UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO
PROGRAMA DE POS-GRADUACAO EM BIOTECNOLOGIA

PROSPECCAO DE GERANIOL SYNTHASE (GES) EM ESPECIES
AROMATICAS E USO DO OLEO DE KENAF PARA CONTROLE DA
RAMULOSE NO ALGODOEIRO

KALINY VEIGA PESSOA DA SILVA

RECIFE-PE
2016



Kaliny Veiga Pessoa da Silva

TESE DE DOUTORADO

PROSPECCAO DE GERANIOL SYNTHASE (GES) EM ESPECIES
AROMATICAS E USO DO OLEO DE KENAF PARA CONTROLE DA
RAMULOSE NO ALGODOEIRO

Tese de doutorado apresentada ao Programa de Pds-
Graduacdo em Biotecnologia — RENORBIO, ponto focal
Universidade Federal Rural de Pernambuco - UFRPE,
como parte dos requisitos para obtencéo do grau de Doutor
em Biotecnologia.

Area de Concentragio: Biotecnologia na Agropecuaria
Linha de Pesquisa: Agroecologia

Orientador: Prof. Dr. Péricles de Albuquerque Melo Filho/ UFRPE
Co-orientadora: Dra. Roseane Cavalcanti dos Santos/ Embrapa Algodao
Area de concentragio: Biotecnologia em Agropecudria

RECIFE-PE
2016



Dados Internacionais de Catalogagdo na Publicagdo (CIP)
Sistema Integrado de Bibliotecas da UFRPE
Biblioteca Central, Recife-PE, Brasil

S586p  Silva, Kaliny Veiga Pessoa da
Prospeccéo de geraniol synthase (GES) em espécies aromaticas e
uso do dleo de kenaf para controle da ramulose no algodoeiro /
Kaliny Veiga Pessoa da Silva. — 2016.
90 f.: il

Orientador: Péricles de Albuguerque Melo Filho.

Coorientadora: Roseane Cavalcanti dos Santos.

Tese (Doutorado) — Universidade Federal Rural de Pernambuco,
Programa de P6s-Graduagdo em Biotecnologia — RENORBIO,
Recife, BR-PE, 2016.

Inclui referéncias.

1. Extratos vegetais 2. Fungicida 3. Fitopatogeno I. Melo Filho,
Péricles de Albuquerque, orient. 1l. Santos, Roseane Cavalcanti dos,
coorient. I11. Titulo

CDD 620.8




TERMO DE APROVACAO

UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO
DEPARTAMENTO DE AGRONOMIA

TESE DE DOUTORADO ELABORADA POR:
Kaliny Veiga Pessoa da Silva

Prospeccdo de geraniol synthase (GES) em espécies aromaticas e uso do 6leo de kenaf
para controle da ramulose no algodoeiro

BANCA EXAMINADORA

Tese defendida em: 22/08/2016

Orientador:

Prof. Dr. Péricles de Albuquerque Melo Filho
Departamento de Agronomia — UFRPE

Examinadores:

Prof. Dr. José Jaime Vasconcelos Cavalcanti
Embrapa Algodéo

Prof. Dr. José Luiz Sandres Carvalho Filho
Departamento de Agronomia — UFRPE

Prof. Dr. Reginaldo de Carvalho
Departamento de Biologia — UFRPE

Profa. Dra. Vivian Loges
Departamento de Agronomia — UFRPE

Recife — PE
2016



DEDICATORIA

Dedico a meus pais Gilson José
da Silva e Ana Paula Carneiro
da Veiga Pessoa, por todo
apoio e amor que me
dedicaram.



AGRADECIMENTOS

A Universidade Federal Rural de Pernambuco (UFRPE), pela disponibilidade de
infraestrutura para a realizagdo deste trabalho.

A CAPES/CNPg/Rede Repensa, pelo apoio financeiro concedido para o
desenvolvimento deste trabalho.

Ao Programa de P6s-Graduacao Renorbio, pela assisténcia e conhecimento adquirido.

A Empresa Brasileira de Pesquisa Agropecuaria (Embrapa) e seus pesquisadores, em
especial aos pesquisadores Dra. Roseane Cavalcanti, Dra. Liziane Lima e Dr. Jaime
Cavalcanti, pela disponibilidade de infraestrutura e apoio cedido na conclusdo desse
trabalho.

Aos membros da banca por se disponibilizarem a compartilhar conhecimentos e a
contribuir para concluséo deste trabalho.

Ao meu orientador, Prof. Dr. Péricles de Albuquerque Melo Filho pela confianca e
incentivo.

A minha co-orientadora, Dra. Roseane Cavalcanti dos Santos pelo apoio, conhecimento
partilhado, ensinamentos e disponibilidade para auxiliar na conducao deste trabalho.

Aos amigos da Embrapa algoddo: Eveline Aradjo, Taiza Soares, Carliane Rebeca,
Valeska Silva, Morganna Pollynne, Vandré Guevara e Fatima Caetano por todo apoio
recebido.

As amigas Silvany e Eveline Araujo, por fazerem de sua casa minha casa nas fases de
experimento em Campina Grande-PB.

Aos amigos e colegas do Laboratério de expressdo Génica (LABEG), em especial a
Maria Isabel Gomes, Jacqueline Pereira, Yrlania Guerra e Gerckson Maciel por toda
ajuda, companheirismo e conhecimentos adquiridos.

A amiga Maria Isabel Gomes por seu constante apoio na conducdo dos experimentos,
por toda forca dada nos momentos mais dificeis e por sua amizade sempre presente.

A amiga Yrlania Guerra, por ter sido meu braco direito na conducdo dos experimentos
fitopatoldgicos, por toda paciéncia e conhecimentos partilhados.

As minhas amigas de graduacdo que sdo apoio sempre presente durante toda caminhada,
especialmente Marilia Luanda, Adriana Lima, Ivana Souza, Cybelle Oliveira, Eliene
Mariano e Ana Karolina.

Aos amigos Patricia Xavier, Andressa Leite, Patricia Silva, Barbara Virginia e Jamilly

Lopes por estarem sempre presentes me apoiando e pelos momentos de descontracao
extra universidade.



A minha familia, em especial, a meus pais Gilson José e Ana pessoa e a meus irmaos
Beatriz e Diego Veiga por toda paciéncia e amor acima de tudo.

A Deus, que permitiu que eu pudesse dar cada passo dessa caminhada e que sempre me
guiou pelos melhores caminhos.

A todos aqueles que de alguma forma contribuiram diretamente ou indiretamente para
realizacdo deste trabalho.



LISTA DE FIGURAS

CAPITULO I - REVISAO BIBLIOGRAFICA
Figura 1: Rotas biossintéticas dos metabdlitos secundarios (LEITE, 2008)

Figura 2: Biossintese simplificada do geraniol (DUBEY et al.,2003)

CAPITULDO II - Prospection of geraniol synthase in aromatic species to control
of cotton ramulosis

Figure 1. A- amplicons generated from RT-PCR reaction with specific primers
GES. B. nylon membrane showing blottings GES generated by alkaline
phosphatase labeled probe. M- Marker Ladder 100 bp (Ludwig); 1- R. officinalis;
2- O. gratissimum; 3- R. graveolens; 4- P. boldus; 5- C. nardus; 6- P.
amboinicus; 7- J. officinale; 8- O. majorana; 9- M. viridis; 10- M. pulegium; 11-
O. basilicum.

Figure 2. Relative expression of GES. Chart generated by the Eco Real-Time
PCR System program (Illumina) from data ACq and Melt curve, based on the
regulation of p-actin.

Figure 3. Growth inhibition C. gossypii in PDA containing infusion of fresh
leaves (A), fresh extracts (B) and heated dry extract (C) four plant species: e-
Ocimum basilicum L.; + - Mentha pulegium; m -Rosmarinus officinalis e D: A-
Origanum majorana. Regression equation and R? are shown for each sample
obtained by the Scott-Knott test 0.05. Coefficients of variation (CV) and F values
for the following treatments:A- 1.40 e 117.77; B- 0.88 e 857.70; C- 1.52 e
181.36.

Figure 4. C. gossypii of mycelial growth inhibition grown in PDA containing
essential oil of 4 species.e- Ocimum basilicum L.; + - Mentha pulegium; m -
Rosmarinus officinalis e D: A - Origanum majorana. Regression equation and R?
are shown for each sample obtained by the Scott-Knott test 0.05. Coefficient of
variation: 4.47, F:361.40.

Figure 5: C. gossypii Inhibition of mycelial growth in PDA medium with
different concentrations of essential oils. Treatments: A- Rosmarinus officinalis;
B- Origanum majorana; C- Ocimum basilicum; D- Mentha pulegium.
Concentrac@es: 1- Control; 2- 500ppm; 3- 1000ppm; 4- 1500ppm; 5- 2000ppm.

CAPITULO I11- Effect of kenaf oil on mycelial growth and spores production
the colletotrichum gossypii var. Cephallosporioides agent causal of ramulosis in
cotton

Figure 1: Daily Growth Assessment (cm) of C. gossypii amid PDA about Kenaff
oil effect at different concentrations. T- Fungus + PDA; T1- fungus + Kenaf
25ul/ ml; T2- fungus + Kenaf 50ul /ml; T3 - fungus + Kenaf 75ul / ml.
Regression equation and R2 is displayed for each concentration.

