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Carbon stock assessment and comparison in soybean
plantations in Southwest Brazilian Amazon'

Avaliagcdo e comparacg¢do do estoque de carbono em plantios de soja
no Sudoeste da Amazdnia Brasileira

Emmanoella Costa Guarana Araujo?®*, Allan Libanio Pelissari*®, Ana Paula Dalla
Corte3®, Carlos Roberto Sanquetta’®,

Abstract: A significant proportion of deforestation in the Amazon rainforest is for the expansion
of agriculture and livestock. Several studies have been dedicated to determining the carbon
stock in natural forests, however agricultural areas are still poorly researched. This work aimed
to quantify the above and belowground carbon stock (CS) in soybean plantations in the State
of Rondonia, Southwest region of the Brazilian Amazon, as well as to compare the results with
the estimate of other possible land uses in the same region. Thus, a total of 50 sampling units 1
m? were quantified at random in order to measure aboveground and belowground biomass. The
total biomass found was 7.55 Mg ha', with 6.73 Mg ha' (89.14%) corresponding to aboveground
biomass and 0.83 Mg ha' (10.86%) corresponding to belowground biomass. The average total
carbon stock was 3.49 Mg ha’', ranging from 2.14 to 6.36 Mg ha'. In comparing the study data
with the Brazilian Inventory of Anthropic Emissions and Removals of Greenhouse Gases, it was
observed that the change in the use of the mature Amazon Rainforest land for soybean cultivation
resulted in the loss of 176.61 Mg ha' of C. Therefore, soybean cultivation can be an alternative
in the absence of natural vegetation with no possibility of natural recovery, because in addition
to grain production, it contributes to the carbon stock and nitrogen fixation in the soil. However,
replacing natural vegetation is not an adequate practice for biomass and carbon stocks.
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Resumo: Parcela significativa do desmatamento da Amazbnia ocorre para a expansao da
agricultura e da pecuaria. Diversos estudos se dedicaram a determinar o estoque de carbono
em florestas naturais, no entanto, dreas de agricultura ainda sdo pouco pesquisadas. Com isso,
objetivou-se quantificar o estoque de carbono (EC), acima e abaixo do solo em plantios de
soja, em Rondénia, Sudoeste da Amazo6nia brasileira, bem como comparar os resultados com a
estimativa de outros possiveis usos do solo na mesma regido. Foram quantificadas 50 unidades
amostrais de 1 m? coletadas aleatoriamente, visando mensurar as biomassas acima e abaixo
do solo. A biomassa total encontrada foi de 7,55 Mg ha', sendo que 89,14% corresponderam
a biomassa acima do solo e 10,86% a biomassa abaixo do solo. O estoque de carbono médio
total foi de 3,49 Mg ha', variando de 2,14 até 6,36 Mg ha'. Comparando os dados do estudo
com os Inventario Brasileiro de EmissGes e Remocdes Antropicas de Gases de Efeito Estufa, foi
possivel observar que a mudanca no uso do solo da Floresta Amazébnica para o cultivo de soja
resultou na perda de 176,61 Mg ha' de C. Assim, em areas nao florestadas, sem possibilidade
de recuperacdo natural da vegetacdo nativa, o cultivo da soja pode ser uma alternativa, pois,
além da producéo de gréos, contribui com o estoque de carbono no solo. Porém, a substituicdo
de vegetacgédo natural ndo € a pratica adequada no que tange ao estoque de biomassa e carbono.

Palavras-chave: Biomassa. Fixacdo de carbono. Floresta amazénica. Mudanca no uso e na ocupacéo
do solo.
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INTRODUCTION

Changes in land use and occupation can
influence the emission or fixation of greenhouse
gases in the atmosphere, not only through carbon
fixation through forming biomass or vegetation
suppression, but also through the release of carbon
from the soils, which remain exposed from the
removal of the original vegetation cover (PEREIRA
et al., 2020). The impacts on the Amazon carbon
stock caused by agriculture are still uncertain,
mainly due to the scarce literature. This situation
creates gaps in knowledge about the conversion of
natural forest into soybean plantations, especially
regarding the regional carbon balance (BONINI
et al., 2018).

