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RESUMO

SOUZA, Pedro Renato Leandro, D.Sc., Universidade Federal de Vigosa, fevereiro de 2022. As
raizes vivas do eucalipto e o manejo dos residuos de colheita afetam a decomposicao da
serrapilheira e os teores de matéria orginica em plantios de eucalipto. Orientadora:
Emanuelle Mercés Barros Soares. Coorientadores: Leonardus Vergiitz e Ivo Ribeiro da Silva

A matéria organica do solo (MOS) é formada por diversos componentes organicos (residuos
vegetais, animais e microbianos) em diferentes estidgios de decomposic¢do, labilidade e
complexidade quimica e fisica. Embora o solo possua a capacidade de armazenar uma grande
quantidade de carbono, MOS, a taxa de transferéncia do C de residuos organicos depositados
no solo para a sua MOS € pequena, variando em fun¢do da qualidade fisica, quimica e bioldgica
do solo e dos residuos aportados e das condi¢des ambientais. Diante desse cendrio, nosso
objetivo nesse trabalho foi melhorar a compreensao de como alguns fatores podem influenciar
no processo de formacao dos estoques de carbono em areas cultivadas com eucalipto. Para isso,
nos concentramos em 2 capitulos sendo estes: Estudo das alteragdes nos estoques de carbono
em diferentes condi¢des de manejo de residuos e de distintas adubacdes com N mineral em
florestas em terceiro ciclo (capitulo 1); o papel das raizes da floresta de eucalipto no processo
de decomposicao dos residuos da colheita bem como na liberag@o de nutrientes a partir destes
residuos (capitulo 2). No primeiro capitulo 1 observamos que os teores de C do solo podem ser
afetados positivamente pela adi¢do de N mineral no sistema, porém o efeito do N inorgénico é
afetado pela composi¢do quimica do residuo organico. No segundo capitulo observamos que as
raizes vivas da nova floresta de eucalipto aceleram o processo de decomposicdo dos residuos
da colheita e liberacdo dos nutrientes a partir destes residuos. Além disso, observamos que a
intensidade desses efeitos € maior em solos de baixa fertilidade, sugerindo que as plantas de
eucalipto alteram sua eficiéncia de remocdo de nutrientes da serrapilheira em funcdo da
disponibilidade de nutrientes no solo. Além disso, observamos que a presenga de cascas de
eucalipto nos residuos aumenta o contetdo inicial de nutrientes, bem como a biomassa de raizes
finas em estdgios posteriores do processo de decomposi¢do, o que pode explicar os efeitos

positivos da permanéncia da casca na decomposi¢ao dos residuos da colheita do eucalipto.

Palavras-chave: Raizes. Decomposicdo da serrapilheira. Liberacao de nutrientes. Matéria

organica do solo. Manejo de residuos da colheita.



ABSTRACT

SOUZA, Pedro Renato Leandro, D.Sc., Universidade Federal de Vicosa, February 2022. Live
eucalyptus roots and harvest residue management affect litter decomposition and organic
matter levels in eucalyptus plantations. Adviser: Emanuelle Mercés Barros Soares. co-
advisors: Leonardus Vergiitz and Ivo Ribeiro da Silva.

The soil organic matter (SOM) is formed by several organic components (vegetable, animal
and microbial residues) in different stages of decomposition, lability and chemical and physical
complexity. Although the soil has the capacity to store a large amount of carbon, SOM, the
transfer rate of C from organic residues deposited in the soil to its SOM is small, varying
according to the physical, chemical and biological quality of the soil and residues. inputs and
environmental conditions. Given this scenario, our objective in this work was to improve the
understanding of how some factors can influence the process of formation of carbon stocks in
areas cultivated with eucalyptus. For this, we focused on 2 chapters, namely: Study of changes
in carbon stocks under different conditions of waste management and different mineral N
fertilization in forests in the third cycle (chapter 1); the role of eucalyptus forest roots in the
decomposition process of harvest residues as well as in the release of nutrients from these
residues (chapter 2). In the first chapter 1 we observed that soil C contents can be positively
affected by the addition of mineral N in the system, however the effect of inorganic N is affected
by the chemical composition of the organic residue. In the second chapter we observe that the
living roots of the new eucalyptus forest accelerate the process of decomposition of harvest
residues and the release of nutrients from these residues. Furthermore, we observed that the
intensity of these effects is greater in soils with low fertility, suggesting that eucalyptus plants
change their nutrient removal efficiency from the litter as a function of nutrient availability in
the soil. In addition, we observed that the presence of eucalyptus bark in the waste increases
the initial nutrient content, as well as the fine root biomass in later stages of the decomposition
process, which may explain the positive effects of the bark remaining on the waste

decomposition. of the eucalyptus harvest.

Keywords: Roots. Litter decomposition. Nutrient release. Soil organic matter. Harvest residue

management.
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Introducao Geral

As florestas plantadas sdo algumas das alternativas para reducdo da utilizacdo de
recursos madeireiros a partir de florestas nativas. A drea mundial de floresta plantada aumentou
31,9 milhGes de hectares na dltima década, sendo 5,4 milhdes de hectares na América do Sul,
com o Brasil representando cerca 72,5% do crescimento de seu continente (FAO, 2020).
Atualmente, as florestas cultivadas representam menos de 5 % dos 4,06 bilhdes de hectares
ocupados com florestas no mundo (FAO 2020). A maior parte dos cultivos florestais do mundo
estd na América do Sul, onde representam em torno 2% da érea total de floresta (FAO 2020).
No Brasil, ha 9 milhdes de hectares cultivados com florestas, sendo 6,97 milhdes de hectares

ocupados com eucalipto e 1,64 milhdo de hectares com pinus (IBA 2020).

Os cultivos florestais além de fornecerem matéria prima para a industria, contribuem
para a mitigacdo das mudancas climéticas. Estima-se que os 9 milhdes de hectares ocupados
com florestas cultivadas no Brasil, estoque aproximadamente 1,88 bilhdo de tCO2 eq, que € 1,5
vezes superior ao que o Brasil emitiu em 2010 (IBA 2020). Parte desse C sequestrado pelas
plantas pode ser incorporada ao solo como constituinte da MOS, permanecendo na drea mesmo
apos o ciclo da cultura. Embora a capacidade do solo de armazenar C seja enorme, a taxa de
transferéncia do C dos residuos organicos para ele € pequena, sendo influenciado por diversos
fatores como condicdes climdticas, caracteristicas do solo, caracteristicas do material organico
aportado e da fauna do solo (Kleber et al. 2015; LaRowe and Van 2011; Lehmann and Kleber
2015; Schmidt et al. 2011).

7z

O aumento dos estoques de carbono nos solos florestais € importante pois a MOS
influéncia positivamente de forma direta e indireta nas caracteristicas quimicas, fisicas e
bioldgicas do solo (Atere et al. 2020; Clarholm, Skyllberg, & Rosling, 2015; Diagboya, Olu-
Owolabi, & Adebowale, 2015; Khan, Mack, Castillo, Kaiser, & Joergensen, 2016; Murphy,
2015; Quist et al. 2019; Yu et al. 2020). Diante desse cendrio, nosso objetivo nesse trabalho foi
melhorar a compreensao de como alguns fatores podem influenciar no processo de formacao
dos estoques de carbono em dreas cultivadas com eucalipto. Para tanto, nos concentramos em
2 capitulos. No capitulo 1, avaliamos as alteracdes nos estoques de carbono em diferentes
condi¢des de manejo de residuos e de distintas adubacdes com N mineral em florestas em
terceiro ciclo. Esse tipo de estudo se justifica pelo fato dos residuos da colheita ser uma das

principais fontes de C para formagao da MOS em éareas florestais, € o N ser um dos principais
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nutrientes envolvidos no processo de formacao da MOS, desta forma entender a interag@o entre
a fertilizacdo com N e a remocdo de diferentes componentes dos residuos da floresta serd de
grande valia para otimizarmos o manejo nas dreas florestais e aumentarmos a transferéncia de

C dos residuos da colheita para MOS.

