MINISTERIO DA EDUCACAO
INSTITUTO FEDERAL DO ESPIRITO SANTO
CONSELMO SUPERIOR

RESOLUCAO DO C

NSELHO SUPERIOR N® 18/2019,

0 CO
DE 1 DE JULHO DE 2019

ANEXO Il — Relatério Individual de Trabalho

Mome: Waylson Zancanella Quartezani Matricula Siape; 1043459
Clazsa { Mivel; DII-02
Lotacio: Diretoria de Pesquisa. Pés-graduacio e Exfensdoifes - campus Montanha

FPeriodo de avaliacio: 2020/1

Justificativa de cumprimento

1 - ATIVIDADE DE ENSIND

1.Z - Discipiinas Minisiradas

a) 8 aulas de Producide Vegetal [If para as turmas de 3° amo do curso Técmico em
Agropecudria integrado ao ensino medio,

by 4 aulas de Semindrio Integrador IV para o 47 periodo do curso Supernior de Tecnologa em
Gestio Ambiental.

2- ATIVIDADE DE APOIO AD ENSIND

2.1 - Orientacdo de monografia de fim de curso

4 Orientagdes concluidas de monografia (TCC) do curse Supenar de tecnclogia am Gest3o
Ammblental:

a) Wisiinia de Souza Albani. Caracterizacio do manejo de irrigacio para o café conilon na sub-

bacia hidrogrifica do comrego do limocire, Montanha-ES.

k) Rayra Vieira Silva Peruchi & Roberta de Castro Mauricio Alves. Arborizagio urbana no municipio
de Montanha-ES.

)} Rayanne Laura Farias Firme. Cromatografin de pfeiffer em comparagio com a analise quimica

na qualidade do solo nas culturas de cafe e pimenta do reino.



d) Geani Gongalves Ramalho, Danilo Henrique e Lilia Da Silva Reis. Residuo do coco como

condicionante fisico do solo no cultivo agricola.

2.10 - Orientagao de alunos bolsistas/voluntarios de iniciagdo pesquisa e/ou extensao

a) Pedro Henrique Monte Pereira. Fertilidade e nutricdo do cafeeiro robusta cultivado com protecdo solar e
irrigacdo subsuperficial — PIBIC — Jr (2019-2020)

b) Mateus Almeida Galvao. Fitossanidade do cafeeiro robusta cultivado com protegao solar e irrigagdo
subsuperficial — PIBIiC — Jr (2019-2020)

c) Lucas Nolasco Ardisson. Sazonalidade e distribuigdo de componentes climaticos na fenologia do cafeeiro

cultivado com irrigagao subsuperficial e protecdo solar — PIBiC — Jr (2019-2020)

d) Maria Eduarda de Alcantara Neves. Combinacdo de protecdo solar e irrigacao subsuperficial nos teores de

pigmentos e metabolitos secundarios em diferentes gendtipos de cafeeiros robusta — PIBIC (2019-2020)

€) Gabriel Sossai Pancieri. Desempenho morfoagronémico de diferentes gendtipos de cafeeiro, cultivados em
campo com protecao solar e irrigagao subsuperficial — PIBIC (2019-2020)

2.15 - Participagao em Comissoes e Conselhos ligados ao ensino

a) Membro do Nucleo Docente Estruturante do Curso Superior de Tecnologia em Gestdo
Ambiental do IFES Campus Montanha (PORTARIA N° 262, DE 7 DE AGOSTO DE 2019).

2.16 - Participagdo como membro efetivo de banca examinadora de dissertagao de mestrado

a) Participagdo em banca de Lucas Alves Rodrigues. O uso do vinhoto associado ao lodo de curtume
liquido via adubagao foliar na produgao de mudas de café conilon. 2020. Dissertagdo (Mestrado em
Agroecologia)

2.20 - Cumprimento dos prazos estabelecidos para atividades didatico-pedagégicas
[X]175% a 100% [] 50 a 74% [ ] menor que 50%

2.21 - Atendimento e participacdo em reunides de cunho pedagdgico/administrativo -
[X]75% a 100% [] 50 a 74% [ ] menor que 50%

3 - ATIVIDADES DE PESQUISA E INOVAGAO TECNOLOGICA

3.2 - Coordenacao de projetos de pesquisa com captacgio de recursos do Ifes

a) Irrigacdo por gotejamento subsuperficial e sombreamento com nanoparticulado em

genotipos de cafeeiros “Robusta” — PJ00005095 (Editais 04/2019 - Pibic-Jr e 02/2019 — Pibic)




3.4 - Participagao em projetos de pesquisa com captagao de recursos do Ifes

a) Determina¢@o de niveis de infec¢do por nematoides no café conilon por meio de imagens de

veiculo aéreo ndo tripulado (vant)' - PJ00005228

b) Avaliacdo da producdo de rosas submetidas a diferentes fontes de fertilizantes organicos -
'PJ00005199

c) Efeito de nanoparticulas de calcio como protetor solar na produgcdo de banana da terra' -
PJ00005195

d) Avaliacdo de um sistema de aquaponia consorciando tilapia nilética (Oreochromis niloticus) de
diferentes idades com diferentes cultivares de alface (Lactuca sativa) - 'PJ00005320

3.6 - Capitulo de livro:

a) CRESCIMENTO E FISIOLOGIA DE MUDAS DE BERINJELA PRODUZIDO EM RESIDUOS
ORGANICOS PROVENIENTE DE COMPOSTAGEM no Livro: Ciéncias Agrarias: Conhecimentos
Cientificos e Técnicos e Difusdo de Tecnologias

3.9 - Artigo em periodico indexado internacional padrao Capes

3.9.3 - Qualis B1

a) Propagation of coffee conilon-Vitéria-in conventional and alternative substrates. Revista:
COFFEE SCIENCE, v. 15, p. 1-9, 2020.

3.9.4 - Qualis B2

a) Impacto das projecbes de mudangas climaticas globais do IPCC no zoneamento
agroclimatico da cultura da cana-de-agucar na América do Sul. Revsita: Brazilian Journal of
Development, v. 6, p. .28410--28427, 2020.

b) Performance Evaluation of Global Climate Models (MCGs) from the IPCC-AR4, in climatic
data simulation of air temperature and pluviometric precipitation for South America. Reuvsita:
Brazilian Journal of Development, v. 6, p. 31241-31260, 2020.

5- ATIVIDADES ADMINISTRATIVAS

5.1- Atividades de desempenho gerencial

5.1.2 - Assisténcia e fiscalizagdo de contratos e prestagao de servicos especificos

a) Comisséo de Recebimento Definitivo do Contrato n° 06/2018, cujo objeto é a contratacao de




empresa especializada, por meio do Regime Diferenciado de Contratagdo Publicas — RCD, para
execugdo da obra da primeira etapa do ginasio poliesportivo (PORTARIA N° 129, DE 17 DE
AGOSTO DE 2020 ).

5.1.3 - Representagdo no CEPE e em Conselhos vinculados ao Ifes

a) Membro do Conselho de Gesté&o do Ifes campus Montanha (PORTARIA N° 287, DE 27
DE AGOSTO DE 2019).

5.1.6 - Participagao como membro de colegiados didaticos

a) Membro Titular do Colegiado do Curso Superior de Tecnologia em Gestdo Ambiental
(PORTARIA N° 249, DE 15 DE JULHO DE 2019 ).

5.2 — Cargo / Fungao
5.2.3 - Diretores de Campi
a) Diretor Geral substituto (PORTARIA N° 21, DE 30 DE JANEIRO DE 2020).

b) Substituto eventual pro tempore do Diretor Geral (PORTARIA N° 66, DE 30 DE MARCO DE
2020).

5.2.4 - Cargos de CD
a) Diretor de Pesquisa, P6s graduacéo e Extensdo do Ifes campus Montanha (PORTARIA N°
1281, DE 5 DE JUNHO DE 2017)

6 - OUTROS

a) Representante do Ifes — campus Montanha como titular no Conselho Municipal de Desenvolvimento
Rural Sustentavel.

b) Representante do Ifes — campus Montanha como suplente no Conselho Municipal de Meio

Ambiente(Sociedade Civil).

Data:

Assinatura Docente

Assinatura do Coordenador
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MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
CAMPUS MONTANHA

DECLARACAO

Declaro, para os devidos fins, que Waylson Zancanella Quartezani, Matricula Siape
n° 1043459, ministrou em 2020/1, para o Curso Técnico em Agropecuaria Integrado ao

Ensino Médio, a disciplina de Producdo Vegetal com a carga horaria de 08 aulas

semanais.
Montanha — ES, 23 de novembro de 2020.
MAURICIO VALENTIN Assinado de forma digital por MAURICIO
VALENTIN JUNIOR
JUNIOR Dados: 2020.11.23 09:03:10 -03'00"

Mauricio Valentin Junior
Coordenadoria de Gestdo Pedagogica
Ifes campus Montanha



MINISTERIO DA EDUCACAO
INSTITUTO FEDERAL DO ESPIRITO SANTO
MON - COORDENADORIA GERAL DE ENSINO

DECLARAGAO N° 5916/2020 - MON-CGEN (11.02.27.01.08.02)

N° do Protocolo: 23545.000850/2020-33
Montanha-ES, 12 de novembro de 2020.

Declaro para os devidos fins que o servidor Waylson Zancanella Quartezani, siape n°® 1043459,
lecionou no semestre 2020/1, para o curso Superior de Tecnologia em Gestdo Ambiental, a
disciplina de Seminario Integrador 1V, com carga horéria de 4 horas semanais.

(Assinado digitalmente em 12/11/2020 17:01)
HELIO ROBERTO ALMEIDA DE OLIVEIRA
COORDENADOR GERAL - TITULAR
CHEFE DE UNIDADE
MON-CGEN (11.02.27.01.08.02)

Matricula: 1902919

Para verificar a autenticidade deste documento entre em https.//sipac.ifes.edu.br/public/documentos/index.jsp informando seu
ndmero: 5916, ano: 2020, tipo: DECLARAGCAOQO, data de emissdo: 12/11/2020 e o cédigo de verificagdo: 1b50bf10ff


https://sipac.ifes.edu.br/public/jsp/autenticidade/form.jsf

16/11/2020 Documento - SIPAC

MINISTERIO DA EDUCAGAO
INSTITUTO FEDERAL DO ESPIRITO SANTO

DECLARACAO n° 5981/2020-MON-CCTA
Protocolo n° 23545.000873/2020-91

Montanha-ES, 16 de novembro de 2020

Declaro para os devidos fins que Waylson Zancanella Quartezani SIAPE n°1043459 atuou como orientador
do trabalho de conclusdo de curso intitulado CARACTERIZACAO DO MANEJO DE IRRIGAGAO PARA O
CAFE CONILON NA SUB-BACIA HIDROGRAFICA DO CORREGO DO LIMOEIRO, MONTANHA-ES, da
aluna Wislania de Souza Albani, do curso Superior de Tecnologia em Gestdo Ambiental, nos semestres
2019/2 e 2020/1.

(Assinado digitalmente em 16/11/2020 17:35 )
TALITA APARECIDA PLETSCH

PROFESSOR DO ENSINO BASICO TECNICO E TECNOLOGICO
MON-CCTA (11.02.27.01.08.02.04)
Matricula: 2410365

Para verificar a autenticidade deste documento entre em https://sipac.ifes.edu.br/public/documentos/index.jsp informando seu
ntmero: 5981, ano: 2020, tipo: DECLARACAO, data de emisso: 16/11/2020 ¢ o codigo de verificagio: 5b7¢160ec?

https://sipac.ifes.edu.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=589712 11


https://sipac.ifes.edu.br/public/jsp/autenticidade/form.jsf

16/11/2020 Documento - SIPAC

MINISTERIO DA EDUCAGAO
INSTITUTO FEDERAL DO ESPIRITO SANTO

DECLARACAO n° 5982/2020-MON-CCTA
Protocolo n° 23545.000874/2020-64

Montanha-ES, 16 de novembro de 2020

Declaro para os devidos fins que Waylson Zancanella Quartezani SIAPE n°1043459 atuou como orientador
do trabalho de conclusdo de curso intitulado ARBORIZAGCAO URBANA NO MUNICIPIO DE MONTANHA-ES ,
das alunas Rayra Vieira Silva Peruchi e Roberta de Castro Mauricio Alves, do curso Superior de
Tecnologia em Gestdo Ambiental, nos semestres 2019/2 e 2020/1.

(Assinado digitalmente em 16/11/2020 17:40 )
TALITA APARECIDA PLETSCH

PROFESSOR DO ENSINO BASICO TECNICO E TECNOLOGICO
MON-CCTA (11.02.27.01.08.02.04)
Matricula: 2410365

Para verificar a autenticidade deste documento entre em https://sipac.ifes.edu.br/public/documentos/index.jsp informando seu
numero: 5982, ano: 2020, tipo: DECLARACAO, data de emissdo: 16/11/2020 e o codigo de verificagio: 04¢543376¢

https://sipac.ifes.edu.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=589728 11


https://sipac.ifes.edu.br/public/jsp/autenticidade/form.jsf

16/11/2020 Documento - SIPAC

MINISTERIO DA EDUCAGAO
INSTITUTO FEDERAL DO ESPIRITO SANTO

DECLARACAO n° 5983/2020-MON-CCTA
Protocolo n° 23545.000875/2020-37

Montanha-ES, 16 de novembro de 2020

Declaro para os devidos fins que Waylson Zancanella Quartezani SIAPE n°1043459 atuou como orientador
do trabalho de conclus&o de curso intitulado CROMATOGRAFIA DE PFEIFFER EM COMPARACAO COM A
ANALISE QUIMICA NA QUALIDADE DO SOLO NAS CULTURAS DE CAFE E PIMENTA DO REINO, da
aluna Rayanne Laura Farias Firme , do curso Superior de Tecnologia em Gestao Ambiental, nos semestres
2019/2 e 2020/1.

(Assinado digitalmente em 16/11/2020 17:42 )
TALITA APARECIDA PLETSCH

PROFESSOR DO ENSINO BASICO TECNICO E TECNOLOGICO
MON-CCTA (11.02.27.01.08.02.04)
Matricula: 2410365

Para verificar a autenticidade deste documento entre em https://sipac.ifes.edu.br/public/documentos/index.jsp informando seu
ntmero: 5983, ano: 2020, tipo: DECLARACAO, data de emissdo: 16/11/2020 ¢ o codigo de verificagdo: ba925b2463

https://sipac.ifes.edu.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=589732 11


https://sipac.ifes.edu.br/public/jsp/autenticidade/form.jsf

16/11/2020 Documento - SIPAC
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MINISTERIO DA EDUCAGAO
INSTITUTO FEDERAL DO ESPIRITO SANTO

DECLARACAO n° 5980/2020-MON-CCTA
Protocolo n° 23545.000872/2020-21

Montanha-ES, 16 de novembro de 2020

Declaro para os devidos fins que Waylson Zancanella Quartezani SIAPE n°1043459 atuou como
coorientador do trabalho de conclusdo de curso intitulado RESIDUO DO COCO COMO CONDICIONANTE
FISICO DO SOLO NO CULTIVO AGRICOLA, dos alunos Geani Gongalves Ramalho, Danilo Henrique,
Lilia da Silva Reis, do curso Superior de Tecnologia em Gestao Ambiental, nos semestres 2019/2 e 2020/1.

(Assinado digitalmente em 16/11/2020 17:33 )
TALITA APARECIDA PLETSCH

PROFESSOR DO ENSINO BASICO TECNICO E TECNOLOGICO
MON-CCTA (11.02.27.01.08.02.04)
Matricula: 2410365

Para verificar a autenticidade deste documento entre em https://sipac.ifes.edu.br/public/documentos/index.jsp informando seu
numero: 5980, ano: 2020, tipo: DECLARACAOQ, data de emissdo: 16/11/2020 e o codigo de verificagio: eec2a4b246

https://sipac.ifes.edu.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=589705 11


https://sipac.ifes.edu.br/public/jsp/autenticidade/form.jsf
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MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
CAMPUS MONTANHA

DECLARACAO

Declaro, para os devidos fins, que Waylson Zancanella Quartezani, Matricula Siape
n°® 1043459, cumpriu em 2020/1 de 75% a 100% das atividades didatico-pedagdgicas.

Montanha — ES, 17 de novembro de 2020.

MAU R|C|O Assinado de forma digital por

MAURICIO VALENTIN JUNIOR

VALENTIN JUNIOR  Dados: 2020.11.17 15:16:38 -03'00"

Mauricio Valentin Junior
Coordenadoria de Gestao Pedagdgica
Ifes campus Montanha
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MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
CAMPUS MONTANHA

DECLARACAO

Declaro para os devidos fins que Waylson Zancanella Quartezani, Matricula Siape n°
1043459, atendeu em 2020/1 de 75% a 100% aos chamados de reunides de cunho

pedagogico/administrativo.

Montanha — ES, 17 de novembro de 2020.

Assinado de forma digital por
MAURICIO MAURICIO VALENTIN JUNIOR

Dados: 2020.11.17 15:15:28
VALENTIN JUNIOR 52

Mauricio Valentin Janior
Coordenadoria de Gestao Pedagdgica
Ifes campus Montanha



MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Avenida Rio Branco, 50 — Santa Lucia — 29056-264 — Vitéria — ES
27 3357-7500

DECLARACAO

Declaramos para os devidos fins que o(a) pesquisador(a) Waylson Zancanella Quartezani, esta
desenvolvendo o projeto de pesquisa '‘PJO0005095 - Irrigacéo por gotejamento subsuperficial e
sombreamento com nanoparticulado em gendtipos de cafeeiros Robusta’, no Instituto Federal de
Educacéao do Espirito Santo, com previsdo de execuc¢do no periodo de 01/08/2019 a 31/07/2022, e que
o referido projeto se encontra devidamente cadastrado junto ao Sistema Integrado de Gerenciamento

da Pesquisa do Ifes (SIGPESQ).

