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ninguém ainda pensou sobre aquilo que todo mundo vé.”
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RESUMO

A insercao do componente animal no sistema de producao agricola pode alterar
a dinamica dos nutrientes e, consequentemente, a fertilidade do solo e a
produtividade das culturas ao longo do tempo. Essa mudanca ocorre de forma
distinta de acordo com o arranjo adotado, em funcéo tanto da intensidade quanto
da frequéncia dos componentes animais e vegetais. O objetivo deste estudo foi
avaliar o impacto da intensidade e frequéncia do componente animal em dois
sistemas de cultivo agricola, monocultivo de soja e rotacéo soja/milho, sobre (i)
os atributos quimicos do solo ao longo do tempo, distribuic&o vertical e o balanco
de nutrientes no solo; (ii) a produtividade dos cultivos; e (iii) o teor e estoque de
carbono (C) e nitrogénio (N) no solo ap6s 14 anos da adocdo de um sistema
integrado de produgéo de gréos e ovinos de corte. O estudo foi conduzido em
um experimento de longo prazo, iniciado em 2003, disposto em um delineamento
de blocos casualizados em fatorial, com parcelas subdivididas, testando duas
intensidades de pastejo (moderada e baixa) e dois métodos de pastoreio
(continuo e rotacionado), subdivididas em dois sistemas de cultivo (monocultivo
de soja e rotacao de soja/milho). Os atributos quimicos avaliados foram: pH em
agua, Al, Ca e Mg trocaveis, P e K disponiveis, saturacdo por bases (V),
saturacdo por Al (m), capacidade de troca de cétions (CTC), carbono (C) e
nitrogénio (N) no solo. Houve uma intensa acidificagdo do solo ao longo dos 14
anos, com a diminuicdo do pH, V, Ca, Mg e K, e um aumento do Al e da m. O
balanco negativo de K foi mais intenso na monocultura de soja devido a maior
exportacdo do nutriente pelos graos da leguminosa. Os teores e estoques de C
e N no solo foram superiores no monocultivo de soja e na intensidade de pastejo
baixo. A produtividade do milho e da soja foram baixas em todos os tratamentos,
mas responderam positivamente a baixa intensidade de pastejo, sendo que a
produtividade da soja foi superior no método de pastoreio rotativo, independente
da intensidade de pastejo adotada. Os atributos quimicos de solo foram pouco
alterados pelos métodos e intensidades de pastoreio, devido ao poder reciclador
do animal, que devolve para o sistema a maioria dos nutrientes ingeridos. Porém,
as intensidades de pastejo alteram a dinamica do C no solo, devido ao maior
aporte de residuos na intensidade de pastejo baixa. Embora o milho tenha um
grande potencial em aportar residuos ao solo, a cultura da soja aporta um
residuo de melhor qualidade e, por ser menos susceptivel a estresses hidricos,
pode ser mais eficiente em aumentar/manter os estoques de C e N em locais
onde h limitacdo hidrica no periodo estival.

Palavras-chave: rotacdo de culturas, pastejo ovino, manejo de nutrientes

! Dissertacdo de Mestrado em Ciéncia do Solo. Programa de Pdés-Graduacao em Ciéncia do
Solo, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul. Porto Alegre (63
p.)- Marco, 2019. Trabalho realizado com apoio financeiro do CNPg.
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ABSTRACT

The insertion of the animal component into the crop production system can alter
nutrient dynamics and consequently soil fertility and crop productivity over time.
This change occurs differently according to the arrangement adopted, depending
on both the intensity and the frequency of the animal and plant component. The
objective of this study was to evaluate the impact of the presence of the animal
on different intensities and stocking methods in two systems of agricultural
cultivation, monoculture of soybean and crop rotation of soybean/maize, on (i)
soil chemical properties over time, vertical distribution and soil nutrient balance,
(ii) crop productivity, and (iii) the content and stock of carbon (C) and nitrogen (N)
in the soil after 14 years of the adoption of an integrated grains and sheep system.
The study was performed in an experiment long term established in 2003,
arranged in a randomized block design with split plots. The treatments are two
grazing intensities (moderate and low), two methods of grazing (continuous and
rotational) subdivided into two crop systems (monoculture of soybean and
soybean/corn rotation). The chemical properties evaluated were: pH in water; Al,
Ca and Mg exchangeable; P and K available; base saturation (V); saturation by
Al (m); cation exchange capacity (CEC), carbon (C) and nitrogen (N) in the soil.
There was intense acidification of the soil over the 14 years, with the decrease of
pH, V, Ca, Mg and K, and an increase of Al and m. The balance of K was more
negative in soybean monoculture due to the greater export of the nutrient by the
grains of the legume. The contents and stocks of C and N in the soil were higher
in soy monoculture and low grazing intensity. Maize and soybean yields were
higher in low grazing intensity, and soybean yield was higher in the rotational
stocking method, regardless of the grazing intensity adopted. The soil chemical
attributes were little altered by grazing intensities and methods, due to the
animal's recycling, which returns to the system most of the nutrients ingested.
However, grazing intensities alter soil C dynamics, due to the higher amount of
residues in the low grazing intensity. Although maize has a great potential to
contribute residues to the soil, the soybean crop provides a better quality residue
and, because it is less susceptible to water stresses, it can be more efficient in
increasing/maintaining the C and N stocks in places where there is water
limitation in the summer period.

Keywords: crop rotation, sheep grazing, nutrient management.

1 Master dissertation in Soil Science - Graduate Program in Soil Science, Faculty of Agronomy.
Federal University of Rio Grande do Sul. Porto Alegre (63 p.). March 2019. This research was
sponsored by CNPq.
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CAPITULO | = Introducéo geral

Cada vez mais busca-se sistemas sustentaveis, tanto do ponto de
vista produtivo e econdémico, como ambiental. Nesse sentido os sistemas
integrados de producédo agropecuaria (SIPA) sdo reconhecidos pelas suas
contribui¢cdes para a melhoria na producéo agricola, uma vez que intensificam
de forma sustentavel a producéo de alimentos, além de promover melhorias
na qualidade do solo.

Dessa forma, o0 objetivo dessa dissertagao foi verificar qual melhor
arranjo de SIPA é mais eficiente no uso dos nutrientes e no acumulo de
carbono e nitrogénio no solo. O terceiro capitulo dessa dissertacdo avaliou as
propriedades quimicas do solo ao longo do tempo, de 2003 até 2017, a
distribuicéo vertical das propriedades quimicas do solo em 2017, e o balanco
de nutrientes no solo apds 14 anos de conducao do experimento.

No quarto capitulo foram avaliados os teores e estoques de carbono
e nitrogénio no solo em 2017, ap6s 14 anos da adocao de diferentes métodos
e intensidade de pastejo no inverno, além de diferentes sistemas de cultivo
adotados no verdo. Nesse capitulo também sdo apresentadas e discutidas as
produtividades de milho e soja, além dos residuos de pasto (azevém) durante
0os anos de conducdo do experimento. Por fim, €& apresentado as
consideracdes finais da dissertacdo, englobando esses dois capitulos.



CAPITULO Il — Revis&o Bibliogréfica

Os SIPA, mais conhecidos na literatura técnica como integracao
lavoura-pecuéria (ILP), sdo importante ferramenta afim de promover maior
intensificacdo e diversificacdo do uso da terra (Carvalho et al., 2014). Esses
sdo definidos como sistemas onde ha alternancia temporaria ou rotacdo do
cultivo de gréos e pastejo de animais ha mesma area, ao longo do tempo
(Moraes et al., 2014), e séo vistos como uma via de intensificagdo sustentavel
e viavel economicamente para producao de alimentos (Russelle et al., 2007;
Allen et al., 2007; FAO, 2010; Lemaire et al., 2014). Sendo que o Rio Grande
do Sul conta com o segundo maior rebanho de ovinos do Brasil, com cerca de
3,4 milhdes de animais (IBGE, 2017) e a terceira maior area cultivada com
gréaos (CONAB, 2018) isso se torna uma alternativa de melhor uso da terra,
aumentando a eficiéncia produtiva. Além disso, os SIPA possuem inumeras
vantagens, pois possibilitam altas produtividades, garantindo renda ao
produtor rural e, a0 mesmo tempo, conservam 0S recursos naturais e
contribuem para o aumento da resiliéncia climatica e econémica do setor
agricola (Peyraud et al., 2014).

Os SIPA podem potencializar a ciclagem dos nutrientes e
intensificar a produgdo de alimentos por unidade de insumos utilizados,
promovendo maior sustentabilidade e eficiéncia no uso dos recursos naturais
(Carvalho et al., 2014). Segundo Anghinoni et al. (2013), isso se deve, em
grande parte, aos animais em pastejo, que modificam os fluxos dos nutrientes
entre o solo, a planta e a atmosfera, devido a dinamica diferenciada de
crescimento da espécie forrageira.

Nesse contexto, o solo é o principal compartimento centralizador

dos diversos processos sinérgicos ocorrentes no sistema. Enquanto os



diferentes componentes vegetais incorporam nutrientes e energia, 0s animais
funcionam como catalisadores ao introduzirem variabilidade e novas vias de
fluxos de nutrientes e agua, onde o solo € o compartimento mediador dos
processos (Anghinoni et al., 2013). Dai a importancia de se avaliar o solo em
experimentos de longo prazo que adotam diferentes arranjos de SIPA. Tais
avaliacbes dao subsidio ao entendimento de processos ocorrentes nos
diferentes arranjos temporais e espaciais das fases lavoura e pecuéria. Um
dos principais ganhos observados nos SIPA € a maior ciclagem de nutrientes
(Anghinoni et al., 2013; Entz et al., 2005). Estudos tem demostrado que areas
com pastejo de bovinos com intensidade moderada melhoram o
desenvolvimento da pastagem, intensificando o processo de ciclagem de P e
K no sistema (Assmann et al., 2017). Em um SIPA, a disponibilidade de
nutrientes no solo é constante, uma vez que existem diferentes fontes em
decomposicdo (residuos de plantas e dejetos animais), com liberacdo de
nutrientes de forma e em tempos distintos entre as diferentes fontes (Anghinoni
etal., 2013; Assmann et al., 2015), aumentando inclusive os teores de carbono
organico no solo (COS) em comparacao a cultivos agricolas continuos (Boeni
et al., 2014).

Independente do arranjo produtivo, a rotacdo de culturas assume
papel importante, pois possibilita a alternancia de plantas com diferentes
exigéncias nutricionais e habilidades na absor¢cédo de nutrientes, aumentando
a ciclagem e diminuindo as perdas de P e K no solo (Tiecher et al., 2017). A
utilizacdo de plantas que possuam diferentes estratégias de absorcédo e de
exploracdo de nutrientes no perfil do solo os tornam mais disponiveis, em
funcao do processo de ciclagem de nutrientes (Borkert et al., 2003), e aportam
diferentes fontes de residuos ao solo, favorecendo o acumulo de carbono
(Havlin et al et al., 1990). Tratando-se da rotagcdo de gramineas com
leguminosas, ambas possuem um papel fundamental, a primeira pela
representatividade do aporte de residuos ao sistema e, a segunda, pela
qualidade do residuo aportado, em geral com menores relagbes C/N, C/P,
lignina/N e lignina/P (Yadava & Thodan, 1997; Russelle & Birr, 2004).

Além dos fatores supracitados, a minima exportacdo de nutrientes
pelo animal € um componente essencial da ciclagem de nutrientes. Em areas

de pastejo de ovinos, por exemplo, cerca de 90% dos nutrientes ingeridos



pelos animais via consumo do pasto retornam ao solo (Haynes & Williams,
1993). Além disso, a ingestdo de forragem pelos animais ainda estimula o
crescimento radicular das plantas (Reeder & Schuman, 2002), contribuindo
para a maior absorgao e ciclagem dos nutrientes que estdo em camadas mais
profundas do solo.

O manejo da altura do pasto contrastado a areas sem pastejo no
inverno determina variagdo nos atributos quimicos, fisicos e biolégicos do solo
(Carvalho et al., 2010), e por isso € um fator determinante para o sucesso dos
SIPA e decisivo para a obtencdo de muitos dos seus beneficios. Nesse
contexto, sabe-se que uma carga animal moderada, mantendo-se pastagens
de inverno, como azevém (Lolium multifliorum) e aveia-preta (Avena sativa),
com altura entre 20 e 30 cm, pode contribuir para a melhoria da qualidade do
solo. Foram encontrada melhorias na qualidade biolégica do solo (Souza et al.,
2008), para o aumento no acumulo de C e N organico no solo (Souza et al.,
2008; Assmann et al., 2014), para o aumento da disponibilidade de P (Deiss et
al., 2016), para a diminuicdo da acidificacao e para o aumento da correcéo da
acidez na subsuperficie do solo (Flores et al. 2008; Martins et al., 2014),
mantendo a condi¢cdo fisica do solo com propriedades adequadas ao
crescimento da cultura de graos em sucessao (Flores et al., 2007; Conte et al.,
2011; Cecagno et al., 2016), sem afetar a produtividade da cultura de graos de
verao.