No capitulo 2, avaliamos o papel das raizes da floresta de eucalipto no processo de
decomposicdo dos residuos da colheita bem como na liberacdo de nutrientes a partir destes
residuos, avaliando ainda, os efeitos dos diferentes manejos de residuos na distribuicdo do
sistema radicular das plantas. Embora vérios estudos mostrem que a presencga de raizes vivas
pode influenciar a decomposi¢do de residuos organicos (Barel et al. 2019; Chen et al. 2014;
Huo et al. 2017; Kuzyakov et al. 2007; Saar et al. 2016; Shi et al. 2018) os efeitos das raizes do
Eucalyptus na decomposicdo dos residuos organicos geralmente sdo negligenciados. Além
disso, as raizes sdo consideradas um dos principais residuos para incremento de C no solo
(Madeira, Fabiao, Pereira, Aratjo, & Ribeiro, 2002), principalmente pela alta recalcitrancia de
seus componentes, protecdo nos agregados do solo e a deposicdo continua de exsudados
radiculares (Rasse, Rumpel, & Dignac, 2005). Deste modo, entender como a distribui¢do das
raizes da floresta de eucalipto no solo, é afetada pelo manejo dos residuos da colheita da
floresta, ¢ importante para compreensdao de como o manejo dos residuos nas dreas florestais

pode afetar no processo de formacao e manutencdo dos estoques de C dos solos.
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ALTERACOES DOS TEORES DE MATERIA ORGANICA DE SOLOS CULTIVADOS
COM EUCALYPTUS SOB DIFERENTES CONDICOES DE MANE]JO DE RESIDUOS
DA COLHEITA E NiVEIS DE FERTILIZAGAO COM NITROGENIO

Resumo

Os efeitos do manejo dos residuos da colheita e da fertilizagdo com nitrogénio (N) nos
estoques de carbono (C) de solos cultivados com eucalipto ainda sdo controversos. Em virtude
disso, montamos um experimento com o objetivo de avaliar as mudangas nos teores de matéria
organica do solo (MOS) a partir de diferentes niveis de fertilizagdo com N e remocdo de
diferentes componentes dos residuos da colheita. Trés niveis de N (0, 50 e 100 kg ha'deN)e
cinco tipos de manejos de residuos da colheita (sem residuo, somente serrapilheira, serrapilheira
sem casca, residuo total com casca na linha do rodado, residuo total com casca escorando a
pilha de toras) foram testados, avaliando-se as mudancas nos teores de C em diferentes camadas
(0-10, 10 - 20 e 20 - 40 cm) do solo durante os primeiros trés anos. Houve efeito positivo do
N nos teores de C do solo apenas no tratamento com a remogao total dos residuos orgénicos.
As mudancgas na MOS foram mais expressivas nas camadas superiores do solo. Em resumo,
mostramos que a fertilizagdo com N afeta positivamente o acimulo de C nas camadas

superficiais do solo.

Abstract

The effects of crop residue management and nitrogen (N) fertilization on carbon (C) stocks
in soils cultivated with eucalyptus are still controversial. As a result, we set up an experiment
with the objective of evaluating changes in soil organic matter (SOM) levels from different
levels of N fertilization and removal of different components of crop residues. Three N levels
(0, 50 and 100 kg ha! of N) and five types of harvest residue management (no residue, litter
only, litter without bark, total residue with bark in the wheeled line, total residue with bark
shoring up the log pile) were tested, evaluating changes in C contents in different soil layers (0
- 10, 10 - 20 and 20 - 40 cm) during the first three years. There was a positive effect of N on
soil C contents only in the treatment with total removal of organic residues. Changes in SOM
were more expressive in the upper soil layers. In summary, we show that N fertilization

positively affects the accumulation of C in the upper soil layers.

1.0 Introducao
As areas de florestas cultivadas vém se espalhando cada vez mais por todo o territorio

brasileiro, gragas ao melhoramento genético, aliado a ado¢do de melhores préticas de manejo.
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No Brasil, a drea ocupada com as florestas plantadas teve um incremento médio de 390 mil
hectares anuais entre 2010 a 2020 (FAO 2020). Em 2019, a drea ocupada com silvicultura no
Brasil chegou a 9,98 milhdes de hectares, com o eucalipto representando cerca de 76 % dos
plantios florestais brasileiros, seguido da floresta de pinus 20 % e outras espécies florestais,
principalmente, acécia, araucdria, paricd e teca que juntas somam apenas 4 % (IBA 2020;

IBGE 2020).

O setor de florestas plantadas além de ser um importante pilar da economia brasileira, em
2019 gerou cerca 3,75 milhdes de empregos (diretos e indiretos), representando cerca de 1,2 %
do Produto Interno Bruto (PIB) brasileiro e 10 % das exportacdes agricolas brasileiras (IBA
2020), também pode contribuir para a mitigacao das mudancas climdticas. Estima-se que as
florestas cultivadas no Brasil, possam estocar aproximadamente 1,88 bilhdo de tCO; eq, que é
1,5% superior ao que o Brasil emitiu em 2010 (IBA, 2020). As plantagdes de Eucalyptus, que
representam mais de 70 % das florestas cultivadas no Brasil, se bem manejadas, podem fixar
até 50 t ha! ano! de CO, (Gatto et al. 2010). Grande parte do C fixado pela floresta de
Eucalyptus durante o seu ciclo sdo armazenados em residuos ndo comerciais. Estima-se que os
plantios comerciais de Eucalyptus produzam em média 30 t ha™' de produtos nio comerciais
(Gatto et al. 2010) com a casca representando em torno de 30 % desses residuos (Herndndez et
al. 2009). A manutencao desses residuos na drea apds a colheita reduz a extracao de nutrientes
do sistema, tendo em vista que aproximadamente 75% do N, P, K, Ca e Mg acumulado pela

floresta de Eucalyptus pode ndo estar armazenado na madeira (Santana et al. 2008).

Além de ser uma fonte de nutrientes para o proximo ciclo de cultivo, nos sistemas florestais
o residuo da colheita é uma das principais fontes de C para formag¢do da MOS. Embora o solo
seja um grande reservatério de C, armazenando cerca de 1500 gigatoneladas(gt) de C sé no
primeiro metro (Jobbagy and Jackson 2000), a taxa de transferéncia do C dos residuos organicos
para o mesmo € pequena, sendo influenciado por diversas caracteristicas como qualidade e
quantidade de residuo aportado (Almeida et al. 2018), mineralogia do solo (Kaiser et al. 2002;
Kaiser and Guggenberger 2000; Keil and Mayer 2014; Leinemann et al. 2018; Souza et
al. 2017), temperatura (Burdige 2011; Lutzow et al. 2006; Souza et al. 2016; Yanni et al. 2018),
teor de argila (Hassink 1997; Six et al. 2002; Souza et al. 2016) e microbiologia do solo
(Mueller et al. 2015). Embora a MOS represente uma pequena fra¢io do solo, € um componente
de extrema importancia dentro dos sistemas florestais, pois interfere em diversos fatores, tais

como: ciclagem de nutrientes, conservacdo da dgua, degradacdo de contaminantes, resisténcia
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a compactagdo do solo, porosidade, estabilidade de agregados e biodiversidade do solo (Atere
et al. 2020; Clarholm et al. 2015; Diagboya et al. 2015; Khan et al. 2016; Murphy, 2015; Quist
et al. 2019; Yu et al. 2020), o que justifica a existéncia de uma correlacio positiva entre os
teores de MOS e a produtividade da floresta de eucalipto (Menezes, 2005). Assim, fica evidente
a necessidade de se investigar como podemos aumentar a transferéncia do C dos residuos da

colheita para MOS.