Despite a reduction in the deforestation rate
which has been occurring in the Amazon until the
year 2019, and the implantation of pastures being the
main cause of this deforestation, soybean (Glycine
max (L.) Merrill) appears as a high value activity in
terms of change in land use (LIMA ef al., 2019). In
addition, there is still little research on the impacts
on native vegetation caused by soy cultivation in
the Amazon deforestation arc, especially on how
the carbon stock is reduced or redistributed in the
biosphere (BONINI etz al., 2018).

According to the report by the National Supply
Company (CONAB), Brazil had an area of 68.503
thousand ha for grain production in the 2020/2021
harvest, with the northern region responsible for
3.524 thousand ha (CONAB, 2021). Also according
to the report, the state of Ronddnia occupies
the third position in agricultural cultivation
area (648,000 ha), of which 59% is destined
for soy cultivation. Despite the impact caused
by converting forest land use and occupation to
agricultural crops, conservation practices have used
degraded areas or integrated production systems
for planting soybeans, preventing new areas from
being deforested (SILVA et al., 2018). Even so, it
is necessary to understand how the conversion of
natural areas impacts maintaining carbon stocks in
nature, so that adequate usage forms for production
and conservation can be proposed.

Several studies have been dedicated to
understanding the role of forests in removing
carbon from the atmosphere and maintaining their
stocks in biomass (HEINRICH et al., 2021; MAAS
et al., 2021; ROSA et al., 2021; SANQUETTA et
al., 2018; SILVA et al., 2021).

INTRODUCAO

A mudanc¢a no uso e na ocupacdo da terra pode
influenciar na emissdo ou fixagdo dos gases de
efeito estufa na atmosfera, ndo apenas pela fixacdo
do carbono por meio da formacdo da biomassa
ou supressdo da vegetacdo, mas pela liberacao
do carbono dos solos, que ficam expostos com a
retirada da cobertura vegetal original (PEREIRA
et al., 2020). Os impactos no estoque de carbono
da Amazonia causados pela agricultura ainda sdo
incertos, sobretudo, devido a escassa literatura.
Tal situagdo gera lacunas no conhecimento sobre
a conversdao da mata natural em plantios de soja,
especialmente, sobre o balango de carbono regional
(BONINTI et al., 2018).

Apesar da reducdo na taxa de desmatamento que
vem ocorrendo na Amazonia até o ano de 2019, e da
implantagdo de pastagens ser a maior causadora desses
desmatamentos, a soja (Glycine max (L.) Merrill)
aparece como uma atividade de alto valor na mudanca
no uso da terra (LIMA ef al. 2019). Além disso, ainda
sdo escassas as pesquisas relacionadas aos impactos
na vegetacdo nativa causados pelo cultivo da soja no
arco do desmatamento da Amazdnia, principalmente
na forma como o estoque de carbono ¢ reduzido ou
redistribuido na biosfera (BONINI ef al., 2018).

De acordo com o relatério da Companhia Nacional
de Abastecimento (CONAB), na safra 2020/2021,
o Brasil apresentou uma area de 68,503 mil ha
destinados a producdo de graos, sendo a regido norte
responsavel por 3,524 mil ha (CONAB, 2021). Ainda
de acordo com o relatoério, o estado de Rondodnia
ocupa a terceira posi¢do em area de cultivo agricola
(648 mil ha), da qual 59% destinam-se ao cultivo de
soja. Apesar do impacto causado pela conversiao no
uso e na ocupagdo do solo de florestas para cultivos
agricolas, praticas conservacionistas tém utilizado
areas degradadas ou sistemas integrados de produgao
para o plantio da soja, evitando que novas areas sejam
desmatadas (SILVA et al., 2018). Ainda assim, ¢
preciso entender de que forma a converséo das arcas
naturais impactam na manutencdo dos estoques de
carbono na natureza, para que sejam propostas formas
adequadas de utilizagdo para producio e conservagao.