Figure 2: Growth of C. gossypii on PDA on Kenaff oil effect at different
concentrations.

Pég.
27

30

72

72

73

74

74

84

85



LISTA DE TABELAS

CAPITULO Il — Prospection of geraniol synthase in aromatic species to
control of cotton ramulosis

Table 1. Disease severity indexes in different isolates of C. gossypii var.
cephalosporioides in plants Gossypium hirsutum cultivars 8H.

Table 2. Initial Index disease (I.1.D.) and final disease severity index (D.S.l.) in
Gossypium hirsutum previously treated with vegetable oil and subjected to two
local Ramulosis.

Table 3. Initial disease index (I.1.D.) and final severity index of disease (D.S.1.) in
gossypium hirsutum subjected to Ramulosis and curatively treated with vegetable
oils in two locations.

CAPITULO IlI- Effect of kenaf oil on mycelial growth and spores
production the colletotrichum gossypii var. Cephallosporioides agent
causal of ramulosis in cotton.

Table 1. Parameters phytopathological C. gossypii effect on 3 kenaf oil
concentrations.

Pég.

71

75

76

86

Vi



LISTA DE ABREVIATURAS

BOD - Biochemical oxygen demand

cDNA- Complementary deoxyribonucleic acid

Cgc- Colletotrichum gossypii South var. cephalosporioides Costa
DNA -Deoxyribonucleic acid

GES- Geraniol synthase

ha- hectare

Kb- kilobase

NCBI - National Center for Biotechnoloy Information (http://www.ncbi.nIm.nih.gov/)
Pb- base pair

PCR - Polymerase Chain Reaction

PDA- potato dextrose agar

gPCR - Real time quantitative Polymerase Chain Reaction

RNA - Ribonucleic acid

RT- Reverse transcription

RT-PCR- Reverse transcription polimerase chain reaction

Tag- Thermus aquaticus

Vii


http://www.ncbi.nlm.nih.gov/

RESUMO

O algodoeiro destaca-se como uma planta téxtil de alto valor no mercado mundial
devido a qualidade de suas fibras e aos derivados comerciais que a planta produz. A
ramulose € uma doenca que causa grandes danos a esta cultura, causada pelo fungo
Colletotrichum gossypii South var. cephalosporioides Costa, afeta principalmente
folhas jovens, sendo os sintomas mais comuns 0 escurecimento e necrose das folhas e
ramos, podendo comprometer todo o desenvolvimento da planta. Extratos e Oleos
vegetais vém sendo estudados como alternativa para controle de pragas e doencas como
a ramulose em lavouras. Estes tém como principais constituintes 0s compostos
secundarios, substancias quimicas conhecidas como fitoquimicos, terpendides,
alcaldides e glicosideos. Dentre estes o geraniol, monoterpeno que destaca-se por sua
propriedade fungicida. Ja o Kenaf (Hibiscus cannabinus) pertence a familia Malvaceae
e € rica em compostos conhecidos como polifendis, alcaloides, taninos e Oleos
essenciais, também sendo uma promissora fonte de dleo fungicida. Este trabalho buscou
analisar o efeito de Oleos e extratos sobre o desenvolvimento do fungo C. gossypii,
causador da ramulose, por meio de duas pesquisas: Na primeira, buscou-se prospectar a
Geraniol synthase, enzima precursora do geraniol, em espécies aromaticas, por meio de
analises moleculares via PCR e gPCR, além de testes fitopatoldgicos, a fim de avaliar a
expressdo do geraniol e a eficacia de seus extratos e 0leos vegetais na prevencdo e no
controle da ramulose; Na segunda pesquisa avaliou-se o efeito do 6leo de Kenaf sobre o
desenvolvimento do fungo C. gossypii em condicdes de laboratério. Para realizacdo da
primeira pesquisa onze espécies aromaticas foram avaliadas, entre elas M. pulegium, O.
basilicum, O. majorana e R. officinalise, as quais apresentaram niveis satisfatorio de
expressdo desta enzima nos ensaios moleculares, sendo selecionadas para bioensaios em
in vivo contra C. gossypii. Os 6leos de O. basilicum, M. pulegium e O. majorana, na
concentracdo de 2000 ppm, foram testados in vivo e suas acdes preventivas e curativas
comparadas com fungicida comercial. Houve controle efetivo dos 6leos O. basilicum e
M. pulegium em condi¢des ambiente, sendo que M. Polegium destacou-se com D.S.I.
em torno de 30%, valor menor do que o apresentado pelo fungicida comercial (40%).
Esses resultados denotam que o uso de espécies aromaticas pode se constituir numa
alternativa eficaz para o tratamento da ramulose, com as vantagens de ser um método de
baixo custo e de ndo fornecer riscos de contaminacdo ambiental. Além disso, a

caracterizacdo genética de espécies aromaticas ¢ uma importante fonte de informacdes

vin



para ampliar a utilizacdo dos recursos naturais possibilitando que novos materiais
detentores de genes de interesse sejam encontrados e sirvam como estratégias de
conservagao ambiental. Na segunda pesquisa, testes fitopatoldgicos foram realizados no
isolado 287, de C. gossypii, sobre o efeito do 6leo de Kenaf em concentragdes de 25, 50
e 75 ul/Iml. Verificou-se por andlise de regressdo que nao houve reducdo no
crescimento micelial de C. gossypii nas concentracfes de 6leo adotadas neste trabalho.
Os dados apresentados pelo crescimento de fungos, efeito fungistatico e producdo de
esporos nao revelaram diferenca estatistica entre o tratamento com éleo e controle. Com
base na composicdo do éleo de kenaf, rica em ingredientes fungicida, mesmo este 6leo
ndo apresentando controle sobre C. gossypii no presente estudo, acredita-se que em
concentracdes mais elevadas este 6leo possa exercer efeito sobre este patdgeno.

Palavras-chaves: Extratos vegetais, fungicida, fitopatogeno.
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CAPITULO |

1. INTRODUCAO

O algodoeiro, familia Malvaceae, pertencente ao género Gossypium, €
considerado uma das mais antigas plantas domesticadas pelo homem (RICHETTI e
MELO FILHO, 2001). As espécies cultivadas de algoddo Gossypium hirsutum L.,
Gossypium barbadense L., Gossypium arboreum L. e Gossypium herbaceum L
(CRAVEN et. al., 1994), tem elevada importancia econdmica e social, plantadas em
mais de 100 paises do mundo. A fibra é seu principal produto, utilizada como matéria-
prima para a fabricacdo de tecidos em mais de 150 paises, sendo também importante
fonte de dleo e proteinas com larga aplicagdo em industrias de alimentos e

bicombustiveis (BELTRAO, 2006).

Apesar do atual crescimento da lavoura algodoeira em nivel nacional, 0 manejo
€ uma atividade de elevado custo, principalmente nas regibes Sudeste e regides de
cerrados, onde as praticas de mecanizacdo e controle de pragas e doencas, como as
doencas fungicas, oneram em mais de 40% os custos de producdo (FREIRE,
2007). Mais de 250 doencas afetam o algoddo, 90% delas causadas por fungos que
ocorrem em quase todas as regides produtoras, ocasionando grandes danos econémicos
a cultura (CIA e FUZZATO, 1999). A ramulose, causada pelo fungo Colletotrichum
gossypii South var. cephalosporioides Costa, € uma das mais importantes sobre esta
cultura no Brasil (CIA e SALGADO, 2005; SUASSUNA e COUTINHO, 2011).
Restrita a paises da América Latina afeta principalmente folhas jovens, sendo os
sintomas mais comuns: escurecimento das folhas e hastes principais e laterais; manchas

necroticas circulares no limbo e nervuras; antracnose e tombamento. A doenca reduz,

13



assim, o porte da planta e a producdo de capulhos (MATHIESON e MANGANO,

1985).

O uso indiscriminado de agrotdxicos no controle de fitopatdgenos e insetos-
praga vem causando inumeros problemas ambientais, como a contaminacgdo de lengois
freaticos e do solo, além de problemas aos agricultores como resisténcia microbiana
adquirida e elevado custo de producdo (OOTANI, et al., 2013). O uso de extratos e
6leos vegetais podem se constituir numa alternativa para o controle da ramulose. Em
seu ambiente natural, os éleos essenciais, produzidos pelas plantas, exercem funcdes
defensivas importantes, incluindo atividade bactericida, antiviral, antifingica e
inseticida (CAMPOS, et al.,, 2014). Estes tém como principais constituintes 0s
compostos secundarios, que sao classificados, usualmente, em relacdo a rota
biossintética em compostos fendlicos, terpenos e esteroides e alcaloides (HARBONE,

1999).

Os extratos com atividades repelentes ou atraentes sdo constituidos
principalmente por terpenos e terpendides (geraniol, sabineno, timol, carvacrol, eugenol
e outros) que se apresentam como moléculas volateis, de baixo peso molecular e
bastante diversificadas estruturalmente (KOKSAL et al., 2011). Estas substancias sdo
conhecidas como aromaticas e se acumulam em todos o0s 0Orgdos vegetais,
desenvolvendo fungdes como inibidores de germinagdo, prote¢do contra acdo de
predadores, atracdo de polinizadores, entre outras (ISMAN, 2006; AQUINO et al.,

2010; KNAAK e FIUZA, 2010).