Vitéria — ES, 22 de novembro de 2020.

=
e

Waylson Zancanella Quartezani
Diretor de Pesquisa
Campus Montanha
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MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Avenida Rio Branco, 50 — Santa Lucia — 29056-264 — Vitéria — ES
27 3357-7500

DECLARACAO

Declaramos para os devidos fins que o(a) pesquisador(a) Waylson Zancanella Quartezani, esta
desenvolvendo o projeto de pesquisa 'PJ00005228 - DETERMINACAO DE NiVEIS DE INFECCAO
POR NEMATOIDES NO CAFE CONILON POR MEIO DE IMAGENS DE VEICULO AEREO NAO
TRIPULADO (VANT)', no Instituto Federal de Educacédo do Espirito Santo, com previsao de execucdo
no periodo de 01/08/2019 a 31/07/2020, e que o referido projeto se encontra devidamente cadastrado

junto ao Sistema Integrado de Gerenciamento da Pesquisa do Ifes (SIGPESQ).

Vitoria — ES, 23 de novembro de 2020.

1, -‘l 'r | —
Larissa Haddad Souza Vieira
Diretor de Pesquisa
Campus Itapina



MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Avenida Rio Branco, 50 — Santa Lucia — 29056-264 — Vitéria — ES
27 3357-7500

DECLARACAO

Declaramos para os devidos fins que o(a) pesquisador(a) Waylson Zancanella Quartezani, esta
desenvolvendo o projeto de pesquisa '‘PJ00005199 - Avaliagdo da producdo de rosas submetidas a
diferentes fontes de fertilizantes organicos ', no Instituto Federal de Educagé&o do Espirito Santo, com
previsdo de execuc¢do no periodo de 01/08/2019 a 31/07/2020, e que o referido projeto se encontra

devidamente cadastrado junto ao Sistema Integrado de Gerenciamento da Pesquisa do Ifes (SIGPESQ).

Vitoria — ES, 23 de novembro de 2020.

1, -‘l 'r | —
Larissa Haddad Souza Vieira
Diretor de Pesquisa
Campus Itapina



MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Avenida Rio Branco, 50 — Santa Lucia — 29056-264 — Vitéria — ES
27 3357-7500

DECLARACAO

Declaramos para os devidos fins que o(a) pesquisador(a) Waylson Zancanella Quartezani, esta
desenvolvendo o projeto de pesquisa 'PJO0005195 - Efeito de nanoparticulas de célcio como protetor
solar na producéo de banana da terra’, no Instituto Federal de Educagéo do Espirito Santo, com
previsdo de execuc¢do no periodo de 01/08/2019 a 31/07/2020, e que o referido projeto se encontra

devidamente cadastrado junto ao Sistema Integrado de Gerenciamento da Pesquisa do Ifes (SIGPESQ).

Vitoria — ES, 23 de novembro de 2020.

1, -‘l 'r | —
Larissa Haddad Souza Vieira
Diretor de Pesquisa
Campus Itapina
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MINISTERIO DA EDUCACAO

INSTITUTO FEDERAL DO ESPIRITO SANTO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Avenida Rio Branco, 50 — Santa Lucia — 29056-264 — Vitéria — ES
27 3357-7500

DECLARACAO

Declaramos para os devidos fins que o(a) pesquisador(a) Waylson Zancanella Quartezani, esta
desenvolvendo o projeto de pesquisa 'PJ00005320 - AVALIACAO DE UM SISTEMA DE AQUAPONIA
CONSORCIANDO TILAPIA NILOTICA (Oreochromis niloticus) DE DIFERENTES IDADES COM
DIFERENTES CULTIVARES DE ALFACE (Lactuca sativa) ', no Instituto Federal de Educacao do
Espirito Santo, com previsdo de execug¢do no periodo de 01/08/2019 a 31/07/2020, e que o referido
projeto se encontra devidamente cadastrado junto ao Sistema Integrado de Gerenciamento da Pesquisa

do Ifes (SIGPESQ).

Vitéria — ES, 22 de novembro de 2020.

=
e

Waylson Zancanella Quartezani
Diretor de Pesquisa
Campus Montanha



RAISSA RACHEL SALUSTRIANO DA SILVA-MATOS
PAULA SARA TEIXEIRA DE OLIVEIRA
RAMON YURI FERREIRA PEREIRA
(ORGANIZADORES)

[Atena

Ano 2020




RAISSA RACHEL SALUSTRIANO DA SILVA-MAT0S
PAULA SARA TEIXEIRA DE OLIVEIRA
RAMON YURI FERREIRA PEREIRA
(ORGANIZADORES)

| Atena

Editora

Ano 2020
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APRESENTACAO

A evolucdo das préticas realizadas nas atividades agricolas para cultivo de alimentos
e criacao de animais, potencializadas por inovacdes tecnoldgicas, bem como o uso mais
consciente dos recursos naturais utilizados para tais fins, devem-se principalmente a
disponibilizacdo de conhecimentos cientificos e técnicos. Em geral os avang¢os obtidos
no campo cientifico tém ao fundo um senso comum, que embora distintos, estéo ligados.

As investigacbes cientificas proporcionam a formag¢ao de técnicas assertivas com
comprovacgao experimental, mas podem ser mutaveis, uma vez que jamais se tomam
como verdade absoluta e sempre ha possibilidade de que um conhecimento conduza a
outro, através da divulgacao destes, garante-se que possam ser discutidos.

Ademais, a descoberta de conhecimentos técnicos e cientificos estimulam o
desenvolvimento do setor agrario, pois promove a modernizacdo do setor agricola e
facilita as atividades do campo, otimizando assim as etapas da cadeia produtiva. A difuséo
desses novos saberes torna-se crucial para a sobrevivéncia do homem no mundo, uma
vez que o setor agrario sofre constante pressao social e governamental para produzir
alimentos que atendam a demanda populacional, e simultaneamente, proporcionando o
minimo de interferéncia na natureza.

Desse modo, faz-se necessario a realizagcao de pesquisas técnico-cientificas, e sua
posterior difusdo, para que a demanda por alimentos possa ser atendida com o minimo
de agressao ao meio ambiente. Pensando nisso, a presente obra traz diversos trabalhos
que contribuem na construcdo de conhecimentos técnicos e cientificos que promovem
o desenvolvimento das ciéncias agrarias, 0 que possibilita ao setor agricola atender as
exigéncias sociais e governamentais sobre a produg¢ao de alimentos. Boa leitura!

Raissa Rachel Salustriano da Silva-Matos
Ramoén Yuri Ferreira Pereira
Paula Sara Teixeira de Oliveira
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RESUMO: existem  muitos

substratos comerciais disponiveis no mercado.

Atualmente,

No entanto, uma presséao crescente voltada para
a sustentabilidade na agricultura promove uma
linha de utilizagdo de residuos com potencial
agricola. O uso de residuos alternativos podem
reduz custos de producdo e promover uma
maior sustentabilidade no processo de producéo
agricola. Deste modo, o objetivo deste estudo
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foi avaliar substratos alternativos na producdo de mudas de berinjela. O delineamento
experimental foi o de blocos casualizados, com nove repeticées e quatro tratamentos. Os
tratamentos utilizados foram: T-Bovino, composto por 50% palha de café + 50% esterco
bovino; T-Ovino, composto por 50% palha de café + 50% esterco de ovino; T-Aves, composto
por 65% de palha de café + 35% esterco de aves; e 0 substrato comercial Tropstrato ht
hortalicas — vida verde. Aos 40 dias ap6s a semeadura foram avaliadas caracteristicas
de crescimento e fisiolégicas, obtidas pelo fluorémetro Multiplex®. O substrato comercial
apresentou resultados inferiores nas caracteristicas de crescimento quando comparado aos
substratos alternativos. Houve menores indices de balango nitrogénio e clorofila nas mudas
de berinjela cultivadas em substrato comercial. Podem-se utilizar os substratos alternativos
com esterco bovino, esterco de aves e esterco de ovino misturado com palha de café, na
producéo de mudas de berinjela.

PALAVRAS-CHAVE: Solanum melongenaL., propagacao, nutricdo, metabolismo secundario.

GROWTH AND PHYSIOLOGY OF EGGPLANT SEEDLINGS PRODUCED IN ORGANIC
WASTE FROM COMPOUNDING

ABSTRACT: Currently, there are many commercial substrates available on the market.
However, an increasing pressure towards sustainability in agriculture promotes a line of use of
waste with agricultural potential. The use of alternative residues can reduce production costs
and promote greater sustainability in the agricultural production process. Thus, the objective
of this study was to evaluate alternative substrates in the production of eggplant seedlings.
The experimental design was randomized blocks, with nine replications and four treatments.
The treatments used were: T-Bovine, composed of 50% coffee straw + 50% bovine manure;
T-Sheep, composed of 50% coffee straw + 50% sheep manure; T-Poultry, consisting of 65%
coffee straw + 35% poultry manure; and the commercial substrate Tropstrato ht hortalicas
- vida verde. At 40 days after sowing, growth and physiological characteristics obtained by
the Multiplex® fluorometer were evaluated. The commercial substrate showed lower results
in growth characteristics when compared to alternative substrates. There were lower levels
of nitrogen and chlorophyll balance in eggplant seedlings grown on commercial substrate.
Alternative substrates with bovine manure, poultry manure and sheep manure mixed with
coffee straw can be used in the production of eggplant seedlings.

KEYWORDS: Solanum melongena L., propagation, nutrition, secondary metabolism.

1| INTRODUCAO

No Brasil, o uso de substratos comerciais é amplamente utilizado para a producéo
de mudas, notadamente na olericultura. No entanto tais substratos promovem um maior
custo de producgao, o que é indesejado visto que pode inviabilizar a produgéo agricola

em pequena escala. Sendo assim, muitas regides devem priorizar como componentes de
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substratos, o que esta mais disponivel para o uso agricola a baixos custos (Berilli et al.,
2018a).

A necessidade de reciclar residuos buscando reduzir impactos ambientais leva a
um interesse crescente na substituicdo de substratos comerciais por residuos organicos
e subprodutos. Todavia, é de grande importancia que esses residuos proporcionem boa
qualidade as plantas e apresentem baixo custo de aquisicao, visto que existe uma grande
diversidade de residuos organicos alternativos, sendo importante demonstrar a eficiéncia
de cada (Chrysargyris e Tzortzakis, 2015; Sales et al., 2017).

Antes do uso direto de qualquer residuo, uma das etapas a se seguir € a compostagem
do material. Esse processo € realizado por uma série de microrganismos, que tem como
principal objetivo degradar a matéria organica (Cerda et al., 2018). Tal processo além de
favorecer os aspectos microbiolégicos do substrato, também melhoram a relacdo C/N e a
liberac&o de nutrientes para as plantas. .

Os residuos provenientes de origem animal ou vegetal podem favorecer ou
prejudicar o desenvolvimento das plantas e, por este motivo ha um crescente aumento
nas pesquisas relacionadas ao uso desses materiais (Olari et al., 2016; Mota et al., 2018).
Esses compostos possuem capacidade de alterar diversas caracteristicas de crescimento,
bem como as estruturas cloroplastidicas e a sintese de metabdlitos secundarios, por isso
ha uma necessidade de maior elucidacao da potencialidade de cada residuo (Quartezani
et al., 2018; Berilli et al., 2018b).

Aberinjela (Solanum melongenal.) é umacultura de importancia mundial, pertencente
a familia Solanaceae, onde seus frutos apresentam boa fonte de fibra, vitamina B1 e Cu,
além de representar uma importante fonte de renda para os produtores (Villeneuve et al.,
2016; Douds et al., 2017). Apesar de ser disseminada em diversas regides do globo, sao
escassas informacdes a respeito do que substratos alternativos podem proporcionar no
crescimento e fisiologia das mudas de berinjela.

Com isso, o objetivo deste trabalho foi avaliar o crescimento e fisiologia de mudas de

berinjela produzidas em substratos organicos a partir de compostagens.

2 | MATERIAL E METODOS

O experimento foi conduzido no Instituto Federal de Educacéo, Ciéncia e Tecnologia
do Espirito Santo — Campus Itapina, localizado no municipio de Colatina, estado do
Espirito Santo, Brasil (19° 32’ 22” S, 40° 37’ 50” W e 71 metros de altitude). O clima da
regiao € Tropical Aw, de acordo com a classificacdo climéatica de Képpen, com estacao
chuvosa bem definida entre outubro e janeiro e precipitacao média climatolégica de 1029,9
mm (Peel et al., 2007; Sales et al., 2018a). O experimento foi conduzido com mudas de

berinjela (Solanum melongena L.) em viveiro de propaga¢do de mudas situado no setor

de olericultura.
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Utilizou-se um delineamento em blocos casualizados com quatro tratamentos e nove
repeticdes, sendo consideradas oito plantas por parcela experimental. Os tratamentos
utilizados foram: T-Bovino, composto por 50% palha de café + 50% esterco bovino;
T-Ovino, composto por 50% palha de café + 50% esterco de ovino; T-Aves, composto
por 65% de palha de café + 35% esterco de aves; e o substrato comercial Tropstrato ht
hortalicas — vida verde.

Os residuos alternativos utilizados na confeccao do substrato foram submetidos a um
processo de compostagem, no qual todas as composteiras foram cobertas por capim seco,
com intuito de obter maior eficiéncia da biodegradacao das leiras evitando a exposi¢ao
dos residuos, de forma a evitar a atracdo de moscas e a perda de calor e umidade. Nas
composteiras a base de esterco de aves foi acrescentada um maior volume de palha de
café, a fim de equilibrar a relacdao C/N da leira de compostagem que é de 30/1.

O processo de compostagem foi realizado pela metodologia da leira estatica de
aeracado passiva para potencializacdo das caracteristicas fisico-quimicas do composto
final. Todos os procedimentos para melhor obtencao de um composto de qualidade foram
efetuados nesta fase (analise de temperatura, umidade e tempo de exposi¢cao do material).

A caracterizacdo quimica e fisico-quimica dos residuos utilizados na composi¢ao
dos substratos para a producdo de mudas de berinjela foi realizada no Laboratério de
Qualidade da Agua e Residuos Solidos do Instituto Federal de Educacdo, Ciéncia e
Tecnologia do Espirito Santo — Campus Santa Teresa. A andlise fisico-quimica consistiu
na determinacao da condutividade elétrica (CE) em agua (1:2,5) utilizando um medidor
de condutividade em bancada. A analise quimica baseou-se na determinacao do pH por
referéncia e na quantificacdo das concentracdes de carbono organico facilmente oxidavel
(CO,,), carbono organico total (CO,), nitrogénio total (N,), fosforo total (P,) e potassio total
(K,), seguindo a metodologia descrita por Matos (2015). Os atributos quimicos e fisico-

guimicos dos substratos utilizados no experimento sdo mostrados na Tabela 1.

CE CO, CO, N, P,
AMOSTRAS © C/IN
pH dSm?* e g dm?---------
T-Bovino 55 1,71 117,6 152,9 6,9 1,4 22,15
T-Ovino 55 1,96 154,1 200,3 6,9 2,2 29,02
T-Aves 6,1 3,08 122,3 158,9 8,7 11,9 18,26

Tabela 1. Descri¢éo fisico-quimica dos substratos utilizados.

'pH — potencial hidrogenidnico em agua; CE — condutividade elétrica em agua 1:2,5 (v:v); CO,, - carbono orgéanico
facilmente oxidavel; CO, carbono orgéanico total; N, - nitrogénio total; P, — fosforo total

O substrato comercial Tropstrato apresentou a seguinte composicao quimica: K—
1,02 cmol_, dm?®; P — 0,11 g dm™; Matéria Organica — 96,20 g kg*; Ca** — 15,0; Mg* —
5,0. A semeadura ocorreu em bandejas de polipropileno com 128 células (48 mm de
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profundidade x 26 mm de largura) em ambiente protegido, colocando-se duas sementes
em cada célula a uma profundidade de 1 cm e, ap6s a emergéncia, foi realizado o
desbaste selecionando a melhor planta de cada célula. Utilizou-se sistema de irrigacao
por micoaspercao automatizado, no qual permanecia ligado por 10 s a cada 10 min.
mantendo o substrato sempre proximo a capacidade de campo.

Ao final do experimento (40 dias apds a semeadura), as seguintes caracteristicas
de crescimento foram avaliadas: numero de folhas por planta, por meio de contagem
manual, sendo descartadas as folhas cotiledonares; Altura de plantula (cm), medindo do
colo até o apice da parte aérea, com auxilio de uma régua graduada; diametro do coleto
(mm), medido com o auxilio de paquimetro digital; diametro de copa (cm), medido entre
as maiores distancias das folhas da mesma copa com auxilio de uma régua graduada;
comprimento do sistema radicular (cm) com auxilio de uma régua graduada.