Diversos estudos vém se dedicando a entender
o papel das florestas na remoc@o do carbono da
atmosfera e na manutengdo dos seus estoques na
biomassa (HEINRICH et al., 2021; MAAS et al.,
2021; ROSA et al.,2021; SANQUETTA et al., 2018;
SILVA et al., 2021).
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However, the causes of vegetation suppression, such
as agriculture and pasture, are still poorly researched.
Thus, based on the hypothesis that suppressing natural
vegetation reduces the amount of carbon in an area, the
objective of this study was to quantify the above and
belowground carbon stock (CS) in soybean plantations
in the Southwest region of the Brazilian Amazon, as
well as to compare the results with the estimate of
other possible land uses in the same region.

MATERIAL AND METHODS

The material was collected between 60 and 90
days after planting in the municipalities of Itapud do
Oeste and Cujubim, located in the state of Rondonia,
southwest of the Brazilian Amazon. The region’s soil
is classified as dystrophic yellow latosol (SCHAEFER
et al., 2017) and the region’s climate is classified as
Aw according to the Koppen classification, with an
average temperature of 25 °C, annual rainfall of 2,500
mm (ALVARES et al., 2013) and predominant natural
open ombrophilous forest vegetation.

A total of 50 aboveground biomass (AgB) and
belowground biomass (BgB) samples were collected
in soybean plantations. The collections were carried
out with a template with a randomly distributed area
of 1.0 m?. Component masses were measured in a
precision dynamometer to determine the green mass.
A sample of the material was taken to later determine
the dry mass. The material collected in the field was
dried in a forced aeration oven in the laboratory at 65
+ 5 °C for 48 h until constant mass. After determining
the dry mass, the samples were prepared to determine
the carbon content by the dry combustion method in
an elemental LECO C-144 analyzer.

The carbon stock was calculated for biomass
through the product of the dry mass of each sample
and the respective carbon content. Thus, the carbon
stock was multiplied by the conversion factor 44/12 to
determine the fixed equivalent CO, and simulate the
equivalent CO, emitted, referring to the ratio between
the molecular weight of CO, and C. Aboveground
and belowground biomasses were considered for
the purpose of carbon analysis. Plant biomass was
removed within the sampling area for belowground
biomass. Descriptive statistical analyses, Lilliefors
normality test (a = 0.05), Bartlett’s homogeneity of
variance test (oo = 0.05) and the t-test to compare
the means of carbon fractions and stocks were
also performed. The root/shoot ratio (R) was also
calculated.

No entanto, as causas da supressdo de vegetagao,
como agricultura e pastagem, ainda sdo pouco
pesquisadas. Assim, partindo da hipdtese que a
supressao da vegetagdo natural reduz a quantidade de
carbono de uma area, objetivou-se quantificar o estoque
de carbono (EC), acima e abaixo do solo, em plantios
de soja, na regido Sudoeste da Amazodnia brasileira,
bem como comparar os resultados com a estimativa de
outros possiveis usos do solo na mesma regido.

MATERIAL E METODOS

A coleta do material foi realizada entre 60 ¢ 90
dias do plantio nos municipios de Itapua do Oeste ¢
Cujubim, localizados no estado de Ronddnia, Sudoeste
da Amazonia brasileira. O solo da regido ¢ classificado
como LATOSSOLO AMARELO distréfico (SCHAEFER
etal.,2017) e o clima da regido ¢ do tipo Aw, segundo a
classificagdo de Kdppen, com temperatura média de 25
°C, precipitagdo pluvial anual de 2.500 mm (ALVARES
et al., 2013) e vegetagdo natural predominante Floresta
Ombrofila Aberta.

