woolly sheep. The ICF system is usually used in degraded areas, with
grain planting between two and three harvests, with a predominance of rice, corn, soybeans and
cowpea in rainfed crops, thus disseminated in regions suitable for these crops (Lourengano;
Cavichioli, 2019).

In the caatinga, in turn, the system with the greatest applicability is ICLFS, due to the
response to the pressures for food production. They are part of the exploitation of perennial woody
species, associated with crops and pastures (Balbino ef al., 2011). In the Cerrado, ICLFS are used
with the agricultural species of cotton, soybeans, corn, sorghum, beans, rice and sunflower. In the
Atlantic Forest of the southern region, systems based on the succession of crops in the summer are
predominant (Lourencano; Cavichioli, 2019). In the Southeast, there is a predominance of forage
rotations with annual crops of soybean, corn and cotton for straw production. In the Northeast, the
predominant systems are livestock-forest (EMBRAPA, 2019). In practically half of Rio Grande do
Sul, the most common system is the crop-livestock system. Finally, in the Pantanal, the most used
system is the extensive livestock-forest system, adapted to the characteristics of the place (Balbino et

al., 2011).

INTEGRATED SYSTEMS AND METHANE EMISSION MITIGATION

Results and benefits from the adoption of the Integrated Crop-Livestock (ICL) system There
are many benefits obtained from the implementation of the ICL system, among them the
improvement of the animal diet, which culminates in a reduction in slaughter time, thus generating
lower rates of methane gas emission (CHa4) per animal production (Cabral Neto ef al., 2024). These
aspects provide better economic direction, in addition to preventing new areas of native vegetation
from being converted into pastures (Carlos ef al., 2022). The technology used for pasture recovery
has the ability to remove carbon from the atmosphere, in order to fix it in the soil (Cabral Neto et al.,
2024).

Some evidence points out that it is possible to neutralize emissions from the Land Use, Land
Use Change and Forestry (LULUCEF) sector, since, by recovering 27.5 million hectares (Mha) by the

year 2030, about 6.028 million tons (Mt) of carbon dioxide equivalent (CO2eq) are accumulated in
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the soil, which is equivalent to 463.7 Mt COzeq per year (Cabral Neto et al., 2024). These data
contribute to a positive mitigation balance for the country (Assad ef al., 2021). When properly
managed, pastures accumulate carbon at significant levels, being similar to, or even higher than
native vegetation, according to Cordeiro et al. (2024), in addition to promoting higher nutritional
quality for the herd (Cabral Neto et al., 2024). Degraded pastures, on the other hand, in addition to
interfering with animal performance, provide the loss of accumulated carbon (Cabral Neto et al.,
2024).

Thus, it can be considered that the ICL system is a powerful alternative to the difficulties
encountered in the production chain, since it reduces the commitment to the environment and
maximizes the production and revenues of the property (Assis ef al., 2019). In general terms, the
purpose of the ICL system is to promote interactions between soil, plant, animal, and atmosphere,
which culminate in a reduction in risks and costs, as well as in the increase of production efficiency,
mitigation of Greenhouse Gas (GHG) emissions, and reduction of pests (Cabral Neto ef al., 2024). In
view of broader aspects, the system allows for diversified food production, in addition to mitigating
possible risks related to food insecurity in underdeveloped countries (Capitani; Farina, 2022).
Aiming at the effective use of available resources, there is the possibility of implementing diversified
production systems, leading to the rationalization of the use of inputs, in addition to improving soil
and water quality (Cabral Neto et al., 2024). These benefits can be obtained in properties of all sizes
and even in properties that require the exploration of permanent preservation areas (Martins;

Rezende, 2020).

TYPES OF CROP-LIVESTOCK INTEGRATION

The Integrated Crop-Livestock System or Agropastoral System, aims to increase productivity
and achieve favorable environmental levels from the rotation and diversification in pasture and crop
production in NTS, using the same surface at different times. There are several methodologies to be
adopted within the ILP System, which can and should be adapted according to the needs of each
region, namely: Barreirdo, Santa Brigida, Santa Fé, Sao Mateus and Gravatai (Camporezi, 2022).