Além do manejo da altura do pasto, outro componente da fase
pecuaria do SIPA a ser considerado € o método de pastoreio. De acordo com
Lunardi et al. (2008), o método de pastoreio pode ser tdo importante quanto a
intensidade de pastejo definida. Enquanto o método de pastoreio em lotacdo
continua explora o poder seletivo dos animais, permitindo seu acesso a toda
area e, consequentemente, distribuicdo aleatéria dos dejetos, a lotagcdo
rotacionada se caracteriza pelo maior controle local e por elevadas densidades
instantaneas de animais por unidade de area. Por isso, 0 método de pastoreio
pode afetar os padrdes espaciais dos atributos do solo através da utilizacdo da
pastagem, promovendo a heterogeneidade espacial do ambiente pelos
distintos fatores microambientais ofertados, incluindo agua, luz e nutrientes
(Laca, 2009).



A principal fonte de variacdo ocorre pela distribuicdo de fezes e
urina, os quais sao depositados de forma inconstante e desuniforme,
influenciando a concentragcdo de nutrientes (Augustine & Frank, 2001,
McNaughton,1982). Aliado a isso, os animais podem indiretamente influenciar
a distribuicéo espacial das caracteristicas do solo pela mudanca dos padrdes
de vegetacdo (Olofsson, 2008). Contudo, a escolha de um método de
pastoreio, continuo ou rotacionado, ndo altera a massa de forragem total
produzida de azevém (Neto, et al.,, 2013). Como ndo ha diferenca na
guantidade de residuos aportados, a ciclagem de nutrientes no sistema é
possivelmente semelhante entre os métodos de pastoreio, e por isso espera-
se uma distribuic&o vertical e estoque de nutrientes similar entre os métodos.

Dessa forma hipotetiza-se que sistemas integrados de producgéo de
graos e ovinos de corte que incluam rotacdo de culturas na fase lavoura,
intensidade de pastejo baixa e pastoreio rotativo promovem melhorias nos
atributos quimicos do solo, produtividade das culturas, estoques de carbono, e
um balango menos negativo de nutrientes no solo. Assim, o objetivo do
presente trabalho foi avaliar o impacto de longo prazo da intensidade e
métodos de pastoreio, e de sistemas de cultivo com monocultivo de soja e
rotacdo de soja/milho, sobre a produtividade das culturas, os atributos
guimicos do solo, o balanco e o estoque de nutrientes em um Plintossolo do

Sul do Brasil sob sistemas integrados de producéo de gréos e ovinos de corte.



CAPITULO lIlI: Soil acidification and P, K, Ca, and Mg budget
as affected by sheep grazing and crop rotation in along-term

integrated crop-livestock system in Southern Brazil®

1. Introduction

Brazil is one of the largest grain producers in the world and has the
fifth largest cultivated area. Moreover, Brazil is among the 17 largest producers
of sheep in the world. In the last year (2017/2018) 61.5 million hectares were
cultivated with commercial crops. In Rio Grande do Sul, the southernmost state
of Brazil, with the third largest agricultural production, the crop area is
approximately 6.5 million hectares, mainly cultivated with soybean (89% of the
area) and maize (11% of the area). Rio Grande do Sul State also has the largest
sheep flock in Brazil, with approximately 4.0 million head mainly managed for
mutton production. However, in the winter period only 1.0 million hectares
(about 16% of the entire agricultural area) are cultivated with commercial crops
such as wheat (CONAB, 2018). This underutilization of the areas in winter is
mainly due to the low prices paid for the products and the competition with the
better-quality Argentinean wheat (Brum & Madller, 2008), which makes the
activity often unfeasible from an economic point of view. The rest of the area
remain fallow or with cover plants with high forage value, underutilizing the
potential of land use.

Among these arable areas, approximately 5.4 million hectares have
great productive potential. A viable alternative to optimize the use of the soil in
the winter period is the adoption of integrated crop-livestock systems
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(ICLS)(Carvalho et al., 2014). They are defined as systems in which there is
temporary alternation or rotation of pastures and crops in the same area over
time (Moraes et al., 2014), and they are seen as sustainable intensification
routes with economic viability for food production (Russelle et al., 2007; Allen
etal., 2007; FAO, 2010; Lemaire et al., 2014). Since Rio Grande do Sul has the
second largest flock of sheep in Brazil, with 3.4 million animals (IBGE, 2017)
and the third largest area planted with grains (CONAB, 2018), this becomes an
alternative better use of land, increasing productive efficiency.

The ICLS presents a number of benefits, since they guarantee high
crop yields, diversifying the income for farmers and, at the same time,
preserving the natural resources, contributing to the increase of the climatic and
economic resilience of the agricultural sector (Peyraud et al., 2014). These
systems differ from purely agricultural systems, mainly by enhancing nutrient
(re) cycling and increasing food production per unit of area and inputs used,
promoting greater efficiency in the use of fertilizers and natural resources (Entz
et al., 2005; Carvalho et al., 2014). This is due mainly to the presence of the
animal grazing, which modifies the nutrient fluxes in the soil, plant, and
atmosphere interface (Anghinoni et al., 2013).

In this context, soil is the main centralizing compartment of the
various synergic processes that occur in the system. While the different plant
components incorporate nutrients and energy, the animals act as catalysts by
introducing variability and new pathways of nutrient and water flows (Anghinoni
et al., 2013). Studies in ICLS are still scarce although they have increased
representatively in recent years (Moraes et al., 2014). However, they are
extremely necessary to understand the change in the dynamics of nutrient
fluxes, and consequently the soil fertility, affected by both the animals and the
grain crops. Therefore, the evaluation of long-term experiments, which rely on
the adoption of different ILCS arrangements, are significant. Assessments of
this dimension support the understanding of processes that occur in the
different temporal and spatial arrangements of the crop and livestock phases.

The extent to which the processes and nutrient fluxes are affected
will depend on the grain crop inserted in the cropping season and the
management of the animals in the pasture phase. The intensity, frequency, and

mode of conduction of the animals directly affect the vegetation pattern of the



pasture and, consequently, the nutrient cycling. Recent studies have shown
that areas under pasture grazing at suitable intensities improve pasture
development, enhancing the phosphorus (P) and potassium (K) cycling process
in the system (Assmann et al., 2017). In addition, moderate animal loads in
winter pastures of ryegrass and black oats may contribute to the improvement
of soil biological quality (Souza et al., 2008), to the increase of organic carbon
(C) and nitrogen (N) accumulation (Souza et al., 2008; Assmann et al., 2014),
increase in P availability (Deiss et al., 2016), decrease of acidification and
increase of acidity correction in the soil subsurface (Flores et al. 2008; Martins
et al., 2014), maintaining adequate physical conditions of soil to the growth of
the grain crops in succession (Flores et al., 2007; Conte et al., 2011; Cecagno
et al., 2016) without affecting the productivity of the summer crop.

In addition to the management of the sheep load, another
component of the livestock phase of the ICLS to be considered is the stocking
method, which can affect the chemical properties of the soil as well as the
grazing intensity used (Lunardi et al., 2008). Grazing may affect spatial patterns
of soil attributes, increasing the spatial heterogeneity of the environment by
different microenvironmental factors, including water, light, and nutrients (Laca,
2009). The main source of variation is the distribution of feces and urine,
deposited inconsistently and unevenly, influencing nutrient concentration
(McNaughton, 1982; Augustine & Frank, 2001). Moreover, sheep can indirectly
influence the spatial distribution of soil characteristics by changing vegetation
patterns imposed by influence of selectivity in grazing (Olofsson, 2008).

Crop rotation is another important factor to consider in the
diversification of ICLS arrangements, since it allows the alternation of plants
with different nutritional requirements and nutrient absorption abilities, which
can increase the cycling and reduce losses of P and K (Tiecher et al., 2017),
as well improve soil quality (Karlen et al., 2006). The use of plants that have
different strategies of absorption and exploitation of nutrients in the soil profile
increase nutrient availability due to the process of nutrient cycling (Borkert et
al., 2003). In this context, the cultivation of maize in rotation with soybean in the
summer is an important strategy to obtain the benefits of crop rotation, mainly
because they present different production potentials, root systems, waste
inputs, among others (Borkert et al., 2003; Russelle & Birr, 2004).



Thus, the present study was carried out with the objective of
evaluating the impact of the intensity and frequency of the sheep grazing in the
winter period and the crop 7 rotation in the summer period on the (i) temporal
evolution and vertical distribution of soil chemical properties, and (ii) on the
nutrient (P, K, Ca, and Mg) budget in the profile of an Acrisol, conducted for 14

years under integrated crop livestock system in the Brazilian subtropics.

2. Material and methods

2.1. History of the experimental area

The study was carried out in a long-term experiment established in
2003 at the Agronomic Experimental Station (EEA) of the Federal University of
Rio Grande do Sul (UFRGS), located in Eldorado do Sul, Rio Grande do Sul,
Brazil (latitude 30°05'S, longitude 51°39 ' O and altitude of 46 m). The climate
is classified as subtropical humid (Cfa), according to the classification of
Koppen (Kottek et al., 2006). The average annual precipitation since the
beginning of the experiment ranged from 1200 to 2000 mm, and the average
monthly temperature of the last 14 years was 19°C (Figure 1).

The soil is classified as Acrisol (FAO, 2006) whose chemical
properties before the installation of the experiment (2003) at the soil layer of O-
10 cm were: organic carbon content of 17 g kg, pH-H20 (1:1 soil/water ratio)
of 5.3; exchangeable aluminum (Al), calcium (Ca) and magnesium (Mg)
(extracted by KCI 1.0 mol L) of 0.3, 2.2 and 1.2 cmolc dm, respectively;
available P and K (extracted by Mehlich 1) of 10 and 135 mg dm3, respectively;
and base and Al saturation of 51% and 8%, respectively; and the soil bulk
density was 1.62 g cm3,

Prior to the implementation of the experiment, the area was cover
with natural grassland, with the insertion of exotic species such as ryegrass
(Lolim multiflorum) during the winter period. The entire area was desiccated
with herbicide of the active ingredient glyphosate. In addition, lime was applied
at a dose of 1.0 Mg ha to raise the soil pH of the 0-10 cm soil layer up to 6.0,
and fertilization was performed with 10 kg N hat, 40 kg P20s ha' and 40 kg
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K20 ha', to meet an expected grain yield of 3.0 Mg ha of soybean (CQFS-
RS/SC, 1995).

500 - - 25
I Precipitation

400 - —O—Temperature L 20
E —~
E &
< 300 A - 15 o
Q S
I @
2 5
g
o e

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 1. Annual average precipitation and temperature (2003 to 2017) in a
long-term experiment of integrated crop-livestock system in southern
Brazil. Source: Experimental Station of the Federal University of Rio
Grande do Sul, Eldorado do Sul, Rio Grande do Sul State, Brazil.

2.2. Experimental design and conduction of the experiment

The experiment was started with direct sowing of ryegrass with 17
cm row spacing, and sowing density of 32 kg ha*. Nitrogen fertilization was 150
kg N hal, fractionated in two applications. In the winter period, grazing was
carried out with young sheep with 9 months old. A variable number of regulators
was used through the put-and-take technique (Mott and Lucas, 1952).

The experiment, with a total area of 4.8 hectares, is divided into 16
plots, with areas varying from 0.23 to 0.41 ha. The experimental design was of
randomized blocks, with four replications, in a 2 x 2 factorial system with
subdivided plots. The two main factors are two sheep grazing intensities
(moderate and low) and two sheep stocking methods (continuous and rotating)
and the subdivided plots represent two summer cropping systems (monoculture
and rotation).

The different intensities of sheep grazing were defined by means of
the forage supply, expressed in kg of dry matter (DM) per 100 kg of live weight
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(LW) per day, as follows: (i) moderate grazing intensity - forage supply
equivalent to 2.5 times the potential forage intake by sheep; and (ii) low grazing
intensity - supply equivalent to 5.0 times the consumption potential. According
to the National Research Council (1985), the forage consumption potential of
sheep is 4.0%, based on DM, and, therefore, the moderate supply equals 10%
of the LW and a 20% of LW.

Table 1. Amount of nutrients added via fertilizers in winter (ryegrass) and
summer (soybean or maize) seasons over 14-years (from 2003 to 2016) in a
long-term integrated crop-livestock system experiment in southern Brazil.

Nutrient (kg ha?)

Year Season N P,0s K,0
I ° o
e 199 = =
2009 \é\ﬁmfnrer 110 120 0
2010 \é\grr]rg?nrer 350 20 20
e 10 . .
Average per year 150 65 60
Total 2142 920 860

The stocking methods were differentiated by the length of
permanence of the animal in each plot. In the continuous stocking method, the
animals remain in the same area during the entire grazing period, and in
rotational grazing the plots are subdivided, and the animals are rotated,

remaining approximately two days in each grazing range. In the summer, each
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plot, subdivided into sub-plots, receives two distinct cultivation systems,
monoculture (soybean / soybean) and crop rotation (soybean / maize), with no-
tillage seeding. Thus, the experiment has a total of 32 experimental units (4
blocks x 2 stocking methods x 2 grazing intensities x 2 cropping systems).

The height of the pasture was monitored biweekly with a sward stick
(Barthram, 1985), at 50 points in the continuous stocking plots and at ten points
in each grazing plot in the rotational stocking plots. Different periods of load
adjustment were adopted to maintain a forage supply of 2.5 and 5.0 times the
consumption potential. This management was adopted during all pasture
periods, from 2003 to 2016.

At the end of each grazing period, the sheep were removed, and the
area desiccated with glyphosate herbicide for later sowing of the summer crop.
In the first cycle, soybean (Glycine max) was sown throughout the experiment,
while in the second cycle this crop was sown in half of the plot and maize in the
other half (monoculture and rotation subplots, respectively), with 45 cm of row
space and a population of 280,000 plants ha*. The fertilization performed each

year is presented in Table 1.