Também foram avaliadas as seguintes caracteristicas gravimétricas: massa de
matéria seca do sistema radicular, das folhas e total, em g. Para a obtencao das matérias
secas, essas foram colocadas em estufa de circulagdo forcada a 65°C durante 72 hs até
que atingissem peso constantes e posterior pesada em balanga analitica de preciséo.
Para a medicdo da area foliar em cm?, utilizou-se um medido Modelo LI- 3100C. Apoés a
obtencdo desses dados realizou-se o indice de Qualidade das mudas de Dickson (IQD).

mMST
[ AP ]J{mMSPA]
DCA mMSR

mMST: &€ a massa de matéria seca total;

IQD =

Em que:

MMSR: é a massa de matéria seca da raiz;
MMSPA: € a massa de matéria seca da parte aérea;
AP: é a altura de planta;

DCA: é o diametro de caule.

Também foram realizadas andlises fisioldgicas ao término do experimento, com
equipamentos de colorimetria (SPAD 502 - Minolta) e fluorescéncia (Multiplex® - Force
A) através de medidas adimensionais. Utilizou-se o equipamento fluorémetro Multiplex®
parametrizado, com fontes multiplas de excitacdao de luz (ultravioleta, azul, verde e
vermelho), estimando indices de varios compostos, como balanc¢o de nitrogénio (NBIG e
NBIR), clorofila (SFRG e SFRR), antocianina (ANTRG e ANTRB) e flavonoides (FLAV).
Todas as avalicoes foram realizadas no periodo da manha, entre as 9:00 e 11:00 horas
e em apenas um lado das mudas, apontando o equipamento para a copa, de cima para
baixo, em um angulo aproximadamente de 45°.

Osdadosforam submetidos a analise de variancia, peloteste F, e havendo significancia,
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as médias foram comparadas pelo teste de Scott-Knott no nivel de significancia de 5%
de probabilidade (p<0.05). Todo o procedimento estatistico foi realizado com auxilio do
programa estatistico de cddigo aberto R (R Core Team, 2018).

3| RESULTADOS E DISCUSSAO

Para a maioria das caracteristicas avaliadas foram observadas diferencas entre
os tratamentos (Tabela 2, 3 e 4). Isso indica que os residuos orgéanicos provenientes
de diferentes fontes podem alterar as caracteristicas de crescimento e fisiologicas das
mudas de berinjela.

Para a caracteristica altura de planta e diametro de caule (Tabela 2) observou-se
diferenca entre os tratamentos, com maiores valores médios para as plantas que utilizaram
o residuo orgénico no substrato oriundo de esterco de aves (T-Aves). Isso pode ser
justificado pelos maiores valores de N e P, como observado na Tabela 1. Esses nutrientes
sdo muito importantes no crescimento inicial das plantas. O N é absorvido pelas plantas
em maior quantidade, sendo essencial para a sintese de proteinas, enzimas, DNA, RNA
e clorofila (Sher et al., 2019).

Tratamentos AP CR DC DCA NF AF
cm --mm-- --Cm?2--
T-Comercial 201lc 6,81 b 1,45c¢ 0,73 ¢ 1,13 b 0,25b
T-Bovino 491b 8,62 a 3,87 b 1,12b 3,13a 531a
T-Ovino 5,07b 7,93 a 510 a 1,18 b 2,82 a 5,54 a
T-Aves 5,87 a 7,58 b 5,53 a 1,47 a 2,98 a 5,93 a
CV(%) 17,09 12,13 23,52 19,46 15,17 16,63

Tabela 2. Valores médios obtidos para as caracteristicas de crescimento de mudas de berinjela
produzidas com compostos organicos de diferentes residuos animais.

Grupo de médias seguidas de letras distintas na coluna diferem estatisticamente entre si pelo teste Scott-Knott ao nivel
de 5%. AP: altura de planta; CR: comprimento de raiz; DC: didmetro de copa; DCA: didmetro de caule; NF: nUmero de
folhas; AF: area foliar.

A emisséao de folhas, a area foliar e matéria seca das folhas apresentaram o mesmo
padrao de resposta (Tabela 2 e 3), no qual os tratamentos com residuos organicos
alternativos apresentaram resultados iguais, diferindo somente o T-Comercial. Uma maior
area foliar proporciona maior capacidade fotossintética, que por sua vez resulta em maior
fixacdo de carbono, visto que a area foliar estd associado a interceptacdo da luz solar,
produzindo energia pelas reacdes fotoquimicas e, consequentemente, participacdo na
formacao final dos fotoassimilados (Sales et al., 2017; Berilli et al., 2020). Portanto, houve
maior acumulo de carbono (matéria seca) pelos tratamentos com residuos alternativos,
superando o tratamento comercial em matéria seca do caule, matéria seca do sistema
radicular e consequentemente, matéria seca total (Tabela 3).
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Tratamentos mMSF mMSC mMMSR mMST QD SPAD

g
T-Comercial 0,02b 0,02 c 0,02 c 0,06 c 0,01c 4,87b
T-Bovino 0,15a 0,07 b 0,10 a 0,32b 0,05 a 21,69 a
T-Ovino 0,17 a 0,11a 0,09 a 0,37 a 0,05 a 21,64 a
T-Aves 0,16 a 0,09b 0,07 a 0,32b 0,04 b 22,70 a
CV(%) 24,78 26,42 21,94 20,82 21,70 10,08

Tabela 3. Valores médios obtidos para a qualidade e massa de matéria seca de mudas de berinjelas
produzidas com compostos organicos de diferentes residuos animais.

Grupo de médias seguidas de letras distintas na coluna diferem estatisticamente entre si pelo teste Scott-Knott ao nivel
de 5%. mMMSF: massa de matéria seca das folhas; mMMSC: massa de matéria seca do caule; MMSR: massa de matéria
seca do sistema radicular; IQD: indice de qualidade de Dickson.

A menor producdo de matéria seca pelo tratamento comercial afetou a qualidade
das mudas (Tabela 3), uma vez que o IQD é calculado com base na altura, diametro
e no ganho em matéria seca das plantas. Deste modo, observou-se menor valor para
a qualidade nas mudas cultivadas em substrato comercial, seguida pelos tratamentos
com residuo de aves e, posteriormente, os residuos bovino e ovino, no qual os ultimos
dois apresentaram maiores valores médios, com 0,05. Resultados semelhantes foram
observados por Berilli et al. (2019) em mudas de Capsicum annuum L, no qual os autores
observaram menor qualidade de muda nas plantas cultivadas em substrato comercial
Maxfertil, quando comparado ao residuo alternativo de lodo de curtume desidratado.

Ao avaliar o balanco de nitrogénio (Tabela 4), é not6rio que houve maior sensibilidade
no indice ao se estimado pela excitacdo na luz verde (NBIG), apresentando resultados
inferiores para o T-Comercial. Os valores obtidos pelo tratamento comercial para a
caracteristica NBIG foram inferiores em no minimo 23% quando comparado aos demais
tratamentos.

Tratamentos SFRG SFRR NBIG NBIR FLAV ANTHRG ANTHRB
T-Comercial 0,86 b 0,74 b 0,51b 0,57 a 0,18 a -0,01 a -0,73 a

T-Bovino 1,02 a 0,94a 065a 0,63a 0,22 a -0,01 a -0,71 a
T-Ovino 1,01 a 0,89a 0,64a 0,66 a 0,22 a -0,01 a -0,71 a
T-Aves 1,04 a 0,92a 0,63a 0,69 a 0,18 a -0,01 a -070 a
CV(%) 9,75 8,76 14,28 18,59 25,87 31,54 4,04

Tabela 4. Valores médios dos indices fisioldgicos obtidos com o fluorémetro Multiplex® em folhas de
mudas de berinjelas produzidas com compostos organicos de diferentes residuos animais.

Grupolde médias seguidas de letras distintas na coluna diferem estatisticamente entre si pelo teste Scott-Knott ao nivel
de 5%. Indices de clorofila (SFRG e SFRR), balango de nitrogénio (NBIG e NBIR), flavonoides e antocianinas (ANTHRG e
ANTHRB).

Os menores indices de clorofila foram observados no T-Comercial, apresentando
valores de 0,86 e 0,74 para os respectivos indices SFRG e SFRR, além de um menor
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indice SPAD (4,87). Correlagdes positivas entre o teor de clorofila extraida das folhas
das plantas com os indices SPAD, SFRR e NBIR ja foram observados por outros autores
(Coelho et al., 2012; Sales et al., 2018b). Deste modo, pode-se inferir que as plantas
crescidas em substrato comercial apresentaram menor clorofila, 0 que em conjunto com
a menor area foliar (Tabela 2) reduziu significativamente o ganho em quase todas as
caracteristicas.

Apesar dos menores valores dos indices de clorofila e balango de nitrogénio na
parte aérea das mudas de berinjela, ndo foram observados alteracdes nos flavonoides e
antocianinas. Isso nos indica que esses menores resultados nao refletiram definitivamente
em algum estresse nutricional. Como observado por Sales et al. (2018b), a producao
de compostos fendlicos, tais como os flavonoides, tendem a aumentar em condi¢cbes
de deficiéncia de nitrogénio, todavia, a menor quantidade de nitrogénio fornecida pelo
substrato T-Comercial proporcionou apenas menor rendimento nas caracteristicas as

mudas, e nao deficiéncia nutricional pelo baixo suprimento mineral.

4| CONCLUSAO

Houve padrdo de resposta muito semelhante para as mudas em todos 0s substratos
utilizados, exceto o produzido por substrato comercial, no qual apresentou crescimento
inferior, com menor ganho em matéria seca total e em qualidade de mudas.

Houve menor balango interno de clorofila e nitrogénio nas mudas de berinjela
cultivadas em substrato comercial.

Pode-se recomendar o uso dos substratos alternativos com esterco bovino, esterco
de aves e esterco de ovino misturado com palha de café nas proporcdes utilizadas nesse
estudo na producdo de mudas de berinjela.
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ABSTRACT

The sustainable production of inputs or products, either agricultural or industrial, has become an international concern in the last years. Thus, one of the
biggest challenges today is to combine production with sustainability. Industrial waste use in agriculture is an alternative that has been gaining strength.
The objective of this study was to evaluate the development, physiology and quality of Coffea canephora seedlings from the 13 genotypes (variety Vitéria
Incaper 8142), in conventional substrate in comparison to a substrate based on tannery sludge. A 2 x 13 factorial scheme was used in which the first factor
was the two substrates (conventional substrate and substrate with tannery sludge), and the second factor was the 13 Vitéria - Incaper 8142 Conilon coffee
genotypes, arranged in a randomized block design with four repetitions. At 150 days after planting, the following characteristics were evaluated: leaf
number, plant height, stem diameter, canopy diameter, leaf area, SPAD chlorophyll index, nitrogen balance index, total chlorophyll index, anthocyanins
index and flavonoids index, dry shoot matter mass, dry root matter mass,dry total matter mass and Dickson quality index . No significant interaction was
observed between the factors evaluated. The substrate containing tannery sludge provided less gain for most of the growth characteristics when com-
pared to the conventional substrate. The tannery substrate promoted a greater production of defense metabolites in plants. As for the response pattern
between the genotypes of the Vitéria - Incaper 8142 variety, a high unevenness was observed in the initial development, both for their phenological and

physiological characteristics, which is a reflect of the genetic variability existing between the genotypes.

Key words: Seedling production; Coffe canephora; physiology; sustenaibility.

1 INTRODUCTION

Coffee is a drink immensely appreciated by a large
part of the world's population, so to meet this demand,
estimates indicate that the harvest in 2019-2020 will be 167.4
million bags benefited from 60 kg, with 42.8% of this total
corresponding to the species Coffea canephora (International
Coffee Organization — 1CO, 2019). This percentage represents
71.72 million bags of C. canephora, 1.5% more than the
previous harvest.

Although the species Coffea arabica is the most
cultivated in Braxzil, the species C. canephora has contributed
significantly to the increase in the national production. The
species C. canephora occupiesacropped areaof approximately
400 thousand hectares and represents about 25% of the
national production (Companhia Nacional de Abastecimento
— CONAB, 2020).

Espirito Santo is a Brazilian state notably focused
on coffee farming, mainly for the species C. canephora,
contributing to approximately 76% of all the Brazilian
production. Therefore, it is the largest producer in the
country (Instituto Capixaba de Pesquisa Assisténcia Técnica
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e Extensdo Rural — INCAPER, 2019). However, despite the
high productivity, the cost of producing this crop is still high,
so there is a need to prioritize techniques that aim to reduce
such costs.

In the coffee seedling production sector, studies were
carried out with the objective of reducing production costs,
such asthe use of tannery sludge, urban compost, dairy waste
and coffee drying residue as a source of organic matter,
or even as foliar fertilization, becoming a very important
alternative (Meneghelli et al., 2016; Sales et al., 2018a;
Quartezani et al., 2019). With regard to tannery sludge, this
residue from bovine leather processing has a high potential
for agricultural use, dueto the large amount of organic matter
and the presence of essential nutrients to the plants found in
it (Tavares et al., 2013; Berilli et al., 2018; Vazifehkhoran;
Shin; Triolo, 2018).

However, the tanneries are known for the high load of
pollutants that are generated during leather processing and for
the environmental impacts that the inappropriate disposal of
these residues represents (Silva et a., 2010a; Alibardi; Cossu,
2016). Asaresult, the use of tannery residuein the propagation
of Conilon coffee seedlings, mainly on substrates, can help to
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reduce production costs and, at the same time, contribute to an
appropriate purpose when used properly.

Plant development is directly affected by the quality
of the substrate, as it is responsible for supporting the plants
while providing water and nutrients. Recent studies indicate
that the use of tannery sludge in substrates for the production
of conilon coffee seedlings had positive effects, guaranteeing
development standards acceptable to planting (Berilli et al.,
2014; Quartezani et al., 2018).

Nevertheless, most of these studies are performed for
only one genotype, and this species has numerous genotypes,
whichinturn, exhibit acompletely different behaviorinrelation
to several morphological and physiological characteristics
(Giles et al., 2019). Thus, when proposing a new substrate
for the propagation of this species, it is of great importanceto
know the behavior of the several genotypes.

Because of the high potential for agricultural use of
tannery sludge, and the need for these industries to become
more sustainable, the objective of this study was to evauate
the development, physiology and quality of C. canephora
seedlings from the 13 genotypes (variety Vitoria Incaper
8142), in conventional substrate in comparison to a substrate
based on tannery sludge.

2 MATERIAL AND METHODS

The experiment was carried out in the seedling
propagation nursery owned by the Federal Institute of
Education, Science and Technology of Espirito Santo, Itapina
campus, located in the city of Colatina, state of Espirito Santo,
Brazil (19°32'22" S, 40° 37'50"W at 71 above sealevel). The
climate in the region is Tropical Aw, according to the climate
classification of Koppen, with a well-defined rainy season
between October and January and an average rainfall of
1029.9 mm (Sales et al., 2018b). A 2 x 13 factorial scheme was
used, where the first factor was two substrates (conventional
substrate and substrate with tannery sludge), and the second
factor was the 13 Conilon coffee genotypes. The treatments
were arranged in a randomized block design with four
replications. Each plot contained seven seedlings totaling 182
plants per block, and 728 plants throughout the experiment.

The two substrates were prepared 30 days in advance,
in the following composition: substrate with sludge: 20%
dehydrated tannery sludge + 30% humus and 50% soil.
Conventional substrate: 80% of soil and 20% of humus,
and for each 100 liters of substrate, 0.625 kg of P,O,, 0.200
kg of limestone and 0.200 kg of KCI were added. After the
homogenization of the components, the 600 mL polyethylene
bags were filled and the beds were formed. Also, the substrate
remained under irrigation until planting.

The soil used in the substrate was removed from the
subsoil and classified as a Red Dystrophic Oxisol (Empresa
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Brasileira de Pesquisa Agropecuéria — EMBRAPA, 2013),
with the following chemica characteristics. pH: 5.30; P:
4.00e’ kg dm3; K: 5.20e® kg dm'3; remaining P: 2.00e% kg mL;
Ca 11.60 mmol _dm3; Mg: 9.30 mmol _ dm3; Al: 0.50 mmol dms,
potential acidity (H + Al): 14.00 mmol_ dm?; organic matter:
1.50e® kg dm3; sum of bases (SB): 22.20 mmol _dms; cation
exchange capacity (CEC) at pH 7 (T): 36.20 mmol_ dms,
effective CEC (t): 22.70 mmol _ dm?; Al saturation (m): 2.20%
and base saturation: 61.40%.

The tannery dudge used in the experiment was
provided by the company Capixaba Couros LTDA, located in
the municipality of Baixo Guandu, ES. The sludge, together
with the humus, were submitted to laboratory analysis to
obtain the chemical parameters (Table 1).

Table 1: Chemical characteristics of the organic material used
in the substrate.

Parameter Unit Sludge Humus

Total Organic matter kg dm=3 0.30* 4.63e?

Organic Carbon gkg? 61.2 201.90
CIN ratio - 31 10/1

N kg dm3 1.73e? 2.10e?

P kg dm3 5.20e® 1.19e?

kg dm3 6.00e* 7.50e®

Ca kg dm3 0.23 2.18¢?

Mg kg dm3 1.53e? 5.40e?

S kg dm3 1.32e? 4.50e?

Na kg dm3 5.50e® 3.70e®

Cl kg dm3 3.70e? 2.00e®

B kg dm3 3.00e* 2.00e®

*Results on dry matter basis (mass/mass).