A redugdo da quantidade de residuos orginicos que permanece na drea apds a colheita
diminui a quantidade de C derivado do eucalipto nas fragdes da MOS (Epron et al. 2015). Além
da quantidade de residuos aportados ao solo, € importante observarmos quais residuos estamos
deixando na drea. A manutenc¢do da casca do eucalipto na drea parece aumentar a decomposi¢cao
dos demais residuos da colheita (Souza et al. 2016; Oliveira et al. 2021) enquanto a manuten¢do
de uma serrapilheira rica em componentes facilmente utilizados por micrébios do solo, podem
ter menor contribui¢do para as fracOes mais estaveis da MOS (Almeida et al. 2018). De fato a
remogao de residuos como casca e galhos, com a manuten¢do apenas de residuos mais labeis
como folhas e galhos finos tem se mostrado uma estratégia nao assertiva dentro dos sistemas
florestais, pois a manutencdo de materiais mais recalcitrantes promovem a conservagdo do C
em fracdes mais estaveis da MOS (Almeida et al. 2018) principalmente em sistemas com maior
disponibilidade de N (Demolinari, 2008). Porém a decomposi¢ao de residuos mais lignificados,
como casca e galhos, ainda ndo é bem compreendida (Bradford et al. 2014) principalmente nas

florestas de eucalipto.

O papel do N na nutri¢do das plantas € bem conhecido, porém, no processo de transferéncia
do C dos residuos para MOS nao é completamente compreendido. Os efeitos da adicdo de N ao
sistema sobre a decomposi¢ao dos residuos vegetais sdo controversos, variando em fungao do
substrato e caracteristicas locais (Hobbie et al. 2005). Porém, mais importante que entender
como a adi¢do de N ao sistema afeta a taxa de decomposi¢cdo da serrapilheira € importante
entendermos como esse fator poderd afetar os estoques de C dos solos florestais. O N ao ser
adicionado ao sistema, altera as razdes estequiométricas do solo, o que pode afetar as interacoes
microbianas (Chung, Zak, Reich, & Ellsworth, 2007; Gao, Sun, Xing, Mu, & Bai, 2019; Tian
et al. 2019), e por consequéncia influenciar diretamente a taxa de decomposi¢cdo da MOS (Berg
& Matzner, 1997). Porém o efeito da adi¢ao de N ao sistema sobre a formag¢ao da MOS, assim
como para decomposi¢do da serrapilheira, pode ser positivo ou negativo dependendo da

qualidade da serrapilheira (Waldrop, Zak, Sinsabaugh, Gallo, & Lauber, 2004) e comunidade
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microbiana (Carreiro, 2000), evidenciando a necessidade de estudarmos os efeitos da

fertilizagdo com N mineral em diversos manejos de residuos da colheita.

Para tanto, montamos um experimento em uma drea de segundo ciclo de cultivo florestal,
avaliando-se as mudancas nos teores de C em diferentes camadas do solo nos primeiros trés
anos de uma rotacdo esperada de 7 anos. Os objetivos deste estudo foram avaliar: (1)
quantidades de matéria organica e nutrientes em residuos de colheita, (2) efeitos de tratamentos
de residuos de colheita na matéria orgénica, (3) efeitos da fertilizagdo com N mineral na matéria

organica do solo.
2.0 Material e Métodos

2.1 Area experimental

Avaliamos as mudancas nos teores de C nos primeiros trés anos de uma rotagdo esperada de
7 anos em uma floresta no terceiro ciclo de cultivo. O experimento foi conduzido em um plantio
comercial de eucalipto da empresa CENIBRA, localizado em Pecanha 18 ° 37' 16"S e 42 ° 37'
01"O em Minas Gerais, Brasil (Figura 1). A drea estd localizada em regidao com estacdo seca
bem definida (maio a setembro), precipitacdo média de 1.200 mm ano!, altitude de 940 m acima
do nivel do mar e temperatura média de 22 ° C. O solo da drea de estudo foi classificado como
Latossolo Vermelho-Amarelo e suas caracteristicas quimicas na época da montagem do

experimento estdo apresentadas na tabela 1.

Localizacdo da area de estudo no
estado de Minas Gerais

7939700

793?600

793?500

Legenda:

LOCAL DA COLETA

® Pontos amostrados
Limite talhdo
B Limite mesoregies

T T T T
7938400 7939500 / 7939800 \39700

793?400

Profundidade:0-10,10-20e
20-40cm

793?300
T
7939300

Tempo: 0 (inicio), 6 e 30
meses apos a instalagdo do
751200 751300 751400 751500 experimento

Fonte dos dados®
IBGE, 2019
Sistema de Coordenadas
SIRGAS 2000 UTM Zona 23S

Figura 1. Mapa de localizagdo da area de estudo e distribuicao geografica dos pontos de coleta
dentro da area experimental.



18

2.2 Montagem do experimento

Neste experimento montou-se 60 unidades experimentais compostas por 64 plantas com
espacamento 3 x 3 m, dispostas em 8 linhas com 8 plantas (4 linhas com 4 plantas como parcela
util). Os tratamentos foram instalados ap6s a colheita da floresta de eucalipto em julho de 2017,
obedecendo um delineamento em blocos ao acaso no esquema em faixa 5 x 3 com 4 repeticoes,
sendo: cinco disposi¢des do residuo de colheita ( 1-Permanéncia da serrapilheira + residuo da
colheita inclusive casca na linha de trifego (CSCRCAL); 2-Permanéncia da serrapilheira +
residuo da colheita inclusive casca escorando madeira (CSCRCA); 3-Permanéncia da
serrapilheira + residuo da colheita excluindo casca (CSCR); 4-Permanéncia da serrapilheira +
sem permanéncia de residuo da colheita (CSSR); 5-Sem Permanéncia da serrapilheira + sem
permanéncia de residuo da colheita (SSSR)) e trés adubacdes (Sem adubacio; adubacdo

convencional (50 kg de N ha!); adubagio potencial (100 kg de N ha™).

Tabela 1. Atributos quimicos do solo da drea de estudo localizado na regido de
Virgindpolis - MG.

Camada 'pHuzo p K Na 3Ca?* Mg?* ‘H+Al
(m) e mg dm- Cmol. dm3--—-———--—-
0-10 4,71 5,15 40,43 4,80 1,29 0,35 12,46

+0,3 +22 +97 +27 +1,6 +0,2 +27
10 - 20 4,73 4,06 31,28 4,64 0,59 0,21 10,90
+0,3 +34 +54 +3,0 +0,8 +0,1 +1,8
20 - 40 4,73 2,13 19,29 3,90 0,20 0,11 8,77
+0,3 +1,6 +72 +28 +0,4 +0,1 +15
Camada 5COT 2Cu 2Zn °Fe Mn P_Rem
(cm) dag kg! mg dm3
0-10 441 1,14 3,07 96,16 6,73 7,48
+0,9 +1,0 +25 +295 +5,0 +1,7
10 - 20 3,14 0,60 1,27 100,89 441 7,26
+0,6 +0,4 +0,7 +271 +3,7 +19
20 - 40 2,20 0,42 0,56 120,24 2,39 7,09
+0,6 +0,5 + 0,6 + 46,0 +138 +19

(1) pH (H20), relagio 1:2,5; @ Extrator Mehlich™'(HCI 0,05 mol L' + HS0,0,0125 mol 1.); ©
Extrator KCI 1 mol L'; @ Extrator SMP; © COT: Oxidacio com K,Cr,O; 2 mol L' +
H>SO4 5 mol L' (EMBRAPA, 2011).
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Tabela 2. Quantidade de residuo produzido pela floresta de eucalipto no momento da colheita
e seus respectivos teores de nutrientes e a massa total de nutrientes que permanece na drea em
funcdo dos diferentes tratamentos de residuos.