2.3. Temporal evaluation of soil chemical properties

For this assessment, historical soil data series of the experimental
area in the years 2010, 2013 and 2017 in the 0-20 cm soil layer were used.
Moreover, we also used as the initial reference data from the 0-10 cm soil layer
in 2003, but these data were not entered in the statistical analysis. These data
were obtained in soil samples dried in a forced air circulation oven at 50°C and
then ground, passed in a 2 mm sieve, and stored. The chemical attributes used
for the temporal evaluation were pH in water, available P and K extracted by
Mehlich-1, exchangeable Al, Ca, and Mg extracted by 1.0 mol L KCI, and base
and Al saturation. All analyses were performed following the methodology
described by Tedesco et al. (1995). The exchangeable AlI** was determined by
titration with 0.0125 mol L1 NaOH solution; Ca?* and Mg?* by atomic absorption
spectrometry; K by flame photometry and P by photocolorimetry (Tedesco et
al., 1995). The potential acidity (H+Al) was obtained through the equation
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proposed by Kaminski et al. (2001) (equation 1) and adopted by CQFS-RS/SC
(2016):

H+ + A3+ = @10.665 - 1.1483*pH SMP/1 () Equation 1

where H+Al is estimated by the pH of equilibrium between soil and the solution
with SMP 1.78 mol L (triethanolamine, paranitrophenol, K2CrOa,
Ca(CH3CO0O0)2 and CaCl2.2H20) calibrated at pH 7.5 (Shoemaker et al. , 1961).
The sum of bases (SB) was determined by the sum of Ca, Mg, and K. The
cation exchange capacity at pH 7.0 (CECpH7.0) was calculated by SB + (H+AI);
the base saturation (V) was calculated using the relation: V (%) = 100 x
SB/CECpH7.0; and the saturation by Al (m) was obtained by the relation: m (%)
= [Al/(SB+AI)] x 100 (CQFS-RS/SC, 2016).

2.4. Evaluation of the vertical distribution of acidity and soil

nutrient availability

In July 2017, soil samples were collected up to 40 cm depth,
stratified into five layers (0-5, 5-10, 10-20, 20-30, and 30-40 cm), totaling 160
samples. Samples were collected with a shovel blade, up to 20 cm, and with a
soil auger from 20 to 40 cm. The samples were dried in a forced air circulating
oven at 50° C and then ground, passed in a 2 mm sieve, and stored. The soil
bulk density was 1.50, 1.64, 1.72, 1.61, and 1.65 g cm for the soil layers of O-
5, 5-10, 10-20, 20-30, and 30-40 cm. The chemical properties evaluated were
the same described in the section 5.3.1.

2.5. Nutrient budget

To calculate the nutrient budget, all inputs of nutrients (P, K, Ca, and
Mg) via fertilizer and all exits exported by grains (maize and soybean) and
sheep meat were quantified. For this, the historical data of animal and vegetal
production measured in the experiment were used. Exports of P and K by
soybean and maize grains were calculated using the mean values adopted by
CQFS-RS/SC (2016): 6.1 kg P Mg™* and 16.6 kg K Mg of grain yield for
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soybean, and 3.5 kg P Mg and 5.0 kg K Mg of grain yield for maize. The
values of Ca and Mg exported by soybean grains used were 2.2 and 2.3 kg Mg
1 of grain yield, respectively. For the maize reference values of 2.4 and 2.1 kg
Mg of grain yield were used for Ca and Mg, respectively (Houx Ill et al., 2016).
The export of nutrients by meat was calculated based on values proposed by
Williams (2007), considering the export of 1940 mg of P, 3440 mg of K, 72 mg
of Ca and 280 mg per kilogram of meat produced.

The nutrient budget in the soil was calculated considering the initial
and final soil contents, using the available P and K contents and exchangeable

Ca and Mg for the 0-10 cm soil layer, as presented in equation 2:

SB=FS-IS Equation 2

where: SB = soil budget, FS = final soil content in 2017and IS = initial soll
content in 2003.

The effective budget of nutrients in the soil was calculated
considering the initial and final levels in the soil layer of the 0-10 cm, in addition
to all inputs, via fertilizer, and the exits, via meat and grain, as presented in

equation 3:

EB = (FS - IS) - (IF - OGM) Equation 3

where: EB = effective budget, FS = final soil content in 2017, IF = inputs via
fertilizer from 2003-2017 and OGM = outputs via grain and meat from 2003-
2017.

2.6. Statistical analysis

Statistical analysis was performed with SAS® 9.4 software, and the
results were subjected to the normality analysis by the Shapiro-Wilk test and
the homogeneity of variances by the Levene test, both at a significance level of
5%. Subsequently, the analysis of variance (F test) was applied and, when
significant (p<0.05), the means of the treatments were compared by the Tukey

multiple comparisons test, at a significance level of 5%. For the evaluation of
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the variance analysis and test of means the following statistical models were

used:

(i) Temporal evolution of chemical properties of soil fertility:

y=H+Bi+ei+Sj+ Gkt (SG)k + e+ Ci + (SC)i + (GChu + ey +
(SGO)ji+ Ym + €im + (SY)jm + (GY)km + (CY)im + (SGY)jkm + (SCY)jim
+ (GCY)um + (SGCY)jkim + €ijkim
where: y = variable response, | = overall average of observations, B; = block
effect (i = 1, 2, 3, 4), Sj = stocking methods (j = 1, 2), Gk = grazing intensity (k
=1,2),C=cropsystems (I=1, 2), Ym=year (m =1, 2, 3) and ejjum = effect of

random error.

(i) Vertical distribution of chemical properties of soil fertility:

y=H+Bit+ei+Sj+ G+ (SG)ik + ek + Ci + (SC)j + (GC)w + exjan +
(SGC)ji + Lm + €im + (SL)jm + (GL)km + (CL)im + (SGL)jkm + (SCL)jim +
(GCL)kim + (SGCL)jkim + €ijim
where: y = variable response, y = overall average of observations, Bj = block
effect (i =1, 2, 3, 4), Sj = stocking methods (j = 1, 2), Gk = grazing intensity (k
=1, 2), C,=crop systems (I =1, 2), Lm = soil layer (m =1, 2, 3, 4, 5) and €ijjxim

= effect of random error.
(iii) Soil nutrient budget:
y=H+Bi+ei+ S+ Ck+ (SG)k + ek + Ci + (SC)ji + (GCu + ey +
(SGO)jui + €ijkim
where: y = variable response, |1 = overall average of observations, Bi = block
effect (i =1, 2, 3, 4), Sj = stocking methods (j = 1, 2), Gk = grazing intensity (k
=1, 2), C, = crop systems (I = 1, 2) and ejxm = effect of random error.

3. Results and discussion

3.1. Temporal evolution of chemical properties of soil fertility
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The soil chemical properties changed during the 14 years of the
experiment but were not affected by the grazing intensity and the stocking
method (Table 2). Except for pH, which had an effect of interaction between
crop rotation systems and years, all other attributes evaluated were not affected
by the different ICLS arrangements adopted (winter stocking methods and
intensities and summer crop rotation) (Table 2).

There was an intense acidification of the soil in the 0-20 cm layer
over the experimental period. From 2010 to 2017, in only 7-years, the soil pH
in water decreased from 4.9 to 4.0 (Figure 2A), which was accompanied by an
increase in Al saturation of 14% to 50% (Figure 2D) and a decrease in base
saturation from 35% to only 18% (Figure 2C). These values are far from the
reference values recommended by CQFS-RS/SC (2016) (pH in water =5.5,
base saturation 265% and Al saturation <10% for a soybean/maize production
system conducted in consolidated no-tillage).

Soil pH decreased by an average of 0.13 units per year in the 0-20
cm soil layer from 2010-2017 (Figure 2A). This acidification is mainly related
to the addition of approximately 150 kg N ha year?! (Table 2). In well aerated
soils, most of the N coming from this fertilizer undergoes nitrification process,
forming nitrate ions (NOs’) and, when it is not uptake by the plants, can be
leached in the soil. In this process, there is a surplus of H*, which acidify the
soil. In a meta-analysis, Tian and Niu (2015) verified that the addition of doses
greater than 150 kg N ha! as urea generated, on average, a reduction of 0.4
pH units per year. Corroborating with the results of the present study, Tian and
Niu (2015) found a decrease of 0.2 pH units per year in long-term studies (10
and 20 years). In addition, in the leaching of NOs3', there is the loading of basic
cations, such as Ca, Mg and K, to deeper soil layers, accentuating the process
of soil acidification from the surface, with a decrease in soil pH and base
saturation and increased Al saturation (Bolan & Hedley, 2003; Crusciol et al.,
2011).

The intense acidification over time caused an increase in Al levels
and a decrease in Ca, Mg and K levels in the soil (Figures 2B, 2E, 2F and 2H),
due to the losses of these cations concomitantly with the losses of NOs
(Crusciol et al., 2011). These cations present low chemical interaction with the

solid phase of the soil compared to Al (Sparks, 2003), becoming more
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susceptible to subsurface layers below 20 cm depth. Similar effects were also
identified by several authors (Cai et al., 2015; Chen et al., 2015; Lucas et al.,
2011; Hoegberg et al., 2006), evaluating the effects of adding N fertilizer over
time in chemical properties of soil.

The uptake of basic cations by grain crops is another important and
natural factor that acts on soil acidification over time. The exudation of acid
organic compounds by the roots also increases the concentration of H* ions,
reducing the pH of the environment (Hinsinger et al., 2003). In addition, the
extraction and subsequent export of nutrients via grains by crops have an
important role in the soil acidification process, due to the reduction of base
saturation, especially when there is no replacement of these nutrients. During
the period of conduction of the experiment, Ca and Mg were not supplied
through liming, resulting in a marked decrease in the nutrient contents in the O-
20 cm soil layer from 2010 to 2017 (Figure 2E and 2F), from 1.9 to 1.0 cmolc
dm for Ca, and from 0.9 to 0.5 cmolc dm for Mg, with a consequent decrease
in base saturation (Figure 2C). These values are below the levels considered
suitable for the cultivation of annual cash crops in the study region (4.0 and 1.0
cmolc dm3 for Ca and Mg, respectively - CQFS-RS/SC, 2016).

Among the evaluated nutrients, the only one that increased over time
was P (Figure 2G). At the experimental establishment in 2003, the initial
content was 13 mg dm in the 0-10 cm soil layer. In 2010, the P content in the
0-20 cm soil layer was 52 mg dm= and it increases up to 79 mg dm= seven
years later in 2017, well above the critical level recommended by CQFS-RS/C
(2016), which is 30 mg dm=. The current P content is extremely high, even
exceeding the environmental critical limit (40 + clay content [17%] = 57)
described by Gatiboni et al. (2015). This value represents a high risk of
contamination of aquatic environments with P, increasing the potential of
eutrophication. The increase in soil available P content over time was due to
the application of phosphate fertilizers above the amount demanded and
exported by crops and animals (Boitt et al., 2008; Whalen & Chang, 2001). The
P, as a low mobile nutrient in the soil, accumulates in surface. This effect is
evidenced mainly in long-term no tillage systems, where there is no soil
disturbance (Rheinheimer et al., 2002; Rheinheimer & Anghinoni, 2003;
Tiecher et al., 2017).



Table 2. Significance of the effects of experimental factors and their interactions on soil chemical properties over 14-years (from
2003 to 2016) in a long-term integrated crop-livestock system experiment in southern Brazil, as resulting from analysis of variance
(ANOVA).

Variable S2 GP C° Y! SxG SxC GxC SxGxC SxY GxY CxY SxGxY SxCxY SxGxCxY
Soil pH ns ns ns ** ns ns ns Ns ns ns * ns ns ns
Base saturation ns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Aluminum saturation ns ns ns ** ns ns ns Ns ns ns ns ns ns ns
Exchangeable Ca Nns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Exchangeable Mg ns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Available P ns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Available K ns ns ns *** ns ns ns Ns ns ns ns ns ns ns

a Stocking method; b Grazing intensity; ¢ Crop system; 9 Year. * Significant at P <0.05; ** Significant at P <0.01; *** Significant at P <0.001; " not significant.

Table 3. Significance of the effects of experimental factors and their interactions on soil chemical properties after 14-years of a
long-term integrated crop-livestock system experiment in southern Brazil, as resulting from analysis of variance (ANOVA).

Variable Sa GP C° D! SxG SxC GxC SxGxC SxD GxD CxD SxGxD SxCxD SxGxCxD
Soil pH ns ns * ** npg ns ns Ns ns ns ** ns ns ns
Base saturation ns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Aluminum saturation ns ns ns ** ns ns ns Ns ns ns ns ns ns ns
Exchangeable Ca ns ns ns *** ns ns ns Ns ns ns ns ns ns ns
Exchangeable Mg ns ns ns ** ns ns ns Ns ns ns ns ns ns ns
Available P ns ns ns * ns ns ns Ns ns ns ns ns ns ns
Available K ns nNns ns ** ns ns ns Ns ns ns ns ns ns ns
Effective CEC ns ns ** ** ng ns ns Ns ns * * ns ns ns

a Stocking method; ® Grazing intensity; ¢ Crop systems; 4 Depth. * Significant at P <0.05; ** Significant at P <0.01; *** Significant at P <0.001; " not significant.

8T
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Figure 2.