Foram coletadas 50 amostras de biomassa acima
do solo (BAcS) e biomassa abaixo do solo (BAbS) em
plantios de soja. As coletas foram realizadas com o
auxilio de um gabarito com area de 1,0 m?, distribuidas
de forma aleatéria. As massas dos componentes
foram mensuradas em um dinamdmetro de precisao
para determinacdo da massa verde. Uma amostra do
material foi retirada para posterior determinagéo da
massa seca. Em laboratorio, o material coletado no
campo foi seco em estufa de acragdo forcadaa 65+ 5
°C, por 48 h, até¢ massa constante. Apds determinagdo
da massa seca, as preparadas para determinagdo do
teor de carbono pelo método da combustio seca em
analisador elementar LECO C-144.

O estoque de carbono foi calculado para biomassa,
por meio do produto da massa seca de cada amostra
pelo respectivo teor de carbono. Para determinagdo do
CO, equivalente fixado e simulagdo do CO, equivalente
emitido, o estoque de carbono foi multiplicado pelo
fator de conversdo 44/12, referente a razdo entre o peso
molecular de CO, e C. Para efeito da anélise de carbono,
foram consideradas as biomassas acima e abaixo do solo,
para biomassa abaixo do solo, foi retirada biomassa vegetal
dentro da area de amostragem. Também foram realizadas
analises estatisticas descritivas, teste de normalidade de
Lilliefors (o= 0,05), teste de homogeneidade de varidncias
de Bartlett (o= 0,05) e teste t para comparagdo de médias
das fracdes e estoques de carbono. Também foi calculada
a razdo de raiz/parte aérea (R).
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Carbon stocks in degraded areas were simulated
based on literature values to compare the results
found in this study, being considered as lack of
vegetation, natural forest and pasture, whose carbon
percentages were taken from the literature as IPCC
reports. Reference values regarding biomass and
carbon values in different scenarios were used for
other land uses (IPCC, 2006; MCTIC, 2016; IPCC,
2019).

RESULTS

The mean total dry biomass value found was
7.55 Mg ha'!, in which 6.73 Mg ha! (89.14%) refers
to AgB and 0.83 Mg ha'! (10.86%) to BgB, with
coefficients of variation of 26.97% and 34.56%,
respectively. The root-shoot ratio (R) was 0.12,
with AgB representing most of the dry matter.
Both above and belowground biomasses showed
normal distribution (p-value > 0.05) according to
the Lilliefors test.

Mean carbon contents were 46.27%, or 0.4627
tC (t dm)! for AgB and 44.01%, or 0.4401 tC
(t dm)! for BgB, respectively (Figure 1). These
mean contents differed statistically using the
t-test (p-value < 0.05) for heterogeneous variances
(p-value < 0.05 for Bartlett’s test). The average
total carbon stock was 3.49 Mg ha'!, with minimum
values of 2.14 Mg ha'! and maximum of 6.36 Mg ha'!
(Figure 2), and coefficient of variation of 23.73%.

Para comparar os resultados encontrados neste estudo,
foram simulados, com base em valores da literatura, os
estoques de carbono em areas degradadas, consideradas
como auséncia de vegetagao, floresta natural e pastagem,
cujas porcentagem de carbono foram retiradas da
literatura, como relatérios do IPCC. Com relagdo aos
valores de biomassa e carbono em diferentes cenarios,
foram utilizados valores de referéncia para outros usos
da terra (IPCC, 2006; MCTIC, 2016; IPCC, 2019).

RESULTADOS

O valor médio de biomassa seca total encontrado
foi de 7,55 Mg ha’!, no qual 6,73 Mg ha'' (89,14%)
se refere a BAcS e 0,83 Mg ha' (10,86%) a BADS,
com coeficientes de variacdo de 26,97% e 34,56%,
respectivamente. A razdo raiz-parte aérea (R) foi de
0,12, representando a BAcS a maior parte da matéria
seca. Tanto as biomassas acima quanto abaixo do
solo apresentaram distribui¢do normal (p-valor >
0,05) de acordo com o teste de Lilliefors.

