A PRODUCAO

DO CONHECIMENTO
INTERDISCIPLINAR NAS
CIENCIAS AMBIENTAIS 2

iy, 3

ELOI MARTINS SENHORAS
(ORGANIZADOR)

Atena

Editora
Ano 2020




A PRODUCAO

DO CONHECIMENTO
INTERDISCIPLINAR NAS
CIENCIAS AMBIENTAIS 2

i,
2
g

ELOI MARTINS SENHORAS
(ORGANIZADOR)

Atena

Editora
Ano 2020




2020 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2020 Os autores
Copyright da Edicao © 2020 Atena Editora
Editora Chefe: Prof? Dr® Antonella Carvalho de Oliveira
Diagramacao: Karine de Lima
Edigcdo de Arte: Lorena Prestes
Revisao: Os Autores

Todo o conteldo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative
BY Commons. Atribui¢ao 4.0 Internacional (CC BY 4.0).

0 conteldo dos artigos e seus dados em sua forma, correcao e confiabilidade sao de responsabilidade exclusiva
dos autores. Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos
autores, mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Constantino Ribeiro de Oliveira Junior - Universidade Estadual de Ponta Grossa
Prof? Dr? Cristina Gaio - Universidade de Lisboa

Prof? Dr® Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai € das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof® Dr® Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Universidade Federal do Maranhao

Prof? Dr® Miranilde Oliveira Neves - Instituto de Educacao, Ciéncia e Tecnologia do Para
Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof? Dr? Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa

Prof? Dr? Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste
Prof? Dr? Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias
Prof® Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

| Atena

LEditora
Ano 2020




Prof® Dr® Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof? Dr? Girlene Santos de Souza - Universidade Federal do Recdncavo da Bahia
Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof? Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof? Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biolégicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof? Dr? Anelise Levay Murari — Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof? Dr? Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof? Dr? Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Reconcavo da Bahia

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande
Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof? Dr® Magnélia de Araljo Campos - Universidade Federal de Campina Grande
Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof? Dr® Vanessa Lima Gongcalves - Universidade Estadual de Ponta Grossa

Prof® Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof. Dr. Alexandre Leite dos Santos Silva - Universidade Federal do Piaui
Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Prof® Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande
Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof? Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Msc. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Msc. Adalberto Zorzo - Centro Estadual de Educacao Tecnol6gica Paula Souza
Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional Paraiba
Prof. Msc. André Flavio Gongalves Silva - Universidade Federal do Maranhao

Prof® Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof® Msc. Bianca Camargo Martins - UniCesumar

Prof. Msc. Carlos Antdnio dos Santos - Universidade Federal Rural do Rio de Janeiro
Prof. Msc. Claldia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof. Msc. Daniel da Silva Miranda - Universidade Federal do Para

Prof?® Msc. Dayane de Melo Barros - Universidade Federal de Pernambuco

| Atena

Editora
Ano 2020




Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Msc. Eliel Constantino da Silva - Universidade Estadual Paulista Julio de Mesquita

Prof. Msc. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Msc. Guilherme Renato Gomes - Universidade Norte do Parana

Prof* Msc. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Msc. José Messias Ribeiro Janior - Instituto Federal de Educacao Tecnolégica de Pernambuco
Prof. Msc. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof? Msc. Lilian Coelho de Freitas - Instituto Federal do Para

Prof? Msc. Liliani Aparecida Sereno Fontes de Medeiros - Consércio CEDERJ

Prof® Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Msc. Luis Henrique Almeida Castro - Universidade Federal da Grande Dourados

Prof. Msc. Luan Vinicius Bernardelli - Universidade Estadual de Maringa

Prof. Msc. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof?® Msc. Renata Luciane Polsague Young Blood - UniSecal

Prof® Msc. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Dados Internacionais de Catalogagao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

P964 A producao do conhecimento interdisciplinar nas ciéncias ambientais
2 [recurso eletrénico] / Organizador Eloi Martins Senhoras. —
Ponta Grossa, PR: Atena, 2020.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-81740-19-1

DOI 10.22533/at.ed.191201002

1. Agronomia — Pesquisa — Brasil. 2. Meio ambiente — Pesquisa —
Brasil. I. Senhoras, Eloi Martins.
CDD 630

Elaborado por Mauricio Amormino Junior —- CRB6/2422

Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br
contato@atenaeditora.com.br

| Atena

LEditora
Ano 2020




APRESENTACAO

O livro intitulado “A Produg¢do do Conhecimento Interdisciplinar nas Ciéncias
Ambientais 2” trata-se de um pioneiro trabalho coletivo produzido por pesquisadores
de todas as regides brasileiras, findando abordar teméticas relevantes ao campo de
Ciéncias Ambientais a partir de enfoques tedrico-metodoldgicos absorventes e plurais
que se materializam a partir de uma abordagem interdisciplinar.