K
Residuo N P Ca Mg 5
kg ha'! g kg'!
Folha 2930 217 1,30 6.29 497 213 3,04
Galhos secos 5605 1.6 0,06 0,43 0,74 0,14 0,08
Galhos 8153 3,5 0,19 1,73 0,78 0,50 0,12
verdes
Casca 20764 3.9 0,68 487 20,83 339 0,37
Serapileira 27261 5,9 0,34 0,97 418 0,78 0,13
Tratamentos P K Ca Mg S N
kg ha!
CSCRCAL 1329 11573 48447 4180 1987 3469
CSCRCA +0,97  +567  +6920 +142 +155 +599
CSCR 850 4551 102,03 1962 1212 2628
+067 +269  +1601 +105 +135  +6,68
CSSR 377 1037 81,63 10,54 737 159,59

+ 0,82 + 1,74 + 19,59 + 2,08 + 1,58 * 9,55
1-Permanéncia da serrapilheira + residuo da colheita inclusive casca na linha de trifego —
CSCRCAL e escorando madeira — CSCRCA; 3-Permanéncia da serrapilheira + residuo da colheita
excluindo casca (CSCR); 4-Permanéncia da serrapilheira + sem permanéncia de residuo da colheita
(CSSR); 5- Sem Permanéncia da serrapilheira + sem permanéncia de residuo da colheita (SSSR)).

2.3 Amostragem e analise

A amostragem foi realizada no inicio do experimento e 30 meses apos a sua instalacdo,
coletando-se amostras de solo em triplicata nas camadas de 0 - 10, 10 - 20 e 20 - 40 cm de
profundidade na linha e entrelinhas na regido central de cada unidade experimental. O material
coletado foi transportado para o laboratério de Is6topos Estdveis da Universidade Federal de
Vigosa onde foi seco e peneirado (malha de 2 mm).

O carbono organico total (COT) em cada amostra foi quantificado por oxidagdao da matéria
organica via imida, empregando-se solucdo de dicromato de potdssio em meio 4dcido, com fonte
externa de calor, (Yeomans and Bremner 1988). Resumidamente, 0,5 g de solo (moido em
almofariz de dgata e passado em peneira de 0,2 mm (60 mesh)) passou pelo processo de digestao
com 5 mL da solu¢do K>Cr,07 (0,167 mol L) e 7,5 mL de H>SO4 P.A. por 30 minutos na
temperatura de 170°C em bloco digestor aberto. O contetddo de cada tubo foi transferido para
erlenmeyers de 250 mL, utilizando-se dgua destilada suficiente para um volume final de cerca
de 80 mL. Deixamos a solucdo esfriar até a temperatura ambiente e adicionamos 0,3 mL da
solucdo indicadora de ferroin e titulamos com a solucdo de sulfato ferroso amoniacal

0,2 mol L !. Nesse método assume-se que todo o C do solo é oxidado pela solucio de dicromato
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(Cr207%), sendo o teor de carbono organico em cada amostra calculada com base no volume de

sulfato ferroso gasto na titulagdo dos extratos das amostras com e sem solo.

2.4 Analise estatistica

A normalidade da distribuicdo dos dados e os residuos foram verificados examinando
grificos de residuos. Posteriormente, os teores de carbono orgénico total foram submetidos a
andlise de variancia, sendo as médias comparadas pelo teste Tukey (p < 0,10). A andlise
estatistica foi realizada por meio do R (versdo 4.0.3) e a composi¢do dos gréficos pelo Sigma

Plot 11.

3.0 Resultados e Discussao

A andlise de variancia revelou uma reducdo significativa (p < 0001) do COT com o aumento
da profundidade da camada (Figura 2 A), sendo o COT da camada de O - 10 cm em média 1,5
a 2 vezes maior que o observado nas camadas de 10 — 20 e 20 — 40 cm, respectivamente. Os
maiores teores de C organico na camada superficial do solo se deve ao aporte continuo de
material organico, proveniente da queda de folhas, galhos, casca e pela maior densidade de
raizes finas nessa camada, fato comum em solos em solos com baixo nivel de fertilidade,
independentemente da cobertura vegetal do solo.

Em relacdo aos efeitos dos diferentes manejos de residuos no estoque médio de C organico
do solo, constatou-se que a interagdo tempo x profundidade x residuos foi significativa
(p <0,10). Tendo em vista o grande impacto da colheita da floresta e do preparo do solo para o
plantio da nova floresta sobre as condi¢Oes locais, esperavamos que o COT do solo na fase
inicial do experimento pudesse ser maior que o observado ao final no experimento (30 meses).
Porém, esperdvamos que a manutencao dos residuos da colheita pudesse reduzir a perda de C
do solo no estdgio inicial de desenvolvimento da floresta, mas isso ndao foi observado.
Observamos uma reducao significativa do COT das camadas de 0 - 10 e 10 - 20 cm, ap6s 30
meses de instalagdo do experimento mesmo nos tratamentos com a permanéncia de todo residuo

(colheita e serrapilheira).
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Figura 3. Teor de carbono orginico total (dag dm™) nas camadas de 0 - 10, 10 - 20 e 20 — 40 cm
de um latossolo cultivado com eucalipto sob diferentes condi¢cbes de manejo dos residuos da
colheita do ciclo anterior. Onde: Permanéncia da serrapilheira + residuo da colheita inclusive casca
na linha de trafego (CSCRCAL); Permanéncia da serrapilheira + residuo da colheita inclusive casca
escorando madeira (CSCRCA); Permanéncia da serrapilheira + residuo da colheita excluindo casca
(CSCR); Permanéncia da serrapilheira + sem permanéncia de residuo da colheita (CSSR); Sem
Permanéncia da serrapilheira + sem permanéncia de residuo da colheita (SSSR). Médias seguidas
de letras minudscula iguais dentro dos tratamentos nao diferem entre si pelo teste de Tukey a 10 %.
Médias seguidas de letras maidsculas iguais entre os tratamentos nao diferem entre si pelo teste de
Tukey a 10 % (A). As barras verticais representam o desvio padrao entre as repetigoes.
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Tabela 2. Esquema da andlise de variincia considerando o experimento em faixas, mostrando
as fontes de variacdo, nimero de graus de liberdade (GL), e quadrado médios com seus
respectivos indicadores de significincia pelo teste F.

Fator GL SQ QM Fc Pr > Fc
Bloco 3 1,5122 0,7561 1,640 0,2530
R 4 2,3015 0,5754 1,248 0,3648
Erro 1 12 4,7596 0,4760
A 2 2,8696 0,9565 4,189 0,0642
Erro 2 6 1,37 0,2283
AxR 8 8,9537 0,7461 1,805 0,1004
Erro 3 24 9,918779 0,4133
P 2 211,8258 105,9129 586,811 0,0000
erro 4 6 0,7220 0,1805
PxR 8 5,1661 0,6458 1,141 0,3894
Erro § 24 9,0561 0,5660
PxA 4 1,4711 0,2452 1,185 0,3762
Erro 6 12 2,4820 0,2068
PxRxA 16 6,5182 0,2716 1,073 0,4059
erro 7 48 12,1496 0,2531
T 1 8,9119 8,9119 2,469 0,2567
Erro 8 3 7,2192 3,6096
TxR 4 3,8348 0,9587 1,714 0,2394
Erro 9 12 4,4758 0,5595
TxA 2 1,5802 0,5267 1,263 0,3683
Erro 10 6 2,5031 0,4172
TxP 2 3,1385 1,5693 4,954 0,0827
Erro 11 6 1,2670 0,3168
TxPxA 4 0,9962 0,1660 0,484 0,8080
Erro 12 12 4,1145 0,3429
TxPxR 8 3,9773 0,4972 2,143 0,0925
Erro 13 24 3,7115 0,2320
TxAxR 8 6,4861 0,5405 1,410 0,2283
Erro 14 24 9,2013 0,3834
TxPxAxR 16 6,4673 0,2695 0,840 0,6760
Erro 15 48 32.0424 0,3208
Total Corrigido 359 363,6177

Onde. Fator residuo da colheita — R; Niveis de adubacao — A; Tempo — T e Profundidade - P