A literatura disponibiliza varios trabalhos fitopatologicos com o uso de 6leos
essenciais para controle de Colletotrichum. No entanto, a grande maioria aborda o

controle de C. gloeosporioides, agente responsavel pela antracnose. Trabalhos reportam
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0 uso de metabdlitos vegetais para controle de C. gossypii, Lima et al. (2008), mostram
que o Oleo de citronela (Cymbopogon nardus) inibiu o crescimento micelial do C.
gossypii, com reducdo de crescimento micelial in vitro a 2500 ppm, além de reducéo no
avanco da doenca, em casa de vegetacido. Oleos essenciais de Rosmarinus officinalis e
Baccharis trimera na concentracdo 1%, tratamento preventivo in vivo, apresentaram
efeito na indugdo de resisténcia em algodao, reduzindo em 68,9% e 55,1% a ramulose
nas plantas tratadas, respectivamente (SANTOS et al. 2011).

O Geraniol é um alcool aciclico, monoterpendide, emitido das flores de variadas
espécies de rosas e também presente em tecidos vegetativos de muitas ervas
(ANTONELLI et al, 1997.; MALLAVARAPU et al,. 1998; RAO et al. 2000;
MOCKUTE e BERNOTIENE, 1999; VIEIRA et al. 2001). E comumente encontrado
com os produtos de sua oxidacdo, o geranial e o neral, estes, em conjunto, formam o
citral, composto de cheiro e sabor limdo abundante em espécies do género
Cymbopogon, no gengibre e em algumas variedades de manjericdo (MIYAZAWA e
KAMEOKA, 1988; SINGH-SANGWAN et al., 1993; GRAYER et al,. 1996; SIMON et
al., 1999). Plantas conhecidas com alto teor de geraniol s@o raras na natureza, no entanto
hd muitas espécies desconhecidas geneticamente quanto a presenca de genes que
codificam para as enzimas responsaveis pela producdo de geraniol e outros compostos
como eugenol e linalol (YANG et al., 2005). A enzima precursora do geraniol, a
Geraniol Synthase, tem sequéncia conservada entre as espécies (YANG et al., 2005),
caracteristica importante para realizacdo de prospeccdo do gene em diversas espécies

vegetais.

Além de plantas detentoras de geraniol, outras plantas também podem
apresentar potencial para controle de patdgenos, kenaf (Hibiscus cannabinus), espécie

que pertence a familia Malvaceae e é nativa de regides da India e Africa (MOHAMED



et al. , 1995), é sabidamente rica em comopostos como polifendis, alcaldides, taninos e
Oleos essenciais (AGBOR et al., 2005; KOBAISY et al.,, 2001), tornando-se uma
excelente candidata a fornecer 6leo com atividade fungicida. De acordo com Kobaisy et
al (2001), o dleo essencial de kenaf exerce atividade inibitéria sobre o crescimento in
vitro de Colletotrichum fragariae, C. gloeosporioides e C. accutatum em concentracoes
a partir de 100 pg, podendo este 6leo ser testado para outras espécies de patdgenos e
servir como alternativa de controle destes microrganismos.

A genética molecular pode vir a ser uma grande aliada para prospectar espécies
com potencial de producdo de metabolitos para uso agroecoldgico. A PCR em tempo
real destaca-se entre as técnicas moleculares, permitindo o acompanhamento dos
resultados em tempo real e visando além dos resultados qualitativos também a
quantificacdo dos acidos nucléicos determinando desta forma a quantidade de copias de
uma determinada sequéncia de nucleotideos dentro das amostras (HEID et al., 1996).
Assim, o estudo das atividades biologicas de compostos secundarios vegetais, seja na
forma de extrato bruto ou 0leo essencial, constitui-se, ao lado da engenharia genética e
da inducédo da resisténcia, em uma promissora forma de controle de doencas e pragas
(SCHWAN-ESTRADA et al., 2002). No entanto, considerando-se a biodiversidade da
flora brasileira, ainda se faz necessarios esforcos maltiplos para realizacdo de estudos
eficazes e aplicados que levem a prospeccdo e a utilizacdo de bioativos naturais na
agricultura, contribuindo para minimizar os elevados custos de producdo, reduzir os
riscos ambientais e a dependéncia de fungicidas quimicos (RODRIGUEZ e
VENDRAMIM, 1997; SINGH et al., 1997; MAZZONETTO e VENDRAMIM, 2003;
LIMA, 2008; TIAN, 2011).

O presente trabalho visou prospectar, via ferramentas moleculares e

fitopatdlogicas, a atividade da Geraniol synthase em espécies aromaticas, com fins de
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investigar o potencial de controle da ramulose em plantas do algodoeiro e com base nos
resultados indicar o uso de um ou mais desses materiais em lavouras. Além disso
avaliou-se os efeitos do 6leo de kenaf (Hibiscus cannabinus) sobre o desenvolvimento

de Colletotrichum gossypii var. cephallosporioides, agente causal desta doenca.
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2. REVISAO BIBLIOGRAFICA
2.1.  Gossypium hirsutum
2.1.1. Caracteristicas taxonémicas e reprodutivas:

O algodoeiro pertence ao grupo das plantas dicotileddneas, familia das
malvaceae, a tribo gossypieae e género Gossypium (CRONQUIST, A. 1981) que
compreende cerca de 50 espécies (FRYXEL 1992; PERCIVAL, et al., 1999). As
espécies deste género sdo classificadas de acordo com seu nivel de ploidia, 0 nimero
cromossdmico basico do género Gossypium é 13, sendo a espécie cultivada G. hirsutum
L um tetraploide gendmico (2n = 4x = 52) (ENDRIZZI, et al. 1985; STEWART, 1995;
WENDEL et al. 2012).

Caracteriza-se por ser uma planta ereta de porte arbustivo, anual ou perene,
dotada de raiz principal conica, pivotante com poucas raizes secundarias grossas e
superficiais. O caule herbaceo ou lenhoso tem altura variavel sendo dotado de ramos
vegetativos e ramos frutiferos (WENDEL e CRONN 2003). As folhas comumente de
consisténcia coriacea sdo pecioladas, geralmente cordiformes, inteiras ou recortadas
apresentando de trés a nove l6bulos. As plantas atingem a maturidade reprodutiva com
cerca de cinco semanas ap6s o plantio, com a formacao dos botdes florais. As flores tém
ambas as estruturas reprodutivas, feminina e masculina (flores perfeitas), possuindo um
terceiro verticilo floral e bracteas, que fazem uma protecéo extra, tem coloracéo creme
com antese entre 9 e 10 horas (RITCHIE et al., 2007). Os frutos, denominados de macés
quando verdes e de capulhos quando se abrem, sdo capsulares de deiscéncia
longitudinal, tem de trés a cinco l6culos, que podem produzir de seis a dez sementes,
estas sdo cobertas por pelos denominados por fibra ou linter (BELTRAO et al., 2010;

SEAGRI, 2012).
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2.1.2. Distribuicdo geogréfica

Estudos sugerem que o género Gossypium originou-se a cerca de 10 a 20
milhdes de anos a partir dos Kokia e Gossypioides 0s mais proximos dentro da tribo
gossypieae (WENDEL e ALBERT 1992; SEELANAN et al, 1997). Estas evidéncias
baseiam-se principalmente em analises morfoldgicas e geograficas, embora a maioria
das avaliacBes sejam baseadas em dados citogenéticos e moleculares (WENDEL et al.,
2010).

O centro de origem pra esse género ainda nao foi determinado, mas os centros de
biodiversidade, definidos pelo rico numero de espécies, incluem a Austrélia,
especialmente a regio noroeste Kimberley; Africa (Somalia, Djibouti, Eritreia e
Etiopia); Sul da Peninsula Arébica e parte centro-oeste e sul do México. As especies
diploides sdo originarias de regides tropicais e subtropicais na Africa, Asia, América e
Australia. As especies alotetraploides tém sua origem em regiGes tropicais e
subtropicais nas Americas (FRYXELL, 1992; WENDEL et al., 2010). O centro de
origem descrito para o tetraploide G. hirsutum sdo América Central e 0 México, sendo
que o possivel centro de domesticacdo estd localizado no sudeste do Meéxico,
provavelmente na Peninsula de Yucatan durante o periodo pré-colombiano
(BRUBAKER e WENDEL, 1994). As espéecies mais cultivadas sdo G. hirsutum e G.

barbadense, plantadas em mais de 100 paises no mundo (SILVA, et al. 2011).

2.1.3. Importancia econébmica

O algodao (Gossypium spp.) é uma importante planta cultivada para a economia
de diversos paises, fornecendo fibra para industria téxtil, alimento animal e matéria
prima para producdo de Oleo vegetal a partir de suas sementes. G. hirsutum L. € a

espécie mais cultivada, responsavel por mais de 90% da producdo mundial (ALVES et
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al., 2009). Estima-se que cerca 350 milhdes de pessoas estdo ligadas & producdo de
algodao, desde fazendas até logistica, descarocamento, processamento e embalagem
(ABRAPA, 2015).