As contribui¢cdes deste livro sdo oriundas, tanto da area de Ciéncias Ambientais
stricto sensu, quanto, do campo de Ciéncias Ambientais lato sensu, conformado
pela agregacao de discussoes das areas de Gestao Ambiental, Ciéncias Florestais,
Biologia, Engenharia, Desenvolvimento e Planejamento Territorial, Ecologia, Gestéo
e Regulacéo de Recursos Hidricos, Zootecnia, Biomedicina, Enfermagem, Ciéncias
Agrérias.

Organizado em doze capitulos, o presente livro foi estruturado por meio de
pesquisas laboratoriais € de campo que se utilizaram de diferentes técnicas de
levantamento e analise de dados, sendo caracterizadas, de modo convergente, pelo
uso de procedimentos metodologicos de natureza quali-quantitativa quanto aos meios
e de natureza exploratéria e descritiva quanto aos fins.

No primeiro capitulo, “Influéncia da vegetagdo em variaveis climaticas: estudo
em bairros da cidade de Cascavel - PR”, a coleta de dados em areas verdes da cidade
de Cascavel trouxe como resultado a identificacdo de que a presenca de vegetacao
tem grande influéncia no microclima local e que a regiao que possui maior quantidade
de macico arbdreo tem melhores condi¢cbes climaticas sobre a regido da cidade que
tem menor quantidade de macico arboéreo.

No segundo capitulo, “Incremento diamétrico, hipsométrico e de area de copa
de espécies florestais na arborizacdo de calgadas”, os resultados apresentados na
pesquisa demonstram ser Uteis para auxiliar o processo de criacdo de cenarios de
composicdo do plantio de arvores em areas urbanas, visando analisar possiveis
conflitos com estruturas urbanas e as possiveis solu¢coes para plantar arvores nas
calcadas.

No capitulo terceiro, “Arvores e arbustos utilizados na arborizacdo do Instituto
Federal de Educacdo, Ciéncia e Tecnologia de Pernambuco, Campus Recife”, a
avaliacao das principais espécies arbustivo-arboreas demonstrou que as espécies
registradas proporcionam alimentacéo para fauna, suporte de contetdo em aulas
praticas e o embelezamento paisagistico e ambiental do campus, embora em um
contexto de auséncia de valorizacdo da flora nativa na etapa de planejamento de
arborizagcdo do campus.

No quarto capitulo, “Biomassa e macronutrientes em um povoamento de
Eucalyptus benthamii no Sul do Brasil”, 0 objetivo foi quantificar o estoque de biomassa
e macronutrientes em uma area de producéo das sementes de Eucalyptus benthamii,
em Sao Francisco de Assis — RS, sendo demonstrado que a quantificacdo de



macronutrientes na biomassa nesta area é proporcionalmente menor em comparacéo
com estudos realizados em planta¢des comerciais devido ao menor numero de arvores
por ha.

No quinto capitulo, “Biomassa e micronutrientes em um povoamento de
Eucalyptus benthamii no Sul do Brasil”, a quantificacdo do estoque de biomassa e
de macronutrientes na mesma area do capitulo 4 possibilitou demonstrar que as
maiores quantidades de micronutrientes estdo na casca, folha, frutos, galhos e raizes,
componentes que podem ser deixados no campo apos a colheita, contribuindo para a
ciclagem de nutrientes do local.

No sexto capitulo intitulado “Variagdes nos teores de clorofila e na dimensao
da copa em arvores adultas de Platanus x acerifolia”, a pesquisa demonstrou que a
intensidade de radiacéo solar gera influéncia sobre cada parte da copa das arvores
de Platanus x acerifolia, assim como procedimentos de avaliacdo de arvores urbanas
s&o importantes para pautar agbes de manutengdo, a fim de manter os servicos
ecossistémicos almejados com as arvores nas cidades.