Na literatura relata-se que a fertilizagcdo com N pode aumentar a decomposi¢ao de residuos
organicos (Agren et al. 2001; Vestgarden 2001), acelerando principalmente a degradacio de
materiais no inicio do processo de decomposi¢do (Berg 2000), por aumentar a eficiéncia dos
decompositores (Agren et al. 2001). Como a eficiéncia de uso de C por microrganismos
saprofitos aumenta a medida que a relagdo de C para nutrientes diminui nos substratos
(Keiblinger et al. 2010; Koranda et al. 2014; Manzoni et al. 2012) imagindvamos que o

enriquecimento do sistema com N poderia promover um acimulo de COT no solo,
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principalmente nos tratamentos com a manutenc¢do dos residuos organicos. Entretanto, ao
contrério do esperado, a fertilizacdo com N nido promoveu um incremento significativo do teor
de COT nos tratamentos com a permanéncia dos residuos organicos, aumentando somente o
COT do tratamento sem nenhum residuo orginico. Como mais de 75% do N acumulado pela
floresta de Eucalyptus pode retornar ao solo a partir da manuten¢do dos residuos da colheita na
area (Santana et al. 2008), argumentamos que a maior disponibilidade deste nutriente no sistema
com a permanéncia de residuos organicos, poderiam explicar o efeito da fertilizagdo com N
mineral apenas nos tratamentos sem a permanéncia de nenhum residuo orgéanico (p < 0,10)
(Figura A), tendo em vista que correlagdes positivas entre a decomposic@o da serrapilheira e o
teor de N no sistema sé poderiam ocorrer se este elemento estivesse em concentragdes

limitantes para a decomposi¢do ou para fatores que influenciam na decomposi¢do (Hobbie

2005).
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Figura 4. Teor de carbono organico total (dag dm™) em um latossolo cultivado com eucalipto sob
diferentes condigdes de manejo dos residuos da colheita e niveis de adubagao. Onde: Permanéncia
da serrapilheira + residuo da colheita inclusive casca na linha de trafego (CSCRCAL); Permanéncia
da serrapilheira + residuo da colheita inclusive casca escorando madeira (CSCRCA); Permanéncia
da serrapilheira + residuo da colheita excluindo casca (CSCR); Permanéncia da serrapilheira + sem
permanéncia de residuo da colheita (CSSR); Sem Permanéncia da serrapilheira + sem permanéncia
de residuo da colheita (SSSR); Sem adubagao (SN); SN - Sem adubacao; AC - adubacao
convencional (50 kg de N ha'); AP - adubagio potencial (100 kg de N ha™). Médias seguidas de
letras minuscula iguais entre os tratamentos nao diferem entre si pelo teste de Tukey a 10 %. As
barras verticais representam o desvio padrao entre as repetigoes.

Entre os vérios estudos acerca do efeito da adicdo de N mineral em sistemas florestais, h4
um consenso que esta pratica melhora o desenvolvimento inicial da floresta de eucalipto

(Ferreira et al. 2018; Jesus et al. 2012; Pulito 2009; Santos 2014; Silva 2011). O maior
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crescimento da floresta de eucalipto significa um maior volume de raizes no solo (Ferreira et
al. 2018), que podem contribuir para o aumento do COT do solo por meio da rizo deposicao de
compostos organicos ou mesmo pela morte de raizes (Chirinda et al. 2012; Farias et al. 2005;
Guo et al. 2005; Kong and Six 2010; Kuzyakov et al. 2000; Mrnka et al. 2020). Além disso, o
melhor desenvolvimento da floresta representa um maior aporte de folhas e galhos finos, que
possuem um tempo de meia vida em torno de 6 meses (Oliveira 2011) e podem ter contribuido
para o aumento do COT do solo.

Entretanto, para aumentarmos a taxa de transferéncia de C da floresta de eucalipto para o
solo ndo basta apenas adicionarmos N ao sistema, tendo em vista que, elevadas doses de N (300
-1600 kg ha! de N) ja foram testadas, mas ndo alteram o acimulo de C no solo em solos
cultivados por eucalipto (Binkley et al. 2004). Além disso, em estudos realizados por Ferreira
et al. (2018), constatou-se que a dose de 48 kg ha'! de N resultou nos maiores contetidos de C
em diferentes camadas do solo, enquanto a dose de 108 kg ha™! reduziu o aporte de C a partir
da floresta de eucalipto. Desse modo, apesar das respostas da fertilizacdo com N na dindmica
de COT do solo, encontradas aqui ou em outros estudos em sistemas florestais (Binkley et al.
2004; Ferreira et al. 2018; Oliveira 2011; Souza 2012) e nao florestal (Brandani 2010), nao
serem padronizadas argumentamos que sdo indicativos de que o manejo adequado da
fertilizacdo com N aliada ao manejo de residuos organicos pode aumentar os estoques de C do

solo.

4.0 Conclusao

Nossos resultados mostram que os teores de C do solo podem ser afetados positivamente
pela adicdo de N mineral no sistema. Porém os efeitos parecem ser influenciados pelo manejo
dos residuos organicos. Deste modo, nossos resultados indicam que a fertilizagdo com N
mineral em sistemas florestais pode ser utilizada para o aumento do teor de COT do solo, porém

as doses devem ser ajustadas em fun¢do do manejo de residuos.
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EUCALYPTUS LIVING ROOTS POSITIVELY ACT EUCALYPT HARVEST
RESIDUES DECOMPOSITION RATE

Highlights

v Interaction of root growth and litter decomposition was in situ studied in eucalyptus
forest.

v The living roots of eucalyptus effected positively the decomposition of harvest
residues.

v The effect of living roots in nutrients release rates decreased in the order: P> Ca > S >
N > Mg > K.

v Bark enhance the fine root biomass in soil surface at later stages in decomposition
process.

v The type soil had little influence on decomposition rate of eucalypt harvest residues.
v The Ca release rate was greater in low soil fertility with presence of roots.

Abstract

Decomposition of eucalyptus harvest residues is an important process in forests systems and
can be affected by plant roots. In spite litter decomposition had been extensively investigating
in forest systems, the effects of eucalyptus plants roots in this process they are unknown. Due
to, we studied the effect of the presence of eucalyptus roots in decomposition rate of eucalyptus
harvest residues and macronutrient release from them. The experiment was executed simulated
harvest residue management practices under field conditions. The experimental design
includes: two types of litter (with or without bark); two soil (S1 and S2) and two conditions
(with or without root growth restriction) organized in a randomized block design, with four
replications. After the experiment set up, residues were sampled five times and their remaining
mass and contents of Ca, Mg, N, P, K and S were determined. We used the litters remaining
mass and nutrient concentration in them to fit the single exponential decay model (X = Xoe ™)
and calculate half-life time (hl = In(2)/k) of litter and each nutrient. The presence of bark
increased the initial amount of all nutrients (p < 0.05), Ca being the most strongly increased
nutrient. Was observed that the total removal of the litter decreased fine root biomass in topsoil,
while bark removal significant effected of fine roots biomass only at later stages in
decomposition process. The living roots of eucalyptus decreased the half-life time litter by
17.5% by the end of the 30 months study. The half-life time of all nutrients but K were
positively correlated with half-life time of litter and negatively with roots biomass present in

layer O - 1 cm depth of the system. The half-life time of K, Ca and Mg were higher in the
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presence of bark than in their absence. There was significant effect of soil only in Ca release
rate, with half-life time Ca being lower in the treatment with soil S; than soil S2. Our results
show that eucalypt living roots positively act on litter decomposition, and that intensity this
effect could change with soil nutrients availability. In spite presence of the eucalyptus bark had
increased nutrients initial content, as well as fine root biomass at later stages in decomposition