The Conilon coffee (C. canephora Pierre) seedlings
used in the experiment were of “Vitoria Incaper 8142” clonal
variety (13 genotypes), produced at the Institute itself, from
cuttings obtai ned from adult tissue from orthotropic stem taken
from crops with an adequate phytosanitary and nutritional
aspect. After removing the branches from the mother plants,
they were sent to the greenhouse, where 0.3 m of the ends of
the orthotropic stems were eliminated. Then, the cuttings were
standardized at 0.06 to 0.08 m in height, leaves with 1/3 of the
leaf blade, plagiotropic branches and above the insertion of the
pair of leaves with 0,01 m (Ferrdo et al., 2017). The cuttings
were planted as soon as they were ready on a previously
moistened substrate.

The seedlings of conventional and tannery sludge
substrates were submitted to foliar fertilization (three
applications) with nitrogen and potassium, being considered a
dosage of 3.00e* kg of urea and 3.00e* kg of KCI completed
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to 100 mL of water with the two elements, which corresponds
t0 1.35e® kg L™ N and 1.8¢® kg L™ K,O. The first application
occurred shortly after the appearance of the second pair
of leaves followed by the next spaced every 30 days. The
irrigations were carried out by the aspertion method, and the
system wasturned on for 20 seconds at interval s of 30 minutes.
No phytosanitary control was required during the conduct of
the experiment.

The leaf number (LN), plant height (PH), stem
diameter (SD), canopy diameter (CaD), leaf area (LA)
measured using the LI-3100C instrument, the leaf
chlorophyll index measured by means of SPAD-502-PLUS
were evaluated at 150 days. Assessments of dry shoot matter
mass (DSMm), dry root matter mass (DRMm) and dry total
matter mass (DTMm) were evaluated were evaluated. The
dry matter mass was obtained by incubating the material in a
forced circulation oven at 72 °C for 72 h, and then weighing
it on a precision analytical scale. After obtaining these data,
the Dickson Quality Index (DQI) was calculated using the
Equation 1:

DTMm
5 ) [omm)
D DRMm
Besides the SPAD, analyses of the plant physiology
were performed using a multiplex® fluorometer model

(Force-A), with multiple sources of light excitation,
estimating index of various compounds, such as nitrogen

)

o

balance (NBIR), total chlorophyll (SFRR), anthocyanins
(ANTHRB) and flavonoids (FLAV). The analyses were
carried out in the morning, between 9 and 11 am. and on only
one side of the seedlings, pointing the equipment towards
canopy , from top to bottom, at an angle of approximately
45 degrees.

The data were subjected to analysis of variance, using
the F test and when significant, subjected to the Scott-Knott
test at a significance level of 5% probability with the aid of the
R software (R Core Team, 2016), using the package “ExpDes.
pt” (Ferreira; Cavalcanti; Nogueira, 2013). Correlation tests
between variables were also performed using Pearson’s
correlation coefficient (r), using the “corrplot” package (Wei;
Simko, 2017).

3 RESULTS AND DISCUSSION

The V3 genotype was not analyzed statistically
due to the low rate of seedling survival, which did not
reach 20%. This genotype is known by many seedling
producers as a genotype that is difficult to propagate,
and this characteristic is inherent in the genetic material
itself.

No occurred interaction among the factors studied
(substrate x genotypes) for al the evaluated characteristics
in Conilon coffee seedlings of the variety “Vitoria - Incaper
8142” (Table 2). Therefore, the simple effects of the factors
were evaluated on the growth and physiological characteristics
of seedling.

Table 2: Analysis of variance of plant height (PH), stem diameter (SD), canopy diameter (CaD), leaf area (LA), dry shoot matter
mass (DSMm), root (DRMm) and total (DTMm), leaf number (LN), Dickson quality index (DQI) leaf chlorophyll index (SPAD), total
chlorophyll (SFRR), nitrogen balance (NBIR), anthocyanin index (ANTHRB) and flavonoid index (FLAV) in Conilon coffee seedlings.

SV DF Mean Square
PH (m) SD (m) CaD (m) LA(m?)  DSMm(kg) DRMm (kg) DTMm (kg)
Substrate (S) 1 5.02** 3.40e*ns 0.30ns 2,39* 1.21g2** ** 6.00e”ns 0.12**
Genotypes(G) (C) 11 0.21** 8.00e4** 0.38 ** 1,05 ** 3.60e3 ** 2.10e* ** 5.30e3**
SXG 11 0.13ns 1.90e* ns 0.06 ns 0.65ns 8.50e*ns 6.00e® ns 1.00e® ns
Residue 69 0.08 2.20e* 0.08 0.40 9.00e* 5.00e" 1.20e®
Overall mean 0.17 3.99¢3 0.20 0.26 3.86¢ 8.10e* 4.80¢’®
CV (%) 16.51 11.36 13.88 24.50 24.55 26.91 23.20
N\ DF LN DQI SPAD SFRR FLAV ANTHRB NBIR
Substrate (S) 1 40.07 ** 3.00e®ns  210.63** 0.15ns 0.13** 0.0005 ns 535*
Genotypes(G) (C) 11 7.61* 0.07 ** 131.61 ** 0.31ns 0.07** 0.0004 ns 1.80 *
SXG 11 212ns 0.01ns 25.07 ns 0.17ns 0.0080 ns 0.0009 ns 0.40 ns
Residue 69 4.20 0.02 15.71 0.21 0.005 0.0007 0.42
Overall mean 9.82 051 33.42 2.84 0.27 0.05 274
CV (%) 19.65 26.07 11.86 16.21 27.19 26.95 25.29

*Significant at 5% probability (p < 0.05); **Significant at 1% probability (p < 0.01); ns: not significant. SV: Source of variation. DF: degrees of

freedom. CV: coefficient of variation.
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Significant effect it was observed in the levels of the
genotype factor for most of the evaluated characteristics
(Table 2). Such results reveal inequalitiesin the initial growth
of the genotypes. These genotopes have distinct genetic
characteristics, whichinturnresultsin considerabledifferences
in most plant growth characteristics, indicating uneven growth
within the variety (Covre et a., 2013). Asfor the levels of the
substrate factor, it was not possible to observe a significant
effect for most of the variablesanalyzed, including the seedling
quality index, showing that the alternative substrate can
provide seedlings with the same quality as the Conventional
substrate used by producers.

It was observed that the different substrates caused
significant effects on plant growth variables, with the
exception of only stem diameter and canopy diameter (Table 3).
The Conventional substrate provided higher averagesfor plant
height, leaf number and leaf area, which were higher by 30,
14 and 13% respectively, when compared to the substrate
containing tannery sludge.

Although the canopy diameter variable did not show
any difference (Table 3), the plants grown on conventional
substrate obtained a higher leaf emission, which resulted in a
larger leaf area, favored the carbon balance, which can be used
for height gainsand dry matter (Table4). Theplant heightisone
of the main characteristics observed by producers of conilon
coffee seedlings, for determining the point of sale (Berilli et
al., 2014). However, although the Conventional substrate had
a higher height, the values found by the alternative substrate
showed considerable growth in this experiment, reaching an
average height of 0.15 m.

Table 3: Plant height (PH), stem diameter (SD), canopy
diameter (CaD), leaf number (LN), leaf area (LA), of “Vitéria
Incaper 8142” Conilon coffee plant, grown in two substrates.

Substrates PH(m) SD(m) CaD(m) LN  LA(m)
Conventional 0.19a 4.14e®a 02la 1046a 274e?’a
Sludge 0.15b 4.02e%*a 019a 917b 242e?b

Means followed by the same letter in the column are not different from
each other at the 5% probability level (p < 0.05) by the Scott-Knott test.

It is possible that these less favorable results for the
substrate with tannery dudge are linked to the elements
chromium and sodium, which are found in high amountsin this
residue (Table 1). These eements can be absorbed by the roots
and accumulated there and stem and leaves as well (Bevilli et al.,
2015), thus being able to cause some physiological disturbances
and impairing the normal growth of the plant. However, it is
worth mentioning that the dudge substrate did not receive any
chemical fertilization, unlike the conventiona substrate, which
possibly resulted in a higher nutrient load readily available for
absorption, enabling the best initial development (Tables3 and 4).
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Table 4: Dry shoot matter mass (DSMm), root (DRMm) and
total (DTMm), Dickson squality index (DQI) and chlorophyll
index (SPAD) of conilon coffee seedlings of the variety “Vitéria
Incaper 8142”, grown on two substrates.

DSMm DRMm DTMm

Substrates DQI SPAD
k) (o (g 9
Conventional 4.21e®a 8.le*a 5.02e%a 05la 3490a
Sludge 350e®hb 82e*a 43le®b 052a 31.94b

Means followed by the same letter in the column are not different from
each other at the 5% probability level (p < 0.05) by the Scott-Knott test.

Gresater gains were observed for the dry matter of the
shoot and total of the plants grown on the conventional substrate
(Table 4). Possibly, this result was obtained, due to the greater
load of mineral nutrients readily available for abosréo, such
as P and K found in the conventional substrate, result of the
chemica fertilization that was incorporated in this substrate.
These nutrients are fundamental to the development of plants,
being directly part of plant metabolism (Marschner, 2011)

The nutrient B, for example, plays a fundamenta role
in processes involving energy storage, having a centra role
in al reactions involving ATP, whether in respiration or in
photosynthesis. The K element acts as a catalyst and plays
a significant role in the activation of enzymes involved in
photosynthetic activities (Zaheer et al., 2018). Thus, the
greater availability of these nutrients in the conventional
substrate, contributed strongly to improve the performance
and metabolic regulation of these plants.

In addition, the conventional substrate also provided
a higher SPAD index (Table 4), which acting in conjunction
with a larger leaf area (Table 3), certainly increased the
photosynthetic levels of the plants resulting in significant gains
in fixing carbon, consequently higher dry matter content of the
shoot and total (Silva et al., 2010b). This can be confirmed in
Figure 1 by the strong positive correlation between total dry
matter and leaf area (r = 0.75).

In general, the lower performance of plants grown on
substrate with tannery sludge in highlighting the variables
plant height, leaf number, leaf area(Table 3), chlorophyll index
SPAD, dry shoot matter and dry total matter (Table 4), may
have been in response to the salinity caused by Na. Studies
indicate that excess Na is responsible for causing negative
effects in various vegetable species, including in conilon
coffee (Carvalho et a., 2012; Temoteo et a., 2015). In coffee
seedlings, salinity is responsible for decreasing the activity of
the nitrate reductase enzyme, in addition to causing stomatal
closure and drop in photosynthesis, which in turn, reflects in
the lower growth rate (Karasawa et al., 2003).

The substrates did not promote any difference in terms
dry root matter (Table 4). This indicates that the substrate with
tannery sludge did not reveal any physical or chemical barriers,
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which would inhibit the root growth of the plants, and possibly
was able to promote an environment similar to the conventional
substrate, which resulted in a good root development. Conilon
coffee seedlings with well-developed roots is an important
aspect to be considered, as it is a factor that compromises the
longevity of coffee plantations (Ferrdo et al., 2017).

The nitrogen balance and the flavonoid index differed,
being the inverse, that is, higher levels of flavonoids were
followed by a lower nitrogen balance in plants grown on
substrate with tannery sludge (Table 5). However, plants
grown on conventional substrate obtained higher levels of
nitrogen balance and lower levels of flavonoids.

These results can be better understood, since there is
competition in the biosynthesis and metabolic regulation of

Table 5: Chlorophyll (SFRR), nitrogen balance (NBIR),
flavonoids (FLAV) and anthocyanins (ANTHRB) in variety
“Vitoria Incaper 8142” Conilon coffee seedlings, grown on two
substrates.

Substrates SFRR FLAV NBIR ANTHRB
Conventional 2.88a 0.23b 273 a 0.032a
Sludge 2.80a 0.30a 242b 0.031a

Means followed by the same letter in the column are not different from
each other at 5% probability level (p < 0.05) by the test of Scott-Knott.

polyphenols and proteins, which use the same precursor, the
amino acid phenylalanine (Coelho et al., 2012). Thus, due to
the greater growth of plants grown on Conventional substrate,
protein synthesis reduced the availability of phenylalanine
to be used in phenalic synthesis (Caretto et al., 2015), which
resulted in a lower rate of secondary compounds, such as
flavonoids. For this reason, the physiological variables
nitrogen balance and flavonoids have a negative correlation of
r=-0.81 (Figure 1).

Therefore, it is evident that the tannery sudge provided
themwith agreater synthesis of defense compounds. This, inturn,
may be related to potentially toxic eements (Naand Cr) found in
tannery residue, in addition to the low supply of Pand the high pH
found in the substrate with tannery (Table 1). The main functions
of flavonoids are linked to the protection of plants against stress,
either of biotic or abiotic origin (Khalid et al., 2019). The nitrogen
balance index was higher in the conventional substrate and,
possibly, thiswas one of the factorsthat contributed to leaf growth
and expansion, since nitrogen participates in the composition of
amino acids, proteins and chlorophylls.

For the growth variables between the genotypes
(Table 6), only the leaf number did not difference, which
highlights the unevenness in the initial development of the
genotypes, which is a result of the genetic diversity in the
variety. For plant height, the genotypes V2, V7, V8, V10 and
V11 obtained the highest means ranging from 0.17 to 0.20 m.

Regarding the stem diameter, the V8 genotype stands out with
the best mean, which is superior to all the others. Contarato et
a. (2010) also detected divergence in the initial devel opment
of genotypes of this variety, attributing the difference to the
distinct genetic characteristics between the genotypes.
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Figure 1: Association (Pearson correlation) between the main
evaluated variables. Significant at* p < 0.05; ** p < 0.01. Plant height
(PH), stem diameter (SD), canopy diameter (CaD), leaf area (LA),
dry matter mass total (DTMm), leaf number (LN), leaf chlorophyll
index (SPAD), total chlorophyll (SFRR), nitrogen balance (NBIR),
anthocyanin index (ANTHRB) and flavonoid index (FLAV).

Table 6: Plant height (PH), stem diameter (SD), canopy
diameter (CaD), leaf number (LN), leaf area (LA), of “Vitdria
Incaper 8142” Conilon coffee seedlings.

Genotypes PH(m) SD(@m) CaD (m) LN LA (m?)
\"2! 0.15b 3.92e®b 02la 11.44a 2.80e?a
V2 0.19a 427e*b 022a 09.68a 246e?a
V4 0.17b 3.88¢%b 023a 0954a 275e%a
V5 0.16b 3.96e®b 0.20a 08.75a 257e?a
V6 0.17b 417¢*b 021a 10.86a 3.02e%a
V7 0.17a 371e®b 017b 08.07a 1.88¢2%b
V8 0.19a 492e%*a 019b 10.04a 277e%a
V9 0.15b 4.04e®b 0.16b 10.00a 1.95e?hb
V10 0.20a 4.27e*b 022a 09.95a 3.0le?a
Vi1 0.18a 4.00e®b 0.22a 1094a 276e%a

Vi2 0.16b 4.08¢%b 0.18b 09.77a 249?a
Vi3 0.17b 3.80e®b 0.19b 08.76a 256 €e?%a

Means followed by the same letter in the column are not different from
each other at 5% probability level (p < 0.05) by the Scott-Knott test.
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Regarding the canopy diameter (Table 6), the genotypes
V7, V8, V9, V12 and V13 obtained the lowest averages. The
smallest canopy diameter the genotypes V7 and V9 occurred
along with by asmaller leaf area. However, for the others, the
smaller canopy diameter may indicate more closed canopies,
which mainly affects the distribution of solar radiation among
the leaves. Although genotypes V7 and V9 had a smaller
leaf area, they did not differ from the others in terms of |eaf
number, indicating smaller leaves.

For the DQI and dry matter mass of the shoot, root and
total (Table 7), the genotypes are divided into two groups,
one superior to the other. Regarding DQI, the genotypes V7,
V9, V12 and V13 comprised the lowest average group, and
were at least 6% lower than any other genotype evaluated.
It is important to observe that this index is based on the
balance of biomass accumulated throughout the plant, and
the higher the index, the greater the chance of success for
the seedling in the field.

Table 7: Dry shoot matter mass (DSMm), root (DRMm) and
total (DTMm), Dickson quality index (DQI) and chlorophyll
index (SPAD) of variety “Vitoria Incaper 8142” Conilon coffee
seedlings.

DSMm DRMm DTMm
Genotypes (kg) (ka) (kg) DQI SPAD
Vi1 428¢%a 8.50e*a 5.13e®a 0.58a 29.28 ¢
V2 4.02¢*a 1.00e*a 5.02¢*a 059a 30.35c
V4 4.14e®*a 9.10e*a 5.06e*a 059a 31l.24c
V5 3.6le®b 7.60e*b 4.38¢%b 050a 29.94c
V6 395e%a 7.80e*b 4.78¢*a 053a 3091c
V7 2.83¢%b 570e*b 340e®b 035b 3545b
A\ 5.06e*a 9.80c*a 6.04e*a 062a 33.30b
V9 295e®h b570e*b 342e®b 037b 41.37a
V10 472¢%*a 9.80c*a b5.7le®*a 0.58a 30.89c¢
Vil 3.82¢%a 9.70e*a 4.79e*a 056a 40.93a
Vi2 3.35e®b 7.20e*b 4.07e*b 047b 3441b
Vi3 35%°%b 6.60e*b 4.24e*b 042b 3296b

Means followed by the same letter in the column are not different from
each other at the 5% probability level (p < 0.05) by the test of Scott-
Knott.