No capitulo sétimo, “Uso do método adaptado de avaliacéo rapida e priorizagao
do manejo (RAPPAM) para uma unidade de conservacao”, as analises realizadas
demonstraram que a area analisada requer a aplicacdo de planejamento das
atividades, a implementacéo do que foi planejado e o monitoramento para verificacao
da eficacia de inUmeras etapas mencionadas no Plano de Manejo do Parque Estadual
de Dois Irmaos, além dos impactos adversos precisarem ser mais focados por parte
dos gestores.

No oitavo capitulo, “Estudo da utilizacdo de residuo de casca ceramica de
microfusdo no concreto em substituicdo ao agregado graudo e miudo natural”’, a
pesquisa teve como objetivo a incorporacao do residuo de casca ceramica no concreto,
visando a preservacdo ambiental, a reciclagem e a redugdo no consumo de recursos
naturais. O estudo demostra que 0 uso de casca ceramica tem grande potencial,
devendo ser avaliado cada caso de substituicdo em funcéo do produto a ser gerado.

No nono capitulo, “Estudo de autodepuracao do corrego Batista, Perolandia —
Goias”, o estudo concluiu que este curso hidrico possui capacidade de autodepurar-
se caso receba o lancamento de efluentes tratados pelo Sistema de Esgotamento
Sanitario de Perolandia, conforme projetado, com eficiéncia de 90%, e continuara
como Classe 2, conforme parametros da Resolugcéo 357/2005 do Conselho Nacional
do Meio Ambiente (CONAMA).

No capitulo décimo, “Funcdes de pedotransferéncia de atributos fisico-quimicos
em solos do Oeste baiano, Brasil”, objetivou-se determinar correlagdes diretas entre
alguns atributos do solo do Oeste da Bahia (granulometria, capacidade de campo,
ponto de murcha permanente, carbono organico, densidade do solo e capacidade de
troca de cations), bem como desenvolver modelos matematicos simples entre eles, em
gue um ou mais atributos servem de componentes principais da funcéo para predizer
o outro.



No décimo primeiro livro, “Adsorcéo de cloridrato de metformina por meio de
Ecovio® eletrofiado e carvao ativado”, a pesquisa analisou a metformina, que é o
principio ativo do medicamento utilizado para tratamento de diabetes mellitus tipo
2, de modo que sua presenca em rios e lagos provoca a feminilizacdo de peixes e
pequenos animais. Com o objetivo de remover esse contaminante foram testados
como adsorventes o carvao ativado obtido a partir do coracdo da bananeira Musa
cavendish e o Ecovio® eletrofiado, sendo utilizadas metodologias alternativas a fim de
aumentar sua capacidade de adsorcéao.

No décimo segundo capitulo, “Notificacéo de esquistossomose versus condigdes
ambientais no municipio de Sao Bento, nos anos de 2015/2016”, com base na analise
dos dados, o estudo demonstrou a necessidade de intervencao estatal para que a
reduca@o do numero de casos de esquistossomose observada nos dois anos avaliados
se mantenha, bem como ser imperativa a implementacdo de campanhas educativas
visando a conscientizagcéo da populacdo deste municipio maranhense.

Com base nos capitulos ora descritos, 0 seleto grupo de autores presentes
no desenvolvimento desta obra demonstrou um forte e reticular trabalho coletivo de
pesquisadoras e pesquisadores - ndo apenas com distintas formac¢des académicas,
mas também oriundos de instituicées de ensino superior publico e privadas das regides
Sul, Sudeste, Centro-Oeste, Norte e Nordeste do Brasil - o que repercutiu em uma rica
agenda de pesquisas ambientais comprometidas com as realidades locais.

Desejo uma oOtima leitura! Abra os olhos de modo global a partir de
transformacdes locais!

Prof. Dr. El6i Martins Senhoras
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ABSTRACT: The rapid rotation of Eucalyptus
spp. leads to the exportation of large amounts
of nutrients, compromising the long-term
productivity of the area. Thus, the sustainability
of the environment becomes the object of study.
Micronutrients, even if required in low quantities,
are essential for full tree development. Thus,
the present study aimed to quantify the biomass
and micronutrient stock in a stand of Eucalyptus
benthamii, in the municipality of Sdo Francisco
de Assis - RS. Total biomass was 47,59 Mg
ha', with 62,14% accumulated in trunk wood,
13,11% in roots, 10,19% in branches, 8,25%
in trunk bark, 6,26 % in leaves and 0,05% in
fruits. The total amount of micronutrients in the
biomass was: 830,39 g ha, being the highest
concentration observed for Fe in the roots,
with 4665,52 g kg'. There was also a need
for nutritional supplementation for elements B
and Zn, which are below the appropriate leaf
content of micronutrients. It was observed that
the largest amounts of micronutrients are in the




bark, leaf, fruits, branches and roots, components that can be left in the field after
harvest, contributing to the nutrient cycling of the site

INTRODUCTION

According to IBA (2019), less than 1% of the Brazilian land area is grown with
commercial forests, mounting up to 7,83 million hectares. The biggest share belongs
by far to species of the genus Eucalyptus, which reached around 5.7 million hectares
of cultivated land and 36,0 m3 ha-1 of annual yield in 2018.