Em determinados paises como Burkina Fasso, Uzbequistdo, Mali, Costa do
Marfim, Cazaquistdo, Egito e Siria 0 algoddo é uma das principais receitas de
exportacdo, sendo a cultura essencial para economia desses paises. Brasil, EUA,
Uzbekistdo e Australia destacam-se como 0s principais exportadores de algodao
(ABRAPA, 2015). A Conab (2016) estima que a area plantada com algod&o na safra de
2015/16 no pais equivalera a 956,7 mil hectares. A cultura do algodoeiro, no estado de
Mato Grosso, principal produtor no pais nas ultimas safras, atingiu niveis de
produtividade equivalentes aos melhores do mundo. No ano agricola 2014/2015 foram
cultivados, nesse estado, 562.700 ha com algodoeiro, obtendo-se a produtividade de
fibra de 1.638 ha -1. Neste ano, a producéo de fibra em Mato Grosso correspondeu a
61,58 % da producdo brasileira (CONAB, 2016). Fatores como a escolha do gendtipo
ideal e a interacdo genotipo ambiente sdo essenciais para o0 sucesso da producdo
algodoeira (SINGH et al. 2007). Além disso, o algoddo é uma planta extremamente
resistente a seca, possuidora de varios mecanismos de ajustamento, inclusive o osmotico
(ALMEIDA, BELTRAO e GUERRA, 1992; SOUZA, BELTRAO e SANTOS, 1997;

BELTRAO, AZEVEDO, NOBREGA e SANTOS, 1997).

2.2. Doencas do algodao

O algodao é acometido de mais de 250 doencas, sendo 90% delas causadas por
fungos que ocorrem em quase todas as regides produtoras ocasionando danos
econdmicos a cultura. A grande parte dessas doencas é transmitida via sementes e em

potencial as doengas fangicas. Essas doencas sempre tiveram o foco de especialistas por
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provocarem grandes danos a cultura, provocando queda da produtividade e por vezes
baixa qualidade do produto (WANG e DAVIS 1997).

A Mancha-de-mirotécio no algodoeiro é causada pelo fungo Myrothecium
roridum Tode (SUASSUNA et al., 2006), patdgeno encontrado em regides de clima
temperado e tropical, numa vasta gama de hospedeiros, que incluem solanaceas e
cucurbitaceas (HILLOCKS, 1992). Seus principais sintomas surgem em folhas jovens
podendo levar também ao tombamento da plantula, nas plantas adultas causa manchas
circulares de coloracdo escura, com margens violeta-amarronzado e dependendo da
severidade pode causar desfolha na planta (BELTRAO e AZEVEDO, 2008).

A mancha branca ou mancha de ramuléria tem como agente causal o fungo
Ramularia aréola, plantas acometidas por essa doenca caracterizam-se por apresentar
manchas esbranquicadas, de formato anguloso em ambas as superficies foliares pode
afetar o algodoeiro ainda precoce e ocasionar queda de folhas, afeta principalmente
lavouras desenvolvidas em locais sombreados e umidos (KIMATI et al., 2005).

Causadas pelos fungos Alternaria sp e Stemphylium solani as manchas de
alternaria e estefilium sdo pequenas manchas circulares de tonalidade marrom no centro
e bordas enegrecidas. Quando as lesbes envelhecem, o centro torna-se seco e
quebradico, podendo causar perfuracGes no limbo foliar. Em cultivares suscetiveis, as
lesbes podem coalescer e formar areas necrdticas irregulares, culminando com a queda
das folhas (SUASSUNAet al., 2006; BELTRAO e AZEVEDO, 2008).

A murcha de fusarium, doenca causada pelo fungo Fusarium oxysporum f.
sp. vasinfectum tem como sintomas caracteristicos a murcha das folhas e ramos, plantas
jovens podem morrer em poucos dias ao apresentarem sintomas da doenca, a maioria
das plantas ndo morre, sobrevivem emitindo novos brotos proximos ao solo, porém

estes ndo sdo produtivos (DAVIS et al. 2006). Internamente ocorre descoloracdo dos
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feixes vasculares os quais sofrem blogueio impedindo a livre circulagdo de agua e seiva
bruta para a parte aérea, induzindo a murcha.

Dentre todas as doencas descritas para o algodoeiro a ramulose, causada pelo
fungo Colletotrichum gossypii var. cephalosporioides, ¢ uma das mais importantes
(KIMATI et al., 2005). Identificada no Brasil inicialmente no municipio de Rancharia,
em Sdo Paulo (COSTA e FRAGA JR, 1937), encontra-se disseminada por todas as
regides do pais onde o algodoeiro é cultivado causando danos nos Estados de Goias,
Mato Grosso do Sul, Mato Grosso, em algumas regifes do Nordeste e Parana, sendo
relatada também na Venezuela e Paraguai (CIA e SALGADO, 2005).

Os sintomas aparecem primeiramente nas folhas jovens, séo manchas necroticas
anelares circulares ou alongadas, o tecido necrosado rompe-se, originando perfuracées
nas folhas que levam ao crescimento desigual do tecido e enrugamento do limbo foliar.
Posteriormente ocorre morte do meristema e consequentemente a paralisacdo do
crescimento do ramo o que estimula a brotacdo de gemas laterais com ramos e entrenos
curtos e contorcidos caracterizando o superbrotamento, dependendo do nivel de
infestacdo pode levar as plantas ao tombamento, (SUASSUNA e COUTINHO, 2011).
Quando ocorre antes do florescimento as estruturas florais abortam afetando o
crescimento da planta e a producéo de capulhos (SILVA et al. 2010; MELO et al. 2013).

A severidade da ramulose é maior quando ocorre em plantas no inicio do
desenvolvimento vegetativo. Alta pluviosidade e fertilidade do solo, temperaturas entre
25° e 30°C e umidade relativa do ar acima de 80% favorecem a acdo do fungo
(BELTRAO e AZEVEDO, 2008). As perdas decorrentes da infestacdo podem chegar a
80%, dependendo da suscetibilidade da cultivar, hd perdas principalmente de
produtividade e qualidade das fibras e sementes (FREIRE et. al., 1997). A principal

forma de disseminacdo do patdgeno é via semente, seja na forma de conidios ou de
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miceélios. No solo o fungo pode resistir por cerca de um ano contaminando plantulas que
véo servir como fonte de indculo e propagacao da doenca (KIMATI et al., 2005).

O manejo para evitar a disseminacdo dessas doencas envolve praticas de rotacdo
de cultura, tratamento quimico de sementes e aplicacdo de fungicidas, em alguns casos
existe a possibilidade do uso de cultivares com algum nivel de resisténcia

(SUASSUNA et al., 2006; MORELLO et al., 2010; KIMATI et al., 2005).

2.3.  Uso de agrotoxicos na agricultura

No decorrer dos anos, com o crescimento populacional, deu-se também o
desenvolvimento agricola decorrente da necessidade de aumento da demanda alimentar.
Com isso, campos de cultivo foram invadidos por uma gama de insetos e roedores além
de acometidos por doencas causadas por fungos e bactérias. Essas espécies
multiplicaram-se rapidamente causando danos as lavouras e reduzindo a produtividade
(BARBOSA, 2004). Para combate e controle dessas pragas 0 homem recorreu ao uso de
substancias quimicas chamadas de agrotoxicos, defensivos agricolas, pesticidas,
praguicidas e ou veneno dentre outras denominacgdes (PERES e MOREIRA, 2003).

Segundo a Food and Agriculture Organization (FAQ), agrotdxicos sdo qualquer
substancia ou combinacdo de substancias utilizadas para controlar, prevenir e destruir
pragas que incluem desde plantas invasoras a animais e microrganismos que causem
danos a lavouras (PERES e MOREIRA, 2003). De acordo com a lei n°® 7.802, o termo
agrotoxico e afins é definido como produtos e agentes de processos fisicos, quimicos ou
biologicos, destinados ao uso no setor de producdo, no armazenamento e
beneficiamento de produtos agricolas, nas pastagens, na protecdo de florestas, nativas
ou plantadas, e de outros ecossistemas e de ambientes urbanos, hidricos e industriais,

cuja finalidade seja alterar a composicao da flora ou da fauna, a fim de preserva-las da
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acdo danosa de seres vivos considerados nocivos, bem como as substancias e produtos
empregados como desfolhantes, dessecantes, estimuladores e inibidores de crescimento
(LARINI, 1999; ANDREI, 2005).

Os defensivos agricolas tornaram-se a principal ferramenta para controlar pragas
e doencas nas lavouras, a constante necessidade de aumento da produtividade faz com
que o mercado desses defensivos cresga constantemente. Estes sdo usualmente
classificados como: inseticidas (controle de insetos), fungicidas (controle de fungos),
herbicidas (combate as plantas invasoras), fumigantes (combate as bactérias do solo),
algicidas (combate a algas), avicidas (combate a aves), nematicidas (combate aos
nematoides), moluscicidas (combate aos moluscos), acaricidas (combate aos acaros),
reguladores de crescimento, desfoliantes (combate as folhas indesejadas) e dissecantes
(SILVA e FAY, 2004; BAIRD, 2006). Podem ser classificados ainda de acordo com a
sua composicao e estrutura quimica e quanto aos efeitos a saide humana que leva em
consideracdo seu grau de toxicidade relacionado com a Dose Letal 50 (DL50).