Temporal variation of soil pH (A), exchangeable aluminum (B), base
saturation (C), aluminum saturation (D), exchangeable calcium (E),
exchangeable magnesium (F), available phosphorus (G) and available
potassium (H) in the 0—20 cm soil layer affect by different crop system
over 14years in a long-term integrated crop-livestock system
experiment from southern Brazil. Red point is equivalent to the beginning in
2003 for the soil layer of 0-10 cm. Red dotted line represents the reference value for
soil pH (=5.5) base saturation (265), aluminum saturation (£10%), phosphorus (30 mg
dm-3), potassium (90 mg dm-), considering a soil with texture containing < 20% of clay
and CECpn7 between 7.6 and 15 cmolc dm3; and adequate calcium (4.0 cmole dm-3)
and magnesium (1.0 cmole. dm3) according to CQFS-RS/SC (2016). Values for year
are the overall mean of two crop systems, two grazing intensities, and two stocking
methods (n = 32). LSD = difference minimal significant P<0.05 by Tukey test.
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3.2. Vertical distribution of chemical properties of soil fertility

Except for soil pH, which had an effect of the interaction of the crop
rotation system and soil depth, and the effective CEC, which presented interaction
of both grazing intensities and crop rotation with soil depth, the other variables
presented only significative effect of soil depth (Table 3).

The soil pH values are classified as extremely low (CQFS-RS/SC,
2016), especially in the surface layer, with an average of 3.9. The pH increases in
depth, being higher in the soybean monoculture in relation to the soybean-maize
rotation, with values 4.1 and 3.9, respectively, in the 20-40 cm layer (Figure 3).
This is possibly due to the additional application of 260 kg N ha* as urea for maize
fertilization in the crop rotation treatments (Table 2), demonstrating the
acidification potential of this fertilizer in agricultural and forest productive systems
(Tian and Niu, 2015; Mao et al., 2017; Cai et al., 2015).

Soil pH
0 4 6
0 /L 1 1 1
7 Bb Abc
Bb Ac
10 -
5 Bb Ab
< 20 4
) Ba Aa
o) —@— Monoculture
30 1 —O— Crop rotation
Ba Aa
40

Figure 3. Soil pH in depth affected by cropping systems after 14-years in a long-
term integrated crop-livestock system experiment from southern Brazil.
Red dotted line represents the reference pH value (5.5) for the
diagnostic layer (0—10 cm) for grain cultivation (Group 2), according to

CQFS-RS/SC (2016). Values for soil depth are the overall mean of two grazing
intensities, and two stocking methods (n = 16). Means followed by same capital letter
in the row, comparing layers for each crop systems , and means followed by same
lowercase letter in the column, comparing crop systems within each soil layer, are not
significantly different at P<0.05 by Tukey test.

The effective CEC (estimated by the sum of Al, Ca and Mg extracted by
KCI 1 mol L, and the K extracted by Mehlich-1) was higher on the surface (layer
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0-5 cm), and it was affected by both cropping system (Figure 4A) and grazing
intensities (Figure 4B). Crop rotation and low grazing intensity showed higher
CEC, being 15% and 11% higher than soybean monoculture and moderate
intensity, respectively. It is due to the greater amount of crop residues on the
surface. In the crop rotation system, there was an addition of approximately 3.0
Mg hayear? of residue, while in the monoculture it was only 1.2 Mg ha! year? of
residue, mainly due to the higher biomass input by maize (Campos, 2015). The
amount of residues was 40% higher in the low intensity of grazing treatments (3.2
Mg ha year? of residue) compared to the moderate intensity (2.3 Mg ha* year?)
(Moojen, 2017). The higher amount of residues on the surface has a great
importance in the increase carbon content, and consequently, the increase of
CEC, especially in soils with low clay activity (Ciotta et al., 2003) were negative
charges are mainly derived from functional groups of organic matter. This confirms
the importance of a high input of crop residues in a subtropical environment (Bayer
et al., 2006), promoting an increase in organic matter contents both in surface and

subsurface (Veloso et al., 2018).

CEC (cmolc dm-3) CEC (cmolc dm-3)
0 1 2 3 4 5 0 1 2 3 4 5
0 A I I Batl) ; Aa B I I Balb IAa
,g 10 Ab Ab Ab Ab
S Ab Ab Ab Ab
< 20 4
% Aa Aa Aa Aa
2301 o Monocutt o
onoculture Moderate
40 —O— Crop rotation Aa Aa —O—Low Aa Aa

Figure 4. Effective soil cation exchange capacity (CEC) in depth affected by
cropping systems (A) and grazing intensities (B) after 14-years in a
long-term integrated crop-livestock system experiment from southern

Brazil. Values for soil depth are the overall mean of two grazing intensities, and two
stocking methods (n = 16) (A); values for soil depth are the overall mean of two crop
systems and two stocking methods (n = 16) (B). Means followed by same capital letter
in the row, comparing layers for each crop systems (A) and grazing intensities (B),
and means followed by same lowercase letter in the column, comparing crop system
(A) and grazing intensities (B) within each layer, are not significantly different at
P<0.05 by Tukey test.
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Soil available P was the nutrient with the highest concentration gradient

in the soil profile, with higher levels in the 0-10 cm layer, decreasing in depth

(Figure 5A) corroborating with other studies under long-term no-tillage systems in

Southern

Brazil (Tiecher et al.,, 2017; Rheinheimer et al., 2008). The high

concentration of P at the soil surface and the marked gradient are attributed to: (i)

the low mobility of the element in the soil; (ii) the addition of phosphate fertilizers

in the surface and; (iii) the absence of soil disturbance.

Depth (cm)
N
o
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Figure 5.

Available P (mg dm-3) Available K (mg dm-3)
0 40 80 120 160 0 40 80 120 160
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—O— Crop rotation
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Available phosphorus (A) and potassium (B), exchangeable calcium (C)
and magnesium (D) in depth after 14-years in a long-term integrated

crop-livestock system from southern Brazil. Red dotted line represents the
critical contents for the layer (0—10 cm) for phosphorus (30 mg dm-2), potassium (90
mg dm3), considering a soil of texture class 4 and CTCpH7 between 7.6 and 15.0,
calcium (4 cmolc dm3) and magnesium (1.0 cmolc dm-3), according to CQFS-RS/SC
(2016). Values for soil depth are the overall mean of two crop systems, two grazing
intensities, and two stocking methods (n = 32) (A, C e D); Values for soil depth are the
overall mean of two grazing intensities, and two stocking methods (n = 16) (B). Letters
differentiate the nutritional content in depths (A C e D); means followed by same
capital letter in the row, comparing layers for each crop systems, and means followed
by same lowercase letter in the column, comparing crop systems within each layer
(B), are not significantly different at P<0.05 by Tukey test.
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The soil exchangeable Ca and Mg contents were also below those
considered adequate according to CQFS-RS/SC (2016) (Figures 5C and 5D). In
addition, there was a lower concentration of these nutrients in the 5-20 cm layer.
This zone of depletion can be related to the greater area of action of the roots
(Dong et al., 2017). Also, this depletion zone can be justified by three other factors:
(i) decrease in organic matter content with depth, (ii) increase in clay content with
depth, and (iii) nutrient return by residue decomposition. The main components
that generate electric charges (CEC) capable of retaining exchangeable cations in
the soil are organic matter and clay minerals (Sparks, 2003). Thus, in the most
superficial layer, the CEC is originated mainly in the organic matter, whereas in
deeper solil layers, it originates mainly in the clay minerals. However, in the
intermediate layer of the soil (5-20 cm), there is a combination of low clay and
organic matter content and, therefore, the CEC is smaller than the rest of the soil
profile. Consequently, the amount of exchangeable cations (Ca and Mg) adsorbed
to the soil is lower in this layer (Figure 5A and 5B). Furthermore, the most
superficial layer of the soil (0-5 cm) relies on all nutrients return through the process

of nutrient cycling, via decomposition of organic residues, plants and animal waste.

Base saturation (%) Al saturation (%)
0 30 60 90 O 30 60 90
0 1 1 ‘ ‘ 1 1
b : ! b
AlO | C a
% c a
<20 -
o ab b
- 30 +
a b
40 A B

Figure 6. Base saturation (A) and aluminum saturation (B) in depth after 14-years
in a long-term integrated crop-livestock system experiment from
southern Brazil. Red dotted line represents the reference value for base

saturation (265%) and aluminum saturation (<10%), according to CQFS-RS/SC
(2016). Values for soil depth are the overall mean of two crop systems, two grazing
intensities, and two stocking methods (n = 32). Letters differentiate the saturation in
soil layer, are not significantly different at P<0.05 by Tukey test.
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The base saturation and Al saturation presented values of 16 and 47%,
respectively, in the 0-10 cm layer (Figures 6A and 6B). These results, according
to CQFS-RS/SC (2016), are also considered unsuitable for most grain crops, such
as soybean and corn. Low base saturation and high Al saturation are causally
related to each other (Figure 7). The reduction of the levels of basic cations (K,
Ca, and Mg) in the soil and the decrease of pH over time (Figure 2A), make Al

more active, occupying a greater amount of exchange sites in the soil (Cai et al.
2015).

50
BS =-0.4182 * AS + 36.946

< 40 - o R2 = 0.87 ***
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Al saturation (%)

Figure 7. Relationship between base saturation (BS) and aluminum saturation
(AS) in the soil after 14-years in a long-term integrated crop-livestock
system experiment from southern Brazil. ™ Significant at P < 0.001.

3.3. Soil nutrient budget

The significance of the effects of stocking methods, grazing intensities
and crop rotation systems on the nutrient budget is presented in Table 4. The
effective budget of K after 14 years was more negative in soybean monoculture
because it exports more of this nutrient than maize (output) (Table 5). Differently
from K, although P grain export was higher in crop rotation (about 24% higher than
monoculture - Table 5), this nutrient was not differentiated in the effective budget

and in the soil, due to the higher production and consequent export of P by maize.
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Table 4. Significance of the effects of experimental factors and their interactions
on nutrient budget over 14-years in a long-term integrated crop-livestock system
experiment in southern Brazil for the 0-10 cm soil layer, as resulting from analysis
of variance (ANOVA).

Variable Nutrient S? GP SxG C° SxC GxC SxGxC
Outputs by P kK Kk g ** s ns ns
soybean/maize grain K e wx ek . ns ns ns
Ca *%% *%% *% *%% ns ns nS
M g *kk *k%k n S *kk n S n S n S
Output by sheep meat P ns *k ns R R R -
K ns i ns - - - -
Ca ns i ns - - - -
Mg ns X NS - - - -
Final content of P ns ns ns ns ns ns ns
available/exchangeable K .
in the soil in 2017 ns ns ns ns ns ns
Ca ns ns ns ns ns ns ns
Mg ns ns ns ns ns ns ns
Soil budget of P ns ns ns ns ns ns ns
available/exchangeable K
in the 0-10 cm soil layer ns ns ns ns ns ns ns
from 2003- 2017 Ca ns ns ns * ns ns ns
Mg ns ns ns ns ns ns ns
Effective budget of P ns ns ns ns ns ns ns
nutrients from 2003-2017
*%k% *%k%k *% ns nS nS nS
Ca ns ns ns ns ns * ns
Mg ns ns ns ns ns * ns

a Stocking methods; P Grazing intensity; ¢ Crop systems; 9 Content available in kg ha for the soil
layer 0—10 cm. ** Significant at P <0.05; ** Significant at P <0.01; *** Significant at P <0.001; ns =
not significant.

Although the exports of Ca and Mg via grains were higher in the
soybean-maize rotation system, with 40.9 and 32.3 kg ha?, respectively, it
presented a less negative effective budget in relation to soybean monoculture
system (Table 5). This can be attributed to the deeper action of maize roots, which
have a potential to reach more than 2 m depth (Oosterom et al., 2016), being able
to uptake these nutrients from deeper soil layers and make them available on the

soil surface.
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The effective budget of K for the 0-10 cm layer is negative (average of
- 417 kg ha) because probably K is being accumulated in non-exchangeable
forms adsorbed on the 2:1 clayey interlayer (Ernani et al., 2007), and part may be
migrating to layers below 10 cm depth. Since the effective budget of P was
negative (average of -149 kg ha), probably the same is being accumulated in
forms less available in the soil, such as those adsorbed onto Fe and Al oxides
(Gatiboni et al., 2007).

The budget of P and Mg was affected by both stocking methods and
grazing intensities (Table 6). In the low grazing intensity, there was greater export
of nutrients via grains. Larger productive outputs such as this are desirable and
demonstrate the importance of good management of grazing intensity in
maintaining crop productivity without directly affecting the budget of this nutrient
through an efficient cycling without reducing their availability over time (Souza et
al., 2008; Deiss et al., 2016).

Likewise, in the rotational stocking method there was a higher export of
P and Mg via grains, due to the higher crop yields (Table 6). Grain outputs and the
effective K and Ca budget in the soil were influenced by the interaction between
different stocking methods and grazing intensities (Table 7). The low grazing
intensity showed an export of K and Ca approximately 20% higher only in the
continuous stocking method, with no differences between intensities in the
rotational stocking method. The rotational stocking method showed higher exports
for both grazing intensities, with mean increases of 47 kg ha over K and 4.5 kg
ha! over Ca (Table 7). The effective budget of K was less negative in the rotational
stocking method, following the same trend of K output via grains. This
demonstrates the importance of rotational grazing in an ICLS, mainly due to the
more homogeneous distribution of the animal waste in the soil. In the method of
continuous grazing, the animals have a greater selection option, and they are often
concentrated near water fountains and feeders, depositing feces and urine in an
inconsistent and uneven manner, influencing the distribution of nutrients in the soil
(McNaughton, 1982, Augustine & Frank, 2001, Olofsson, 2008). On the other

hand, in rotational grazing, in which the animal is forced to pass through the whole
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area, the deposition of the waste and urine occurs more uniformly, improving the
better spatial distribution of the nutrients.