The world population is projected to reach 9,1 billion until 2050, demanding 250
million hectares of additional land grown with commercial forests around the world,
in order to achieve zero liquid deforestation and mitigate carbon emissions into the
atmosphere (IBA, 2017).

Accordingly, the National Plan for Climatic Changes intents to raise the Brazilian
forested area to 11 million hectares until 2020, since these forests can store large
amounts of CO2 on vegetation and soil by removing it from the atmosphere through the
process of photosynthesis (BRASIL, 2007).

Considering the increasing demand for commercial forests and the wide range of
climatic conditions found across the different Brazilian regions, the breeding of forest
species adapted to different conditions stands out as a key factor in reaching high yield
rates and boosting the growth of the forestry sector.

The rapid rotation of commercial crops leads to the exportation of large amounts
of nutrients out of the system, compromising the long-term productivity of the area.
Thus, the sustainability of the environment becomes the object of study, seeking the
development of new management techniques to provide sufficient resources for the
good development of future plantings.

When resources in a natural forest become scarce, individuals adapt to the new
environment by slowing growth rates and replacing species. This change does not
necessarily imply a decrease in productivity, as species with better nutritional efficiency
can grow in dominance. On the other hand, in monospecific commercial plantations,
the change of environment directly reflects the productivity of the forest (GONCALVES,
et al., 2004).

The high land cost associated with frost-free lands in the Southeast, southern-
Bahia and northern-Parana regions of Brazil, which provide high vyield rates of
Eucalyptus, has driven foresters and companies to cheaper areas in the tropical and
subtropical regions, where they are typically faced with climatic restrains (e.g. water
deficits in the first case, frosts in the second; SILVA et al., 2008).

According to the same author, there are few frost-resistant genotypes of Eucalyptus
available for commercial use. E. viminalis has been historically recommended for
regions with severe frost occurrence, but its low yield and wood quality prevents further
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use. E. dunnii displays tolerance to low intensity cold, but can be severely damaged by
successive frost events.

Conversely, Eucalyptus benthamii displays remarkable resistance to cold, high
yield rates, fast growth and excellent shaft form, representing a valuable alternative for
the establishment of homogenous, frost-resistant forest stands (GRACA et al., 1999;
SILVA, et. al., 2008). Accordingly, Stape et.al. (1996) recommends the aforementioned
species for cultivation in extremely cold regions, enduring minimum temperatures as
low as -10 °C.

The aim of this work was to comprehend the dynamics of micronutrients in a Seed
Production Area (SPA) of E. benthamii in southern Brazil, contributing to the genetic
improvement of frost-resistant trees by supplying the nutritional resources needed for
the full development of E. benthamii matrices.

MATERIAL AND METHODS

The experiment was set in the Pampa biome, in a Seed Production Area (SPA) of
Eucalyptus benthamiilocated in the municipality of Sdo Francisco de Assis, state of Rio
Grande do Sul, Brazil. The total area of the experiment was 3,21 hectares, containing
513 six-year-old parent trees. Planting was carried out in 2007 with seedlings of
Eucalyptus benthamii spaced at 3,5 x 2,0 m, totalizing an initial density of 1428 plants
ha-1. Later in 2011, when the trees were 4 years old, phenotypic selection was carried
out leaving 160 superior individuals ha-1.

In the area, three post-planting fertilizations were performed, the first in 15 days
after planting using N-P,O.-K,0 06:30:06 + 0.6% B, 150 g plant-1 (214,2 kg ha-1)
divided into two 75-gram sub-doses incorporated 15 cm on each side of molt. The
second fertilization was performed 90 days after planting, using N-P,0,-K,0 22:01:18 +
0,3% B +0,2% Cu, 140 g plant-1 (200 kg ha'') applied manually in the canopy projection.
The third fertilization was performed at 270 days, using N-P205-K20 fertilizer 22:01:18
+ 0,3% B + 0,2% Cu, 140 g plant™ (200 kg ha') mechanically applied to the interline.