Os defensivos sdo utilizados desde a segunda metade do século XIX, sendo que
os primeiros foram fungicidas como cobre, enxofre, nicotina e piretrinas entre outros, a
partir dos anos de 1930 uma série de inovacdes ocorreram dando-se inicio a testes e
analises de interacfes bioldgicas desses produtos (SALLES FILHO, 1993). Assim no
decorrer das décadas surgiram inimeros novos produtos dentre fungicidas, herbicidas,
inseticidas e outros. A industria quimica evoluiu e a diversidade de defensivos ficou
cada vez maior, porém suas consequéncias para a natureza e para 0 homem néo foram
levadas em consideracdo diante da necessidade de se produzir mais alimentos para uma
populacdo em constante crescimento (ABREU JUNIOR, 1998).

Em meados da década de 1960 surgiram os primeiros indicios de que 0 uso

dessas substancias no cenario agricola vinha causando inimeros danos ao meio
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ambiente. Pesquisas provaram que o meio ambiente armazenava os produtos langados
nas lavouras, entdo produtos de dificil degradacdo como o DDT
(diclorodifeniltricloroetano) acumulam-se no solo e lencois freaticos entrando na cadeia
alimentar causando danos a plantas, animais e inclusive ao homem (PASCHOAL,
1979).

O desequilibrio bioldgico também é uma consequéncia do uso indiscriminado de
agrotoxicos, resulta do fato de que os agrotoxicos por muitas vezes sdo bem mais
prejudiciais aos inimigos naturais do que as proprias pragas em si. 1sso acontece, por
exemplo, pelo uso de inseticidas ndo seletivos, quando estes produtos séo aplicados
ocorre uma mortandade bem maior de predadores e parasitas do que das pragas, iSSO
porque esses predadores estdo num nivel trofico mais elevado e consequentemente em
menor nimero (PASCHOAL, 1979). Outro fator que contribui pra esse desiquilibrio é a
resisténcia genética adquirida por essas pragas aos produtos quimicos geracdo apos
geracdo, fato que ocorre devido ao grande numero de individuos nas populacdes de
pragas que aumenta a probabilidade de sobrevivéncia de um individuo portador de
genes para resisténcia.

Assim, os agrotdxicos fazem parte uma classe de compostos organicos formados
por substancias quimicas potencialmente tdxicas aos seres humanos e ao ambiente.
Inimeros destes compostos possuem hidrofobicidade elevada e juntamente com a falta
de uma via eficiente de degradacdo dos residuos se acumulam no ambiente e em
organismos Vivos como seres humanos, peixes, gados e outros animais. Esses fatores
tem aumentado a fiscalizacdo e o estabelecimento de regulamentacdes e limites
méaximos de residuos (LMR) em alimentos por governos de diversos paises visando

garantir a seguranca do consumidor e dos produtores (JARDIM e ANDRADE 2009).
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Diante dos inimeros problemas causados pelo uso de agrotéxicos uma série de
conceitos de alimentacdo saudavel, juntamente com a busca constante por alternativas
que combatam as pragas e causem menos danos ao meio ambiente trouxeram a tona o
conceito de agricultura ecologicamente correta, segmento que busca reduzir o uso de
agrotoxicos sintéticos nas lavouras com o uso de novas tecnologias que visam, além do
aumento da produtividade, a qualidade do produto e a preservacdo ambiental

(CAMPANHOLA e BETTIOL, 2003).

2.4.  Metabdlitos secundarios e defesa de plantas

As plantas tem um metabolismo complexo e dele resultam uma série de
substancias quimicas denomidas mestabdlitos secundarios, estes sdo conhecidos como
fitoquimicos, terpenoides, alcaldides, compostos fenolicos e glicosideos entre outros
(BOSCOLO e VALLE, 2008; SOUZA, 2015). Os metabolitos secundarios aumentam a
probabilidade de sobrevivéncia de uma espécie, pois sdo essenciais para sua adaptacéo
em diferentes ecossistemas. Esses metabdlitos sdo responsaveis por diversas atividades
biolégicas podendo atuar como antifungicos, bactericidas e antivirais, bem como
protegendo as plantas contra o ataque de insetos ou de herbivoros, também apresentando
atividades antigerminativas ou toxicas para outras plantas ou atuar atraindo alguns insetos
para favorecer a dispersdo de pdlens e sementes (AERTS et al., 1991; FUMAGALI, et al
2008; MAREI et al. 2012).

Estes compostos sdo sintetizados por todas as partes das plantas, brotos, flores,
folhas, caules, galhos, sementes, frutos, raizes, madeira ou cascas e armazenados em
células secretoras, cavidades, canais, células da epiderme ou tricomas glandulares
(BAKKALI et al., 2008). Metabdlitos secundarios tem como precursores alguns

metabolitos primarios, ha trés principais precursores dos metabolitos secundarios: acido
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chiquimico (precursor de varios compostos aromaticos), acetato (precursor de acidos
graxos, polifendis, isoprenos, prostaglandinas etc.) e aminoécidos (biossintese de

alcaléides) como representado a figura 1 (HARBONE, 1999; BAKKALLI et al., 2008).

[~ Polissacarideos
G LICOSE L heterosidecs
A )
Acido chiguimico Acetil-Cah,
| \ / |
Tripofano fenilalanina acido via condensagao
lirosina galico Ciclo do mevalonato
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I | )
protoalcaldides acido terpendides e
alcaldides cindmico \caldid esterdis
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Figura 1: Rotas biossintéticas dos metabdlitos secundéarios (LEITE, 2008).

Os compostos fenolicos tém funcdo ligada a sintese de ligninas, estas séo
produzidas por todas as plantas superiores e sdo responsaveis pelo odor, coloracdo e
sabor agradavel que atrai animais e insetos que promovem a polinizacdo e a dispersédo
de sementes. Outra propriedade desse grupo é a acdo alelopatica e também a capacidade
de proteger as plantas do ataque de pragas e patdgenos e da acdo dos raios ultravioleta
(CROTEAU et al., 2000). Ja os alcaloides, constituidos por pelo menos um atomo de
nitrogénio no anel heterociclico, agrupam compostos farmacologicamente ativos

restritos a alguns géneros e espécies vegetais (CORDELL, 1981). Essas substancias
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podem causar uma gama de efeitos fisioldgicos nos animais sendo tdxicos a insetos e
herbivoros (CROTEAU et al. 2000).

O grupo terpénico é normalmente constituidas de moléculas de dez e de
quinze carbonos (monoterpenos e sesquiterpenos) (DUBEY et al., 2003). As moléculas
de monoterpenos representam 90% da composicdo dos Oleos essenciais e sdo
classificados em dois grupos, monoterpenos oxigenados e monoterpenos
hodrocarbonetos (BAKKALI et al, 2008). Os monoterpenos tem propriedades
inseticidada, bactericida e fungicida naturais que os tornam a principal alternativa para
controle de pragas e patdgenos em lavouras. Muitos trabalhos relatam estas atividades
pesticidas e inseticidas (ISMAN et al, 2000), herbicida (DUKE et al, 2001; SINGH et
al, 2002) , fungicida (WURYATMO et al, 2003; CARDENAS-ORTEGA et al 2005) e
bactericida (CRISTANI et al, 2007) relacionadas a monoterpenos.

Os Oleos essenciais sdo liquidos oleosos volateis com aroma agradavel,
presente em inUmeras espécies vegetais. Estes 0leos sdo normalmente elaborados por
células glandulares isoladas ou por pélos glandulares, encontrados nas folhas
(BONNER, 1961), sendo armazenados em espacos extracelulares entre a cuticula e a
parede celular (TAIZ & ZEIGER, 2004) sdo compostos basicamente pelos terpenos
sintetizados pela rota do mevalonato (SIMON, 1999).

A procura por novos compostos de origem vegetal na forma de extratos ou
6leos essenciais tem sido cada vez mais intensa (PRAKASH, 2012), estes vem sendo
utilizados para estudos in vitro de inibicdo de crescimento micelial e esporulacdo de
fungos fitopatogénicos (R. solani, S. rolfsii, A. alternata, Phytophthora sp. e C.
graminicola). Plantas como: alecrim (Rosmarinus officinalis L.), manjerona (Origanum
majorana L.), manjericdo (Ocimun basilicum L.), mentrasto (Ageratum conyzoides L.),

babosa (Aloe vera L.), mil-folhas (Achillea millefolium L.), orégano (Origanum vulgare
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L.), cardo santo (Argemone mexicana L.), pitanga (Stenocalyx michelli L.), erva cidreira
(Lippia alba L.), poejo (Mentha pulegium L.), horteld pimenta (Mentha piperita L.),
romd (Punica granatum L.), goiabeira vermelha (Psidium guayava L. var. pomifera),
eucalipto citriodora, manjericdo (Ocimum basilicum L.), arruda (Ruta graveolens L.) e
carqueja (Baccharis trimera (Lees.) DC) tem apresentado resultados satisfatérios no

controle de patdgenos em diversos trabalhos (SCHWAN-ESTRADA, 2002).