As médias dos teores de carbono foram 46,27%, ou
0,4627 tC (t d.m)! para a BAcS e 44,01%, ou 0,4401
tC (t d.m)! para a BAbS, respectivamente (Figura 1).
Esses teores médios diferiam estatisticamente por meio
do teste ¢ (p-valor < 0,05) para variancias heterogéneas
(p-valor £ 0,05 para o teste de Bartlett). O estoque de
carbono total médio foi de 3,49 Mg ha'!, com valores
minimo de 2,14 Mg ha' e maximo de 6,36 Mg ha
(Figura 2), ja o coeficiente de variagdo foi de 23,73%.

Figure 1 - Distribution of carbon contents in aboveground (AgB) and belowground (BgB) biomasses in
soybean plantations in the Southwest of the Brazilian Amazon.

Figura 1 - Distribuicdo dos teores de carbono nas biomassas acima (BAcS) e abaixo do solo (BAbS)
em plantios de soja no Sudoeste da Amazénia brasileira.
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Figure 2 - Distribution of carbon stocks in aboveground (AbG) and
belowground (BgB) and total biomasses in soybean plantations in the

Southwest of the Brazilian Amazon.

Figura 2 - Distribuicdo do estoque de carbono na biomassas acima
(BacS) e abaixo do solo (BAbS) e total em plantios de soja no Sudoeste

da Amazdbnia brasileira.

The AgB portion accounted for 93.81% of the
total carbon stock, while BgB accounted for 6.19%.
The mean carbon stock found in this work differed
(p-value < 0.05) by about 1.21 Mg ha'! from the
reference value of 4.7 Mg ha’! indicated by the
IPCC. However, there was no significant difference
(p-value = 0.7056) between carbon stocks when
using the carbon content indicated by the IPCC
(equal to 47%) (Table 1).

A por¢do da AGB foi responsavel por 93,81% do
estoque total de carbono, enquanto BGB correspondeu
4 6,19%. O estoque médio de carbono encontrado neste
trabalho diferiu (p-valor <0,05) cerca de 1,21 Mg ha'!
do valor de referéncia, que é de 4,7 Mg ha‘!, indicado
pelo IPCC. Entretanto, ao utilizar o teor de carbono
indicado pelo IPCC, igual a 47%, ndo foi observada
diferenga significativa (p-valor = 0,7056) entre os
estoques de carbono (Tabela 1).
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Table 1 - Carbon stocks and difference in the CS between soybean
plantations and other land uses in Southwestern Brazilian Amazon

Tabela 1 - Estoques de carbono e diferenca no EC entre
plantios de soja e em outros usos do solo no Sudoeste da

Amazbnia brasileira

CS (Mg ha') Difference in the CS (Mg ha™)

Soybean 3.49
MCTIC Forest (2016) 180
IPCC pasture (2006) 6.44
No vegetation area 0

-176.51
-2.95
3.49

In comparing the value found in this study with
the reference values in natural forest and pasture, it is
possible to observe that the carbon stock in soybean is
smaller than in natural forest and pasture, according
to reference data. It is noteworthy that the simulation
data represent an average value stipulated by the
IPCC and MCTIC. The mean total carbon stock is
equivalent to 12.79 Mg ha' of CO_eq, but the value
rises to 13.01 Mg ha' of CO,eq using the levels
suggested by the IPCC. The difference in calculations
using a conversion factor and the values found in the
laboratory reinforces the need for local studies.