In general, the nutrients budget was more affected by the amount of
nutrient exported by cash crops than with sheep meat exports. In general, about
95% of the P and K and 99% of the Ca and Mg were exported by the summer crop
grains. This demonstrates that the "cropping phase" in an ICLS controls the
outputs of nutrients from the agricultural system, and therefore can be considered

as controlling components of soil nutrient budget (Figure 8).



Table 5. P, K, Ca, and Mg budget for the 0-10 cm soil layer comparing the effect of crop systems after 14-years in a long-term
integrated crop-livestock system experiment in southern Brazil.

Accumulated from 2003 to 2017

Crop systems Init?al—2003 Outout outoot Fingl—2017 Effecti\ge Soil .

(soil) Input b P (soil) budget®  budget
(grain crop) (sheep meat)

P (kg ha?)c

Crop rotation 17.3 4015 167.6a 10.0 98.1a -143.1a 80.8a

Monoculture 17.3 401.5 135.0b 10.0 119.1a -1547a 101.8a
K (kg hal) ¢

Crop rotation 167.0 713.9 337.60b 17.7 103.1a -4225a -639a

Monoculture 167.0 7139 365.9a 17.7 85.5b -411.8a -815b
Ca (kg hal)d

Crop rotation 520.4 - 89.5a 0.4 2348 a -1725a -285.6a

Monoculture 520.4 - 48.6 b 0.4 251.8 a -220.1b -268.6 a
Mg (kg ha't) @

Crop rotation 180.4 - 83.1la 1.4 723 a -17.8a -108.1 a

Monoculture 180.4 - 50.8b 1.4 76.7 a -515b -103.7 a

2 EB = (FS - IS) — (IF — OGM) (EB = effective budget; FS = Final soil content; IF = inputs via fertilizer; IS = initial soil
content; OGM = outputs via grain and meat). ® SB = FS - IS (SB = soil budget). ¢ Calculated from the initial content in
mg kg*. ¢ Calculated from the initial content in cmolc kgt. Means followed by same letter in the column, comparing
crop systems, are not significantly different at P<0.05 by Tukey test.

8¢



Table 6. P and Mg budget for the 0-10 cm soil layer comparing stocking method and grazing intensity after 14-years in a long-
term integrated crop-livestock system experiment in southern Brazil.

Accumulated from 2003 to 2017

Grazing management Init?al—2003 Outout Output Fingl—2017 Effective  Soil

(soil) Input P pu (soil) budget?  budget®
(grain crop) (sheep meat)

Stocking method P (kg ha?)c

Continuous 17.3 401.5 143.1b 104 a 110.2 a -170.3 a 929 a

Rotational 17.3 401.5 1595 a 9.6 a 106.9 a -157.3 a 89.6 a
Mg (kg ha) d

Continuous 180.4 - 64.4 b 15a 70.4 a -44.1 a -110.0 a

Rotational 180.4 - 69.7 a l4a 79.7 a -30.1a -100.7 a

Grazing intensity P (kg ha?t)¢

Moderate 17.3 4015 142.1b 109 a 109.3 a -167.0 a 91.7a

Low 17.3 401.5 160.5a 9.0b 108.1 a -160.6 a 90.8 a
Mg (kg ha)d

Moderate 180.4 - 62.8 b 1l6a 71.7 a -44.2 a -108.7 a

Low 180.4 - 71.2a 1.3b 78.4 a -30.0a -102.0 a

aEB = (FS - IS) — (IF — OGM) (EB = effective budget; FS = Final soil content; IF = inputs via fertilizer; IS = initial soil
content; OGM = outputs via grain and meat). ® SB = FS - IS (SB = soil budget). ¢ Calculated from the initial content in mg
kgt. 9 Calculated from the initial content in cmolc kgt. Means followed by same letter in the column, comparing stoking
method and grazing intensity, are not significantly different at P<0.05 by Tukey test.

62



Table 7. K and Ca budget for the 0-10 cm soil layer comparing the interaction between stocking method and grazing intensity

after 14-years in a long-term integrated crop-livestock system experiment in southern Brazil.

Accumulated from 2003 to 2017
Stocking Initial-2003 Output Final-2017 Effective budget®

method (soil) Input  Output (grain crop) (sheep meat) (soil) Soil budget®
Moderate Low Moderate Low

K (kg hal) ¢
Continuous 167.0 713.9 299.9Bb  356.5Ab 184 a 92.1a -468.7 Bb -410.2 Ab -748a
Rotational 167.0 7139 365.3Aa 385.2 Aa 171 a 94.0a -399.1 Aa -389.9Aa -729a

Ca (kg ha?)d
Continuous 520.4 - 58.9 Bb 69.6 Ab 0.38a 235.8 a -222.2 Aa -217.8 Aa -284.6 a
Rotational 520.4 - 64.7 Aa 72.8 Aa 0.36 a 258.6 a -181.5 Aa -203.9 Aa -2619a

aEB = (FS - 1S) — (IF — OGM) (EB = effective budget; FS = Final soil content; IF = inputs via fertilizer; IS = initial soil content; OGM = outputs via grain
and meat). P SB = FS - IS (SB = soil budget). ¢ Calculated from the initial content in mg kg. ¢ Calculated from the initial content in cmolc kgl. Means
followed by same letter in the column, comparing stoking method within each grazing intensity, and means followed by same capital letter in the row,

comparing grazing intensity within each stocking method, are not significantly different at P<0.05 by Tukey test.
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Figure 8. Schematic representation an integrated crop-livestock system with crop
rotation (soybean/maize) and sheep grazing in the winter period and
their respective contributions in the average export of nutrients for 14-

years.

On the other hand, the contribution of animal to the nutrient outputs is
of minor importance in the system, showing that most of the nutrients ingested in
the grazing process return to the system. The "livestock phase" acts as an
important (re) cycling component of the system, contributing to the greater
absorption of nutrients, returning almost entirely these nutrients to the soil, and
therefore act as a controlling component of the nutrients recycling in the system
(Figure 8). Thus, while the choice of summer crop system directly affects the
nutrient budget (inputs and outputs), the management of the animal component,
especially considering the grazing intensity and the stocking method, defines its

direct action on the magnitude of nutrient flux between the compartments of the

system.
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4. Conclusions

Regardless of the grazing method or intensity, the chemical properties
related to soil fertility, except for the available phosphorus content, decreased
over time for the different integrated crop-livestock systems evaluated. This
decrease in soil fertility results from the non-replacement of basic cations
(potassium, calcium, and magnesium), accompanied by a constant export of
these nutrients by grain crops. This demonstrates that soil fertility monitoring
practices are extremely essential in integrated crop-livestock systems to prevent
nutritional imbalances in soil.

The maize-soybean rotation system in the summer period resulted in
a higher cation exchange capacity and available potassium content up to 40 cm
depth, as well as a higher soil acidity, because of the higher input of ammoniacal
nitrogen fertilizers. Crop rotation promotes greater exportation of phosphorus,
calcium, and magnesium in relation to monoculture. While monoculture promotes
greater export of potassium, due to the greater amount exported in the soybean
grains in relation to maize, the rotational stocking method presents a higher
content of potassium and calcium in the soil, due to the better distribution of
nutrients.

Integrated crop-livestock systems involving low grazing intensities and
rotational stocking methods, combined with summer crop rotation, are more
efficient in the use of nutrients, thus increasing yields (grain + meat) and making
the effective nutrient budget less negative over time. Thus, the results obtained
in the present study demonstrate that when integrated crop-livestock production
systems are well planned, using appropriate crop rotations, stocking methods
and intensities, they can be a viable alternative of sustainable intensification to

increase food production.



33

CAPITULO IV - Efeito da rotag&o de culturas e do manejo da
pastagem sobre a produtividade dos cultivos e os estoques de

CeNno solo

1. Introducéo

A matéria organica do solo (MOS) é considerada um dos principais
indicadores de qualidade do solo, e 0 seu decréscimo esta estreitamente
relacionado a possiveis indicios de degradacao do solo (Bimemann et al., 2018).
Niveis adequados de MOS, em geral, conferem um solo mais fértil, mantendo
altas produtividades dos cultivos ao longo do tempo e promovendo maior
seguranca alimentar (Ghosh et al., 2010; Lal, 2004). Em solos tropicais
fortemente intemperizados uma das principais funcées da MOS é gerar cargas,
aumentado assim a capacidade de reter nutrientes cationicos como Ca, Mg e K
(Ciotta et al., 2003), e de disponibilizar outros nutrientes essenciais as plantas
como P e N. Esse ultimo € um dos nutrientes mais utilizados, absorvidos e mais
exportado pelas culturas de graos. Apesar da crescente utilizacao de fertilizantes
minerais, estima-se que cerca de 25 a 50% do N utilizado pelas plantas € ainda
advindo da MOS (De Neve, 2017).

A importancia de se manter niveis adequados de MOS em ambientes
tropicais e subtropicais faz com que sejam preconizadas praticas de manejo que
promovam aumento nos estoques de carbono (C) no solo. A simples conversao
de sistemas agricolas de cultivo com preparo convencional (PC) em sistemas
conservacionistas, como o plantio direto (PD), ja contribui para minimizar perdas
de C (Bayer et al., 2006), resultando em um balanco positivo de C (Das et al.,
2018; Mbuthia et al., 2015). O aumento da MOS em PD esta relacionada aos
mecanismos fisicos de protecdo da MOS e ao estado de agregacao do solo (Six

et al., 1999), e somente essa pratica representa 24,3% das estratégias de
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mitigacéo das emissdes de CO2 do plano de agricultura de baixo carbono (ABC)
(Saetal., 2017).

A adogédo de sistemas mais diversificados, como 0s sistemas
integrados de producdo agropecudria (SIPA), que alternam temporalmente a
producao de graos e pastagens para alimentacédo dos animais, podem ser ainda
mais eficientes no sequestro de C (Sa et al., 2017) e, consequentemente, no
acumulo de C no solo. Isso se deve ao potencial das pastagens em acumular C,
as quais contam com aproximadamente 20% de todo estoque de C do mundo
(FAO, 2009). Assim, além de representar uma alternativa viavel e sustentavel de
diversificacao de renda ao produtor rural (Russelle et al., 2007; Allen et al., 2007;
Carvalho et al., 2010), o uso de SIPA implica em diversos beneficios no sistema
produtivo, como incrementos no teor de C, na disponibilidade de N (Loges et al.,
2018; Conant et al., 2017; Cicek et al., 2013; Salton et al., 2011) e na diversidade
microbiana, acarretando em maiores acumulos de C guando comparado a
sistemas puramente agricolas (Viaud et al., 2018; Boeni et al., 2014).

As alteracdes no ambiente decorrentes da adoc¢éao de SIPA se devem
a um processo continuo em que a magnitude e a direcdo dependem
principalmente do arranjo espaco-temporal do sistema produtivo (Anghinoni et
al., 2013). Isso esta relacionado tanto a diversidade de cultivos agricolas (rotacao
de culturas), quanto ao manejo dos animais na pastagem (intensidade de
pastejo) (Carvalho et al., 2010), principalmente porque ambos os fatores alteram
a dindmica de aporte de residuos ao sistema.

O aporte de residuos, que envolve ndo apenas a quantidade, mas
também a qualidade, pode afetar o acimulo de MOS. Residuos contendo mais
constituintes labeis e baixa relagcdo C/N, podem favorecer acimulo de C por
serem mais eficientemente utilizados por microrganismos, favorecendo o
acumulo de C via interagdo organomineral (Cotrufo et al., 2013), tanto em
superficie quanto em profundidade (Veloso et al., 2018). Isso indica que a
diversidade de cultivos proporcionada pelos SIPA pode potencializar o acamulo
de C, tanto por serem conduzidos em PD e favorecerem os mecanismos de
agregacéao do solo (Souza et al., 2010), quanto pela alta quantidade, qualidade
e diversidade de residuos aportados favorecendo o acumulo de C via associacao

organomineral (Santos et al., 2011).
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A diversificacdo do sistema produtivo com uso de rotacao de culturas
€ vista como alternativa para aumentar os teores de C no solo (Poeplau & Don,
2015; Havlin et al., 1990). No ambiente de producé&o subtropical brasileiro, a soja
€ a cultura mais cultivada em é&rea, com cerca de 61,5 milhdes de hectares
(CONAB, 2018). Como alternativa ao seu monocultivo tem-se o cultivo do milho
em rotacdo, em funcéo do seu alto potencial em aportar residuos ao solo (Chen
et al.,, 2018), sendo que a adocao da rotagdo de culturas pode incrementar
aproximadamente 200 kg C ha*em relagdo ao monocultivo (West & Post, 2002).