The genotypes V7 and V9 were the ones that reached the
highest values in the SPAD index (Table 7). As seen in Table 6,
the V9 genotype had a smaller leaf size, as it obtained a smaller
leaf area for the same leaf number as the other genotypes.
Thus, these results raise the hypothesis that the highest SPAD
index was achieved, due to the concentration of chlorophyll
molecules, inasmaller leaf area, due to the concentration effect.
Similar results are found by Salamanca-Jimenez, Doane and
Horwath (2016) in arabica coffee seedlings under different
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conditions of nitrogen availability and soil moisture, in which
the highest values of chlorophyll content and SPAD index were
found as the tota leaf area of the plant decreased. However,
according to the cited authors, the total chlorophyll amount was
reduced in plants with the smallest leaf area, thusindicating that
on a mass basis the plants with the largest leaf area obtained
higher amounts of chlorophylls. This does not occur for the
V11 genotype because it belongs to the group with the largest
leaf area (Table 6), that is, it has larger leaves, which together
with the highest SPAD index, provides greater photosynthetic
capacity for this genotype, this being a genetic trait.

The chlorophyll index obtained through the multiplex
(Table 8) got a different behavior from the SPAD index
(Table 7), characterizing the difference in the sensitivity of
obtaining the indexes by the two devices to assess chlorophyll.
Nevertheless, a positive correlation was observed between the
two variables (Figure 1), since both are indirect chlorophyll
meters. A difference was detected between the genotypes for
the nitrogen balance and the index of secondary metabolites,
flavonoids and anthocyanins. Regarding the flavonoid index,
the genotypes V1 and V6 stand out with the highest production
of this metabolite, which may be an indication of greater
chances of survival of these plants under stressful conditions.
Addition to acting as an antioxidant agent, these metabolites
aso play akey rolein the modulation of cell signaling survival
pathways (Mansuri et a., 2014).

Table 8: Total chlorophyll (SFRR), flavonoids (FLAV), nitrogen
balance (NBIR) and anthocyanins (ANTHRB) obtained through
the Multiplex® equipment, in variety “Vitéria Incaper 8142”
conilon coffee seedlings.

Genotypes SFRR FLAV NBIR ANTHRB
\%! 2.69a 0.40a 193¢ 0.026 b
V2 2.67a 0.32b 2.18b 0.040 a
V4 2.68 a 0.24c 2.38b 0.031b
V5 278 a 0.31b 277a 0.026 b
Vo6 2.68 a 041a 166¢c 0.020 b
V7 29 a 0.16¢c 2.96a 0.032b
V8 29 a 021c 313a 0.022b
V9 3.26a 0.14c 2.84a 0.036 a

V10 270a 0.35b 298a 0.045a
V11 310a 0.16¢ 30la 0.045a
V12 29 a 0.19c 2.48b 0.028 b
V13 272a 0.30b 254b 0.026 b

Means followed by the same letter in the column are not different from
each other at the 5% probability level (p < 0.05) by the Scott-Knott test.

The highest production of anthocyanins was observed
in genotypes V2, V9, V10 and V11. Because this metabolite
belongs to the flavonoid class, it has protective functions
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against stress such as water deficit, salinity, excess of UV
radiation, attack of pathogens, among others (Li et a., 2016).
Therefore, it is possible that the genotypes V2, V9, V10 and
V11, are more likely to survive under stress conditions, as
their genetic characteristics provide greater anthocyanin
production.

In general, the greater synthesis of polyphenols did not
negatively affect the dry total matter gain of genotypes V1,
V2,V6,V9, V10 and V11 indicating that the normal growth of
the seedling was maintained even with the greater investment
in secondary metabolites. This can be confirmed by the low
correlation between dry total matter and anthocyanins index
and flavonoid index, with respective values of r = 0.24 and
0.26 (Figure 1). This revedls that, in this case, there was no
competition of nitrogen for the routes of polyphenols and
proteins, but that the nitrogen was supplied in sufficient
amount to maintain the two metabolic routes, in which the
greater synthesis of flavonoids is an intrinsic characteristic of
these genotypes.

When the data were correlated (Pearson correlation)
to verify the existence of association between the variables,
interesting results were observed (Figure 1). Although
many of the coefficients of the correlations evaluated were
significant (p <0.01 and p <0.05), few were of medium
or high magnitude. This can be attributed to the genetic
diversity between the genotypes, if this analysis were
carried out with only one genotype, we would possibly
have higher correlation coefficients (Emerenciano Neto et
a., 2019).

The SPAD showed positive correlation only with o
with chlorophyll index (r = 0.45) and nitrogen balance (r
= 0.60) (Figure 1). For SPAD and SFRR, this is related to
the fact that both are indirect and non-destructive measures
of chlorophyll. As for the nitrogen balance (NBIR) with
SPAD, this is largely due to the N present in the chlorophyll
molecules, strongly linking the chlorophyll content of the
leaves to the plant’'s nitrogen status. Positive correlations
between the chlorophyll content extracted from the leaves
of the plants with the SPAD, SFRR and NBIR index have
already been observed by other authors (Coelho et al., 2012;
Sales et al., 2018c).

The dry total matter mass was negatively correlated
with the SPAD index and the total chlorophyll SFRR, r =
-0.25 and -0.30, respectively (Fgure 1). Likewise, the leaf area
showed a negative correlation with the total chlorophyll SFRR
(r = -0.35). Possibly these results were achieved due to the
dilution effect that occurs between the chlorophyll molecules
and dry matter mass and between leaf expansion with these
same pigments.

In general, this study showed lower results for the
growth characteristics of plants grown on substrates with
tannery sludge. This can be attributed both to the toxic

elements and to the lower availability of P and K contained in
the tannery residue. It is worth mentioning that conventional
treatment received an additional 0.625 kg of P,O, and 0.200 kg
of KCl for each 100 L of substrate, contributing to the growth
of the plants.

In addition, it was possible to discover that the response
pattern of the genotypes was not influenced by the substrate
used. Therefore, genotypes behave similarly when using
different substrates, and that the greater or lesser response
between genotypes is an intrinsic characteristic of the genetic
material, and not the type of substrate used.

4 CONCLUSIONS

The substrate containing tannery sludge provided less
gain for most of the growth characteristics when compared to
the conventional substrate; however, it did not differ in terms
of seedling quality.

A greater synthesis of flavonoids and a lower nitrogen
balance in plants grown on substrates with tannery sludge in
comparison to the conventional substrate.

There was great variability between the genotypes in
relation to the characteristics evaluated, where the genotypes V7,
V9, V12 and V13 displayed the lowest seedling quality index.

The genotypes V1 and V6 were greater synthesis of
flavonoids, which is a result of the genetic characteristics
inherent to the genotypes themselves.
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RESUMO

O Paind Intergovernamental sobre Mudancas Climéticas (IPCC) através do seu Quarto
Relatério de Avaliacdo das Mudancgas Climaticas Globais (IPCC-AR4) publicado em 2007,
atribui as emissdes de gases de efeito estufa como a principal causa do aumento médio das
temperaturas e aerta para uma elevacdo entre 1,8 °C e 6,4 °C até 2100, podendo modificar
assim a aptiddo climética para as culturas agricolas em diversas regides do planeta. Diante
disso, existe a necessidade de substituicdo dos combustiveis fossels por fontes renovéveis e
limpas de energia, como o etanol. A cana-de-aclicar apresenta-se, portanto, como uma cultura
estratégica na producdo do etanol. O presente trabalho teve como objetivo: elaborar o
zoneamento agroclimético da cana-de-agUcar para a América do Sul considerando o clima
referéncia e o futuro para as décadas de 2050 e 2080 em funcdo do cenario de emissdo A1B
considerado pessimista e que usa um equilibrio entre todas as fontes de energia. Para a
elaboracdo do zoneamento agroclimatico, procedeu-se o clculo dos balangos hidricos
(referéncia e futuros) da cultura, pelo método de Thornthwaite & Mather (1955). Para o
cend&rio referéncia, utilizaram-se dados das médias mensais da precipitacdo e temperatura
provenientes da “University of East Anglia”/“Climate Research Unit” (CRU), enquanto que
paraas projecdes futuras, dados provenientes das anomalias do Multimodel (ensemble) — MM
para as décadas de 2050 e 2080. Baseado nos mapas temati cos reclassificados de deficiéncia
hidrica anual, temperatura média anual, excedente hidrico anual e no indice de satisfacéo das
necessidades de agua (ISNA), realizou-se uma sobreposicado dessas informacfes obtendo
assim, os mapas finais do zoneamento agroclimatico da cana-de-acUcar. Os resultados para 0s
cenarios avaliados mostraram que as areas inaptas correspondem a maior parte da Américado
Sul, e ha uma expressiva transi¢do entre as classes de aptiddo climatica da cultura.

Palavras-chave: Aguecimento global; balanco hidrico da cultura; zoneamento
agroclimatico; cana-de-agUcar.

ABSTRACT

The Intergovernmental Panel on Climate Change (IPCC) through its Fourth Assessment
Report of Globa Climate Change (IPCC-AR4), published in 2007, assign emissions of
greenhouse gases as the main cause of the increase in average temperatures and aert an
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increase between 1.8 °C and 6.4 °C until 2100, thus being able to modify the climatic aptitude
for crops in different regions of the planet. Therefore, a necessity exists to replace fossil fuels
with renewable and clean energy sources such as ethanol. The cane sugar, therefore, presents
itself asastrategic crop for ethanol production. The study objective: elaborate the agroclimatic
zoning of cane sugar to South America considering the climate for future reference and 2050
and 2080, in function to the emission scenario A 1B considered pessimistic and using abalance
between all energy sources. For the devel opment of agroclimatic zoning proceeded to cal culate
the water balance (reference and future) of culture by the method of Thornthwaite & Mather
(1955). For the reference scenario used data from monthly averages of precipitation and
temperature from the “University of East Anglia’/“Climate Research Unit”, while for future
projections, data from the Multimodel anomalies (ensemble) - MM for the 2050 and 2080.
Based on thematic maps reclassified on annual water deficit, annual mean temperature, annual
water surplus and the Index Satisfaction of Water Requirements (ISNA) held an overlay of
this information thus obtaining the final maps of agroclimatic zoning of cane sugar. The unfit
areas correspond to most of South Americaand a substantial transition between the classes of
weather ability of culture. The results for the evaluated scenarios showed that the unsuitable
areas correspond to most of South America, and there is an expressive transition between the
classes of climatic aptitude of the culture.

Key words: global warming; water balance of culture; zoning agroclimatic; sugarcane

1INTRODUCAO

Os riscos decorridos das mudancas climéticas globais, sgjam naturais ou pela acdo
antrépica, tém levado grande preocupacéo acomunidade cientifica. Paraestudar tais mudancas
o Intergovernmental Panel on Climate Change (IPCC) fornece informacdes cientificas através
de relatérios sobre as mudangas do clima que ja aconteceram e que podem vir a acontecer no
mundo (IPCC, 2007).

Segundo o IPCC (2007), as mudancas climaticas referem-se a uma variagdo
estatisticamente significativa nas condi¢cbes médias do clima por um longo periodo como
décadas ou mais. Ele ainda alerta através de rel atorios para um aumento meédio natemperatura
global entre 1,8 °C e 4,0 °C até 2100 e, caso a populagdo e a economia continuarem a crescer
rapidamente e se for mantido o consumo intenso de combustiveis fosseis, esse aumento serd
aindamaior chegando a 6,4 °C.

Buckeridge et al. (2008), afirmam que a queima de combustiveis fossels, a modificagdo
do uso ou cobertura do solo e o crescimento populacional vém colaborando para 0 aumento
do aquecimento global e as alteragbes que estéo ocorrendo no clima do planeta.

De acordo com Furtado et al. (2011), o etanol é umafonte de energiarenovave e limpa

para 0 meio ambiente e pode ser produzido a partir da cana-de-agUcar, atenuando os efeitos
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das emissdes de gases do efeito estufa, mitigando possiveis impactos ambientais decorrentes
das mudancas climéticas, principalmente pelo setor de transportes que contribui com cercade
50% das emissbes de CO> proveniente da queima de combustiveis fossels (Goldemberg,
2011).

A expansdo das areas com aimplantagdo da cultura da cana-de-aglicar para a producdo
de etanol, uma vez que poderia amenizar o efeito do aguecimento global, ja que estaria
relacionada a diminuicdo das emissdes de combustiveis fosseis. Porém, para identificar as
areas potencialmente favoréveis a cultura da cana-de-agUcar, € importante observar as
condicdes climéticas daregido, afim de atender as exigéncias dacultura, tornando-se, portanto,
relevante a elaboracao de zoneamentos agrocliméticos. Estes sdo consideradas ferramentas de
fundamental importancia na delimitacdo de éreas climaticamente favoraveis para diversas
culturas agricolas, auxiliando na organizacdo, plangjamento das atividades agricolas e 0 uso
dos recursos naturais de maneiraracional, de modo arefletir na otimizagdo dos investimentos
Sediyama et al. (2001); Assad et ., (2013).

Mediante a0 exposto o presente trabalho tem por objetivo elaborar 0 zoneamento
agroclimético para a cultura da cana-de-aglcar (Saccharum spp.) na América do Sul,
considerando o climade referéncia 1961-1990 (década de 1980) e o cenédrio A1B de mudancas
climéticas projetadas para os periodos de 2040-2069 (década de 2050) e 2070 a 2099 (década
de 2080), utilizando dados do Multimodel (ensemble) — MM, que é a média da combinagdo
dos 21 model os climéticos globais do IPCC-AR4 (quarto relatério do IPCC) nasimulagéo dos
dados climéticos das variaveis climatol bgicas temperatura do ar e precipitacdo pluviométrica.

2 METODOLOGIA DE TRABALHO
2.1 AREA DE ESTUDO

A regido de estudo corresponde ao territério da América do Sul, com érea total de
17.632.900 km2. Situa-se geograficamente entre os meridianos 83° e 33° de longitude oeste e
entre os paralelos 58° de latitude Sul e 15° de latitude Norte, compreendendo os paises da
Argentina, Bolivia, Brasil, Colémbia, Chile, Equador, Guiana, Guiana Francesa, Paraguai,
Peru, Suriname, Uruguai e Venezuela, conforme apresentado na Figura 1.
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Figura 1. Localizacgo da area de estudo

|.-:.-"""-' &3 :.""'l' Frrs
12TH 12%N
. '
il e Sy r] "l
-\.J .'_.'-- ‘.-_“j_r -..-"ﬁ.
L4 e Wermnosis b | o (3
I, e | .-3
7 Cobfwre L | “}ﬁ
L, [ v LY
|.=-5 Lt M 8 o A L 00 Efyed i
o = [ ..J!L . U
£ i, I ,'_.,.rli_""hh_'
L , BT -5
’ N
[ o 3. 1
] [
!
Pau 1 s 4
- Prmmi
% i’y L S !
{ . ol
Chu- by i 1 T ]
: A 5
I"'|"-' . =3
] I' || I|
| x“\-l‘,\!:i'.-.u'.-, . P i
| - i {.-'
T b
f p I’
Ao & g |
Cemliig LY ey
i 1 inrpaily Cicam] Aldnids
Ehi 1
[ | -
1 1 o
[ J
5 =
[ I
5 f:‘ - M EE
Foay .
X A W I
e -'r.
5 - -
e — BOOZED 0 S
===

2.2 AQUISIQAO E TRATAMENTO DOS DADOS CLIMATOLOGICOS PARA O
ZONEAMENTO AGROCLIMATICO DA CULTURA DA CANA-DE-ACUCAR

Para elaborar o zoneamento agroclimético da cana-de-agUcar, utilizaram-se as normais
climatologicas da base de dados observacionais proveniente da “University of East
Anglia”/“Climate Research Unit” (CRU), disponibilizada gratuitamente no endereco
eletrénico http://www.cru.uea.ac.uk/data, estes representaram o clima referéncia do globo
terrestre, considerados os dados médios das variavels climéticas temperatura do ar e
precipitagdo pluviométrica em escala mensal compreendidos no periodo de 1961-1990
(década de 1980), oriundos de diversas estagdes meteorologicas distribuidas ao longo da
superficie terrestre disponivel no formato matricial (grid) com resolugdo espacial 10" x 10'
(New et al., 2002).

Para redlizar as simulages das projecOes futuras para as décadas de 2050 e 2080,
utilizaram-se as médias das anomalias de temperatura do ar e precipitagdo pluviométrica
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periodo referéncia (1961-1990) de todos os diferentes modelos climéticos globais
provenientes do IPCC-AR4 (Tabela 1), sendo que as médias desses modelos foram
denominadas de Multimodel (ensemble) - MM.

O cenério de emissdo adotado foi o A1B (SRA1B-30b) compativel com o quarto
relatério de avaliagdo de mudangas climéticas, este ¢ considerado um cendrio “pessimista”
com maior emissdo de gases se efeito estufa, porém com um uso equilibrado e eficiente de
fontes de energia, sendo possivel avaliar os impactos mais pessimistas que as mudancgas
climéticas poderdo ocasionar sobre o zoneamento agroclimatico da cana-de-agUcar na
Américado Sul, além do uso equilibrado de todas as fontes de energia.

Todos os dados de simulagdes climéticas utilizados no presente estudo foram adquiridos
gratuitamente no sSite do IPCC no endereco €etronico  http://www.ipcc-
data.org/sim/gcm_clim/SRES_AR4/index.html.