DISCUSSION

According to data from the IPCC annual
report (2019), the carbon stock accumulated in
agricultural crops after one year of land conversion
is approximately 4.7 Mg ha!, which is higher than
that found in this study. However, one must take into
account the amount of rotations, cultivated species, as
well as soil management. Furthermore, the reference
value represents an average of both the cultivation
types and the total production, and should be used
for environments where there is a lack of local data.

According to the Technical Report of the III
National Inventory of Greenhouse Gas Emissions
(MCTIC, 2016), tropical forests have a carbon stock
of approximately 180 Mg of C ha’!, which gives a
difference of 176.61 Mg of C ha' from carbon stock
between forest and soybean plantations. While the
discrepancy between the environments is obvious, it
is hoped to draw attention to the loss of carbon caused
by conversion to land use and occupation. The figure
in CO,eq values in the forest area is equivalent to the
removal of 647.58 Mg ha'' of CO,eq. Despite the loss
of stock generated by soy planting, the conversion
of forest to agricultural cultivation conserved 1.92%
when compared to the original vegetation.

Comparando o valor encontrado nesta pesquisa
com os de referéncia em floresta natural e pastagem, ¢
possivel observar que o estoque de carbono na soja ¢
menor que os de floresta natural e pastagem, de acordo
com dados de referéncia. Ressalta-se que os dados da
simulagdo representam um valor médio, estipulado pelo
IPCC e MCTIC. O estoque total médio de carbono ¢
equivalente a 12,79 Mg ha' de CO,eq, utilizando os
teores sugeridos pelo IPCC, o valor sobe para 13,01
Mg ha''de CO,eq. A diferenga nos célculos, utilizando
um fator de convers@o ¢ os valores encontrados em
laboratério, refor¢a a necessidade de estudos locais.

DISCUSSAO

Conforme os dados do relatério anual do IPCC
(2019), o estoque de carbono acumulado em cultivos
agricolas, ap6s um ano de conversdo da terra, ¢ de
aproximadamente 4,7 Mg ha’!, sendo o valor superior
ao encontrado neste estudo. No entanto, deve-se levar
em conta a quantidade de rotagdes, espécie cultivada,
bem como o manejo do solo. Além disso, o valor de
referéncia representa uma média, tanto dos tipos de
cultivo quanto do total da producdo, ¢ deve ser utilizado
para ambientes nos quais ha auséncia de dados locais.

De acordo com o Relatorio Técnico do III Inventario
Nacional de Emissdo de Gases de Efeito Estufa
(MCTIC, 2016), as florestas tropicais apresentam um
estoque de carbono aproximado de 180 Mg de C ha'!, o
que da uma diferenca de 176,61 Mg de C ha'!' de estoque
de carbono entre floresta e plantios de soja. Apesar da
discrepancia entre os ambientes ser obvia, espera-se
chamar aten¢do para a perda de carbono causada pela
conversdao no uso e ocupacdo da terra. Em valores de
CO,eq, a cifra na area florestal equivale a remogdo de
647,58 Mg ha' de CO,eq. Apesar da perda de estoque
gerado pelo plantio de soja, a conversdo de floresta em
cultivo agricola conservou 1,92%, quando comparado
a vegetacao original.
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A total of 348.4 thousand ha were cultivated
with soybeans in the state of Rondonia in 2019,
which represents an average yield of 3,541 kg ha'.
The cultivated area increased to 381.1 thousand
ha in 2020, representing an increase of 9%, with
an average yield of 3,368 kg ha' (CONAB, 2021).
Also according to the CONAB report (2021), the
area occupied by soy plantations represented 17%
of all soy plantations in the North region in 2020,
ranking the state third in the region in terms of land
area destined for grain production. Although the
IPCC and the MCTIC present values referring to
the carbon content and stock of different segments,
they represent an average in which each condition/
species will present deviations related to the values.
Thus, it is recommended to carry out laboratory
tests for specific conditions, especially for the first
assessments (ASNER et al., 2011).