Entretanto, a maioria dos estudos avaliam o impacto da rotacdo de
culturas em sistemas puramente agricolas, somente verificando o efeito isolado
do cultivo. Em contraponto, o ciclo da pastagem é renegado a um segundo plano,
sendo que esta € a fase regeneradora dos estoques de C no sistema (FAO,
2010). Alem disso, os componentes lavoura e pecuaria estdo interligados e
estabelecem relacfes sinérgicas entre si, e por isso € extremamente importante
a avaliacao do arranjo espaco-temporal em todo sistema.

Apesar de promissores, os trabalhos que avaliam a dinamica do C e
N sob diferentes arranjos de SIPA, tanto envolvendo a fase lavoura como a
pecuaria, ainda sdo escassos, especialmente em ambientes subtropicais.
Embora a magnitude do acimulo de MOS em SIPA dependa de diversos fatores,
como os tipos de culturas e as condi¢des edafocliméticas, o tempo desde a
adocéao dos SIPA é um fator determinante. Alguns estudos mostram alteracdes
nos teores de C e N do solo somente apds dez anos da alteracdo do sistema
(Assmann et al., 2014; Silva et al., 2014; Franzluebbers & Stuedemann, 2010),
e dai surge a importancia de estudos em experimentos de longo prazo para
avaliagdo dinamica do C e N nesse tipo de ambiente.

Dessa forma, o presente estudo teve como objetivo avaliar o impacto
da intensidade e frequéncia do animal em pastejo no periodo hibernal e da
rotacdo de culturas no periodo estival (i) na producdo de biomassa e
produtividade de soja e milho e (ii) na matéria organica do solo, pela avaliacdo
dos teores e estoques de C e N no solo, apés 14 anos da adogdo de um sob
sistema integrado de producéo de graos e ovinos de corte em um Plintossolo do

subtrépico brasileiro.
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2. Material e métodos

2.1. Historico e conducao experimental

Todo o histérico de conducdo experimental e descricdo dos
tratamentos utilizados neste estudo esta descrito nos itens 2.1 e 2.2 do capitulo
Il

2.2. Produtividade dos cultivos

Para a produtividade da soja foram utilizadas as safras de 2003/2004,
2004/2005, 2006/2007, 2010/2011 e 2014/2015. Foram escolhidas as safras de
soja apenas nos anos que havia soja na subparcela de rotacao, para poder obter
o efeito da rotagdo com o milho sobre a produtividade da mesma. Ja para a
produtividade do milho, as safras utilizadas foram 2005/2006, 2007/2008,
2009/2010, 2011/2012, 2013/2014 e 2015/2016. A colheita foi realizada de forma
manual quando a soja atingiu a maturacao plena, estagio reprodutivo R8, e o
milho em R6, sendo amostrados cinco pontos aleatérios em cada parcela, cada
ponto com dois metros lineares, totalizando 4,5 m?. Apés colhidas, as amostras
foram levadas para o Departamento de Solos da UFRGS, onde foram trilhadas,
feita a determinacdo do grau de umidade dos graos e corrigidas para 13%.

2.3. Determinacédo da producao total e residual do azevém

Para estimativa da producédo total de forragem (PTF, Mg MS ha)
foram utilizados os anos de 2004, 2005, 2006, 2007, 2010, 2011, 2012, 2015 e
2016. A qual foi calculada a partir da soma da massa de forragem acumulada na
data de inicio do pastejo, mais a taxa de acumulo de forragem (kg MS dial)
multiplicado pelo nimero de dias correspondentes a cada ciclo de pastejo. N&o
foi possivel observar o efeito de monocultivo e rotacdo na PTF, pois as
determinacdos ndo foram feitas de forma isolada na subparcela no periodo
hibernal.

Para a massa de forragem residual foram utilizados os anos de 2010,
2011, 2012, 2015 e 2016. A massa de forragem residual (MFR, Mg MS ha) foi
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estimada coletando-se seis amostras de forragem por parcela. As coletas foram
feitas aleatoriamente com auxilio de um quadro metalico com area conhecida de
0,25 m? (0,5 x 0,5 m), com o corte da forragem acima do solo. Logo as amostras
foram guardadas em sacos de papel e levadas ao Departamento de Zootecnia
da UFRGS. As mesmas foram secas em estufa de ar forcado a 55 °C, durante
72 horas. ApOs a secagem, o material foi pesado em balanca de precisédo e
calculada a massa de forragem em Mg ha.
2.4. Avaliagédo dos teores e estoques de C e N no solo

Para determinacdo dos teores de C e N no solo foram coletadas
amotras de solo até a profundidade de 40 cm, estratificadas em quatro camadas
(0-5, 5-10, 10-20 e 20-30 cm), totalizando 128 amostras. As amostras foram
secas em estufa de circulacdo de ar forcado, a 50° C, sendo posteriormente
destorroadas, moidas até <2,0 mm, sendo uma subamostra de 2,0 g triturada a
<250 ym em um grau de agata para determinar o teor de C e N orgéanico total do
solo por combustdo seca em analisador elementar FlashEA® 1112.

Os estoques de C e N do solo até a profundidade de 30 cm foram
calculados usando o método massa equivalente (Ellert e Bettany, 1995), que
considera massas iguais de solo entre os tratamentos. Para determinagéo da
densidade do solo foram realizadas coletas de solo com anéis metalicos com
volume de 113 cm?® (4 x 6 cm) em cada tratamento. Para isso, foram amostradas
trés camadas de solo (0-10, 10-20 e 20-30 cm).

2.5. Anélise estatistica

A andlise estatistica foi realizada com o software SAS® 9.4,
submetendo-se o0s resultados a analise de normalidade dos dados, pelo teste de
Shapiro-Wilk e de homogeneidade de variancias, pelo teste de Levene, ambos
a um nivel de significancia de 5%. Apoés isso, quando significativos, aplicou-se o
teste de andlise de variancia (teste F) e, quando alcancada significancia
estatistica (p<0,05), as médias dos tratamentos foram comparadas pelo teste de
comparacdes multiplas de Tukey, também ao nivel de significancia de 5%.

Para a produtividade das culturas e de residuos do azevém foi

utilizado o modelo estatistico para medidas repetidas no tempo, testando as
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matrizes de covariancia, sendo escolhida a matriz que se obteve o menor valor
AIC (Akaike's Information Criterion). Para a produtividade da cultura da soja, a
gue melhor se ajustou foi a Toep (Toeplitz), para o milho a Ar (Autoregressive) e
para o residuo do azevém a Arh (Heterogeneous Autoregressive). Os modelos

estatisticos utilizados foram, para as seguintes variaveis:

(i) Produtividade da soja e massa de forragem residual:
y=u+Bi+e+M+ej+lk+ejx+ (MDk+ S+ (MS)j + (IS + (MIS)ju
+ Am + em + (MA)jm + (IA)km + (SA)im + (MSIA)jkm + (MSA)jim + (ISA)kim
+ (MISA)jkim + €ijkim

Onde: y = variavel resposta, p =média geral das observacoes, B = bloco (i = 1,

2, 3, 4), Mj = método de pastoreio (j = 1, 2), Ik = intensidade de pastejo (k =1, 2),

S| = sistema de cultivo (I=1, 2), An=ano (j= 1, 2, 3, 4, 5) e ejxm = efeito do erro

aleatorio.

(if) Produtividade da cultura do milho e producéo total de forragem:

y=p+Bi+e+M+ejtl+ext+ (M)k+ A+ em+ (MA) + (GA) +
(MIA)j + €eiji
Onde: y = variavel resposta, p =média geral das observacdes, B = bloco (i = 1,
2, 3, 4), M = método de pastoreio (j = 1, 2), Ik = intensidade de pastejo (k =1, 2),

A=ano (I1=1, 2, 3, 4,5, 6) e ejjx = efeito do erro aleatorio.

(iii) Teor de C, N e relagéo C/N no solo:

y=p+Bite+ M+t M)kt ekt S+ (MS) + (IS) + exay +
(MIS)ii + Cm + €im + (MC)jm + (IC)km + (SC)im + (MIC)jkm + (MSC)jim +
(ISC)uim + (MISC)jxim + €ijkim
Onde: y = variavel resposta, 1 =média geral das observacoes, Bi = bloco (i =1,
2, 3, 4), Mj = método de pastoreio (j = 1, 2), Ik = intensidade de pastejo (k =1, 2),
S| = sistema de cultivo (I =1, 2), C = camada (j = 1, 2, 3, 4) e ejxm = efeito do

erro aleatorio.

(iv) Estoque de C e N no solo:
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y=H+Bit+te+M+lk+ (M)k+ ek + S+ (MS) + (IS + ewa +
(MIS)jxi + €ijkim
Onde: y = variavel resposta, p =média geral das observacdes, Bi = bloco (i = 1,
2, 3, 4), M = método de pastoreio (j = 1, 2), Ik = intensidade de pastejo (k =1, 2),

S| = sistema de cultivo e ejxm = efeito do erro aleatdrio.

3. Resultados

3.1. Produtividade das culturas e da pastagem

A produtividade da cultura da soja foi afetada pelos métodos de
pastoreio e intensidades de pastejo, nos anos 2004, 2010 e 2014 (Tabela 8 e 9).
Nas demais safras, o rendimento da soja foi similar em todos os tratamentos
(P>0,05).

A produtividade da soja ho método de pastoreio continuo foi 109% e
14% maior na intensidade de pastejo baixa, em relacao a intensidade moderada,
nas safras de 2004 e 2014, respectivamente. Contudo, para o método de
pastoreio rotativo, as intensidades de pastejo ndo afetaram a produtividade da
cultura da soja ao longo dos anos. Dentro das intensidades de pastejo, a
intensidade moderada, obteve produtividade superior no método de pastoreio
rotativo em relacdo ao método de pastoreio continuo, 163% em 2004, 34% em
2010, e 64% em 2014. Ja a produtividade da cultura da soja dentro da
intensidade baixa foi superior no método de pastoreio rotativo, 35% em 2004 e
34% no ano de 2014 (Tabela 9). No ano de 2014, quando foi observada a maior
produtividade da area experimental, os tratamentos conduzidos sob método de
pastoreio rotativo apresentaram produtividade de soja 48% superior ao método
de pastoreio continuo, independente da intensidade de pastejo adotada.

A produtividade da cultura do milho foi pouco afetada pelos
tratamentos ao longo das safras analisadas. Embora tenha demonstrado uma
tendéncia de maior produtividade com intensidades de pastejo baixa, esse
resultado sé se consolidou no ano de 2015, no qual também se obteve os
maiores rendimentos de milho (Figura 9). No ano de 2015 a produtividade foi
40% superior na intensidade de pastejo baixa, ou seja, 2,4 Mg ha! a mais em

relacéo a intensidade moderada. As produtividades variaram bastante durante
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0os anos, obtendo-se produtividade de 1,9 Mg ha'! em 2007 e chegando a

producgdes de 7,7 Mg ha! no ano de 2015 (Figura 9).

Tabela 8. Significancia dos efeitos experimentais e suas interacbes na
produtividade da soja e milho e no residuo de azevém ao longo dos anos, como
resultado da andlise de variancia (ANOVA).

Variavel Soja Milho PTF ® MFR ©
M @ o ns ns ns
| 2) *kk * *kk *%
S® ns - - *
A 4) *kk *kk *% *kk
M x| *x ns ns ns
M xS ns - - ns
M x A okk ns ns ns
I xS ns - - ns
I x A ns ok ns ns
SxA ns - - ns
Mx | xS ns - - ns
Mx1xA *x ns ns ns
MxSxA ns - - ns
I xS xA ns - - ns
Mx1xSxA ns - - ns

(@ Método de pastoreio; @ Intensidade de pastejo; © Sistema de cultivo; ¥ Ano; ® producéo total
de foragem; ® massa de forragem residual. ** Significante a P <0,05; ** Significante a P <0,01;
*** Significante a P <0,001; " ndo significante.

Tabela 9. Produtividade da soja em sistemas integrados de producéo
agropecuaria (SIPA), submetidos a diferentes métodos de pastoreio (continuo e
rotativo) e intensidades de pastejo (moderado e baixa) em cinco anos (2003,
2004, 2006, 2010 e 2014) na regido subtropical brasileira.

Ano Continuo Rotativo
Moderada Baixa Moderada Baia
Produtividade (Mg hat)

2003 1,25 Aab 1,49 Aab 1,32 Aac 1,15 Aac
2004 0,57 Bbc 1,19 Abc 1,50 Aac 1,61 Aab
2006 0,81 Aac 0,93 Aac 0,87 Aad 0,85 Aad
2010 1,35 Abb 1,60 Aab 1,81 Aab 1,78 Aab
2014 2,24 Bba 2,56 Aba 3,67 Aaa 3,43 Aaa

Letras mailsculas comparam o método de pastoreio dentro de cada intensidade de pastejo nos
diferentes anos. Letras mindsculas as intensidades de pastejo dentro de cada método de
pastoreio nos diferentes anos. Letras em italico comparam os anos dentro de cada método de
lotacdo e intensidade de pastejo. Diferente pelo teste de Tukey P <0,05.
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Produtividade do milho em sistemas integrados de producédo

agropecuéria (SIPA), submetido a diferentes intensidades de pastejo
(moderada e baixa) em seis anos (2005, 2007, 2009, 2011, 2013 e
2015), na regido subtropical brasileira. Letras mailsculas comparam
as intensidades de pastejo dentro de cada ano. Letras mindsculas
comparam cada intensidade nos diferentes anos. Letras diferentes
diferenciam-se pelo teste de Tukey P <0,05.