According to Table 1, the soil has a sandy texture, ranging from sandy loam,
with an average of 62% of sand. It also presented low organic matter (OM); pH too
low; Mean CTCpH7; V% too low; m% high, conferring low natural fertility to the soil;
low to medium boron (B) and copper (Cu) contents and still having average zinc (Zn)
contents; according to the interpretation suggested by the Soil Chemistry and Fertility
Commission (2004).

Soil layer (cm)
0-20 20-40 40-100

Attribute Unit (%)
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FS 15,08a 9,65a 15,18a

Silt % 27,06a 29,14a 18,37a

Clay 12,16a 13,49a 12,83a
..................... SOM 0,79a ..0860 088

pH (1:2,54gua) 4.47a 4.55a 4,56a
.......................... t ot 22a167a

cmolc dm-3

......................... L 4,34a Lisa o Taea

Vv % 17,61a 18,92a 16,75a
......................... 1) s s 58,27a .B26%a  ..552ab

B 0,39a 0,30a 0,25a

Cu mg dm-3 0,33a 0,16a 0,17a

Zn 0,30a 0,18a 0,54a

Table 1 - Physical and chemical attributes of the soil (Arisol, dystrophic Arisol) in the study area
in the city of Sdo Francisco de Assis - RS.

Where: Soil Density (DS); Coarse Sand (2 — 0,2 mm) (CS); Fine Sand (0,2-0,05mm) (FS); Silt (0,05 — 0,002mm);
Clay (<0,002 mm); Soil Organic Matter (SOM); Effective CTC (t); CTCpH7 (T); V is Base Saturation; m is
Saturation by aluminum. Different vertical letters indicate significant differences between biomass micronutrients
at the 0,05 level of significance by Tukey test.

To estimate the soil nutrient stock up to 100 cm deep for physical analysis, samples
were collected in the trenches where the roots were collected in the 0 - 20 cm, 20 - 40
cm and 40 - 100 cm layers. During soil collection for chemical analysis, samples with
volumetric rings were also collected at the same points for soil density evaluation.

The estimation of soil nutrient stock in the 0 - 20 cm, 20 - 40 cm and 40 - 100 cm
depth layers was performed through the product between the nutrient concentration
and the soil density obtained at the midpoint of each soil. layer.

For Alvares et al. (2014) in their study of the Kdppen’s climate classification,
based on monthly precipitation and temperature data from Brazilian climatic stations,
the region of Sdo Francisco de Assis is classified as Subtropical Cfa with hot summers
and rains more frequent in autumn and winter. The municipality is located at 150 m
above soil level, with average temperature between 18 and 20 °C and total annual
precipitation ranging from 1600 to 1900 mm.

According to IBGE (2012), vegetation in the region is mainly grassy steppe mixed
with gallery forest, and the predominant rural activities are cattle raising and agriculture.
Landscape is composed by low hills, geologically originated from basaltic spills and
sandstone outcrops. The experimental area was located in the lithological formation
of Serra Geral and Botucatu, predominantly composed of sandy soils (Streck et al.,
2018).

The Seed Production Area was set in Red Distrophic Sandy Argisoil, texture
medium to moderate. It includes deep, well-drained soils with sandy surface texture,
followed by clayey-sandy texture in the lower horizons.

For area sampling, a census was conducted where the trees were distributed in




three diameter classes: lower limit, central class and upper limit, as presented in Table

2.
Class Lower limit Central class Upper limit
12 22,0 23,5 25,5
28 25,1 26,5 28,0
Kh 28,1 29,5 31,0

Table 2 — Diameter classes of six-year-old Eucalyptus benthamii trees, in Sdo Francisco de
Assis — RS.

From this census, 9 trees were selected to be sectioned at ground level and
separated into the following components: fruits, leaves, twigs, trunk bark, trunk wood
and roots. Total biomass of each component was weighed in the field with hook scale.
The determination of the total biomass per hectare was carried out by extrapolation
based on the number of trees present in each of the diameter classes.

For the determination of dry matter and nutritional assessments, representative
samples of each component were collected, placed in paper bags and taken to the
Forest Ecology Laboratory of the Department of Forestry Sciences / UFSM. The
samples were dried at 70 °C in a forced air oven until weight stabilization, in order to
determine moisture content and, based on it, quantify total biomass values above and
below the soil for each component evaluated.