The Barreirdo System is a type of technology that provides the establishment of pasture
followed by the harvest of grains, that is, it takes place from the total preparation of the area, with
correction and fertilization before the insertion of grain crops, in which, at the same time, forage and
perennial grasses, especially brachiaria grasses, are inserted (Bungestab et al., 2018). The Santa
Brigida System aims to promote the increase of nitrogen input to the soil from the biological fixation
of atmospheric nitrogen, this practice is consolidated with the insertion of green manures in the corn

production system. In this organization, there can be processing for subsequent cultivation, since the

)
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supply of nitrogen from legumes provides a decrease in the supply of mineral nitrogen (Queirds et
al., 2020).

The Santa Fé System promotes the insertion of forage species of the genus Urochloa and
Megathyrsus, mainly by intercropping, in a grain production system. It aims to produce forage in the
off-season, in addition to producing straw for the NT of the next crop (Ponciano et al., 2021). The
Sdo Mateus System aims to promote NTS to introduce, along with pasture, crops in rotation. It is
directed to regions that have sandy soils, poor in nutrients and with impaired water retention
capacity, and those where rainfall distribution is irregular during the year, causing water restriction
(Fontaneli; Fontaneli,; Panisson, 2022). The Gravatai System is based on the intercropping of
cowpea (Vigna unguiculata) and grasses of the genus Brachiaria, such as B. ruziziensis and B.
brizantha cvs. BRS Paiaguas and BRS Piata, in order to obtain greater accumulation of forage with
high nutritional value, as well as high crude protein (CP) content and digestibility (Camporezi,
2022).

In general terms, the Barreirdo System promotes increased profitability with the
diversification of the activity, in addition to expanding animal support capacity, as well as resistance
during the dry season and suppression of termites and invasive plants (Cabral Neto et al., 2024). The
Santa Fé and Santa Brigida System, on the other hand, from forage straw, provides an improvement
in the physical, chemical and biological conditions of the soil, benefiting the development of a next
cultivar in that location under NT, in addition to offering the possibility of increasing the supply of
forage to meet the needs of cattle during the dry season. there is also, in these systems, the feasibility

of using the area for agriculture in the summer and livestock during the winter (Ledo et al., 2021).

FORAGE COMPONENTS IN SIPA'S

As in the rest of Brazil, in the southern region the activity is based on the use of pastures as
the main food resource. Also, as the well-defined cold season, characterized by the reduction of the
photoperiod, low temperatures and the occurrence of frost, limits the production and quality of
tropical forages, according to Peretti et al. (2017), forage strategies should be adopted to fill this food
gap. LPIS in Brazil comprise a great diversity of forage species due to the diversity of our
edaphoclimatic conditions. However, of the pastures cultivated in winter, the most used species is
ryegrass (Lolium multiflorum Lam.) according to Bohn et al. (2020), due to its productive potential
and good adaptation to the environmental conditions of the region (Dotto; Robaina; Scotti, 2022). In
addition to being a good alternative to compose subtropical systems of crop-livestock integration,
according to Moraes et al. (2014), as it has a high potential for dry matter production, according to

Peterson et al. (2019) can be used for both grazing and ground cover (Bohn et al. 2020).
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As the SIPA's aim at social, environmental and economic sustainability, among the
challenges, the adoption of pasture management strategies that aim to maximize plant and animal
production are extremely important (Dotto; Robaina; Scotti, 2022). Thus, in addition to the choice of
forage species, the grazing method and the fertilization strategy must be defined in order to meet the
principles mentioned. In continuous stocking, the animals have unlimited and uninterrupted access to
the entire area to be grazed during the entire grazing period, and in rotational stocking, there is an
alternation between defoliation and rest (Dotto; Robaina; Scotti, 2022). Due to the interspersion of
rest and grazing periods, in the rotating stocking, the regrowth process occurs in isolation from the
grazing process (Ongaratto; Romanzini, 2021). On the other hand, continuous stocking is
characterized by milder changes in pasture condition over the period (Dotto; Robaina; Scotti, 2022).
This is the most suitable option for adoption in SIPA systems, as the constant soil cover maintained
by the higher residual grazing height provides the sponge effect, minimizing soil compaction (Coser
etal., 2018).