2.5. Geraniol

O Geraniol ((E)-3,7-dimetilocta-2,6-dien-1-ol) (C10H150) é um alcool aciclico,
monoterpendide, emitido das flores de variadas espécies de rosas e tambem presente em
tecidos vegetativos de muitas ervas (ANTONELLI et al, 1997.; MALLAVARAPU et
al,. 1998; RAO et al. 2000; MOCKUTE e BERNOTIENE, 1999; VIEIRA et al. 2001).
E comumente encontrado com os produtos de sua oxidac&o, o geranial e o neral, estes,
em conjunto, formam o citral, composto de cheiro e sabor limdo abundante em espécies
do género Cymbopogon, no gengibre e em algumas variedades de manjericdo
(MIYAZAWA e KAMEOKA, 1988; SINGH-SANGWAN et al., 1993; GRAYER et al,.
1996; SIMON et al., 1999; 11JIMA et al., 2004). Ele é encontrado em glandulas e canais
secretores, tricomas glandulares e estruturas secretoras especializadas. Na maioria das
plantas o geraniol é biossintetizado pela via metabdlica do pirofosfosfato de geranila
(GPP), através da condensacdo cabeca-cauda dos pirofosfatos de isopentenila (IPP) e
dimetilalila (DMAPP) (Figura 2) (DUBEY et al., 2001; DUBEY et al., 2003; CHEN e

VILJOEN, 2010).
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Figura 2: Biossintese simplificada do geraniol (DUBEY et al., 2003).

O geraniol tem eficacia conhecida como repelente de mosquitos, inseticida e
herbicida. Devido ao forte odor também é frequentemente utilizado em industrias de
cosméticos, materiais de limpeza e alimenticias, além de ser usado nas industrias
farmacéuticas por auxiliar na absorgdo de alguns medicamentos pelo organismo (CHEN
e VILJOEN, 2010). Destaca-se como um dos principais componentes de oOleos
fungicidas em diversos trabalhos. Aguiar-menezes, (2005) detectaram o geraniol entre
0s principais componentes do Oleo essencial da citronela (C. nardus), graminea
aromatica considerada excelente repelente contra mosquitos e borrachudos, em
decorréncia dos altos teores de geraniol e citronelal presentes em seu dleo essencial.
Ensaios em laboratério realizados por Bastos e Silva, (2002) mostraram que o 6leo
essencial dessa graminea inibiu em 100 % o crescimento micelial e a esporulacdo de
Crinipellis perniciosa, agente causador da vassoura-de-bruxa do cacaueiro. Resultados
semelhantes foram alcancados com dleo essencial de Ocimum gratissimum, que de
acordo com a literatura também possui geraniol em sua composicdo e que inibiu
totalmente o crescimento micelial in vitro dos fungos Rhizoctonia solani, Sclerotium
rolfsii, Phytophthora sp. e Alternaria alternata (BENINI et al., 2010). Esses alcoois

agem alterando a permeabilidade da membrana plasmatica dos organismos inibindo o
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processo de respiracdo celular dos fungos (COX et al, 2000; DEBA et al, 2008;

IMELOUANE et al, 2009) .

2.6.

Kenaf (Hibiscus cannabinus)

Kenaf (Hibiscus cannabinus L.) é uma importante fibrosa pertencente a
familia Malvaceae e ao género Hibiscus (CRAVEN et al., 2003; DANALATOS e
ARCHONTOULIS, 2010). Cultivada no Egito ha cerca de 6000 A.C, tem como
centro de origem o continente africano e atualmente é cultivada em paises como a
China, Tailandia, india e Estados Unidos. Muito importante para inddstria téxtil por
fornecer fibras em grande quantidade e de alta resisténcia, as quais séo utilizadas na
confeccdo de tapetes, cordas, bolsas, papel, entre outros produtos. Além dessas
utilidades o kenaf pode ainda ser usado como fonte alimentar e fonte de 6leo vegetal
(BARBOSA, 2010).

E uma planta de porte herbaceo, de ciclo curto que pode atingir cerca de 3,0m
de altura, suas folhas sdo polimdrficas de 10 a 15 cm de comprimento. As flores
atingim de 8 a 15 cm de diametro de cores branco amarelado ou roxo. O fruto € uma
capsula de 2 cm de diametro, com varias sementes. As sementes sdo pequenas, de
cor escura e de forma aproximadamente triangular (BARBOSA, 2010).

As sementes de Kenaf apresentam teor de 6leo de cerca de 20% (WEBBER e
BLEDSOE, 2002; MARACCHI, 2007). Este 6leo pode ser utilizado na alimentagédo
humana e os seus acidos gordos maioritarios sdo o palmitico (20%), o oleico (29%)
e o linoleico (46%) (WEBBER e BLEDSOE, 2002). Este 6leo pode ainda ser usado
na producdo de energia, sabdes, tintas e vernizes e para iluminagdo

(ALEXOPOULOU, 2003; CATROGA, 2009).
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Além da semente, é possivel também extrair 6leo de outras partes da planta
como as folhas, sendo esta sabidamente rica em comopostos como polifendis,
alcaldides, taninos e 6leos essenciais (AGBOR et al., 2005; KOBAISY et al., 2001).
Seu 6leo vem sendo amplamente estudado quanto a seu efeito alelopatico, efeito
identificado inicialmente pela populacdo reduzida de ervas daninhas em torno de
exemplares desta espécie (RUSSO et al., 1997). Estes estudos relatam reducdo da
germinacdo de sementes de espécies como Amaranthus retroflexus L., Lolium
multiflorum Lam., Lycopersicon esculentum Mill. e Cucumis sativus L. sobre efeito
de extratos e Oleos desta planta (RUSSO et al., 1997; WEBBER et al., 2000). No
entanto, de acordo com Kobaisy et al (2001), o 6leo essencial de kenaf tambem
exerce atividade inibitoria sobre o crescimento in vitro de Colletotrichum fragariae,
C. gloeosporioides e C. accutatum em concentracfes a partir de 100 pg, podendo
este Oleo ser testado para outras espécies de patdgenos e servir como alternativa de

controle destes microrganismos.

2.7.  PCR em tempo real
Um dos grandes passos nas pesquisas biologicas foi o uso de técnicas
molecurares a partir no século XX, dentre essas técnicas a reacdo da polimerase em
cadeia (PCR) veio acompanhada de inimeros benéficios e grandes passos no ramo das
ciéncias biolégicas como a deteccdo da expressdo de genes, 0 sequenciamento de
genomas e o diagnostico rapido de doencas.
A partir da PCR foi desenvolvida a técnica de gPCR buscando estimar o niUmero
de copias de um gene de interesse (DOLKEN et al., 1998; HIGUCHI et al., 1993).
Dentre as vantagens desta técnica em relacdo a PCR convencional estdo a facilidade na
quantificacdo, maior sensibilidade, maior precisdo, reprodutibilidade e acuracia, além da

velocidade na andlise e controle da qualidade do processo. Desta forma, a possibilidade
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de monitorar a PCR em tempo real revolucionou o processo de quantificacdo de
fragmentos de DNA e RNA, a técnica baseia-se na emissdo de fluorescéncia que
aumenta seu sinal conforme a quantidade de amplificagbes do produto da PCR (PIRES-
ALVES & NOVAIS, 2004).

Esta variacdo da PCR convencional permite o0 acompanhamento dos resultados
em tempo real visando além dos resultados qualitativos também a quantificacdo dos
acidos nucléicos determinando desta forma a quantidade de cépias de uma determinada
sequéncia de nucleotideos dentro das amostras (HEID et al., 1996). A quantificacdo de
acidos nucléicos via qPCR é precisa e tem grande reprodutibilidade, pois determina
valores durante a fase exponencial da reacdo. O CT (Cycle Threshold) é uma medida
relativa da concentracdo de DNA alvo na reacdo de gPCR (Applied Biosystems), este
ponto possibilita a quantificacdo exata e reprodutivel baseado na fluorescéncia, os
valores do sinal emitido pelos compostos fluorescentes sdo armazenados durante cada
ciclo e representam a quantidade de produto amplificado (LACAVA & AZEVEDO,
2008). Os compostos fluorescentes mais utilizados sdo 0 SYBR® Green e TagMan®

(BOECKMAN et al., 2000).
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Abstract

1- - The cotton plant stands as a fibrous high value on the world market.
The ramulosis is one of the diseases that damage the crop, caused by
Colletotrichum gossypii South var. cephalosporioides Costa can compromise
the entire plant development.

2- The control of plant pathogens, made by pesticides, cause numerous
environmental problems. Secondary metabolites are an agroecological
alternative to the use of these pesticides, including geraniol, secondary
metabolite class of monoterpenes that stands out for its fungicidal property.

3- This study aimed to prospect geraniol synthase, geraniol precursor
enzyme, of aromatic species by molecular analysis by PCR and gPCR and
route phytopathological tests in order to evaluate the expression of geraniol and
efficacy of vegetable oils and their extracts in the prevention and control of
ramulosis.

4- Eleven aromatic species were evaluated, including Mentha pulegium,

Ocimum basilicum, Origanum majorana and Rosamarinus officinalis.
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5- The O. basilicum oils and M. pulegium to 2000 ppm tested in vivo had
effective results when compared to the commercial fungicide, and M. Polegium
stood out with ISD around 30 % lower than that presented by commercial
fungicide (40 %).

6- Results denote that the use of aromatic species can be an effective
and sustainable alternative for the treatment of ramulosis. Furthermore, the
genetic characterization of aromatic species is an important source of natural
resource use information enabling new material holders genes of interest are

found and serve as an alternative for environmental conservation strategies.

Key words: Fungi, essential oil, Fungicide, secondary metabolites,

monoterpene.