process, their effects on half-life time of litter showed negligible.
Resumo

A decomposi¢do dos residuos da colheita do eucalipto é um processo importante nos sistemas
florestais e pode ser afetada pelas raizes das plantas. Apesar da decomposicao da serrapilheira
ter sido extensivamente investigada em sistemas florestais, os efeitos das raizes das plantas de
eucalipto neste processo sao desconhecidos. Devido a isso, estudou-se o efeito da presenca de
raizes de eucalipto na taxa de decomposi¢ao dos residuos da colheita do eucalipto e na liberagcao
de macronutrientes. O experimento foi executado simulando préticas de manejo de residuos de
colheita em condicdes de campo. O delineamento experimental inclui: dois tipos de cama (com
ou sem casca); dois solos (S1 e S2) e duas condi¢des (com ou sem restricdo radicular)
organizados em delineamento de blocos ao acaso, com quatro repeti¢des. Apds a montagem do
experimento, os residuos foram amostrados cinco vezes e sua massa restante e os teores de Ca,
Mg, N, P, K e S foram determinados. Usamos a massa remanescente da serrapilheira e a
concentracdo de nutrientes nela para ajustar o modelo de decaimento exponencial dnico (X =
Xoe ) e calcular o tempo de meia-vida (hl = In(2)/k) da serrapilheira e de cada nutriente. A
presenca da casca aumentou a quantidade inicial de todos os nutrientes (p < 0,05), sendo o Ca
o nutriente mais fortemente aumentado. Observou-se que a remocdo total da serrapilheira
diminuiu a biomassa de raizes finas no solo, enquanto a remog¢do da casca afetou
significativamente a biomassa de raizes finas apenas em estdgios posteriores do processo de
decomposicdo. As raizes vivas do eucalipto diminuiram o tempo de meia-vida da serrapilheira
em 17,5% ao final dos 30 meses de estudo. O tempo de meia-vida de todos os nutrientes, exceto
K, correlacionou-se positivamente com o tempo de meia-vida da serrapilheira e negativamente
com a biomassa radicular presente na camada O - 1 cm de profundidade. O tempo de meia-vida
de K, Ca e Mg foram maiores na presenca de casca do que na auséncia delas. Houve efeito
significativo do solo apenas na taxa de liberacdo de Ca, sendo o tempo de meia-vida do Ca
menor no tratamento com solo S do que com solo S>. Nossos resultados mostram que as raizes
vivas do eucalipto atuam positivamente na decomposicao da serrapilheira, e que a intensidade

desse efeito pode mudar com a disponibilidade de nutrientes no solo. Apesar da presenca da
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casca do eucalipto ter aumentado o teor inicial de nutrientes, bem como a biomassa das raizes
finas em fases posteriores do processo de decomposi¢do, seus efeitos sobre o tempo de meia-

vida da serrapilheira mostraram-se despreziveis.

1.0 Introduction

Eucalyptus plantations are distribute in more than 15 states in Brazil, cover almost 6 million
hectares (Beling 2016). With an average productivity of 35 Mg ha ! yr'!, eucalypt forest is the
main source of wood in the country, that can be used in producing wood, cellulose, paper, and
bioenergy feedstock (IBA 2020). It estimate that commercial plantations of Eucalyptus in Brazil
yield, average, 30 t ha™! of residues at harvesting (Gatto et al. 2010), that more been 30 % of
this residue can be bark (Herndndez et al. 2009). It is important to maintain these components
in the field, as approximately 75% of N, P, K, Ca and Mg accumulated by eucalyptus can be in

other components of the aerial part of the tree, and not in the wood (Santana et al. 2008).

Harvest residues decomposition is an essential process in Eucalyptus plantations, as it
releases nutrients for plant growth (José et al. 2020). Although several studies suggest that
presence of growing plants can influence the breakdown of organic materials (Huo et al. 2017),
effect of Eucalyptus roots on litter decomposition are usually neglected. The positive effects of
roots in decomposition process are attributed mainly rhizodeposits as a labile energy-source for
microorganisms (Chen et al. 2014), which could increase of microbial biomass and enzyme
activity soil in presence of living roots (Kuzyakov et al. 2007; Nottingham et al. 2013; Subke
et al. 2004; Wang et al. 2016a). On the other hand, the negative effects living roots on
decomposition usually is related decrease of soil moisture from evapotranspiration of plants
(Shi et al. 2018), competition for nutrients with saprotrophic community (Barel et al. 2019)
with negative effects of roots for litter with low N- and P-concentrations (Saar et al. 2016).
Nevertheless, negative effects of roots were also found in systems were not competing for
mineral N, which can be justify by preferential use of root exudates by saprotrophic community
(Saar et al. 2016; Shi et al. 2018). These studies indicate that roots effects on decomposing litter
could vary with litter quality and characteristics soil, showing the needs we evaluate effect of

eucalyptus roots systematically combining these factors.

Management practices that are common in Eucalyptus plantations can affect on harvest
residues decomposition and nutrient release from them. The de-bark in field is common practice
in many forests systems, in addition decrease nutrient amount exported from forest system, can

enhance litter decomposition (Ferreira et al. 2016; Souza et al. 2016). However, it is unclear the
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why bark positive effect on decomposition process of harvest residues. The greater amount
residues and nutrients that remains in system, when bark is kept, can enhance roots growth in
litter (Sayer et al. 2006), which could justify positive effect of bark on residues decomposition

process.

Given this scenario, we set up an experimental inside a eucalypt forest, simulating harvest
residue management practices, aiming at understanding the role of eucalypt roots on litter
decomposition process under different conditions. In this study, we evaluated the litters
remaining mass and nutrient concentration in them at different times to fit the single exponential
decay model (X = Xoe ) and calculate half-life time (hl = In(2)/k) of litter and each nutrient.
Treatments were applied based on following hypotheses: (i) The roots of eucalyptus plant
stimulate the litter decomposition (i1) The greater nutrients content in litter with presence of

bark enhance roots growth in surface layer of soil, which could enhance litter decomposition.
2.0 Methods

2.1 Experiment set up
The experiment was conducted in eucalyptus commercial plantation of the company
CENIBRA company located in Peganha 18°37°16°’S and 42°37°01°°O in Minas Gerais state,
Brazil, over the course of thirty months. The area is located in region with well-defined dry
season (May to September), average rainfall of 1,000 mm year™!, altitude of 940 m above sea

level and, an average temperature of 22 °C.

The effect of plant presence on litter decomposition was tested by incubating litters in
experimental units (EU) that allow or disallow entry of living roots. Our EU were composed of
PVC tubes (25 x 10 cm of height and diameter) introduced 20 cm into soil at 40 cm from the
stem of eucalyptus plants (Figure 1). On the wall of half the tubes 12 lateral accesses (5 cm
holes) were done to allow entry of living roots. In addition, on the wall of all tubes lateral
accesses (2 cm holes) were done, that after installation of EU were flush with soil surface,
allowing fauna and water movement. This type of experimental unit could minimize some
problems found in litterbag studies, such as fauna exclusion and possible loss of tiny fragments

(Powers et al. 2009; Shorohova and Kapitsa 2014).
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Figure 1. Schematic diagram of the pot experiment design installed in eucalyptus forest. For a
given Hucalyptus plant inside experimental plot, there were tubes (EU) without root growth
restriction (A) and with root growth restriction (B). In each tube contained same soil and litter type.
lateral accesses for fauna and water movement (R1) and roots (R2).

The tubes were fill up to a height of 20 cm with fresh soil (S1 and S») sieved in 2 mm mesh
(Table 1). The S1and S> soils were collected up to 20 cm depth from pasture cultivated areas in
Cantagalo (18° 35° 36’’S and 42° 39°10°°0O) and Bom Jesus do Galho (19° 35’ 13’ S and 42°
27° 21°0) in Minas Gerais State, respectively. The bulk density of the soil in EU (around 1 g

cm?) has was similar to the soil density of the experimental area.

Table 1. Physical and chemical characteristics of soils used in experiments.

Soil Clay Sand Silt C N P K Ca Mg
dag kg! --mg dm3-- cmol, dm3
Si 69.46 29.17 1.37 1.79 0.14 0.09 29.64 0.21 0.09
Sa 69.57 29.76 0.67 2.61 0.19 0.05 30.46 2.33 0.72
Soil Cu Mn Zn Fe 01?12 Fe203 Si0: Kr® Ki®
————————————— mg dm3----—-————— gkg!
Si 0.32 27.81 1.45 161.63 143.63 143.55 47.94 0.44 0.57
S2 0.77 2.33 0.46 335.00 197.39 177.31 155.25 0.89 1.34

S1 and Sz soils collected in Cantagalo and Bom Jesus do Galho, Minas Gerais State, Brazil,
respectivily. (' Kr: molecular relation [1,7 x SiO2/(A1203+(0,64 x Fe»03))], Kr < 0,75 oxidic
soil and Kr > 0,75 kaolinitic soil; ® Ki: molecular relation 1,7 x SiO2/Al20s.