A média da PTF foi alterada em funcéo das intensidades de pastejo

adotadas. Sendo que PTF ao longo dos anos foi em média de 11,1 Mg MS ha!

na intensidade de pastejo baixa, 32% superior a intensidade de pastejo

moderada (8,4 Mg MS ha) (Figura 10). Sendo que a PTF ao longo dos anos
variou de 4,8 até 16,8 Mg MS ha*.
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Figura 10. Producado total de forragem (PTF) (azevém anual) em sistema

integrado de producdo agropecuaria (SIPA) em fungdo das
intensidades de pastejo (moderada e baixa). Letras diferentes diferenciam

a média dos anos avaliados em funcao da intensidades de pastejo, pelo teste de
Tukey P <0,05.
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Na média dos cinco anos avaliados, a MFR foi afetada tanto pelas
intensidades de pastejo, quanto pelos sistemas de cultivo (Tabela 8). A MFR
apresentou uma producéo de 3,1 Mg ha! no monocultivo de soja, sendo 7%
superior a produc¢do obtida na rotacdo de culturas entre soja e milho (Figura 11).
Em relacédo as intensidades de pastejo animal, a intensidade de pastejo baixa
(3,4 Mg hal) aportou anualmente 28% a mais de residuo quando comparada a

intensidade de pastejo moderada (2,7 Mg ha?) (Figura 11).
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Figura 11. Massa de forragem residual (MFR) (azevém anual) em sistemas
integrados de producao agropecuéria (SIPA), submetido a diferentes
sistemas de cultivo (monocultivo — soja/soja e rotacdo — soja/milho) e
intensidades de pastejo (moderada e baixa) por cinco anos (2010,

2011, 2012, 2013 e 2014) na regido subtropical brasileira. Letras
diferentes comparam os sistemas de cultivo (monocultivo e rotacdo) e as
intensidades de pastejo (moderada e baixa) pelo teste de Tukey P <0,05

3.2. Carbono organico e nitrogénio total no solo

Os teores de C e N do solo foram alterados principalmente pelo
sistema de cultivo adotado no periodo de verdo e pela intensidade de pastejo
adotada no inverno (Tabela 10 e Figura 12).

O monocultivo de soja obteve os maiores teores C, em torno de 26%
superior ao sistema de rotacéo soja/milho (5,2 g kgt) (Figura 12A). Embora haja
tendéncia desse efeito se manter em todo perfil do solo, as diferengas
significativas se concentraram nas camadas mais superficiais (0-5 e 5-10 cm).
Nas mesmas camadas, a intensidade de pastejo baixa apresentou teor de COS
24% superior a intensidade de pastejo moderada (4,6 g kgt) (Figura 12B). Os
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teores de NTS foram 28% superior no monocultivo de soja na camada de 0-10
cm (0,7 g kg?) (Figura 12C) e 20% superior na intensidade de pastejo baixa na
camada de 0-5 cm (0,4 g kg), em relacdo a rotacdo soja/milho e a intensidade
moderada, respectivamente (Figura 12D).

Tabela 10. Significancia dos efeitos experimentais e suas interacdes no teor de
carbono (C), nitrogénio (N), na relacdo carbono/nitrogénio (C/N) e estoque de
carbono (C) e nitrogénio (N) no solo ap6s 14 anos de adoc¢édo de um sistema
integrado de producdo agropecuaria (SIPA) na regido subtropical brasileira,
como resultado da analise de variancia (ANOVA).

Variable C N CI/N Estoque de C Estoque de N
M® ns ns ns ns ns
|1 @ *% * ns % ns
sS® * *k * * ok
Cc® Kkk Hokk Hokk - -
M x| ns ns ns ns ns
M xS ns ns ns ns ns
M x C ns ns ns - -
xS ns ns ns ns ns
| x C *% * ns _ _
SxC Kk * *k - -
Mx1xS ns ns ns ns ns
Mx|xC ns ns ns - -
MxSxC ns ns ns - -
IxSxC ns ns ns - -
MxIxSxC ns ns ns - -

(@ Método de pastoreio; @ Intensidade de pastejo; @ Sistema de cultivo; ¥ Camada. **
Significante a P <0,05; ** Significante a P <0,01; *** Significante a P <0,001; " ndo significante.

A relagédo C/N do solo na camada subsuperficial (20-30 cm) foi 17%
menor no monocultivo de soja em relacdo a rotacdo soja/milho (Figura 12E).
Embora os maiores teores de C e N do solo tenham sido encontrados em
superficie (camada de 0-5 e 5-10 cm) (Figura 12A, 12B, 12C e 12D) os maiores
valores da relagdo C/N do solo foram encontrados em subsuperficie (Figura
12E).

Na Tabela 11 sdo apresentados os valores médios anuais de aporte
de C e N no solo nos diferentes sistemas de cultivo (monocultura e rotagéo), via
residuos de milho e soja no verdo, e nas diferentes intensidades de pastejo
(moderada e baixa), via residuos de azevém no periodo do inverno, ao longo dos

14 anos de conducao do experimento.
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Figura 12. Efeito da interacdo entre sistema de cultivo (monocultivo — soja/soja

e rotacdo — soja/milho) e profundidade para os teores de carbono (C)
(A), nitrogénio (N) (C) e relagédo carbono/nitrogénio no solo (E). Efeito
da intensidade de pastejo (moderada e baixa) e profundidade para os

teores de C (B) e N (D). Quando identificada interacéo, letras maiGsculas
comparam o tratamento dentro de cada profundidade. As letras minUsculas
comparam entre profundidades cada tratamento, letras diferentes diferenciam-se
pelo teste de Tukey P <0,05.
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Tabela 11. Média anual de aporte de carbono (C) e nitrogénio (N) no solo via
residuos culturais em sistemas integrados de producdo agropecuaria (SIPA),
submetidos a diferentes sistemas de cultivo (monocultivo — soja/soja e rotagao —
soja/milho) e intensidades de pastejo (moderada e baixa) no subtrépico
brasileiro.

Entradas Sistema de cultivo Intensidade de pastejo
Monocultivo? Rotacéo® Moderada Baixa
Entradas no verdo (kg ha ano?)

Carbono 740,4 1280,6 954,7 1073,3

Nitrogénio 42,6 31,2 34,9 38,6
Entradas no inverno (kg ha! ano?)

Carbono 1260,1 1168,3 1065,8 1363,7

Nitrogénio 194 18,0 16,40 20,98

Total C 2000,5 2448,9 2020,5 2437,1

Total N 61,9 49,2 51,3 59,6

aResiduo de soja e Presiduo de soja+milho no verédo; residuo de azevém no inverno em ambos
0s sistemas de cultivo.

O estoque de C no solo na camada de 0—30 cm foi superior no sistema
com monocultivo de soja (5,9 Mg ha'), ou seja, 15% em relacdo a rotacdo de
culturas e na intensidade de pastejo baixa (4,4 Mg hal), 11% superior a
intensidade moderada. J4 o estoque de N no solo foi maior no monocultivo de
soja (26%), 1,0 Mg ha'! a mais em relagdo a rotagdo soja/milho, porém a
intensidade de pastejo nao afetou o estoque de N no solo (Tabela 12).

Tabela 12. Estoque de carbono e nitrogénio no solo (0-30 cm) em sistemas
integrados de producéo agropecudria (SIPA), submetidos a diferentes sistemas
de cultivo (monocultivo — soja/soja e rotacdo — soja/milho) e intensidades de
pastejo (moderado e baixo) em uma regido subtropical brasileira.

Estoque (Mg ha'!) Sistema de cultivo Intensidade de pastejo
Monocultivo Rotacdo Moderada Baixa

Carbono 44,6 a 38,7b 395b 439 a

Nitrogénio 49a 39b 4,2a 4,6 a

Letras diferentes distinguem os estoques de carbono e nitrogénio no solo dentro de cada sistema
de cultivo e intensidade de pastejo pelo teste de Tukey P <0,05.

Na Figura 13 é apresentada a relacdo entre a quantidade de N
aportado em cada sistema de cultivo, monocultura e rotacao, via residuos das
culturais e os estoque de C apés 14 anos da adocéo dos diferentes sistemas. No
monocultivo de soja, para cada kg de N aportado anualmente o estoque de C foi

0,58 Mg ha vs. 0,23 Mg ha™! na rotacéo de culturas.
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Figura 13. Relacado entre entrada anual de N via residuos culturais e estoques
de C em diferentes sistemas de cultivo (monocultivo — soja/soja e
rotacdo — soja/milho) apdés 14 anos da adocdo de um sistema
integrado de producdo agropecuéria (SIPA) na regido subtropical
brasileira. ** Significativo a P <0,01. * Significativo a P <0,05.

4. Discussao

A dinamica da MOS é facilmente alterada em ambientes tropicais e
subtropicais, sobretudo pelas altas temperaturas e quantidades e distribuicéo de
chuvas adequadas (Kirschbaum, 1995; Conant et al., 2011; Chen et al., 2016).
Nesses ambientes, a adocdo de praticas conservacionistas de manejo, como o
plantio direto (Bayer et al., 2006) e a rotacéo de culturas (Ferreira et al., 2016),
tem sido preconizada para obtencao de incrementos na MOS. Dentre as opcdes
de plantas disponiveis para utilizacdo em rotacdes de culturas, o milho
representa uma importante alternativa devido a grande quantidade de residuos
aportados (Alvarez et al., 2014; Mazzilli et al., 2015; Chen et al., 2018). No
entanto, ap0s quatorze anos da adocdo de SIPA sob diferentes sistemas de
cultivos no verao, os teores C e N no solo foram superiores no monocultivo de
soja, quando comparado a rotagcdo com o milho (Figura 12A).

Embora o residuo do milho n&o seja de alta qualidade, em funcéo de
sua alta relacdo C/N, o seu principal beneficio no sistema produtivo decorre dos
altos aportes de residuo, os quais podem chegar a 10,8 Mg ha%, cerca de 4,3
Mg hat de C, o que contribui para o aumento de C no solo (Alvarez et al., 2014;

Mazzilli et al., 2015). No presente estudo, em decorréncia principalmente dos
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historicos de estiagens, o aporte médio de C ao longo dos anos foi de 2,4 Mg ha
! na rotacdo de culturas (Tabela 11), bem abaixo do esperado, devido ao alto
potencial de aporte pelo milho.

Um fator que tem ganhado cada vez mais importancia nos
incrementos de C no solo é a qualidade do residuo aportado. A eficiéncia do uso
do C tende a aumentar quanto menor for a relacdo C/N do substrato (Manzoni et
al., 2008). Ou seja, quanto mais labil for o residuo, mais eficiente é o uso do
substrato pelos microorganismos (Cotrufo et al., 2013), e mais eficiente é sua
conversdo em C organico do solo. Isso porque residuos com alta relagcdo C/N
elevam as taxas de respiracdo microbiana (Michel & Matzner, 2003; Spohn,
2015), aumentando as perdas por CO2 atmosférico, desfavorecendo o acumulo
de CO no solo. Comparando-se o aporte de um residuo de milho, com uma
relacdo C/N = 78 e de soja com relacdo C/N = 17 (Mazzilli et al., 2015), o residuo
de soja apresenta maior eficiéncia no acumulo de C no solo. Em decorréncia
dessa eficiéncia, o aporte de residuo de milho em um sistema produtivo deve ser
0 dobro quando comparado ao da leguminosa (Veloso et al., 2018). Assim,
considerando-se os aportes de C da rotacéo (2,4 Mg ha* anot), é pouco superior
ao aporte pela soja (2,0 Mg hat ano?), e por isso esse sistema passa a nao ser
eficiente em acumular C no solo.

Além dos teores, os estoques de C e N no solo aumentaram no
sistema de monocultivo de soja em relacdo a rotacdo soja-milho (0—30 cm)
(Tabela 12). Alvarez et al. (2014) observou um maior estoque de C no sistema
de rotacéo soja-milho em relagdo ao monocultivo de soja. Entretanto, o estoque
de N no solo nao teve diferencas em fungcéo dos sistemas de cultivo, diferente
do presente estudo, onde o estoque de N também foi superior no monocultivo de
soja. Isso demostra que a soja, apesar de aportar menos residuos ao solo, é
mais eficiente em acumular N ao sistema, como também observado por Russelle
& Birr (2004). Além disso, a quantidade de N ciclado via residuos teve relacao
linear com o estoque de C no solo, sendo que no monocultivo de soja, para cada
kg de N ciclado via residuos anualmente determinou um incremento de 0,58 Mg
ha, versus 0,23 Mg ha* na rotacdo (Figura 13) apds 14 anos de conducéo. Isso
comprova que residuos com menor relacdo C/N, ou seja, que aportam mais N

ao sistema (Tabela 11), aumentam a eficiéncia do uso C, como observado por



48

Manzoni et al. (2008), demostrando que aportar maior quantidade de N no
sistema pode ser tédo interessante quanto aportar grande quantidade de C.

Devido a limitacao hidrica o milho ndo conseguiu aportar uma grande
quantidade de residuos ao solo, apresentando produtividade de grdos muito
baixas na maioria dos anos (Figura 9), quase sempre abaixo da média nacional
(CONAB, 2019). Assim, o milho acabou por néo ser eficiente em aportar carbono
ao solo e, nesse caso, o aporte de residuo de melhor qualidade (baixa relacao
C/N) pela soja compensou o aporte de residuos um pouco maior na rotacao
soja/milho.