In ryegrass, when used for grazing, in its management it is recommended the entry of animals
into the area when the ryegrass is approximately 30 cm high, for a better use of the pasture (Flores et
al., 2008). However, grazing management should prioritize a pasture height always higher than 10-
15 cm to stimulate regrowth (Peretti et al., 2017). The period of use of ryegrass pastures can last up
to 80 days, subject to the climate, soil fertilization and especially area management (Pelegrini et al.,
2010). Although it is a forage species extensively studied in the southern region of Brazil, its
dynamics in LPIS in lowlands is not yet fully elucidated. Thus, studies contemplating the
performance of ryegrass inserted in alternative LPIS systems in lowlands will support technical

recommendations for the management of this pasture.

ANIMAL COMPONENT IN SIPA'S

The livestock phase of LPIS in the sub-tropical regions of Brazil is commonly adopted in the
winter period and the main plant species used are winter forage grasses (Bertol et al., 2022). Of
these, ryegrass is the predominant one in lowlands, with dry matter productions that can reach 10
tons/ha and total digestible nutrient concentrations that can reach more than 80%, providing excellent
animal performance (Fontaneli et al., 2016). However, this is dependent on the management of
grazing intensity in the livestock phase, which determines the amount of forage available to the
animal: higher grazing intensities will provide lower forage availability and vice versa (Bertol et al.,
2022). This is directly linked to the animal load used, which is one of the main challenges for
increasing the area of LPIS in Southern Brazil. There are paradigms linked to the consumption of

forage material that would cover the soil and the potential compaction of the soil by animal
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trampling, according to De Faccio Carvalho et al. (2021), that is, both are linked to the grazing
intensity of the livestock phase (Bertol et al., 2022).

Although grazing should be moderate to minimize soil compaction and maximize forage
production, it should be present, as it is responsible for plant root growth. In other words, the animal
component is fundamental for the sustainability of the system, because in addition to promoting
defoliation with root growth of forage plants, it also provides the cycling of nutrients through feces
and urine. Integrated crop-livestock systems are based on the premise that livestock activity can
contribute to organic residues, improvement of soil physical and chemical characteristics, crop
rotation, interruption of the cycle of plant diseases and reduction of losses resulting from climate
variability. Additionally, these systems can provide fresh and highly nutritious forages for livestock,
including in winter, while in other systems forage can be scarce (Vinholis et al., 2021). For this
reason, the adoption of animals with genetic potential can enhance the SIPA's, providing greater

animal gain and greater efficiency in the use of the forages offered.

AGRICULTURAL COMPONENT IN SIPA'S

In the subtropical regions of Brazil, the agricultural cultivation phase of SIPA's is commonly
adopted in the summer period, and includes irrigated rice (Oryza sativa), soybean (Glycine max)
and/or corn (Zea mays) crops. In lowlands, corn is rarely cultivated, except when used to produce
silage for animal feed. Rice cultivated in the irrigated form is the predominant crop in lowlands in
the agricultural phase. However, the sustainability of its cultivation has been declining season after
season, with increased production costs and reduced water availability.

Soybeans are the most important economic commodity in Brazil and widely used around the
world. In recent years, new areas have been used for soybean production, mainly in the lowlands of
agricultural fields in southern Brazil historically managed by cattle ranching (Theisen; Scivittaro,
2023). However, most areas presented limiting factors for production, such as low soil fertility and
reduced water retention, reducing the potential for grain yield. However, the gains related to soybean
cultivation would not be directly economic.