However, the conversion of forest environments
to any other uses generates a significant loss of
stored carbon to the atmosphere. Although pastures
have a greater carbon stock than soybean plantations,
it is necessary to pay attention to soil degradation
caused by animal trampling (NEVES JR. et al.,
2013; SHANG et al., 2014). In turn, soybean is a
nitrogen-fixing legume which can bring numerous
benefits to the edaphic region, such as symbiosis
with diazotrophic bacteria (HUNGRIA et al., 2007).

The conversion of a natural system for implanting
agricultural crops causes a loss of soil carbon due
to the change of species, agricultural inputs and an
increase in the erosion process. Perennial crops store
a greater amount of carbon than annuals, especially
in the edaphic region where there is a greater
proportion of roots in perennial crops. In addition,
the use of nitrogenous inputs for agricultural crops,
is highlighted which increases the decomposition of
senescent plant material, as well as cultivation in
the surface layer, favoring the soil erosion process
(BODDEY et al., 2015).

Soil represents about four times the carbon
stored in vegetation and three times the value of
the atmosphere (IPCC, 2001; ANOKYE et al.,
2021). Changes in land use and occupation cause
disturbances in the edaphic region, responsible
for the greatest contribution to the organic carbon
reserve (PACHECO et al., 2018). Despite acting as
a sink for atmospheric CO,, soil organic carbon is
dynamic, since changes in land use, occupation or
management by anthropogenic changes can cause
the emission of greenhouse gases (FAO, 2017).

Em 2019, 348,4 mil ha foram cultivados com soja
no estado de Rondoénia, o que representa um rendimento
médio de 3.541 kg ha'. Em 2020, a area cultivada
passou para 381,1 mil ha, representando um aumento de
9%, com rendimento médio de 3.368 kg ha! (CONAB,
2021). Ainda de acordo com o relatorio do CONAB
(2021), a area ocupada por plantios de soja representava
17% de toda plantagdo de soja da regido Norte no ano
de 2020, ocupando o estado a terceira posigdo na regido
em extensdo de terra destinada para a produgdo de
graos. Embora o IPCC e o MCTIC apresentem valores
referentes ao teor e estoque de carbono de diversos
segmentos, eles representam uma média, em que cada
condigdo/espécie apresentara desvios referentes aos
valores. Desse modo, é indicado a realizagdo de ensaios
laboratoriais para condigdes especificas, principalmente
para as primeiras avaliagdes (ASNER et al., 2011).

No entanto, a conversdo de ambientes florestais
para quaisquer outros usos gera perda significativa
de carbono armazenado para atmosfera. Apesar das
pastagens apresentarem maior estoque de carbono
do que os plantios de soja, é preciso atentar a
degradagdo dos solos ocasionada pelo pisoteio dos
animais (NEVES JR. et al., 2013; SHANG et al.,
2014). A soja, por sua vez, ¢ uma leguminosa fixadora
de nitrogénio que pode trazer inumeros beneficios
para a regido edafica, como a simbiose com bactérias
diazotroficas (HUNGRIA et al., 2007).

A conversdo de um sistema natural para implantagao
de cultivos agricolas acarreta a perda de carbono
do solo, devido a mudanga das espécies, insumos
agricolas e aumento do processo de erosdo. Culturas
perenes estocam maior quantidade de carbono do que
anuais, com destaque para regido edafica, na qual ha
uma maior propor¢ao das raizes em cultivos perenes.
Além disso, para cultivos agricolas, destaca-se o uso
de insumos nitrogenados que aumenta a decomposigao
do material vegetal senescente, bem como o cultivo
na camada superficial favorecendo o processo de
erosdo dos solos (BODDEY et al., 2015).