List ofabbreviation

Cgc- Colletotrichum gossypii South var. cephalosporioides Costa)
DNA -Deoxyribonucleic acid

RNA - Ribonucleic acid

NCBI - National Center for Biotechnoloy Information
(http://www.ncbi.nlm.nih.gov/)

RT- Reverse transcription

PCR - Polymerase Chain Reaction

RT-PCR- Reverse transcription polimerase chain reaction
gPCR - Real time quantitative Polymerase Chain Reaction
BOD - biochemical oxygen demand

PDA- potato dextrose agar
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Introduction

Increased crop yields associated with cost reduction has been a major
challenge for the agricultural competitiveness in any country on the world. The
costs of chemical pesticides for plant defense against crop pests (pathogens,
insects and weeds) has been the most responsible for the high cost of
production, in addition to several negative effects that bring to man and the
environment.

Brazil stands out as one of the largest producers of oil, grains and fiber,
in addition to being is a major consumer of agrochemicals for crop protection
(Pignati, et al. 2014). Only herbicides represented 45% of total marketed
pesticides, fungicides and insecticides while participating with 14% and 12%,
respectively (Anvisa 2013). Given of these costs, increasingly researchers have
focused on alternative pest control in that contribute to minimize the costs and
environmental damage. The use of plant products, the basis of extracts and
essential oils, has demonstrated efficiency and viability of controlling a variety of
pathogens and insects that attack crops (Singh et al. 2014; Guerra et al. 2015).

The literature provides several reports of plant species with wide biocide
power, especially the owners of essential oils, because they have bactericidal
activity, antiviral, antifungal and insecticidal (lijima et al. 2004; Hussain et al.
2008; Lima et al. 2008). Essential oils are mainly terpenes and terpenoids
(geraniol, sabinene, thymol, carvacrol, eugenol, etc.), which are shown as
volatile molecules, low molecular weight and quite diverse structurally. These
substances are known as aromatic and accumulate in all plant organs,
developing functions such as germination inhibitors, action protection from

predators, attraction of pollinators, among other (Isman, 2006).
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The geraniol is a cyclic alcohol monoterpenoids, issued flowers of
various kinds and also present in vegetative tissues of many herbs (Rao et al.
2000; Guerra et al. 2015). The products of oxidation, geranial and neral, citral
form a compound of citrus odor and abundant species of the genera
Cymbopogon, Zingiber, Ocimum, Mentha, Origanum, Rosmarinus, among other
(Hussain et al. 2008; Karray-Bouraoui et al. 2009).

The role and effectiveness of geraniol in control of plant pathogens has
been reported in several works by the repellent, fungicidal and bactericidal
action (Rao et al. 2000; Guerra et al. 2015). The enzyme geraniol precursor is
encoded by geraniol synthase (GES) which is open read frame ranging from 1.7
to 2.0 kb. The NCBI gene bank provides the sequences of GES Cinnamomum
tenuipilum (Yang et al. 2005), Olea europaea (Vezzaro et al. 2012),
Catharanthus roseus (Simkin et al. 2013), Perilla setoyensis (Masumoto et al.
2010), Ocimum basilicum (lijima et al. 2004), Phyla dulcis (Yang et al. 2011)
and Vitis vinifera (Martin et al. 2010). Alignment of these sequences reveals
several homologous regions, which can be used as specific probes or tags
which may be of assistance in studies of molecular phylogeny or relating to the
protection of plants.

The cotton (Gossypium spp) is a very important crop in the world
economy and one of the main crops in Brazil. Planted in several countries,
provides fiber for textile production, animal feed and seeds for vegetable oil
production. The Conab (2016) estimated that the area planted to cotton in the
2015/16 crop in the country amount to 956,7 thousand hectares. The cotton
crop in the state of Mato Grosso, the main producer in the country in recent

harvests, reached similar levels of productivity to the world's best. In the
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agricultural year 2014/2015 have been grown in this state, 562,7 thousand ha
with cotton, yielding fiber productivity of 1,638 ha -1. This year, the fiber
production in Mato Grosso accounted for 61.58% of the Brazilian production
(Conab, 2016).

The costs of cotton production vary among the producing countries, the
lowest are in Australia, China, Brazil and Pakistan. Already the US and Israel
have the highest cost of world production (Icac, 2015). Much of this cost come
from the large number of diseases that affect the crop, more than 250, 90% of
them caused by fungi that occur in almost all producing regions causing
economic damage. These quotes to ramulosis (Colletotrichum gossypii South
var. Cephalosporioides Coast) that causes serious damage to crops, causing
the plants to tip over, depending on the infestation level (Suassuna and
Coutinho, 2011). When occurs before flowering, floral structures miscarry,
affecting plant growth and the production of capsules (Melo et al. 2013). As
control is carried by chemical pesticides, the possibility of control via essential
oils can be an attractive and agroecological alternative for farmers who are
financially dependent on the management of this crop.

Few studies have reported the use of plant metabolites to control C.
gossypii, Lima et al. (2008) show that citronella oil (Cymbopogon Nardus)
inhibited the mycelial growth, reducing mycelial growth in vintro to 2500 ppm,
and reduction on the progression of the disease in the greenhouse. Essential
oils of Rosmarinus officinalis and Baccharis trimera in concentration 1%,
preventive treatment in vivo showed effect on cotton in the induction of
resistance, reducing by 68.9% and 55.1% to ramulosis on treated plants,

respectively (Santos et al. 2011).
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Despite the large contribution of the findings available in the literature to
control via plant extracts pathogens, there is limited information regarding C.
gossypii and too the validation of oils in vivo assays that are essential to prove
the pathogenicity and subsequent use of perspective the product agroecological
system. In the present study we carried a phytopathological and molecular
approach to dectar species possessing geraniol capable to inhibit the growth of

C. gossypii in conditions in vitro and in vivo.
Material and methodos
Aromatic species and RNA extraction

Seeds of 11 aromatic species were achieved commercially and used for
bioasays: Cymbopogon nardus (L.) Rendle, Jasminum officinale L., Mentha
pulegium L., Mentha viridis L., Ocimum basilicum L., Ocimum gratissimum L.,
Origanum  majorana L., Peumus boldus  Molina, Plectranthus
amboinicus (Lour.), Rosmarinus officinalis L. and Ruta graveolens L. The sown
was carried out in greenhouse, in 2 L-pots containing previously fertilized soil
(NPK, 10:10:10, ammonium sulfate, simple superphosphate and potassium
chloride) and watered daily. After 30 days of emergence, 1g of young leaves of
each accession were collected to RNA extraction, by using Invisorb Spin Plant
Mini Kit (Invitek), following the manufacturer's recommendations. The plants

were kept in a greenhouse for later use in bioactivity assays.

RT-PCR semiquantitative and blotting analises
cDNA of each accession was synthesized using ImProm-1I"™ Reverse

Transcription System kit (Promega). The reverse transcription was performed in

52



44 uL as follows: 11 pL of reaction, containing 1 pg total RNA, 0.5 pug Oligo dTis
(10 mM), 1X ImProm-II Reaction Buffer, 6 pL MgCl, (25 mM), 0.5 pL dNTP set
(10 mM), 1 U/uL Recombinant Rnase Ribonuclease Inhibitor; 1.25 U/uL
ImProm-II™ RT. Samples were incubated in a thermal cycler, first at 25 °C for 5
min then at 42°C for 1 hour and 70°C for 15 min. All procedures followed the

manufacturer's recommendations.

To semiquantitative assays, the reactions were performed in a 25 pL final
volume containing 2 puL of cDNA (1 pg), 0.04 U Tag Polimerase (Fermentas),
0.2 mM dNTP set (10 mM), 1,5 pL MgCl, (25 mM), 1X kit buffer (10X) and 0.8
pL of each forward (5- AGGTTGGAAGCGAGACGATTC- 3’) and reverse (5'-
GTTCCBAGATCATCCCRRAG-3’) GES primers (10 mM). The follow RT-PCR
thermal condition was performed: pre-denaturation at 95°C/7 min, followed by
35 denaturation cycles at 94°C/1 min, annealing at 56 °C/1 min and extension
at 72°C/1 min. A final extension was added at 94°C/5 min. As a constitutive
control, a pair of forward (GATRTTGTCATATCTGCACTTGCA) and reverse

(GGCTCTTCTGATCATCCTCTTC) pactin primers (10 mM) was used. Both

GES and g-actin primers were designed to amplify a fragment of 0.52 kb.

The amplicons were analyzed in agarose gel (0.8%) and photo-
documented (Bio-lImaging Systems — Mini Bis Pro, Uniscience). In order to
validate the products generated by RT-PCR, a blotting was carried out, adapted
by Butib et al. (2001). The amplicons were transferred to a nylon membrane
(Hybond-N +, Amersham Pharmacia) by capillarity. A probe (0.52 kb) was
generated with forward (5’- AGGTTGGAAGCGAGACGATTC- 3’) and reverse
(5’- GTTCCBAGATCATCCCRRAG-3’) GES primers (10 mM) and labeled with
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AlkPhos Direct detected and Labeling and Detection Systems kit (Amersham)

following the manufacturer's recommendation.