Além do sistema de cultivo de grdos no veréo, as intensidades de
pastejo no inverno séo fatores de grande importancia por afetar a dinamica da
MOS, incrementando C e N no solo das camadas superficiais. Nesse sistema, a
intensidade de pastejo baixa apresentou maior teor e estoque de C e N em
relacdo a intensidade moderada. Esse maior acumulo pode ser justificado pelo
maior aporte de C via residuos culturais na intensidade baixa, demostrados pela
maior PTF (Tabela 11 e Figura 10), sendo aportados, em média, 2,7 Mg MS ha
1 ano a mais em relacédo a intensidade moderada de pastejo. Assmann et al.
(2014) observou gue intensidades de pastejo baixa favoreceram os incrementos
nos teores de C e N no solo, demostrando-se mais eficientes.

Nos arranjos produtivos adotados, em que os sistemas de cultivo de
verdo garantem aporte de residuos pouco expressivo, o periodo hibernal tem
uma grande importancia na manutencdo dos niveis de C e N do solo. Nesse
sentido, além da rotacdo de culturas com milho ndo aportar quantidade de
residuos adequada para incrementar C no solo em relacdo ao monocultivo de
Soja, ela ainda prejudica a MFR no inverno, principal fase regeneradora desse
atributo (Figura 11), assim como observado por Neto et al. (2013). A maior MFR
no monocultivo de soja pode estar relacionada a maior ciclagem e
disponibilidade de nutrientes no solo, principalmente N, oriundo da fixacéo
bioldgica de N. Além disso, a menor relagcdo C/N nos residuos culturais e a maior
disponibilidade de N no solo (Russelle & Birr, 2004), pode ter impactado
positivamente nos teores de NTS (Figura 12C). Varvel & Wilhelm (2003) também
observaram que a cultura da soja pode contribuir com maiores quantidades de
N a cultivos subsequentes, em comparacdo com o milho, podendo fornecer

melhores condi¢cdes de desenvolvimento para esses cultivos. Assim, em SIPA
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como do presente estudo, onde o cultivo do milho ndo recebeu adubacao
nitrogenada na maioria dos cultivos, as contribuicbes de N para a pastagem
podem ser ainda inferiores, proporcionando uma alta imobilizacdo de N e
Impactando negativamente no desenvolvimento inicial da pastagem hibernal.

Além de contribuirem para o incremento nos teores e no estoque de
C no solo, baixas intensidades de pastejo favoreceram a produtividade da cultura
do milho, mesmo que na maioria dos anos nao houvesse diferenca na
produtividade, apenas na safra de 2015, sempre houve tendéncia de obter
maiores rendimentos. Baixas intensidades de pastejo ao aportarem mais C ao
solo via residuos de culturas (Tabela 11), incrementam os teores de C e N
(Figura 12B e 12D). Lovato et al. (2004) demostrou a importancia do suprimento
adequado de N para a cultura do milho, sendo a produtividade reduzida quando
h& falta do nutriente. Para esse casso, onde o milho, na maioria dos anos nao
recebeu adubacdo nitrogenada, ele dependeu ainda mais do N do solo,
demonstrando que baixas intensidades de pastejo proporcionam melhores
condi¢gbes de suprimento de N para a cultura do milho. Além disso, uma das
principais funcdes da MOS é gerar cargas, aumentado assim a capacidade de
reter cations como Ca, Mg e K (Ciotta et al., 2003), e de disponibilizar outros
nutrientes essenciais as plantas como P, N e S. Lin et al. (2010) encontrou maior
disponibilidade de NH4* no solo em baixas intensidades de pastejo, sugerindo
gue aadocdo de pastejo leve é essencial para preservar a producao da forragem
e a fertilidade do solo, promovendo melhores condicBes para as culturas
expressarem seu potencial produtivo.

A produtividade da cultura da soja apresentou respostas similares a
cultura do milho, obtendo resultados superiores na intensidade de pastejo baixa
na maioria dos anos avaliados, resultados que corroboram com os observados
por Carvalho et al. (2010). Porém, também foi influenciada pelo método de
pastoreio adotado. Na maioria dos anos o método de pastoreio rotativo obteve
as maiores meédias de produtividade em ambas as intensidades de pastejo, em
relacdo ao método de pastoreio continuo. Essa maior produtividade no método
de pastoreio rotativo pode ser justificada pelo fato de que o método de pastoreio
continuo pode afetar os padrdes espaciais de atributos do solo, aumentando a
heterogeneidade espacial das pastagens e meio ambiente (Laca, 2009,

Auerswald et al., 2010). Isso porque o animal tem livre circulagdo dentro da
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parcela e os dejetos sdo depositados de forma inconstante e desuniforme,
influenciando a concentracdo de nutrientes no solo (McNaughton, 1985;
Augustine & Frank, 2001), sendo mais concentrados perto de areas de
descanso, sombra e cochos de 4gua (Dennis et al. 2012; Debeux et al., 2014).
Isso ndo acontece no meétodo de pastoreio rotativo, onde 0s animais Ssao
alocados em faixas de pastejo que alternam no espaco e no tempo, favorecendo
uma melhor distribuicdo das excretas dentro da &rea de pastejo (Peterson &
Gerrish, 1996) havendo um melhor controle espacial da fertilidade do solo.

5. Conclusdes

Baixas intensidades de pastejo favorecem o incremento dos teores de
C e N no solo, juntamente com o aumento do estoque de C em relacédo a
intensidade de pastejo moderada. O método de pastoreio, seja ele continuo ou
rotativo, nao influencia a dinamica do C e N.

O monocultivo de soja proporcionou teores e estoque de C e N no
solo superior a rotacdo soja/milho devido, principalmente, as estiagens
frequentes na area experimental, que comprometeram o desenvolvimento e
producao da cultura do milho.

A producédo da forragem residual é beneficiada pelo monocultivo da
soja. Além disso, a producao de forragem e a produtividade da cultura do milho
e da soja € superior em sistema com baixa intensidade de pastejo no periodo
hibernal, sendo que no método de pastoreio rotativo, independente da
intensidade adotada, a produtividade da soja é maior.
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CAPITULO V - Conclusdes e Consideracdes Finais

Esse estudo demostrou que métodos e intensidades de pastejo
afetam minimamente as propriedades quimicas do solo devido ao poder
reciclador do animal, que exporta em média apenas 3% dos nutrientes (P, K, Ca
e Mg) ingeridos no pastejo. Assim, as culturas de graos controlam os fluxos de
saida de nutrientes em um sistema integrado de producéo agropecuaria (SIPA).

Intensidades baixas de pastejo promovem incrementos nos teores de
C e N no solo, além de obter produtividades de milho e soja superiores em
relagdo a intensidade moderada. Além disso, maiores produtividades da cultura
da soja sdo obtidas em método de pastoreio rotativo, independente da
intensidade de pastejo adotada.

Os teores e estoques de C e N no solo foram superiores no
monocultivo de soja em relacdo a rotacdo soja/milho. Assim, devido aos
frequentes riscos de estiagens em ambientes de clima subtropical, a rotacdo de
culturas com o milho deve ser melhor planejada, pois embora tenha um grande
potencial em aportar residuos ao solo, a cultura da soja aporta um residuo de
melhor qualidade e, por ser menos susceptivel a estresses hidricos, pode ser
mais eficiente em aumentar/manter os estoques de C em locais onde ha

limitacdo hidrica no periodo estival.
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Grazing intensity

Stocking method

The insertion of the animal component into the crop production system can alter the nutdent dynamics and,
consequenty, the soil fertility status over time. This change occws differently according to the arangement
adopted, depending on both, the intensity and frequency of animal grazing, as well as the crop rotation system.
This study was carried out aiming to evaluate the effect of sheep grazing intensity and frequency during the
winter period and the crop rotation in the summer period on the (i) temporal evolution and vertical distribution
of soil chemical properties, and (i} on the nutrent (phosphorus - P, potassium - K, calcium - Ca, and magnesium
—Mg) budget. The experiment was established in 2003, in a subtropical Acrisol in southern Brazil, arranged in a
randomized block design with split plots. The treatments were two grazing intensities (moderate and low), two
stocking methods (continuous and rotational), subdivided into two crop rotation systems (monoculture - soy-
bean/soybean and crop rotation soybean/maize). Temporal variation of soil pH, exchangeable aluminum (AL,
Ca and Mg, available P and K, base saturation, Al saniration, and cation exchange capacity (CEC) were evaluated
in samples collected in 2003, 2010, 2015 and 2017, corresponding to 0,7, 12and 14-years after the beginning of
the experiment. The vertical distribution (0-5, 5-10, 10-20, 20-30 and 30-40 cm) of these chemical properties
were also evaluated 14-years after the beginning of the experiment (2017). The nutrient budget in the soil was
calculated based on the initial and final available/exchangeable contents in the 0-10 cm soil layer and the inputs
(fertilizers) and outputs (exportation by grain and meat) of nutrients, > 95% of P, K, Caand Mg were exported
by grains and < 5% by sheep meat. There was an intense acidification of the soil over the 14-years of experiment
as shown by the decrease of soil pH and base saturation, and the increase of Al saration. Crop rotation with
soybean/maize increased CEC up to 5cm soil depth and increased the available K content up to 40 cm soil depth.
The available K budget was more negative in soybean monoculture due to higher grain exportation. Integrated
crop-livestock system involving low grazing intensities and rotational sweking methods, coupled with crop
rotation in the summer, was more efficient in the use of nutrients

1. Introduction

do Sul, the southernmost state of Brazil, with the third largest agri-
cultural production, the crop area is approximately 6.5 million hec-

Brazil is one of the largest grain producers in the world and has the tares, mainly cultivated with soybean (89% of the area) and maize
fifth largest cultivated area. Moreover, Brazil is among the 17 largest (11% of the area). The Rio Grande do Sul State has also the largest
producers of sheep in the world. In the last year (2017,/2018) 61.5 sheep flock in Brazil, with approximately 4.0 million head mainly
million hectares were cultivated with commercial crops. In Rio Grande managed for mutton production. However, in the winter period only
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ARTICLE INFO ABSTRACT

Keywerds: Integrated cooplivestock systems (I01L5) conducted under no-tillage have been shown to favow the accumula
Grazing intensities tiom of carbon (C) amd nitrogen (W) in soil In that systems, however, C and N acoumulation in soil might depend
Srocng mednd on pastire management and the type of crop mtation used. The objective of this study wes to evahiae the
r:;‘:m impact of two stocking methods {continumus and rtational) and two shesp grzing inensities {moderate and
Anemal rysgrass low) om winter posture and the sffect of summer aop rotation {soybesn and for maiee) on crop yield and Cand N

siocks in an Acrisol after 14y umnder experimental conditions. The svaluated LS was s=t up for grain yiekl in
the summer crop phase and for sheep mest production in the winter pasture phase. Pasture production, sovhean
and oom yiek! were evaluated throughout the e xperimental period. After 14-yr, the sodl was campled at the (=5,
51k, 1020 amal 20— 30 cm layers to evahrte the content and stodk of C and N Higher C and N contents in sodl
superficial layers (0-5 and 5=10 cm) were olserved mder low grazing intensity in winier and soybem monoe-
culture in summer. The Cand N stocks in 0 — 30 an soil layer ranged between 79 and 45 Mg C ha ™" and 4 and 5
MgN ha~?, repectively. © and N stocks in the soil were significantly related to N added through the residues of
pasture and summer crop. This pasitive relationship i possibly explained by the higher e fficiency of microbes in
using crop residues enriched in N with posterior stabilization of microlial regdues through organo-mineral
amuciation in the soil The higher content and stocks of C amd N asssociaed with low intensity grawing favoured a
higher maize vield (40%) compared to moderate graving intensity in the 2015/2016 season. Acconding to our
resulis, the aumulation of Cand N in the soi under I0LS involving low grazing intensity in the winter and
soybean monoculture in the summer was related to the N added /recycled by the soybesm and by the hibemal

pasture.

1. Introduction

Soil organic matter (S0M) influences the chemical, physical and
hiological conditions in the soi as well as determining its productive
capacity (Lal, 2004; Ghosh et al., 2010). The SOM content is affected by
s0il management, especially no-tllage, and erop systems with high
input of plant residues have been shown as strategies to favour S0M
accumulation (Bayer et al., 200& Veloso et al., 2018). In addidon to

* Comespanding authors.

quantity, the residues with better quality (greater N content) may result
in a greater efficiency of substrate use by the microbiota and con-
tributing to accumulation of C and N in the soil (Cotrufo et al, 2013,
2015).

Integrated crop-livestock systems (ICLS) are defined as systems in
which there is temporary aternation or mtation of pastures and crops
in the mme area over time (Momes et al, 2014), contributing to the
accumulation of Cand N in the soil (54 et al, 2017; Luz et 4., 2019). C
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Natural de Quevedos, regido central do estado do Rio Grande do Sul, filho de
llza Maria Aquino Alves e Volmar de Oliveira Alves, ambos agropecuaristas.
Possui graduacdo em Agronomia pela Universidade Federal de Santa Maria,
campus de Frederico Westphalen - RS (Marco de 2012 - Janeiro de 2017).
Mestre em Ciéncia do Solo pelo Programa de Pds Graduacdo em Ciéncia do
Solo da Universidade Federal do Rio Grande do Sul (PPGCS - UFRGS), com
dissertacao intitulada "Atributos quimicos do solo em sistemas integrados de

producado de graos e ovinos de corte" (Abril de 2017 - Marco de 2019).