O solo representa cerca de quatro vezes o carbono
estocado na vegetacdo e trés vezes o valor da atmosfera
(IPCC, 2001; ANOKYE et al. 2021). As alteragdes no
uso ¢ na ocupacdo do solo acarretam disturbios na
regido edafica, responsavel pela maior contribuigao na
reserva de carbono organico (PACHECO et al., 2018).
Apesar de atuar como sumidouro de CO, atmosférico,
o carbono orgénico do solo ¢ dindmico, uma vez que
mudangas no uso, na ocupacao ou no manejo do solo
por alteragdes antropicas podem ocasionar a emissao
de gases de efeito estufa (FAO, 2017).
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Atmospheric CO, emissions are not the only
inconvenience caused by the conversion of forests to
agricultural production. Other greenhouse gases such
as nitrous oxide and nitric oxide are widely emitted
in soils from agricultural systems, mainly through
the use of nitrogenous agricultural inputs (ALVES et
al., 2015). However, as a legume, soybeans demand
less agricultural inputs of this nature, in addition to
contributing to nitrogen fixation (CONNOR, 2018).
Furthermore, soy cultivation in degraded areas
contributes to carbon stock in both plant biomass and
in the edaphic region (MARANHAO et al., 2019).

This fact makes the soy scenario favorable,
especially when compared to degraded areas in
cases where the degradation does not enable natural
vegetation to resume, drastically reducing the carbon
stock in all compartments of a system (ZELARAYAN
et al., 2015). Thus, the use of mixed crops in an
already anthropized scenario, such as crop-livestock-
forest integration systems, promotes an increase in
biodiversity and favors the system balance.

CONCLUSIONS

Soybean crops reduce carbon stocks in biomass
when compared to natural environments in the
Amazon forest. However, when compared to degraded
areas with no possibility of natural recovery, they
contribute to remove atmospheric CO,, especially
through biomass from the shoots, in addition to
contributing to nitrogen fixation and producing
inputs to meet food demand and industry;

Studies of this nature should be encouraged
to assess the impacts on changes in land use and
occupation, especially due to the increasing
replacement of natural vegetation for implanting
soybean cultivation in the Amazon.
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A emissdo de CO, atmosférico ndo € o Unico
inconveniente causado pela conversdao de florestas
para producdo agricola. Outros gases de efeito estufa,
como oxido nitroso e 6xido nitrico sdo amplamente
emitidos em solos de sistemas agricolas, sobretudo
pelo uso de insumos agricolas nitrogenados (ALVES
et al., 2015). No entanto, por ser uma leguminosa,
a soja demanda menos insumos agricolas dessa
natureza, além de contribuir com a fixag¢do de
nitrogénio (CONNOR, 2018). Além disso, em areas
degradadas, a cultura da soja colabora com o estoque
de carbono, tanto na biomassa vegetal, quanto na
regido edafica (MARANHAO et al., 2019).

Tal fato torna o cenario da soja favoravel, sobretudo
quando comparado com areas degradadas, nos casos
em que a degradag@o ndo possibilita a retomada da
vegetacao natural, reduzindo drasticamente o estoque
de carbono em todos os compartimentos de um sistema
(ZELARAYAN et al., 2015). Assim, em um cenério ja
antropizado o uso de cultivos mistos, como sistemas de
integragdo lavoura-pecuaria-floresta, promove aumento
da biodiversidade e favorece o equilibrio do sistema.

CONCLUSOES

Os cultivos de soja reduzem os estoques de carbono
na biomassa, quando comparados com ambientes naturais
em floresta Amazonica. No entanto, quando comparados
com areas degradadas, sem possibilidade de recuperagio
natural, contribuem com a retirada do CO, atmosférico,
sobretudo por meio da biomassa da parte aérea, além
de contribuir com a fixagdo de nitrogénio e produzir
insumos para suprir a demanda alimenticia e da industria;

Estudos desta natureza devem ser encorajados para
avaliar os impactos da mudang¢a no uso ¢ ocupagio
do solo, sobretudo devido a crescente substituigao de
vegetacdo natural para a implantagdo do cultivo da
soja na Amazdnia.
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