After drying, the samples were milled with Wiley-type blades and 20-mesh sieve.
Analytical determination of the micronutrients B, Cu, Fe, Mn and Zn was carried out
following the methodology proposed by Tedesco et al. (1995). Cu, Fe, Mn and Zn
were extracted by nitric-perchloric digestion and quantified by the atomic absorption
spectrophotometric method, while B was extracted through dry digestion and determined
by the spectrophotometric method.

The amount of nutrients in each tree component was obtained as the product
between the biomass and the concentration of nutrients in each of said components.
The estimate of nutrient stock in the biomass per hectare was obtained by extrapolating
the average stock of nutrients based on the area sampled.

The results were statistically analysed through the SAS for Windows (2003)
package, using Tukey’s test (5% probability of error) and considering the completely
randomized design, where each sampled tree corresponded to one replicate for each
biomass component evaluated.

RESULTS AND DISCUSSION
Biomass storage

The quantity of biomass produced per area was influenced by the location of the
experimental site, at a Seed Producing Area (SPA) of six-year-old Eucalyptus benthamii,
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where the number of tress per hectare is considerably lower than at commercial stands.
Thus, yield variables obtained at an SPA cannot be compared with equally aged E.
benthamii trees from commercial fields.

For a population density of 160 trees ha”, total biomass in the SPA was estimated
at 47.59 Mg ha', in the following proportion: trunk wood > roots > trunk bark > branches
> |leaves > fruits. Trunk wood and leaves displayed the highest (62.14%) and lowest
(0.05%) shares of biomass, respectively. Alves et al. (2007) found similar values in a
4.5-year-old Eucalyptus spp. stand: 70.01% (wood), 12.56% (branches), 8.98% (bark)
and 8.45% (leaves).

Leite et al. (2011) also observed similar distribution of above-soil biomass
components in a 6.5-years-old Eucalyptus grandis stand, with a population density of
500 trees ha': trunk wood > trunk bark > branches > leaves. Trunk wood answered for
70,3% of the total biomass, and the values found for branches (4,7 Mg ha') and leaves
(2.1 Mg ha") were close to the obtained in this study.

Similar values were obtained by Vieira et al. (2012) in an 18-months-old
Eucalyptus urophylla x Eucalyptus grandis stand, except for the bark component,
which displayed the lowest biomass share (7,6%). This difference is linked to the early
growth stages of the trees, when biomass production is primarily directed to branches
and leaves, and only afterwards to wood and bark growth (Goncgalves, 2004).

According to Schumacher (1992), wood biomass production increases as the
forest progresses onits growth stages due to gradual changes on sink demand, whereby
carbohydrates previously directed into leaf and branch production are channelled to
wood components.

Evaluating a seven-year-old Eucalyptus urophylla x Eucalyptus grandis stand
in two types of soil (sandy and clayey), Salvador (2015) found a similar distribution
of biomass components: trunk wood > roots > trunk bark > branches > leaves. Total
biomass also varied between the two soil types, from 257,99 Mg ha™ in the sandy soil
to 301,21 Mg ha in the clayey one.

While genetic and environmental traits influence in this significant difference
between sites, Barros and Comerford (2002) point out to soil type and nutrient
availability as the main factors affecting yield potential on commercial forest stands.

Salvador et al. (2016) obtained 289,49 Mg ha™ of total above-soil biomass, at a
6,7-years-old Eucalyptus saligna stand, considerably higher than the value found at
the SPA. On the other hand, a four-year-old Eucalyptus urophylla x Eucalyptus grandis
stand at a low fertility site presented above-soil biomass around 74.49 Mg ha' (Gatto
et al., 2014).
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Component (Mg ha-1) (%)

Wood 29,57 62,14
Roots 6,24 13,11
Branches 4,85 10,19
Bark 3,93 8,25
Leaves 2,97 6,26
Fruits 0,02 0,05
Total 47,59 100

Table 4 — Biomass in the different tree components of a six-year-old Eucalyptus benthamii stand.
Sé&o Francisco de Assis - RS.

Above-soil biomass in the SPA corresponded to 86.81% of the total biomass,
while below-soil biomass stayed around 13.11%. Dick et al. (2017) also found above-
soil biomass higher than 70% in a five-year-old Eucalyptus dunnii stand, and Foelkel
(2014) stated that roots may contribute with 10% to 25% of the total biomass of a
forest, according to the tree species and soil type.