As it is a leguminous crop, it has the ability to fix nitrogen biologically. Also, its pivoting root
system could contribute to the decompaction of the superficial layers of the soil, contributing in the
long term to the improvement of its structure. Combined, these characteristics could contribute to a
more favorable soil condition for ryegrass, providing higher DM productivity and higher animal load

(Silva et al., 2020).
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ECONOMIC COMPONENT IN SIPA'S

The adoption of technologies enables productivity gains and/or lower production costs
through the use of new inputs and new combinations of resources (Vinholis ef al., 2022). These gains
have been observed in Brazilian agriculture. In recent decades, the generation and adaptation of
agricultural technologies to tropical conditions has enabled the country to sustain a consistent
increase in food production. In 2020, agribusiness GDP reached 26.6% of share in the national GDP
(Center for Advanced Studies in Applied Economics, 2020). Monoculture crop production and
conventional livestock farming not integrated with crops were designed for a rapid increase in
productivity and food supply (Vinholis et al., 2021). Thus, monoculture is the predominant plant and
animal production system in Brazil, based on the intense use of natural resources, chemical formulas,
and non-renewable energy (Mendonga ef al., 2020).

However, some of these production systems have shown signs of saturation and negative
environmental impacts (Vinholis et al., 2021). However, in the face of an imminent scarcity of
natural resources, production systems need to be rethought (Mendonga et al., 2020). Crop-livestock
integration systems have been developed as an alternative that offers increased productivity and
greater environmental sustainability (Vinholis ef al., 2021). These systems enable the economic
exploitation of production areas throughout the year, allowing greater production of grains, milk and
meat, at lower costs due to the interaction between crops and pasture. In economic theory, any
economic gains obtained from the diversification of production systems are justified by the so-called
"scope economy", which occurs when the cost of producing two items in a given production system
is lower than when the same items are produced separately (Mendonga et al., 2020).

However, measuring and demonstrating the economy of scope in production systems is not so
simple, according to Gameiro et al. (2016), probably due to the difficulty in calculating the cost of
production of an integrated system, especially for farmers (Aratijo; Mendonga, 2020). This can be
explained because there is no "standard protocol" for estimating the cost of an integrated system,
which means that there are several ways to conceptualize costs in nature-related production systems.
The different possibilities of CLI system configurations in relation to the crops implanted and the
management carried out are challenged to demonstrate the economic advantages of this system

(Aratjo; Mendonga, 2020).

INTEGRATED SYSTEMS IN SOUTHERN BRAZIL

LPIS are production models planned in space and time, in the same area or in different areas,
jointly or sequentially, with the purpose of associating agricultural production with beef or dairy
cattle, benefiting from the synergism between activities to increase productivity levels and promote

greater income diversification. in a sustainable way (Sandini ef al., 2011; Anghinoni et al., 2013).
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Currently, research institutes promote the diversification of crops integrated with livestock
production in soil conservation management, in areas historically intended for rice cultivation, from
the introduction of soybeans, corn, Sudan grass and winter forages. What has been studied are
irrigated rice production systems that vary the diversity of agricultural crops and the temporal
intensity of the pasture phase and the cultivation of irrigated rice (Moraes et al., 2017).

Although areas intended for integrated production systems of agricultural production have the
potential to mitigate environmental problems, meet consumption demand and economic
development, the sector lacks studies for the application of sustainable tools and strategies (Carmona
et al., 2018). It is also worth noting that the conventional agricultural system model is in evidence,
because over the years the loss of forage diversity and environmental pollution by excess nutrients
and pesticide residues, according to Anghinoni et al. (2013) has made society currently demand that
specialized production models commit to producing food in the most connected way possible with
nature (Carmona ef al., 2018)element.

In lowlands, irrigated rice is predominant in spring/summer and ryegrass in autumn and
winter. This practice occurs in approximately 1.1 million hectares in Rio Grande do Sul (CONAB,
2019) due to the characteristics of the soil in these regions. However, it is known that rice cultivation
is costly and expensive in terms of labor, water, energy, and as these resources are becoming
increasingly scarce, this activity is becoming less profitable (Kumar; Ladha, 2011). Therefore, the
implementation of LPIS in current agricultural production models can help generate income in the
off-season of summer crops.