Influence of eucalyptus plant presence on decomposition of eucalyptus harvest residues was
tested in systems with removal (-B) or maintenance (B) of eucalyptus bark in the area. The
residues used in our experiment (leaves, branches, barks and litter) were collected from
randomly selected four eucalyptus plants inside experimental area before harvest of the forest.
These residues were dried at 50 °C in a forced draft oven, chopped into pieces varying from 1
to 5 cm (leaves were left uncut). The amount of leaves, branches, barks, and plant litter added

to each EU (Table 2) was calculated from the quantification of the residues that remained per
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unit area after the eucalyptus forest harvesting. After addition of the residues, EU was closed
with a net of 1 x 1 cm avoid external material input after its installation in field. The
experimental design thus included two conditions (with or without root growth restriction), two
type soil (S1 and S2) and two types of litter (B or -B), and was replicated 4 times, resulting 128

EU installed in the eucalyptus forest in 4 randomised blocks.

Table 2. Amount of each residue component (dry matter) inputted in experimental unit (EU)
and their chemical characteristics. Total amount inputted correspond to 43.9 and 64.7 t ha™,
without and with bark, respectively.

Tissue C N P K Ca Mg S
g EU! gkg!
Leaves 2.3 440.4 21.7 1.30 6.29 4.97 2.13 3.04
Branches 4.4 455.0 1.6 0.06 0.43 0.74 0.14 0.08
Green Branches 6.4 450.9 35 0.19 1.73 0.78 0.50 0.12
Bark 16.3 426.6 3.9 0.68 4.87 20.83 3.39 0.37
Litter 21.4 441.5 5.9 0.34 0.97 4.18 0.78 0.13

2.2 Sampling and analysis

The residues were sampled five times during decomposition (0, 5, 13, 20 and 30 months).
At each sampling time, four replications for each treatment (totaling 32 EU) were collected,
sealed and transported to the lab. Residues were separated from soil, dried at 50 °C until
constant weight, and weighted to determination the remaining dry matter. After weighted,
samples were and ground (<0.85 mm) to determination of nutrients total content.

Content of macronutrients were determined using wet chemical digestion of samples, with
utilization of external standards were used to ensure the quality of analysis. Briefly, 0.5 g of
residues were weighted and digested with nitropercloric (4:1) acid solution. Extracts were
diluted to 25 mL with deionized water. Afterward, the contents of P, K, Ca, Mg and S were
determined by inductively coupled plasma atomic emission spectrometry (ICP-OES). N content
was determined by Kjedahl distillation, after mineralization with a mixture of catalysts (CuSOg4
and K>S0O4) and H>SOs. For each experimental unit, total amount of each element was obtained
by multiplying its content by the remaining weight at each sampling time.

The remaining mass of residues and nutrient amount at each sampling time were used to fit
the single exponential decay model (Olson 1963):

frem = Xoe™

Where: frem = remaining amount; Xy = initial amount; k = release and decomposition rate; t
= time, in months. The exponential model allowed us to estimate the time required to lose 50%,
i.e. half-life time (yr), of mass (Mhl) and nutrients (Nhl), through the following equation:

hl=In(2)/k
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After removal of residues of the EU, we collected the roots presents in the layer of 0 — 1 cm
depth. These roots were separated from soil, washed and dried at 50°C to determination of them

mass.

2.3 Statistical analysis

The normality of data distribution and residuals were checked by examining residual plots.
Afterward, the litter and nutrient half-life time and roots biomass in layers were compared by
using analysis of variance (ANOVA). The Turkey’s multiple range was used to test differences
between treatments. The minimum significance level for the estimated parameters was set at p
< 0.1, and we performed the statistical analysis using R (version 4.0.3) and the graphs were

composed using Sigma Plot 11.

3.0 Results

The presence of bark increased the initial amount of all nutrients (p < 0.05), Ca being the
most strongly increased nutrient, around 3.1- fold (Figure 2 and Table 2). In addition, calcium
showed the highest average half-life time among nutrients, around 2-fold higher than harvest
residues (Figure 4). Contrary to our expectation, the presence of bark did not affect on
decomposition of harvest residues (Table 3), and interestingly, increased the half-life time of

K, Ca and Mg, while half-life of P, S and N were not affected by presence its (Figure 4).
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Figure 2. Nutrients initial content in litter (kg ha™!) with bark (B) and without bark (-B). Vertical
bars represent standard deviation among repetitions; *indicate significant effects (p < 0.05).

Harvest residues were signifcantly more decomposed in with-root EU than in no-root (Table
3), with presence of eucalyptus roots decreasing the half-life time of litter by 17.5% by the end
of the 30 months study (Figure 3 B). The presence of eucalyptus roots decreased the half-life
time of all nutrients, exception K, being half-life time of P the most strongly decreased, around

of 30 % (Figure 4). The soil type had little or no effect on decomposition of harvest residues
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and nutrient release dynamics from them. There was significant effect of soil only in Ca release
rate, with half-life time Ca being lower in the treatment with soil S; than soil S; (Figure 4).

Table 3. Effects of soil, eucalyptus roots and bark on half-life time (hl) of mass and nutrients
of decomposing harvest residues.

Source Pu Ku Mg u Can S N n Mass n
Bark (B) 0.3138 0.0490 0.0302 0.0057 0.1907 0.4828 0.5632
Soil (S) 0.2014 0.7823 0.7416 0.0108 0.5013 0.8099 0.5203
Root ® 0.0003 0.3407 0.0547 0.0014 0.0249 0.0085 0.0081
SxR 0.0011 0.0612 0.9765 0.0923 0.8801 0.4041 0.5794
BxS 0.3398 0.6223 0.837 0.0012 0.7144 0.7727 0.9422
BxR 0.6238 0.2979 0.7467 0.0491 0.0498 0.8697 0.702
BxSxR 0.8982 0.8042 0.858 0.0171 0.8857 0.8635 0.8804

Bold p-values highlight p < 0.05; Italic highlight 0.05 < p < 0.10.

We observed that at first 13 months of experimentation root biomass in topsoil was lower in
treatment without litter than with litter, there being not significant differences root biomass
between treatments with or without bark (Figure 3 A). However, in all subsequent sampling,
there were signifcantly more root biomass in topsoil of treatment with bark than in others
treatments, there being not significant difference of root biomass between treatments no-bark

or total removal of litter.
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Figure 3. Root biomass in the soil layers of 0 -1 cm depth (A) and average half-life time (months)
of harvest residues of eucalyptus (B): 6 (T1) and 13 (T2), 20 (T3) and 30 (T4) months after installation
of experimental units; soil from Ipaba (§:); soil from Virginopolis (S2); presence of bark (+B);
absence of bark (-B); without root growth restriction (+R); with root growth restriction (-R);
Vertical bars represent standard deviation among repetitions. Column with different letters are
statistically different (Turkey’s test, p<0.10)
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Figure 4. Average half-life time (months) of P, K, Ca, Mg, S and N from harvest residues of
eucalyptus in systems with: presence of bark (+B); absence of bark (-B); without root growth
restriction (+R); with root growth restriction (-R); Soil from Ipaba (S1); Soil from Virginopolis
(82); Vertical bars represent standard deviation among repetitions. Column with different letters
are statistically different (Turkey’s test, p<0.10)

The elemental ratios were highly altered during decomposition of harvest residues, being
C:N, C:P and C:Ca ratios much narrower, while C:S, N:S, Ca:S and Ca:Mg wider at the end of
experiment. However, we expected that presence of fine roots alters the stoichiometric ratio in
the remaining litter, but it was not observed. Nevertheless, there were significant effect of bark

in some elemental ratios (Table 4).
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Table 4. Effects of soil, eucalyptus roots and bark on element ratios at after 30 months of
decomposing harvest residues.