Overall, the lower values obtained in this study when compared to other works
with the genus Eucalyptus can be attributed to the reduced number of trees per land
area. Schumacher and Caldeira (2001), for instances, estimated an above-soil biomass
of 83.2 Mg ha for a four-years-old Eucalyptus globulus sub. maidenii stand.

Therefore, the lower biomass values found are clearly related to the management
employed in the area, whereby trees were kept at a reduced population density to
enhance seed production.

Micronutrient concentration

Micronutrients are of paramount importance for a plant’s development. Although
required at low concentrations, their absence interferes directly with photosynthetic
capacity, reproduction and resistance to biotic and abiotic stresses. Moreover,
micronutrients are essential components of cellular walls and membranes, besides
acting as co-factors and activator in enzymatic reactions (Kirkby & Rémheld, 2007).

Micronutrient concentration varies among the different tree components. While
trunk wood typically stores the biggest share of biomass, leaves, branches and
fruits present the highest nutrient concentrations, due to being directly involved in
carbohydrate synthesis and plant reproduction. Understanding micronutrient parcelling
helps in choosing the best forest management strategy and promoting soil sustainability
(Gongalves et al., 2000).

Fruits present the highest nutrient concentration among all biomass components,
except for leaves; its contribution on total biomass, however, does not surpass 0.05%
of the production (i.e. 0.02 Mg ha). Branches, bark and roots present intermediate
values, while trunk wood stands out as the biomass component with lowest nutrient
concentration.

As shown on Table 5, micronutrients concentrate mostly on leaves and fruits.
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High concentrations of Cu are found particularly on fruits, due to being an element
directly linked with the plants’ reproductive processes. The abundance of Fe on root
components, on the other hand, is probably a result of constant, direct contact with iron
oxides found in the soil.

Other works have addressed the high concentration of Fe on tree roots.
Guimaraes (2014) found 135.4 mg kg' of the element on roots of four-years-old
Eucalyptus dunnii trees. Salvador (2015) observed 651.12 mg kg' and 1475.81 mg
kg-1 on seven-years-old Eucalyptus urophylla x Eucalyptus grandis tress, at sandy
and clayey soils, respectively. Dick et al. (2017) obtained 922.91 mg kg™ on five-years-
old Eucalyptus dunnii trees, and 748.16 mg kg-1 for Eucalyptus benthamii trees. As a
rule, clayey soils contain more iron oxides than sandy soils and, thus, provide higher
concentrations of Fe to the trees’ roots.

Component (mg kg™) B Cu Fe Mn Zn
Leaves 24,59 a 7,23 b 129,49 b 841,17 b 15,21 bc
Fruits 19,07 ab 10,95 a 65,02 bc 572,78 ¢ 28,99 a
Branches 12,35 b 7,30 b 48,90 bc 623,65 C 20,81 b
Wood 3,59 b 1,49 d 23,51 bc 64,79 d 15,42 bc
Bark 7,98 ¢ 2,28 ¢ 47,55 ¢ 449,57 a 14,56 ¢
Roots 13,07 b 3,11 cd 748,16 a 247,06 d 27,32 a

Table 5 — Micronutrient concentration in different biomass components of Eucalyptus benthamii.
Séo Francisco de Assis — RS.

Note: means followed by the same lowercase letter do not differ by Tukey’s test (P>0.05)

Beulch (2013) found similar variations in micronutrient concentration on biomass
components of four-years-old Eucalyptus saligna trees, in the same experimental site.
Trunk bark presented the highest concentration of manganese (Mn), up to 1845.03
mg kg-1, while in six-years-old Eucalyptus benthamii trees the concentration did not
surpass 449.57 mg kg™

Dick et al. (2017) also observed micronutrient variations on five-years-old
Eucalyptus dunnii trees grown in sandy soil. The authors found 2,061.54 mg kg™ of
Mn in the leaves, much higher than the value obtained at the SPA (841.17 mg kg™).
Conversely, Salvador (2015) obtained 576.33 mg kg "' and 527.05 mg kg ' of Mn in
seven-years-old Eucalyptus urophylla x Eucalyptus grandis fress, grown in sandy and
clayey soils, respectively.

According to Malavolta (1985), leaves are the biomass component that more
accurately represents the nutritional state of a plant. It is the site of photosynthetic
activity and of most metabolic processes and, as such, typically presents the highest
nutrient concentration among all tree components.