The soil of areas cultivated with rice tends to have a low rate of water infiltration, low
macroporosity and high compaction close to the surface, which makes it difficult to insert other
crops, according to Denardin et al. (2019) to achieve positive results in LPIS. One of the most recent
concepts studied in LPIS is system fertilization, which refers to the biological cycling of nutrients
between the phases of a rotation system, that is, it is believed that in a system that includes
agriculture and livestock, there can be a use of the nutrients deposited in the soil for successive crops
(Assmann et al., 2017). In the highlands this concept is already applied and studied by Souza (2008),
but in the lowlands there is much to be explored. According to Carvalho (2018), the insertion of
animals in LPIS areas modifies some properties of the system, such as nutrient recycling and soil
aggregation, promoting the improvement of its quality. Knowing that the recycling of nutrients to the
soil through cattle in the pasture is possible, there are still studies that prove the benefits of

introducing forage and animal components to these systems.
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ANNUAL RYEGRASS (Lolium multiflorum) IN LOWLANDS

Native pastures are the main source of food for cattle in the Pampa of Rio Grande do Sul, but
they have better nutritional value in the warmer seasons of the year (Flores et al., 2008). Not only in
the Pampas region, but throughout southern Brazil, the well-defined cold season, characterized by
the reduction of the photoperiod, low temperatures and the occurrence of frost, limits the production
and quality of tropical forages (Peretti ef al., 2017). The cold season is the most restricted in forage
production, characterized by the scarcity and loss of quality of feed fed to the animals (Pavinato et
al., 2014). This seasonality in forage production has been one of the main factors responsible for the
low production rates in Brazilian livestock, where climatic factors such as precipitation and
temperature are the most important (Gerdes et al., 2005). However, the same climatic conditions that
limit the production of tropical forages favor the strategic use of annual forage species, adapted to
these conditions (Peretti et al., 2017).

Annual ryegrass is one of the most cultivated winter species in Rio Grande do Sul, according
to Bohn et al. (2020), in addition to being a good alternative to compose subtropical systems of crop-
livestock integration (Moraes et al., 2014). According to Gerdes et al. (2005), ryegrass is
characterized by high productivity and excellent nutritional value. This crop is resistant to cold, has a
high capacity for natural reseeding, is resistant to crop diseases and for the animal, acceptance is
great when grown in intercropping with other grasses and legumes (Cassol ef al., 2011). Because it
has a high potential for dry matter production, according to Peterson ef al. (2019) can be used for
both grazing and ground cover, according to Bohn et al. (2020) and can also be used in the form of
silage and hay (Pedroso et al., 2004).

To further improve its productive potential, research aimed at the genetic improvement of
ryegrass has aimed to select cultivars that are even more productive, earlier and better adapted to
different edaphoclimatic conditions. When used for grazing, in its management it is recommended
the entry of animals into the area when the ryegrass is approximately 30 cm high, for a better use of
the pasture (Flores et al., 2008). Animals should be removed from the area when the plants reach a
residual height of 10-15 cm to stimulate regrowth (Peretti ef al., 2017). The period of use can last up
to 80 days and depends on climate, soil fertilization and especially area management (Pelegrini ef al.,
2010). There are several studies elucidating the productive potential of ryegrass in various regions of
southern Brazil (Lang ef al., 2004; Lopes et al., 2009; Battiston et al., 2020, Bohn et al., 2020), but
as the rice-ryegrass-soybean rotation in the Lowlands is recent, studies that measure ryegrass

production in this LPIS model are scarce in the scientific literature.
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NUTRITIONAL VALUE OF FORAGE PLANTS

The nutritional value of a forage is defined by its chemical composition and the potential for
use by animals to generate energy and convert it into production. Thus, the result of a chemical
analysis becomes an important tool for the correct balance of the animals' diet, with greater responses
in milk and meat production (Serafim et al., 2017). In the analytical quantification of the nutritive
value of foods, several parameters are used, such as dry matter (DM), mineral matter (MM), crude
protein (CP) or total nitrogen (N), neutral detergent fiber (NDF), acid detergent fiber (ADF), lignin,
digestibility, among others (De Macé&do Carvalho et al., 2021). However, the estimates of nitrogen
and crude protein content, and the fibrous fractions are the most relevant. These are determined by
analyzing neutral detergent fiber, acid detergent fiber that can be fractionated to lignin, cellulose and
hemicellulose.