2.3 REGIONALIZACAO (DOWNSCALING) DOS DADOS DO IPCC

Como os dados dos MCGs do IPCC-AR4 encontravam-se disponiveis em grades com
diferentes resolugdes espaciais quando comparado aos dados do CRU, procedeu-se a
regionalizacdo dos dados, ou sgja, areducdo da escala dos dados do Multimodel (ensemble) —
MM, para a mesma resolucéo do CRU (10' x 10" de latitude e longitude. Para realizar ta
procedimento, utilizou-se 0 método de interpolacdo do tipo linear devido a sua simplicidade
Burden e Faires, (2008), construida por meio de fungdes em linguagem de programacao que
foram implementadas no software Matlab 6.5®.

Posteriormente a interpol acéo, os gjustes dos dados de temperatura do ar e precipitacéo
pluviométrica foram realizados conforme metodologia proposta por Mpelasoka & Chiew
(2009) e Chen et al. (2011), através da aplicacdo da Equacéo 1.

Tqr'rr::.ﬁr: = Ta&:r CRU )+ [T'LIE‘GI Fut) = T MCG{Re f )

(1)

em que:

T

ajust. fut

Temperatura do ar gjustada para o futuro (°C);
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T obsi{ CRLT)
= dados de temperatura (°C) observados do CRU; e
(T_L!‘CG”:FH; ) — T.U‘[‘G:RP;' }

= diferenca entre a temperatura mensal (°C) dos dados projetados para o futuro e os dados do periodo de
referéncia, ambos projetados pelos MCGs, ou sgja, € a anomalia dos dados dos model os.

Os gjustes dos dados de precipitacdo pluviométrica foram realizados conforme a

Equacéo 2, que permitiu que obtivéssemos val ores absol utos de precipitacdo sempre positivos.

%f?f:f.ﬂﬁff = Possicruix (.P-WG:F?” )/ P Re f :l

2

Em que:
P, ajtst fut

= precipitagdo g ustada para o periodo futuro (mm);

P obs{ CRLT)

= dados de precipitacdo (mm) observados do CRU; e
[‘l_p.UTG-FI:r ) E_U?_"G-Ref' ]

= relag8o dos dados mensai s de precipitagéo (mm) projetados para o futuro pel os dados de referéncia do periodo
referéncia proj etados pelos MCGs.
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Tabela 1 - Identificagdo, origem e resolugdo espacial dos modelos climéticos globais do IPCC-AR4

. Resolugédo
M .
odelo Origem espacial (X.Y)
BCCR-BCM2.0 Bjerknes Centre for Climate Research 2 8125° x 2.7893°
(Noruega)
Canadian Centre for Climate Modeling and
M3.1(T47 : , 2,8125° x 2,7893°
CGCM3.1(T47) Andlysis (Canadd) 8125° x 2,7893
Canadian Centre for Climate Modeling and
M 1 T ; , ’7 o 17 o
CGCM3.1(T63) Andlysis (Canadd) 3,7500° x 3,7089
CNRM-CM3 Centre National de Recherches 2,8125° x 2,7893°
M eteorol ogiques (Franca)
Meteorological Institute of the University of
Bonn, Meteorological Research Institute of . o
ECHO-G KMA, and Model and Data Group (Alemanha 3,7500" x 3,7089
e Coréia)
CSIRO Mark 3.0 Atmospheric Research (Austrdlia) 1,8750° x 1,8647°
GEDL-CM2.0 Geophysical Fluid Dynamics Laboratory 2 5000° X 2,0000°
(Nova Jersey)
GEDL-CM2.1 Geophysical Fluid Dynamics Laboratory 2 5000° x 2,0111°
(Nova Jersey)
INM-CM3.0 Institute for Numerical Mathematics (Russia)  5,0000° x 4,0000°
IPSL-CM4 Institute Pierre Simon Laplace (Franca) 3,7500° x 2,5352°
FGOALSLO0-g LASG/ Institute of Atmospherlc Physics 2 8125° x 3.0508°
(China)
ECHAMS5-MPI-OM Max Planck Institute for Meteorology 1.8750° x 1,8647°
(Alemanha)
MRI-CGCM2.3.2 Meteorological Research Institute (Japéo) 2,8125° x 2,7893°
NASA Goddard Institute for Space Studies
ISS-AOM . 4 ° °
GISS-AO (Estados Unidos) ,0000° x 3,0000
NASA Goddard Institute for Space Studies
ISS-EH . ° °
GISS- (Estados Unidos) 5,0000° x 3,9556
Nationa Center for Atmospheric Research o o
NCAR-CCSM3 (Estados Unidos) 1,4063° x 1,4004
NCAR-PCM National Center for Atm(?spherlc Research 2 8125° x 2.7893°
(Estados Unidos)
MIROC3.2 (hires) Center for Climate System Research (Toquio)  1,1250° x 1,1213°
MIROC3.2 (medres) Center for Climate System Research (Toquio)  2,8125° x 2,7893°
Hadley Centre for Climate Prediction and . .
HADCM3 Research, Met Office (Reino Unido) 3,7500° x 2,5000
HadGEM 1 Hadley Centre for Climate Prediction and 1.8750° x 1.2500°

Research, Met Office (Reino Unido)

Fonte:IPCC-AR4
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2.4 ELABORACAO DO BALANCO HIDRICO DA CULTURA

De posse dos dados de temperatura média do ar e da precipitacdo pluvial mensal
proveniente do CRU e do IPCA-R4 gjustados para o futuro, realizaram-se as simulacfes dos
balancos hidricos da cultura pelo método proposto por Thornthwaite & Mather (1955) parao
climareferéncia 1980 (1961-1990) e para a projecdo futura centrado na década de 2050 (2040
a 2069) e 2080 (2070 a 2090) para o cenario A1B. Iniciou-se o balanco hidrico no fim do
periodo chuvoso conforme indicado por Pereira, et a. (2002), adotando a Capacidade de
Armazenamento Disponivel (CAD), que é o maximo de agua que o solo pode reter de 100
mm, assim como € indicada para a maioria das culturas agricolas anuais Pereira et a. (2002).

A evapotranspiracdo da cultura (ETc) é um parédmetro necessario para o caculo do
bal anco hidrico da culturae expressa ademandade agua utilizada por uma culturaem qual quer
fase de seu desenvolvimento, desde o plantio/semeadura até a colheita, quando ndo houver
restri¢do hidrica. Pararealizar o célculo da estimativa da ETc, foi necessério obter primeiro a
evapotranspiracdo potencial corrigida (ETP:). Os métodos desenvolvidos sdo empiricos e

foram calculados através da (Equactes 1 e 2).

. ND, N

ETP, = ETp* > = "

c

Em que:

ETF. = evapotranspiracdo potencial corrigida;

ND = niimero de dias do més em questéo; e

N - fotoperiodo médio daquele més.

ETc=Kc * ETp, )

Em que:
ETC = evapotranspiraczo da cultura (mm);

ETP. - evapotranspiracdo potencia corrigida ou de referéncia (mm); e

KC = coeficiente de cultura, este variaem funcdo dos diferentes periodos de crescimento e desenvolvimento da

cultura (adimensional).
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Asfasesfenol dgicas e aduracdo dos periodos paraaculturadacana-de-aglicar com ciclo
de 1 ano foram adaptados de Barbieri et a. (1982) e Allen et al. (1998). O kc expressa a
demanda de agua pela planta em cada fase de seu desenvolvimento, sendo utilizado para
calcular aevapotranspiracdo da cultura da cana-de-agUcar em cadauma dessas fases, paraisso,
utilizou-se o0 kc recomendado no boletim da Food and Agriculture Organization FAO-56 Allen
et a. (1998), conforme mostrado na Tabela 2.

Tabela 2. Duraggo média das fases fenol dgicas e o coeficiente de cultura (kc) da

cultura da cana-de-aglicar com ciclo de 1 ano.

* Fases Fenoldgicas *Duracdo em meses **Coeficiente Kc
Brotacéo e Emergéncia 1 04
Perfilhamento 2 1,25
Desenvolvimento Vegetativo 7 1,25
Maturagdo 2 0,75

Fonte: * Adaptado de Barbieri, 1982.
**Baseado em Doorenbos e Pruitt (1977) - FAO n.24 e Allen et al. (1998) - FAO n.56.

Calculou-se também o indice de Satisfacio das Necessidades de Agua (ISNA) que
corresponde a um a valor adimensional variando de zero (0) a um (1), sendo que valores
proximos a 1 indicam suprimento hidrico ideal. Esse parémetro foi de fundamental
importancia para delimitar &reas com baixos riscos de ocorréncia de estresses hidricos no

territério da Américado Sul. Assim, o ISNA da cana-de-acUcar foi definido pela (Equacéo 3).

ISNA=ETr / ETc 3)
Em que:
ISNA = indice de satisfacdo das necessidades de agua;
ETr = evapotranspiracdo real da cultura (mm); e

ETc - evapotranspiracdo da cultura (mm).

Com os dados calculados, foi possivel gerar os mapas de evapotranspiracéo potencial
(ETp), evapotranspiracdo real (ETr), armazenamento de agua no solo (ARM), deficiéncia
hidrica anua (Da) e excedente hidrico anual (Ea), espacializados para a resolucéo do CRU
(10" x 10", através do acoplamento dos dados da projecéo futura do IPCC aos dados do CRU.
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E importante ressaltar que o balanco hidrico foi realizado célula a céula, considerando
as diferencas regionais projetadas pelos modelos do IPCC para o clima futuro, onde cada
célula possui seu vaor correspondente a varidvel em estudo de acordo com seu

posicionamento geogréfico.

2.5ZONEAMENTO AGROCLIMATICO DA CANA-DE-ACUCAR (SACCHARUM SPP.)

O zoneamento agroclimatico consistiu essencialmente na delimitagcdo das zonas de
aptiddo para o cultivo da cultura estudada, na qual foram estabel ecidas as condicdes hidrico-
termaisideais para o seu desenvolvimento e produtividade.

A partir dos mapas de temperatura média, deficiéncia hidrica anual, excedente hidrico
anual e do indice de satisfacdo da necessidade de &gua anual, delimitou-se as zonas de aptidao
climatica para definir as &reas de exploracdo da cana-de-aglcar, considerando o cenario
referéncia (década 1980) e a projecdo futura das décadas de 2050 e 2080 para a América do
Sul, classificando-as em: aptas, restritas por (Da), restritas por (Ta) e inaptas ao cultivo.

As classes de aptiddo climética estabelecidas para a cultura da cana-de-agUcar s&o

descritas abaixo.

= Regides Aptas. sdo regides consideradas de aptidado plena, apresentando condicdes
térmicas e hidricas favoraveis para o bom desenvol vimento e producdo da culturaem
escala economica.

= Regilbes restritas por deficiéncia hidrica anua (Da): nestas regifes o regime hidrico
apresenta-se como fator limitante no desenvolvimento da cultura, repercutindo
negativamente na producdo. Para a plantacdo da cana-de-aclicar nessas éreas torna-
Se necessario o uso de irrigacdo para a producéo da cultura.

= Aress restritas por temperatura média anual (Ta): regides que ndo sio recomendadas
para o cultivo da cana-de-acUcar, pois apresentam caréncia térmica. Nessas areas 0
desenvolvimento da cultura é prejudicado por temperaturas abaixo da zonafavoravel
para o seu pleno desenvolvimento.

= Areas Inaptas: Sd0 aquelas regides caracterizadas por apresentar limitaces severas
dos fatores hidricos €/ou térmicos, prejudicando as fases de desenvolvimento da
cultura com marcante repercussdo em sua produgdo. As caracteristicas normais do
clima ndo sdo adequadas a exploracdo econdmica da cultura, exigindo préticas
agricolas dispendiosas para a producéo.
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Os parametros térmicos e hidricos estabel ecidos para avaliar as areas com aptiddo para

a implantagéo e desenvolvimento da cultura foram baseados nos trabalhos realizados por
Brunini et al. (2008) e pela Empresa Brasileira de Pesguisa Agropecudria (EMBRAPA, 2009),
conforme mostrado na Tabela 3.

Tabela 3. Classificacdo de riscos e faixas de aptidBes térmicas e hidricas para a cultura da cana-de-agUcar.

Regides Risco | Classificagdo | "Ta(°C) Da (mm) Ea(mm) | ISNA
Aptas Baixo Indicada >20 <200 <800 | >0,6
Restritas por Da | Baixo Indicada > 20 200<Da<400 | <800 | >0,6
Restritaspor Ta | Alto | Néoindicada | 18 <Ta< 20 <200 <800 | >06
Inaptas Alto | N&oindicada <18 Da > 400 >800 | <0,6

Ta = temperatura média anual; Da = deficiéncia hidrica anual; Ea = excedente hidrico anual; e ISNA = indices
de satisfacdo das necessidades de &gua.
Fonte: Adaptado de EMBRAPA (2009).
"Brunini et al. (2008).

Os mapeas finais do zoneamento agroclimatico para o cenario referéncia e as projecoes
futuras para a cultura da cana-de-agUcar, foram gerados através da sobreposi¢do de mapas que
caracterizavam a aptidéo térmica e hidrica satisfatérias ao desenvolvimento da cultura paraa
areaestudada. Todas as etapas para a realizacdo dos mapas foram realizadas em um software
de SIG (ArcGis 10.0®).

3RESULTADOSE DISCUSSAO

Neste trabalho sdo apresentados e discutidos os resultados do impacto das projectes de
mudancas climéticas globais do IPCC-AR4 para a cana-de-agUcar.

A Figura 2 apresenta 0s mapas teméticos do zoneamento agroclimético da cultura da
cana-de-acUcar paraa Américado Sul considerando o cenario referéncia (década de 1980) e a
projecdo climatica futura do cen&rio A 1B para a década de 2050.

De acordo com a Figura 2, observa-se que para o clima referéncia as zonas
climatol ogicamente aptas para o cultivo da cana-de-agUcar correspondem a 24,8% da &rea de
estudo, reduzindo significativamente para 15,7% na década de 2050.

Esses resultados podem ser atribuidos ao aumento na média da temperatura global e o

aumento da deficiénciahidricaem muitoslocais dadrea estudada. Jaas areas restritas por (Da)
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aumentardo, passando de 4,2% na década de 1980 para 15,6% em 2050. Nas areas restritas
por (Da), acultura podera ser cultivada, porém o uso da irrigacéo tornara necessario.

O Uruguai teraum aumento de 15,36% de areas aptas paraacultura. Jano Peru, observa-
Se uma expansao has areas aptas para o cultivo da cultura para a década de 2050, essas regifes
provavel mente serdo beneficiadas pelo aumento datemperatura. O Chile, tanto parao cenério
referéncia, quanto para a projecdo climatica futura apresentam 100% da &rea de seu territério
inaptapara o cultivo dacultura. 1sso ocorre, pelo fato daregido apresentar temperaturas muito
baixas, 0 que ndo é tolerado pela cultura.

Outro aspecto importante a ser avaliado € a distribuicdo espacia das classes de aptiddo
da cana-de-acUcar, regides que no cendrio referéncia apresentam areas aptas para o cultivo da
cultura passaréo a ser inaptas ou restritas por (Da), e outras que ndo possuiam aptidéo se
tornaréo aptas, mediante ao efeito das projecdes futuras de mudancas climaticas. 1sso pode ser
observado em diversos paises, ficando bem evidenciado no estado do Amazonas pertencente
aregido Norte do Brasil, que para o cendrio referéncia ndo apresenta areas favoraveis para a
cultura, porém com a projecdo climatica centrada na década de 2050, o Estado passara a
possuir zonas aptas e restritas por (Da), portanto, sendo beneficiado com o incremento da
temperatura, j& que apresenta baixa deficiéncia hidrica.

Resultados concordantes foram encontrados nos estudos realizados por Oliveira et al.
(2012) gue apontou alto risco climéatico paraaculturamediante as mudancas climéticas, porém

em alguns locais do Brasil observa-se o surgimento de novas éreas aptas para o cultivo.
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Figura 2. Zoneamento agroclimédtico da cultura da cana-de-aglicar na América do Sul para o cenério
referéncia (década de 1980) utilizando dados do CRU (A) e para a década de 2050, considerando o cenério
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A Figura 3 mostra os mapas teméti cos do zoneamento agroclimatico da cultura da cana-
de-acUcar paraa América do Sul considerando o cenario referéncia (década de 1980), e o da
projecdo climatica futura considerando o cenario A1B paraadécada de 2080, conforme dados
do IPCC-ARA4.

De acordo com a Figura 3 € possivel observa-se que para o cendrio referéncia as zonas
climatol ogicamente aptas para o cultivo da cana-de-acUcar correspondem a 24,8% da &rea de
estudo, e a mesma reduz significativamente para 13,9% na década de 2080. Esses resultados
podem ser atribuidos ao aumento na média da temperatura global e o aumento da deficiéncia
hidrica em muitos locais da &rea estudada.

Ainda analisando a Figura 3, observa-se que as aress restritas por (Da) aumentaréo,
passando de 4,2% (cenario referéncia) para11,8%. Nestas &reas a cultura podera ser cultivada,
porém o uso dairrigacdo tornara necessario.