Source C:N c.r C:Ca C:Mg C:S N:P N:K N:S Ca:S Ca:Mg

Bark (B) 0.644 0.247 0.000 0.031 0.030 0.947 0264  0.008 0.021 0.042
Soil (S) 0.382 0.896 0.798 0.275 0.285 0.256  0.523  0.115 0.157 0.162
Root (R) 0.636 0.219 0.649 0.731 0.894 0458  0.861 0.732 0.626 0.411

SxR 0.427 0.897 0.464 0.770 0960 0382 0919  0.570 0.222 0.209
BxS 0.127 0.283 0.124 0.593 0.736 0078 0.175 0.244  0.167 0.411
BxR 0.609 0.456 0.091 0.484 0.441 0946  0.514 0.272 0.675 0.821

BxSxR 0.380 0.072 0.096 0.547 0446 0946  0.861 0.979 0.199 0.209

Bold p-values highlight p < 0.05; Italic highlight 0.05 < p < 0.10.

4.0 Discussion

Contents for nutrients found in the different tissues of plants as well as amount litter used in
this study are in agreement with reported in the literature for eucalypt harvest residues (Ferreira
et al. 2016; Hernandez et al. 2009; Santana et al. 2008). Further, were seen inside EU the
presence of macroarthropods that playing an important role in litter decomposition (David
2014). These observations leads us to believe there was inside EU an environment match with
natural environment of forest areas.

The half-life time nutrient as well as litter observed in this study were smaller than observed
in others studies in eucalyptus plantations (Ferreira et al. 2016; Herndndez et al. 2016;
Hernandez et al. 2009; Santana et al. 2008). It is assumed that this may be due to the greater
fractionation of our litter (1 - 5 cm) and, consequently, greater surface area exposed to
decomposition factors. Nevertheless, same with lower half-life time of litter and nutrients, the
dynamic of release and immobilization of nutrients followed the pattern that have been relating
in literature, as expressive immobilization of Ca, greatest K release rate, low correlation
between the K release rate with other factors (Ferreira et al. 2016; Herndndez et al. 2016).

The increase of the fine root biomass in layer of 0 - 1 cm depth with maintenance of the
harvest residues can be seen as a strategy of eucalyptus plants to maximize nutrient acquisition.
This strategy is not only used by eucalyptus plants, in view that similar results had been
observed in studies with others species in subtropical forest (Wang et al. 2016b) and tropical
forest (Sayer et al. 2006). However, we expected that already in the first evaluations the fine
roots biomass was greater in litter with bark than without its, due to greater amount of nutrient
and residues in system with maintenance of bark (Table 2), but it was not observed. As increase

fine root biomass in surface soil is a plant response to a more readily available nutrient source
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rather (Sayer et al. 2006), it is plausible to hypothesize that the low decomposition rate of
eucalypt bark (Epron et al. 2006; Hernandez et al. 2009; Shorohova and Kapitsa 2014) can
justify the significant effect of bark in root biomass in topsoil only at later stages in
decomposition process.

The smaller half-life time of litter in the presence of living roots than in their absence,
corroborate results observed in studies relized in subtropical and tropical forests (Cuevas and
Medina 1988; Nottingham et al. 2013; Wang et al. 2016a). The positive effect these living roots
in litter decomposition as well as positive effect of bark in fine root biomass at later stages in
decomposition process, can justify in part, the positive effect of eucalyptus bark in
decomposition process of harvest residues in eucalyptus forest (Ferreira et al. 2016). The
decrease of the half-life time of litter at 17.5% in the presence of eucalyptus roots, after 30
months of experiment, interestingly is much similar did observe in a study at 29 months with
pitch pine (Pinus rigida) (Zhu and Ehrenfeld, 1996). However, effect of roots in half-life time
of nutrients were greater than litter, which suggest a nutrient direct acquisition from litter by
eucalyptus roots.

The effects of living roots on nutrients release showed up non-uniform for all nutrients, as
already were expected. However, we hypothesized that the effect of roots in nutrients release,
would be dependent on the amount of each nutrient acumulated by eucalytus plants, but it was
not observed. The intensity of the reduction in the half-life of nutrients in the presence of
eucalptus roots decreasing order was P >Ca >S >N > Mg >K, while averege amount usually
acumuleted by these plants in decreasing order is Ca >N >K >Mg >S >P. The great P direct
acquisition by eucalyptus roots from litter, can explain, in part, the success of these plants in
highly weathered tropical soils, that admittedly there are low availability of P, due to their great
sorption capacity P (Alovisi et al. 2020; Campos et al. 2016; Campos et al. 2018; Poggere et al.
2020).

The no effect of living roots in K release rate can be justified by K great solubility in litter
(Schreeg et al. 2013) due to lack of incorporation of this element into organic structures
(Hawkesford et al. 1995). On the other hand, only 4 % of total Ca in litters are soluble (Schreeg
et al. 2013), which justify the great imobilization of Ca during the litter decomposition (Cuevas
and Medina 1988; Ferreira et al. 2016; Hernandez et al. 2016; Ribeiro et al. 2002). Therefore,
it is plausible to hypothesize that, Ca removal from litter by microbes demand high amount
energy, in this context, root exudates, especially simple sugars such as glucose, can be a source

important of energy to saprophyte communities directly involved in this process, justifing, in
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part, the expressive effect of living root of eucalyptus in Ca release. In addition, eucalyptus
accumulate great amount of Ca in its biomass, mainly in bark (Ferreira et al. 2016; Gatto et al.
2010; Vergutz et al. 2012), and due to it needs to be extremely efficient in the acquisition
process of Ca, mainly, in low availability environment its, as highly weathered tropical soils,
which can also explain this result.

The half-life time of Ca smaller in the treatment with soil S than soil S», cannot be attributed
the fine roots biomass in each soil, as there was not significant difference (Figure 4). It presumes
that, this result could be explained in part by lower availability of Ca in soil S than S», which
can indicate an increase of efficiency of eucalyptus plant in Ca acquisition from litter in function
of its availability in soil. Therefore, these results would suggest the adaptive ability of
Eucalyptus to extract Ca from poor soil. Changes in the biomass and morphology of fine roots
(Wang et al. 2016b), as well as the association of roots with microorganisms (Bunn et al. 2019;
Gregory 2006; Hodge and Fitter 2010; Leigh et al. 2009; Paterson 2003) have been suggested
as strategies used by plants to maximize nutrient acquisition from the litter and soil. Indeed, the
visual examination of the living roots revealed that roots in soil surface and under litter of the
treatments with soil S1 were more associated with fungal agglomerations than S». In addition,
we observed that roots were more easily separated in soil S> than Sy, due to great amount of
very fine root in soil Si. It is plausible to hypothesize the effect these factors on the Ca release
rate, in view that, microorganisms play crucial role in litter decomposition (Hobara et al. 2014;
Li et al. 2020; Singh et al. 2020), and rhizosphere area, which is the region of higher microbial
activity in soil (Bakker et al. 2013; Foster et al. 1983), is directly proportional the fine root
biomass.

The nutrients are not only fundamental to plant growth but also serve as crucial components
of SOM. The availability of nutrients as well as stoichiometric ratios significantly affect the
turnover and mineralisation of organic componds in soil (Du et al. 2020; Meyer et al. 2018; Su
et al. 2019). Further, the greater amount of nutrients in system can also increase the transfer of
residue-C to soil organic matter (Dou et al. 2016; Fang et al. 2019; Kirkby et al. 2016).
Therefore, the bark effect on stoichiometric ratios of litter raises a question: Could maintenance
of eucalyptus bark in field be used as strategy for increases of transfer rate of residue-C to soil
organic matter in eucalyptus forest. That hypothesize should be study in futures tests, as

increase of C stocks in soil forest is extremely important for the sustainability of these systems.
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5.0 Conclusions

Our results provide that living roots of eucalypt enhance decomposition of harvest residue
and nutrients release from them. Nevertheless, the significant effect of soil in Ca release is
indicative that intensity of these effects is greater in low fertility soils than great fertility one,
suggesting eucalyptus plants seems to change their nutrients removal efficiency from litter with
soil nutrients availability. In spite presence of the eucalyptus barks had increased nutrients
initial content, as well as fine root biomass at later stages in decomposition process, their effects

on half-life time of litter showed negligible.
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