In order to determine the nutritional value of a forage species, it is necessary to carry out
studies that allow the joint evaluation of the chemical composition (MS, OM, PB, EE, NDF, FDA
and lignin), digestibility and secondary constituents that can interfere in the intake and use of the
forage consumed by ruminants (De Macédo Carvalho et al., 2021). Thus, based on the chemical
composition, estimates can be made to contribute to the nutritional assessment, such as those that
allow us to know the levels of total carbohydrates (CHOT), non-fibrous carbohydrates (NFC) and
structural carbohydrates (EC) (Sniffen ef al., 1992). Still other parameters can be estimated from the
chemical composition, such as dry matter intake expressed as a percentage of live weight (DMSPV)
obtained from NDF (Mertens ef al., 1997). The dry matter digestibility (DIGMS) and total digestible
nutrients (TDN) that can be estimated from the ADF, according to Bolsen, (1996), and the relative
forage value (VRF) estimated from the DGMS and the CMSPV (Bolsen, 1996).

In addition to the parameters described, others can be estimated to determine the nutritional
value of a forage in its natural or preserved form, for use in ruminants. However, when considering
the protein fraction and the fibrous constituents, we can quickly estimate the nutritional value of a
forage. The protein content in forage is also a determinant in nutritional value because it has a
positive correlation with dry matter intake, according to Oliveira et al., (2017), and this effect is
partially due to the increase in degradable protein in the rumen and improved feed digestibility
(Cardoso et al., 2014).

Likewise, the levels of fibrous constituents directly interfere with consumption capacity and
digestibility. NDF is a determinant of CMSPV because the higher the NDF content of a forage, the
slower its digestion will be, and therefore, the longer it will be retained in the rumen environment,
causing the filling effect (Mertens et al., 1996). In the filling effect, the animal is satiated by the
physical effect provided by the fiber of the digesting forage, thus limiting the consumption of a larger
volume of DM (Oliveira ef al., 2017). For this reason, the higher the NDF content of a forage, the
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lower its consumption capacity, and the lower the WASPS (Detmann; Gionbelli; Huhtanen, 2014). As
described by Mertens (1992) proposed a maximum intake value of 1.2% of live weight in NDF,
however, as the CMSPV is influenced by the physiological state of the animals, when in production
as dairy cows they will have a higher demand for CMSPV than beef cattle in maintenance, for
example (Cardoso et al., 2014). Thus, it is important to know the CMSPV of each forage to balance
its inclusion in the diets so that there is no limitation of consumption by filling effect, thus avoiding
the limitation of animal performance.

In its composition, NDF has lignin, cellulose and hemicellulose. While the last two are
potentially digestible, according to Silva; Queiroz (2009) lignin is indigestible and because it is made
up of phenolic compounds, it is toxic to rumen microorganisms. Thus, in addition to repelling the
approach of microorganisms to the particles, it inhibits the digestion of fibrous carbohydrates by
imposing a physical barrier to the microorganisms, preventing the attack on the cell wall of the
ingested forage. These cell wall constituents have their content increased with plant maturation,
reducing the nutritive value of the forage. This process occurs through the directing of photosynthetic
carbon to the plant structure (Battiston ef al., 2020). This accumulation of structural cell wall dilutes
the proportion represented by cell content with an increase in the fibrous portion and simultaneous
reduction of soluble carbohydrates from cell content, through growth stimulation and the use of
reserves (Battiston ef al., 2020).