Ainda é observado que a maior parte do territorio da América do Sul é considerada
climatol ogicamente inapta para a implantacdo da cultura da cana-de-agUcar, alcangando 72%

para a década de 2080, caso sgjam mantidas as caracteristicas genéticas da cultura e as
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projegdes de mudancgas do clima pelo IPCC. Este resultado pode ser justificado pela
combinacdo do aumento da temperatura do ar e da deficiéncia hidrica anual, ocasionado pela
reducdo da precipitacdo pluviométrica em algumas regides (IPCC, 2007). A elevacdo da
temperatura aumenta a capacidade do ar em reter vapor d’agua e, consequentemente, ha uma
maior demanda hidrica, uma vez que implica na elevacdo das taxas de evapotranspiracdo
(PEREIRA et a., 2002).

De acordo com a Figura 3, o Chile, tanto para o cenério referéncia, quanto para as
projecdo climatica futura referente a década de 2080 apresenta 100% da area de seu territério
inaptapara o cultivo dacultura. 1sso ocorre, pelo fato daregido apresentar temperaturas muito
baixas, 0 que ndo é tolerado pela cultura (Tabela 3). Ja para o Peru, observa-se uma expansao
nas areas aptas para o cultivo da cultura para a década de 2080, essa regido provavelmente
seré beneficiada pelo aumento da temperatura.

Ja no Brasil, algumas areas que ndo possuiam aptiddo se tornardo aptas mediante ao
efeito das projegdes futuras das mudancas climéticas, isto é observado no estado do Amazonas
pertencente a regido Norte do pais, sendo que para a década 1980 (cenario referéncia) ndo
apresenta areas favoravei s para a cultura, porém com a projecao climética centrada na década
de 2080, passara a possuir zonas aptas e Restritas por (Da), portanto, sendo beneficiado com
0 incremento da temperatura, ja que apresenta baixa deficiéncia hidrica.

Segundo estudos realizados por Magalhdes (1987), a temperatura do ar provavel mente
€ um dos fatores climaticos de maior relevancia no desenvolvimento e producdo da cana-de-
acucar, porém muitas vezes o desenvolvimento da cultura acaba sendo limitada pela demanda
hidrica, por isso é importante que hagjairrigacéo ou umidade no solo. Sodré (2010) mostra que
em algumas areas 0 aumento da temperatura para as décadas futuras beneficiard aimplantacdo

da cana-de-agUcar, desde que tenha demanda hidrica satisfatoria para a cultura.
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Figura 3. Zoneamento agroclimético da cultura da cana-de-aglicar na América do Sul para o cenério
referéncia (década de 1980) utilizando dados do CRU (A) e para a década de 2080, considerando o cendrio
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4 CONCLUSOES

Se ocorrerem as mudancas climéticas globais projetadas pelos modelos do IPCC-AR4
a0 longo das décadas de 2050 e 2080, considerando o cenario A1B e mantidas as
caracteristicas genéticas da cultura, ocorrerd uma expansdo das regifes inaptas para a
implantacdo da cana-de-aclcar na América do Sul. As areas restritas por deficiéncia hidrica
também aumentardo, sendo estas passiveis de cultivo, porém o0 uso da irrigacdo torna-se

imprescindivel nessas regioes.
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ABSTRACT

The Intergovernmental Panel on Climate Change (IPCC), through the fourth assessment report
on global climate change (IPCC-AR4), issues awarning for atemperature increase of between
1.8° C and 6.4° C by 2100. In light of the above, many studies have been conducted regarding
the future climate; such studies are performed by means of models that simulate climate data
using several variables. This study had as its objective to evaluate the performance of the 22
MCGsfromthe IPCC -AR4 in addition to the Multi-model (ensemble) — MM inthe simulation
of climatic datafrom air temperature and precipitation for annual and monthly periods, aswell
as the Multi-model (ensemble) — MM for South America. Mean observed monthly
precipitation and air temperature climate data were provided by the Climatic Research Unit
(CRU) and simulated data from the 22 MCGs from the IPCC (current scenario 20c3m) were
taken between 1961 and 1990. MCG performance was evaluated by comparing statistical
indexes such as standard deviation, correlation, square root of the mean squared of the centered
differences and the “bias” of the simulated data with observed data, as represented in the
Taylor diagram. The results showed that the Multi-model (ensemble) — MM for the monthly
period showed itself to have the best performance among all the analyzed models. For the
annual period, the MRI-CGCM 2.3.2 model achieved the best performance in the ssmulation
of the data of the variable precipitation, while for air temperature variable the best was the
CNRM-CM3 modd.

Keywords.Global Climate Models; Taylor diagram; IPCC; Performance; Annual
Precipitation; Air Temperature

Braz. J. of Develop., Curitiba, v. 6, n.5, p.31241-31260 may. 2020. |ISSN 2525-8761




JRrazilian Journal of Development

RESUMO

O Painel Intergovernamental sobre Mudancas Climaticas (IPCC), através do quarto relatério
de avaliagcdo sobre mudancas climéticas globais (IPCC-AR4), emite um aerta para um
aumento de temperatura entre 1,8 ° C e 6,4 ° C até 2100. A luz do exposto , muitos estudos
foram realizados sobre o clima futuro; esses estudos séo realizados por meio de modelos que
simulam dados climéticos usando diversas variaveis. Este estudo teve como objetivo avaliar o
desempenho dos 22 MCGs do IPCC -AR4, aém do Multi-modelo (ensemble) - MM, na
simulacdo de dados climéticos da temperatura do ar e precipitacéo para periodos anuais e
mensais, bem como como o modelo mdltiplo (conjunto) - MM para a América do Sul. Os
dados médios mensais observados de precipitacéo e temperatura do ar foram fornecidos pela
Unidade de Pesguisa Climética (CRU) e dados simulados dos 22 MCGs do IPCC (cenério
atual 20c3m) foram obtidos entre 1961 e 1990. O desempenho do MCG foi avaliado
comparando-se indices estatisticos como desvio padréo, correlacdo, raiz quadrada da média
quadratica das diferengas centralizadas ¢ o “viés” dos dados simulados com os dados
observados, conforme representado no diagrama de Taylor. Os resultados mostraram que o
Multi-modelo (ensemble) - MM parao periodo mensal mostrou-se o melhor desempenho entre
todos 0os modelos analisados. Para o periodo anual, 0 modelo MRI-CGCM 2.3.2 obteve o
melhor desempenho na simulacdo dos dados da variavel precipitacdo, enquanto que para a
varidvel temperaturado ar o melhor foi 0 modelo CNRM-CM 3.

Palavras-Chaves. Modelos Climaticos Globais, Diagrama de Taylor; IPCC; Atuacso;
Precipitacdo anual; Temperaturado ar

1INTRODUCTION

Ongoing climate change has been the subject for discussion and scientific research
throughout the world, such change being as a result of man’s own action (IPCC 2007). In order
to study such changes the United Nations Environment Programme (UNEP) and the World
Meteorological Organization (WMO) created the Intergovernmental Panel on Climate Change
(IPCC) in 1988, its aim is to provide scientific information through reports on global climate
changes that have aready happened and are likely to happen (IPCC 2007).

According to Buckeridge et a. (2008) the burning of fossil fuels, the modification of
land use and population growth are contributing to the increase in global warming and the
changes that are occurring in the planet’s climate.

The absence of reference data for the future instigated the birth of MCGs which are
defined as complex mathematical representations of a region’s climate, these are generated
from the interactions of the processes that affect the climate of the planet, such as; physical
processes in the atmosphere, ocean and on the earth’s surface, showing weather elements as
output data. The purpose of the MCGs is to obtain future climate projections, in order to do
this data from emission and concentrations of greenhouse gases scenario and from aerosolsin

the atmosphere that can act as climatic change drivers are used (IPCC 2007).
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Data from the MCGs contributed to the development of the IPCC Fourth Assessment
Report (AR4) and are being used to study the regional and global scale impacts of climate
change; thisisin addition to providing warnings so that decisions are taken in order to mitigate
possible damage (Coquard et al. 2004; Brekke et al. 2007).

MCGs from the IPCC-AR4 are commonly used in severa studies for future climate
projection, such as Zullo Jr. et al.(2011) and Assad et a.(2013), however there are still very
few evaluation studies on the models’ performance, which are often used without any criterion
for variable climatic data simulation.

The MCGs’ performance is evaluated through comparison of the observed and
simulated data considering the current climate, being that the model that best simulates the
present climate will be adopted for projecting future climate data. Most assessment tools are
statistical indexes such as: mean error, standard deviation, correlation, square root of the mean
squared of the centered differences and “bias” (Gleckler et a. 2008).

In order to analyze the performance of global climate models the diagram proposed by
Taylor is used, which allowed the viewing of all statistical indexes together, facilitating the
analysis of the results in choosing the model that has the best performance (Taylor 2001).
These diagrams have been used by severa studies aimed at eval uating models and/or methods,
citing (Pierce et a. 2009; Stevens et al. 2013; Mendicino and Senatore, 2013).

Taylor proposes a methodology that allows you to view four statistical indexes at the
sametimein only one diagram, facilitating the analysis of the results and in choosing a model
to present the best performance (Taylor, 2001).

Taylor’s diagram construction is based on the Equation E':\/o'?+o'r2—20'?0'r2R

similarity with the cosine equation law, which givesthe relationship between theinternal angle

of atriangle with its sides a =+/b? +c? — 2bccose , as shown in Fig. 1.

Fig. 1 Layout for Taylor diagram construction (Taylor, 2001).
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It is observed that the more sides o, and o, (standard deviation of simulated and

observed datarespectively) are similar and the smaller thevalueof E' (squareroot of the mean
squared of the centered differences) the better the used methodology will be.

Statistics were represented by the Taylor diagram (Fig. 2) constructed by the
representation of a % circle.The x and y axes were used to represent the standard deviation,
being that the value of the standard deviation of the observed datais placed on the x axis (o,

) and the standard deviation of the values simulated by the modelsis placed onthey axis (o,

). The radia distance from the origin to the position representing the other model is

proportional to o, and the azimuth is given by the correlation (R).
Fig. 2 Taylor Diagram displaying statistics with a%4 circle.
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Performance evaluation of models for climate variables is of fundamental importance
in studies on climate changeimpacts, sincethat with the provided datawe can try to understand
possible changes that are occurring in the global climate and that will occur in the future. The
performance of the models is based on the similarity between the simulated data through
models and observed data for the area of interest (Taylor, 2001; Tebaldi e Knutti 2007).

In view of the above, this study aims to evaluate the performance of the 22 global
climate models from the IPCC- AR4 as well as the Multi-model (ensemble) — MM which is
the combined mean of the datafrom all the different models, in the simulation of climatic data
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from climatological air temperature variables and pluviometric precipitation for the annual

and monthly period in South America

2METHODOLOGY

2.1 STUDY AREA

The study area corresponds to the South America continent, with a total area of
17,632,900 k. It lies geographically between the 83° and 33° west longitude meridians and
between the 58° south latitude parallel and 15° north latitude paralel, comprising of

Argentina, Bolivia, Brazil, Colombia, Chile, Ecuador, Guyana, French Guiana, Paraguay,

Peru, Suriname, Uruguay and Venezuela, as shown in Fig. 3.

Fig. 3 Study area.

S iaig]
L

AN
L

TE AT

o=

B agiec

= 0

\
.E':-.""' Aopamiam
|
o

-, -
=

BRI

]

A0S

2T

Braz. J. of Develop., Curitiba, v. 6, n.5, p.31241-31260 may. 2020.

ISSN 2525-8761




JRrazilian Journal of Development

2.2 CLIMATOLOGICAL DATA FOR EVALUATING THE PERFORMANCE OF THE
CLIMATE SIMULATION MODELS

The observational climatological database, used as a reference for comparing the
simulated data, was provided by the “University of East Anglia”/“Climate Research Unit”
(CRU) made available free of charge at the URL ; http://www.cru.uea.ac.uk/data, showing the
mean monthly precipitation and air temperature for the reference period between 1961-1990,
with aresolution of 10'x10" (New et a. 2002).

The climatological variables’ data air temperature and precipitation for the current
period (1961-1990) from the IPCC-AR4 come from the results of the ssimulations of global
climate models (Table 1), performed by some research centers taking into account the

observed concentrations of greenhouse gases during the 20th century and being represented

by the simulation scenario known as Climate of the 20th Century (20c3m).

Table 1 Identification, origin and spatial resolution of global climate models from the IPCC-AR4

M odel Origin Spatial resolution (X, Y)
BCCR-BCM2.0 Bjerknes Centre for Climate Research (Norway) 2.8125° x 2.7893°
CGCM3.1(T47) Canadian Centre for Climate Modeling and Analysis (Canada) 2.8125° x 2.7893°
CGCM3.1(T63) Canadian Centre for Climate Modeling and Analysis (Canada) 3.7500° x 3.7089°
CNRM-CM3 Nationa Centre for Recherches Meteorologiques (M eteorological Research) (France) 2.8125° x 2.7893°
ECHO-G KM, and Mode and Data Group (Gemeny andKarea oS 37500 x 37089
CSIRO Mark 3.0 Atmospheric Research (Australia) 1.8750° x 1.8647°
GFDL-CM2.0 Geophysical Fluid Dynamics Laboratory (New Jersey) 2.5000° x 2.0000°
GFDL-CM 2.1 Geophysical Fluid Dynamics Laboratory (New Jersey) 2.5000° x 2.0111°
INM-CM3.0 Ingtitute for Numerical Mathematics (Russia) 5.0000° x 4.0000°
IPSL-CM4 Pierre Simon Laplace Institute (France) 3.7500° x 2.5352°
FGOALS1.0-g LASG/ Institute of Atmospheric Physics (China) 2.8125° x 3.0508°
ECHAM5-MPI-OM Max Planck Institute for Meteorology (Germany) 1.8750° x 1.8647°
MRI-CGCM2.3.2 Meteorologica Research Ingtitute (Japan) 2.8125° x 2.7893°
GISSAOM NASA Goddard Institute for Space Studies (United States) 4.0000° x 3.0000°
GISS-EH NASA Goddard Institute for Space Studies (United States) 5.0000° x 3.9556°
GISSER NASA Goddard Institute for Space Studies (United States) 5.0000° x 4.0000°
NCAR-CCSM3 Nationa Center for Atmospheric Research (United States) 1.4063° x 1.4004°
NCAR-PCM National Center for Atmospheric Research (United States) 2.8125° x 2.7893°
MIROC3.2 (hires) Center for Climate System Research (Tokyo) 1.1250° x 1.1213°
MIROC3.2 (medres) Center for Climate System Research (Tokyo) 2.8125° x 2.7893°
HADCM3 Hadley Centre for Climate Prediction and Research, Met Office (United Kingdom) 3.7500° x 2.5000°
HadGEM1 Hadley Centre for Climate Prediction and Research, Met Office (United Kingdom) 1.8750° x 1.2500°

Source: |PCC (2007)
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23 STANDARDIZATION OF RESOLUTIONS AND WEIGHTING OF
CLIMATOLOGICAL AIR TEMPERATURE AND PLUVIOMETRIC PRECIPITATION
DATA FROM THE IPCC-AR4

The first step consisted of obtaining a grid with a spatial resolution value that is
common for all 22MCGs from the IPCC-AR4, since the models were found to have different
resolutions. In order to do this, the calculation for the mean spatial resolution of all models
proceeded, performing later interpolation of al cellsto the value that comes from the result of
the resolution mean from 22 MCGs from the IPCC-AR4 (3.0384° longitude x 2.6685°
latitude).

The second step was to adjust the climate data resolution of the CRU to the same grid
resolution found for the MCGs (3.0384° x 2.6685°), but as the CRU’s resolution was 10' x 10",
it was necessary to consider the mean climatic variable values of the cells that were included
in the new resolution, however for the annua period of climatic precipitation variable, the
values in the cells were added together. The methodology as described above was adopted in
studies performed by Lambert and Boer (2001); Radic and Clarke (2011).

The third step was weighing the values of each cell according to its area, since cells
close to the Ecuador have varying values from that of a cell further away

For example, a cell that is on the Equator with the spatial resolution of 3.0384° x
2.6685° will correspond to an area of approximately 95567 km?. On the other hand, a different
cell with this same resolution, on latitude of -50°, will have an area of approximately 64000
km?. The weighted mean ( zz) of standard deviation for the observed data and the simulated

data of avariable ( x) through the area of each cell (w) isgivenin Eq. 1.

2 WX

H(xw) =2 (2)

2w

Theweighted ( R) corrélation through the area of each cell between two variables, x
(observed) and y (simulated) isgiven asin Eq. 2.

cov( X,Yy;w)

RO = e wicow( Yy W)

@

where:

cov isthe covariance of the data, givenin Eq. 3.
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2 W06 = 76 W)(y; — E(y; W)

2 W

In this way the standard deviation will be given asin Eq. 4.

cov(x, y;w) = ©)

D W (% — 10 w))*
2w

In addition to the statistics described above, the term “bias” was also adopted (E),

o(X;w) =

4)

which isthe difference between the mean simulated ( f ) and observed () values of weighted

data, as defined by Eq. 5.

E=f-r ®)

The models’ performance evaluation was completed by comparing weighted statistical
indexes from the CRU (observed) and simulated data from the IPCC-AR4 models, being that

the more similar the simulated were to the observed data, the better the model’s performance.

24 TAYLOR DIAGRAM METHOD

The Taylor diagram method can be applied with data from various areas. In this study
the method is used with simulated and observed climatic data for the annual and monthly
period for climate air temperature and pluviometric precipitation variables. Thus, when using
simulated future climatological data by models, the performance and the ability of the model
to simulate the data of climatic variables of interest should be noted. It is assumed that the
model that presents the best performance on simulating the current climate is also the best for
the simulating future climate projections.