Nutrient Adequate range Leaf concentration
B 30,0 -50,0 24,59
Cu 7,0-10,0 7,23
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Fe 150,0 —200,0 129,49
Mn 400,0 - 600,0 841,17
Zn 35,0 - 50,0 15,21

Table 3 — Adequate range according to the Fertilizing and Liming Guide for RS and SC States
(2016) and micronutrient concentration in the leaves of Eucalyptus benthamii. Sdo Francisco de
Assis - RS.

Concentration in the leaves was within the adequate range for all micronutrients,
except B and Zn (Table 3). Boron deficiencies are common in deep, well-drained,
highly weathered soils, originated from sedimentary rocks and with low organic matter
content (Gongalves et al., 2015). Sandy soils with alkaline pH and high rainfall index
are also prone to B deficiency due to high lixiviation (Bell & Dell, 2008). The lack of this
element in the SPA is, therefore, related to soil traits found in the site (i.e. deep, well
drained and moderately sandy).

Boron is an essential component of primary cellular walls, and its absence can
cause physiological disorder in the formation of vegetative and reproductive structures.
Loss of apical dominance, which reduces wood quality by favouring the formation of
thick lateral branches and disfavouring vertical growth, has also been associated with
B deficiencies (Lehto et al., 2010).

Nevertheless, B deficiencies are more critical at the plants’ early growth stages
(Lehto et al., 2010) and, thus, may have presented little to none harmful effect at the
SPA. Moreover, the critical bottom levels of B for Eucalyptus globulus have been
established between 12 and 16 mg kg-1 (Sakya et al., 2002), much lower than the
values found in this study.

On the other hand, Zn deficiencies must be corrected to attend the SPA main
objective (i.e. seed production), since this element is of primary importance for DNA
replication and cellular division processes. Absence of Zn is directly linked with
decreased flower shooting and early leaf dropping, due to enhanced synthesis of
abscisic acid (Boardman et al., 1990).

Micronutrient quantity

As shown on Table 6, the storage of above and below-soil biomass followed the
proportion Mn > Fe > Zn > B > Cu. Silveira (2015) found similar distribution, with only
Fe surpassing Mn: Fe > Mn >Zn > B > Cu.

Component (g ha) B Cu Fe Mn Zn
Leaves 73,07 21,47 384,76 2499,45 45,19
Fruits 0,44 0,25 1,50 13,21 0,67
Branches 59,91 35,42 237,27 3026,31 100,97
Wood 106,23 44,02 695,28 1916,21 456,00
Bark 31,34 8,95 186,76 1765,75 57,17
Roots 81,48 19,41 4665,52 1540,68 170,39
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Total 352,47 129,52 6171,09 10761,61 830,39

Table 6 — Micronutrient quantity on Eucalyptus benthamii biomass components. Sao Francisco
de Assis — RS.

The total storage of micronutrients found in the SPA was 18,245.06 g ha-1, and
the contribution of this storage to each biomass component followed the order: roots >
branches > wood > leaves > bark > fruits. Comparing with studies that address macro
and micronutrients, the typical proportionality changes to the following order: wood >
roots > bark > leaves > branches > fruits. Thus, the quantity of micronutrients exported
in a wood harvest is lower than what remains in the site, inside branches, leaves, fruits,
roots and bark.

The highest quantity of micronutrients is, therefore, stored inside trunk wood, with
the exception of manganese (Mn) and iron (Fe) which are mostly concentrated inside
bark and roots, respectively. Nevertheless, a considerably share of micronutrients is
stored inside leaves, branches and bark.

CONCLUSION

The highest quantity of tree biomass is stored in the component trunk wood
(62,14%), followed by roots (13,11%), branches (10,19%), trunk bark (8,25%), leaves
(6,26%) and fruits (0,05%).

Micronutrients are distributed unevenly among the different tree components.
Leaves, fruits and bark present the highest concentrations of boron (B), copper (Cu)
and manganese (Mn), respectively. Iron (Fe) and zinc (Zn) are mostly concentrated on
roots.

The distribution of micronutrients in the biomass obeyed the following order:
Mn > Fe > Zn > B > Cu. Micronutrients B and Zn must be monitored for better seed
development at the SPA, since these elements play key roles on methabolic processes
leading to tree fruitification and are not within the adequate range for Eucalyptus
nutrition.
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