DIGMS is a measure of the proportion of food consumed that is digested and metabolized by
the animal (De Macédo Carvalho ef al., 2021). It is an important parameter for evaluating the
nutritional value of forages because in addition to the potential for nutrient supply, they also act in
the CMSPV. Both DIGMS and NDF digestibility interfere with DMSPYV, according to Cardoso et al.
(2014), as they influence the rate of fiber degradation in the rumen environment, reducing the feeling
of satiety and stimulating consumption in animals (Oliveira et al., 2017). It is estimated that the
maximum DM intake occurs in forages with digestibility values in the diets 66 and 68%, according
to Cardoso et al. (2014), however, it is difficult for a tropical forage to have digestibility higher than
60%, noting that consumption under these conditions is always limited by filling (Nascimento ef al.,
2009). In this way, the use of winter forage grasses enhances not only the LPIS and the use of fallow
areas in the winter period, but also the performance of the animals due to the higher nutritional value
of the forage.

The relative forage value (VRF) is a widely accepted forage quality index in the U.S. hay
market, and has been used to characterize pastures. VRF is calculated by combining estimates of
digestibility and forage intake that are obtained from NDF and ADF values. The VRF combines the
estimates of digestibility and intake of forages into a single number calculated from the ADF and

NDF levels (Ward; Ondarza, 2008). The parameter of 100% would be equivalent to alfalfa hay, so
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when estimating the VRF of different forages, these are indirectly compared to alfalfa. However, its
use in forages under grazing should be used with discretion, because as it is dependent on parameters

that change with plant growth, it is subject to the same dynamism.

ANIMAL COMPONENT AND ANIMAL WELFARE IN ICL

It is characterized by the harmony between the animal and the environment, considering the
physical and physiological conditions and high quality of life of the animal. It also refers to the
animal's ability to adapt to the woolly environment (Lourengano; Cavichioli, 2019). Physiological
stress is one of the main indicators used in the assessment, because as it increases, well-being
decreases. Currently, to establish the degree of animal welfare in a production system, the concept of
the "five freedoms" is used, where they define conditions for this.

Physiological freedom is characterized by the supply of water and food in quantity and
quality appropriate to the conditions of the animals; environmental freedom, characterized by a
correctly planned environment, which has physical and thermal comfort; sanitary freedom,
characterized by the absence of pain, injuries and diseases, met by the correct sanitary management
of animals; behavioral freedom, characterized by the possibility of expressing behaviors
characteristic of the species; and psychological freedom, which is characterized by the absence of
fear and stress, where the conditions of the environment are facilitated, avoiding animal suffering
(Alves; Nicodemus; Silva, 2015; Alves; Porfirio Da Silva; Karvatte Junior, 2019). Integration
systems, when well planned, meet all these precepts and, when compared to traditional pasture
production systems, generate better animal welfare.

This is because the trees present in the pasture, as a forest component of the integration
system, promote considerable changes in the local microclimate, such as wind speed, temperature,
vapor saturation pressure, air humidity and incident solar radiation, according to Lourengano;
Cavichioli (2019), the latter being reduced by up to 30%, depending on the forest species, and also
protecting them from excessive cold (Alves; Nicodemus; Silva, 2015; Alves; Porfirio Da Silva;
Karvatte Junior, 2019). On the other hand, it is important to pay attention to the amount of shade
offered, as it is essential that there are uncovered areas (simple rows), so that the density of the
shadows does not harm the development of forage, thus compromising animal nutrition and crops, in
addition to interfering with air movement, compromising the efficiency of temperature regulation of

the animals (Alves; Nicodemus; Silva, 2015; Alves; Porfirio Da Silva; Karvatte Junior, 2019).

CONCLUSION
Integrated agricultural production systems (SIPA's) present an alternative potential to increase

productivity and minimize the effects of environmental impact, from the rotation and diversification
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in the production of grain crops with forage crops in the same area. Due to the great diversity of ICL
systems, they can be applied in all regions of Brazil, and in all sizes of properties and bring benefits

to producers, consumers, and especially to the environment and production systems.
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