Through using the Taylor diagram, it was possible to show four statistical indexes
together in asingle chart, these indexes were used as a criterion in evaluating the performance
of the models. When constructing the Taylor diagram two variables were considered, one with

the observed data (1 ) used as areference and the other with the ssmulated data ( f ) according

to arandom mathematical model. One of the most commonly used statistics in observing the
model’s performance is through comparison through square root of the mean squared of the

differences (E ) between f and r givenin Eq. 6:

Braz. J. of Develop., Curitiba, v. 6, n.5, p.31241-31260 may. 2020. |ISSN 2525-8761




JRrazilian Journal of Development

Ez\/(f—F)erO'f2 +o0’-20207R

(6)

where:

f = mean of the simulated data;
I = mean of the observed data;

o _ Standard deviation of simulated data;

o, — Sstandard deviation of the observed data; and

R = correlation coefficient.

The square root of the mean squared of the centered differences (E' ) as described in
Eq. 7 isalso awidely used statistical index in the evaluation of the IPCC climate performance

models.

E'=\/O'f2 +0? -20207R

)

In Eqg. 7 four statistics can be found (E',o,,0,,R) which were used to study the

relationship pattern between f and r inorder to show whether the model isagood estimator.
These statistics are analyzed together allowing observation of the degree of similarity of the

models with reference data.

Performance evaluation of the MCGs from the IPCC-AR4 was performed for the
annual and monthly period, and for analyzing the annual period for the variable precipitation,
the annual amount of precipitation was the sum of the monthly figures, while the climatic air
temperature variable was performed using mean annual values. Considering the statistical
indexes of each model, it was possible to evaluate their performance by comparing reference
data (CRU), so the smaller E' is, the better the model’s performance in simulating climate
data of the studied variable.

Organization of climate data from CRU and IPCC-AR4, calculations of statistical
indexes and the generation of Taylor diagrams were performed through the construction of
functions in programming language developed in Matlab ® 6.5 software, this was of
fundamental importance in the development of the study as it alowed the analysis of alarge

amount of data.
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3RESULTSAND DISCUSSION
Using the Taylor diagram, it was possible to jointly see four statistical indexes of
fundamental importance in assessing the performance of the models, such as the standard

deviation of the observed data and IPCC-AR4 models (o, and o ; ) respectively, square root

of the mean squared of the centered differences (E') and the correlation coefficient ( R) at the
same time, facilitating the analysis of the results.

3.1 PERFORMANCE OF GLOBAL CLIMATE MODELS FOR THE SIMULATION OF
THE ANNUAL AND MONTHLY AIR TEMPERATURE MEANS

Fig. 4 presents the Taylor diagram with the statistical indexes of mean annual
precipitation and individualized model errors through complementary statistical information

such as the “bias” (E), which is the difference between the means of the simulated and

observed values. Simulated data from 22 global climate models from the IPCC-AR4 as well
as the Multi-model (ensemble) — MM were considered, comprised between 1961 and 1990

(20c3m), these were compared with the observed data from the CRU for the same period.

Fig. 4 Taylor diagram displaying the comparison of statistical indexes of observed data (CRU) and climatic
simulation modelsfrom the IPCC AR4 [A], and the “bias” graph showing the individual errors in climate models
[B], considering 1961-1990 (20c3m) for annual precipitation.
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A model is considered to have a high-performance when it presents the simulated
standard deviation value closest to the observed, a high correlation and a low value of E' .
Adopting the smallest E' value along with the other statistical indexesin the evaluation of the
models’ performance as a criterion, it is observed that the MRI-CGCM 2.3.2 model had the
best performance when compared to the others for the annual mean precipitation (Fig. 4A).

Y et, according to Fig. 4A, one can see that the GFDL-CM2.1 and NCAR-PCM models
obtained the worst results for E' and R, therefore presenting a low performance. The
correlation ( R) of simulated data through the 22 models from IPCC and through the Mullti-
model (ensemble) — MM varied between 0.3 to 0.8, the closer to 1 the better the simulated data
are correlated with the observed data.

Through Fig. 4B it is possible to analyze the “bias” ( E ), note that those models that

are represented on the left side of the x-axis from the 0 value underestimated precipitation,
while HADCm3 that is depicted on the right side was the only one which overestimated
precipitation, peaking a amost 200mm when compared to CRU data. All other models
underestimated precipitation values, highlighting the INM model-3.0 CM which was most
exaggerated in the amplitude of the simulation with almost 550mm.

YetinFig. 4B it is possible to notice that all models presented significant differences
among them in the smulation of annual precipitation values, and also when compared to the
observed. Marengo (2007) notes that the uncertainties presented by the models in the
projections of precipitation are still high.

In Fig. 5 the Taylor diagram is presented with the results of statistical indexes of
monthly mean values of pluvia precipitation between 1961 -1990 (20c3m), for the best 10
MCGs from IPCC-AR4 and Multi-model (ensemble) — MM, in addition to the data observed
by CRU. The models’ behavior results for the months of the year were obtained by means of
the monthly mean of all weighted statistical indexes of the variable pluviometric precipitation.
The 10 best models were adopted for easy viewing of the same in the diagram.

According to Fig. 5 the Multi-model (ensemble) — MM which presented the best
performance when compared to individual models, showing a (R) value of 0.76 and (E')
62.75, this last index being the adopted criteriafor choosing the best model.

Gleckler et a. (2008); Reichler and Kim (2008); Pierce et a. (2009) evaluated the
simulation of the GCMs from IPCC-AR4 for climate variables and concluded that the
performance of the joint multi-model (ensemble) — MM was superior when compared to the
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performance of any individualized model. Pierce et al. (2009) also attributed the results to the
error distribution when the mean is cal culated between the models.

Combinations of different models can be used in various studies, not being limited only
to climate change studies, demonstrating that the multi-model (ensemble) — MM increases the
consistency and reliability of simulated data. Among their applications are in the public health
sector which used climate projections of multi-model (ensemble) — MM in malaria derts
(Thomson et a. 2006) and in agriculture which used a combination of several models so asto
make predictions for crop yields, the results were reported as superior when compared to just
asingle model (Cantelaube and Terres, 2005).

Brekke et al. (2007) assessed the importance of global climate models from the IPCC-
AR4 on climate change estimate projections for analyzing possible hydroclimatologic risks
during the dry and rainy seasons, and observed that the multi-model (ensemble) — MM was
also what presented better results for data simulation when compared to the data from
individualized models.

Studies by Silveiraet al. (2011) when evaluating the performance of the MCGs from
the IPCC-AR4, regarding the year-to-year pluviometric precipitation variability over
Northeastern Brazil, the Amazon and the Platine region located in southern Brazil, pointed to
the GISS-ER model asthe best in the data simulation for the Amazon region, the CSIRO Mark
3.0 for the Northeastern region of Brazil and the CGCM3.1 (T47) eo CGCM3.1 (T63) models
for the Platine region, however, the study does not cover the combination of datafrom different
models of the IPCC (Multi-model (ensemble) — MM). The authors state that these models can
be considered as a good option for studies on the effects of climate change on water resources

in South America.
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Fig. 5 Taylor diagram displaying the comparison of statistical indexes of the observed data (CRU) and the 10
best globa climate models from the IPCC-AR4 from between 1961 -1990 (20c3m) for monthly mean
precipitation.
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Fig. 5 shows that in the months from January to March, the GISS-ER model presented
the best performance when compared to others, even though this same behavior was not
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repeated in other months. It is aso noted that the CNRM-CN3 model’s performance was well
below the other modelsin the period from January to April, with improved performance over

the other months.

3.2 PERFORMANCE OF GLOBAL CLIMATE MODELS FOR SIMULATIONS OF THE
ANNUAL AND MONTHLY AIR TEMPERATURE MEANS

Fig. 6 presents a Taylor diagram with the statistical annual mean indexes of observed
and simulated data for the annual mean temperature climate variable and individualized model
errors through “bias” ( E ). For the analysis of this variable the simulated data by IPCC-AR4

models were also considered in addition to the Multi-model (ensemble) — MM and the data
from 1961-1990 (20c3m).

According to Fig. 6A, the observed value of the standard deviation from the CRU data
was 6.5, while the ECHO-G model showed the biggest difference between the value of
standard deviation from simulated and observed data, which was approximately 1.4.

Analyzing the correlation between simulated and observed data shows that the GISS-
AOM model had the worst degree of correlation between all others (0.85), while the majority
obtained correlation higher than 0.9 (Fig. 6A).

For annual means of the data, the CNRM-CM 3 model presented the best performance
when compared to the others with (E ) of 1.49 and (R) of 0.97 followed by Multi-model
(ensemble) — MM which presented similar results (E ) of 1.65 and (R) of 0.97.

Fig. 6B showsthat it is possible to conclude that the models had different behaviorsin
the simulation of air temperature data, since they are represented far apart from each other.
Those which are represented on the left side of the x-axis, from value O are underestimating
the temperature, while the ones on the right side overestimate. This analysis was only made
possible through the “bias” ( E ), which showed that the models could overestimate or
underestimate the temperature up to 2°C when compared to the observed data. Among the
overestimated values, the GISS-AOM model had the greatest amplitude value; approximately
1.6° C of observed air temperature, and for the underestimated values, the BCCR-BCM2.0
which had avalue of approximately 1.5°C was highlighted.
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Fig. 6 Taylor diagram displaying the comparison of statistical indexes from observed data (CRU) and climate
simulation models from the IPCC-AR4 (A), and the “bias” graph showing the climate models’ individual errors
(B), considering 1961-1990 (20c3m) for the mean annual temperature.
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Fig. 7 presents a Taylor diagram with the results of statistical indexes from monthly
mean air temperature val ues between 1961 -1990 (20c3m), for the best 10 MCGs from IPCC-
AR4 and Multi-model (ensemble) — MM, in addition to the observed data by CRU. The
models’ behaviour results for the months of the year were obtained by means of the monthly
mean of all considered statistical indexes.

In Fig. 7, it can be observed that from November to May the models behaved similarly
in the simulation of temperature values, the same did not occur for the other months of the
year, where there was greater amplitude in the simulation of data, because they are more
distant from each other. Air temperature data ssmulated by the models were well correlated
with the observed data, obtaining values greater than 0.9.

Generally speaking, the Multi-model (ensemble) — MM was the model that showed the
best performance for temperature data simulation when compared to other models. Thisresult
can also be confirmed in the study performed by Pierce et al. (2009), which emphasizes the
superiority of the Multi-model (ensemble) — MM when compared to individualized models.

Concurring results were found by Radic & Clarke (2011), who analyzed the
performance of the 22 MCGs from IPCC-AR4 and the combination of these in the data
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simulation of various climatic variables, such as precipitation and air temperature for North
America. The results demonstrated that the Multi-model (ensemble) — MM was superior to
any individual model in the data simulation of the analyzed climatic variables.

Lambert and Boer (2001) performed evaluation and comparison studies of climatic
data ssimulation with 15 IPCC global climate models and concluded that the combination of
various Multi-model (ensemble) — MM showed improved results, i.e. much more similar to
the observed data mean, when compared with the mean of just a single model. The authors
also point out that different climatic variables are simulated with different levels of success
for different models and that a single model may not be best for all climatic variables.

Gillett et al. (2002), emphasizes the superiority of Multi-model (ensemble) — MM in
relation to the individual models when studying greenhouse gases that contribute to global
warming. Palmer et a. (2005) also highlighted the relevance of the Multi-model (ensemble) —
MM in climate change studies, reporting that the projections simulated by combining different
models show a greater reliability and consistency in data when compared to the data of only
one model, this may be justified due to the error distribution when the mean is calculated
among the models.

Comparing Fig. 5and 7, one can seethat the model s have amuch more similar behavior
to each other when comparing variable climatic air temperature data than the pluviometric
precipitation data. This can be noticed through the position of the models in the Taylor
diagram, being that the closer they are to each other, the more similar the ssimulated results are
for them.
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Fig. 7 Taylor diagram displaying the comparison of statistical indexes of the observed data (CRU) and the 10
best global climate models from the IPCC-AR4 considering 1961 -1990 (20c3m) for mean monthly temperature.
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4 CONCLUSION
The Taylor diagram method has become an important tool in ng the performance
of the MCGs from the IPCC-AR4, since it alows statistical indexes of interest to be
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simultaneously displayed on a single diagram. The Multi-model (ensemble) — MM was
superior in data ssmulation of the monthly means for pluviometric precipitation and air
temperature. Climate projections conducted by combining a set of modelsisarelatively recent
topic in climate research and has gained great momentum in recent years, being greatly used
as strategies in decision making processes. When analyzing the annua period, the MRI-
CGCM 2.3.2 model presented the best performance for precipitation, whilefor air temperature
the CNRM-CM3 model is highlighted as that which presented the best performance. It is
important to note that MCG's from the IPCC-AR4 have a certain degree of uncertainty in
climate change projections, since they are not totally accurate, because they still require afew
years of study and are constantly evolving. No matter how good the models’ performances
are, any projection for the climate is always conditioned to the considered scenario, in view of
mankind’s unpredictable behavior. Perfect climate projections are probably impossible to
obtain due to uncertainties in emission scenarios, however, MCGs are indispensable tools in
future studies on climate change, and the assessment of their performance is of great

importance for their applications.
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PORTARIA N° 012/2020

Dispde sobre a nomeagéo da
Comissao do Conselho Municipal de
Meic Ambiente e Saneamento -
COMMSAMONT

A  FPrefeta Municipal de
Montanha Estado do Espinto Santo,
no uso de suas atribuigies legais e
tendo em vista o que dispde a Lei
Complementar n®* 08 de 01 de
outubro de 2009 e a Lei do Fundo
Municipal de Meaio Ambiante n® 736
gde 05/11/2009.

Art. 1° - A Comissao do Conselho Municipal de Meio Ambiente & Saneamento
— CMMSA/MONT, sera composta pelos seguinies membros

REPRESENTANTES DO PODER PUBLICO - TITULARES

| - Representante da Secretaria Municipal de Meio Ambiente:
1 = Camilo de Oliverra Sellin = Presidente

Il - Representante da Secretaria Municipal de Educagao, Cultura,
Desporto & Turismo:

1 — Débora de Oliveira Souza Conrade

Il - Representante da Secretaria Municipal de Saude:

1 = Viviane Silva dos Santos e Santos

IV — Representante da Secretaria Municipal de Agricultura:
1 — Sabrina Pignaton Prudéncio

V — Representante da Secretaria Municipal de Obras:

1 - Rogério Barbosa de Oliveira



VI - Representante da Vigilancia Sanitaria Municipal:
1 = Valdenice Ferreira da Silva
Vil - Representante do IDAF - Geréncia local:

1 — Paulo Vinicius Alves Pearuchi

REPRESENTANTES DA SOCIEDADE CIVIL - TITULARES

VIl - Representante da APROFACC - Associagaoc dos produtores
familiares da Comunidade Cristdvao:

1 = Juselita Alves de Oliveira Souza - Secretaria

IX = Representante do Sindicato Rural de Montanha:

1= Amando Lulz Fernandes

X — Representante da Camara de dirigentes lojistas de Montanha — CDL:
1 = Thiago Médice

Xl — Representante da Defesa Civil Municipal:

1 = Laslton Santos Costa — Vice-Presidente

Xll = Representante do IFES - Campus Meontanha:

1 - Talita Aparecida Pletsch

Xl - Representante da Escola Familia Agricola de Vinhatico:
1 = Keiliany Tecdore Moura

XV — Representante da CESAN - Escritorio local:

1 — Hudson Goltara Souza

REPRESENTANTES DO PODER PUBLICO — SUPLENTES

| - Representante da Secretaria Municipal de Meio Ambiente:

1 - Kleber-Lande Moreira Borges



Il - Representante da Secretaria Municipal de Educagao:
1 - Elisangela Malovinl Miossi

Ill = Representante da Secretaria Municipal de Saude:

1 - Leila Machado Carvalho Baltar Rodrigues

IV — Representante da Secretaria Municipal de Agricultura:
1 = Waldomira Junior da Paixo Sampaio

V - Representante da Secrataria Municipal de Obras:

1 — Leonarde Galvao de Oliveira

VI - Representante da Vigilancia Sanitaria Municipal:

1 — Thelma Souza Neves Campos

Vil - Representante do IDAF — Geréncia local:

1 = Milene Anes Dias Roxo Dugue

REPRESENTANTES DA SOCIEDADE CIVIL - SUPLENTES

Vil = Representante da APROFACC - Associagao dos produtores
familiares da Comunidade Cristévao:

1 — Manoelita Alves Peruchi

IX = Representante do Sindicato Rural de Montanha:

1 — Amelia Maria de Oliveira

X — Representante da Camara de dirigentes lojistas de Montanha — CDL:
1 - Angelo Marcos Cardoso Baldrini

Xl - Representante da Defesa Civil Municipal:

1 — Leda Maria Guimaraes Barbosa

Xll = Representante do IFES - Campus Montanha:

1 — Waylson Zancanefla Quartezani

Xlll - Representante da Escola Familia Agricola de Vinhatico:



1 - Alex Nepel Marins.
XIV - Representante da CESAN — Escritorio local:

1 - Waellington Antunes Luz

Art. 2° - Este Decreto entra em vigor na data de sua publicacao, revogadas as
disposigoes em conlrario.

Montanha/ES, 07 de julho de 2020

LT
Iracy Carvalho Machado Baltar Filha
Prefeita Municipal
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