Relative expression of GES transcripts by Real Time

The relative expression of GES was estimated by gRT-PCR (Eco Real-
Time PCR System - lllumina), according manufacturer's instructions. Reactions
were performed in a 10 pL final reaction containing 5 pL of Evagreen (Biotium),
0.8 pL of forward (5- GGTGGTGGAAGGATGCTCGGTTTGG-3’) and reverse
(5° — CCATARGTATCKAAAMTATCATC-3’) gs primers (10 mM), and 2 pL of
cDNA (1:10, viv). Two-step RT-PCR procedures were performed in all
experiments. First, 95°C/15 min and 40 cycles of 95°C/20 sec, 60°C/20 s and
72°C/ 20 s. Then, a curve of denaturation (melting curve) was performed after
the conclusion of the amplification at 95°C/15 s and 60°C/15 s, rising 2°C/min
until reaching 95°C. The forward (TTGCAGACCGTATGAGCAAG) and reverse

(ATCCTCCGATCCAGACACTG) p-actin primers (10 mM) were used as a

constitutive control. Both GES and f-actin primers were designed to amplify a

fragment of 172 bp.

The threshold cycle (Ct) and PCR efficiency was estimated by Real-time
PCR Miner program (Zhao & Fernald, 2005). The analyses of gene expression
were performed using the qBASEPIus program (Hellemans et al. 2007). The
graphics, Cgs and Melt curves were automatically generated based on the
normalization method with a reference gene, AACq (Livak et al. 2001). The
expression pattern was estimated by relative quantification.

The primers used in this study were previously designed from conserved

regions of GES gene, obtained from alignment analysis performed in ClustalW?2
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program (www.ebi.ac.uk), with the following accessions available in NCBI bank:
AJ457070.2 Cinnamomum tenuipilum (Yang et al. 2005), JN408072.1 Olea
europaea (Vezzaro et al. 2012), FJ644545.1 Perilla setoyensis and
FJ644547.1 Perilla frutescens var. hirtella (Masumoto et al. 2010), AY362553.1
Ocimum basilicum (lijima et al. 2004) and GU136162.1 Phyla dulcis (Yang et al.

2011) and HM807399.1 Vitis vinifera (Martin et al. 2010).

Pathogenicity test in isolated Cgc

The tests were conducted with five isolates of the pathogen ramulose (C.
gossypii var. cephalosporioides): CCMF-CNPA 0055, CCMF-CNPA 0058,
CCMF-CNPA 0060, CCMF-CNPA 0061, CCMF-CNPA 0065 from different
regions of Mato Grosso (Table 1).

For pathogenicity testing each isolate was cultured in potato dextrose
agar (PDA) at 25° C with 12 hours photoperiod for 15 days to induce
sporulation. Conidia suspensions were prepared by adding sterile distilled water
(SDW) to the plates and the mycelium was scraped off gently. The resulting
suspensions were filtered through a double layer of cheesecloth and the spore
concentration adjusted to 1 x 10° conidia. ml-1. In the greenhouse, the
inoculation was performed by superficial wound sheet with the abrasive Celite
followed by the inoculum suspension of spraying until the pour point in cultivar
8H with about 28 days old. Witnesses were composed of plants inoculated only
with SDW. After inoculation, the plants were placed in a humid chamber for 72
hours. Each treatment consisted of six replicates, with two plants each,

arranged in a completely randomized design.
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The assessment of disease severity index (D.S.l.) was performed 50
days after inoculation using a rating scale described by Lima et al (2008): 1 -
plants without symptoms; 2 - plants with necrosis and spots on young leaves; 3
- plants with necrotic spots on leaves and stems, death of apical meristems and
internodes shortened; 4 - plants with necrosis and spots on leaves and stems,
shortened internodes and overbudding and 5 - plants showing necrotic spots on
leaves, shortened internodes, overbudding and reduction in size.

The average results of the disease ratings were calculated among the
isolates by the formula ID = Z (grade scale x frequency) x 100: n° total unit x
maximum degree of the scale, using the degree of severity of the disease,
estimated to descriptive of the scale scores from 1 to 5; After 78 days after
emergence. The D.S.I. were subjected to analysis of variance and means were

compared using the Scott-Knot test at 5%.

Bioactivity of essential oils and extracts from aromatic species against Cgc

An isolate of CCMF- CNPAO58, obtained from cotton at Primavera do
Leste, MT, Brazil (15° 31' 40" S, 54° 20" 45" W, 636 m) was used in bioassays.
This isolate is highly pathogenic to cotton plants in previous assays carried out
in greenhouse assays. CCMF- CNPA058 Cgc was maintained in BOD medium
for further use in bioassays with the aromatic species.

Essential oils and crude extracts (10%) obtained from leaves were
used in inhibition assays against Cgc. The leaves for obtaining extracts were
collected in all standard hours, between 8 and 9:00 am. The extracts were

analyzed: fresh , made with fresh leaves ; dry with dry leaves in a kiln (37 ° C /
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48 h) ; heated, made with fresh leaves in infusion ( infusion at 100 ° C/ 10 min)
. Both were adjusted to concentrations of 10 %, 5 % and 1%The pure essential
oils were obtained commercially and used at 2000, 1500, 1000 and 500 ppm,
based on methodology described by Lima et al (2008). Oils were added
separately to PDA- culture medium (Gibco), at 50°C and poured onto Petri
dishes (9 cm diameter). A disk cm - 0.5 PDA containing mycelium from CCMF-
CNPAO058-CGC selected previously was deposited in the center of each plate.
Then, plates were randomized and incubated in BOD- growth chamber at 28°C
and 12:12 h photoperiod. Thereafter, diameter of colonies was measured every

24 h during 7 days.

Field validation test

This trial was conducted at the end of the experiment using the most
efficient extracts or oils that have been shown in previous bioassays. The
bioactivity of the product was tested via spraying on plants of cotton plants
grown in two environments through curatively or preventively. Seeds BRS 8H
were grown in pots (15 L) containing sterilized soil fertilized, remaining two
plants / pot. The isolated and adopted concentrations were the same already
mentioned in previous trials. The planting was conducted in August / Recife
2015 (08° 03" 14" S, 34° 52' 52" W, 4m) and in September / 2015 Campina
Grande (07° 13' 50" S, 35° 52' 52" W, 551m). During the test, the temperature
averages, relative humidity and total rainfall recorded in both environments
were 29.6 ° C, 59%, and 213.4 mm (Apac, 2015) respectively in Recife and

22.6 ° C, 57% and 154.0 mm in Campina Grande (Inmet, 2015).
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The experiment consisted of curative treatments (CT) and preventive
(TP). At 25 days after emergence, the plants of curative treatment (TC) were
inoculated by spraying with a conidial suspension at a concentration of 1x10°.
The plants were subjected to a moist chamber for 72 hours. When the first
symptoms appeared, it was preceded spraying the product, the concentration
established in previous bioassays. In TP, the plants were previously sprayed
with vegetable product and after 24 hours, were inoculated with the same
inoculum suspension and subjected to the humid chamber for 72h. As a positive
control, plants were also sprayed with a commercial fungicide, at a dose of 1
ml/100 | of water. As control plants were inoculated with a conidial suspension
at a concentration of 1x10° and received no treatment. The reviews of the
incidence and severity of disease were performed with 50 days of inoculation,
according to criteria described in Lima et al (2008): a) Initial Index disease
(1.1.D), at 28 days after emergence, calculated by the formula ID = Z (grade
scale x frequency) x 100: ne total unit x Maximum degree of the scale, using the
degrees of severity disease, estimated with the help of descriptive rating scale
ranging from 1 to 5; b) disease severity index (D.S.l.), 55 days after emergence,

calculated in the same manner that the 1.1.D.

Statistical analysis
The bioassay was a randomized block in a factorial design with six
repetitions each. Data were submitted to analysis of variance using Sisvar -

UFLA v.5.3. Skott-Knott test were adopted (p <0.05) to mean comparisons.
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Results
Semiquantitative and relative expression of GES

Eleven aromatic species were used in prospective assays in order to
evaluate the semiquantitative expression of GES transcripts. Ten species
amplified a putative GES-band at 500 bp, further confirmed RT-PCR blotting
(Fig. 1A-B). The relative expression of transcripts was estimated by gRT-PCR
using B-actin as reference gene. We verified several expression levels of GES
transcripts, especially to M. pulegium, O. majorana, O. basilicum and R.

officinalis, with peaks of 100X, 25X, 20X and 17X, respectively (Fig. 2).

Pathogenicity test in isolated Cgc

The most aggressive isolates the pathogenicity tests showed disease
index 62% (CCMF-CNPAO55), 76% (CCMF- CNPAO058), 58% (CCMF-
CNPAO060) and 49% (CCMF-CNPAO065). The other isolates showed disease
index below 50%, CCMF-CNPAQ61 being less pathogenic revealing disease
rate of only 41%. Thus isolated CCMF- CNPJ 058 was selected to be used in

phytotoxicity tests due to its high pathogenicity (Table 1).

Phytotoxicity of extracts and essential oil against Cgc

Based on the results obtained in expression assays, four species were
selected for bioactivity against CCMF- CNPAO058-Cgc, using leaf extracts and
essential oils. Although it has been detected statistical difference between
treatments, we verified that leaf extracts (fresh, heated or infusion) were limited
to inhibit CCMF- CNPAO058-Cgc growth at a safe margin (Fig. 3). No extract

achieved at least 50% of inhibition of fungal growth. Hence, the possible
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adoption of extracts of M. pulegium, O. majorana, O. basilicum and R. officinalis
to control ramulosis is not viable, based on concentrations adopted in this study.

The bioassays carried out with essential oils showed satisfactory results
to control ramulosis. Reduction in mycelial growth was perceived from 500 ppm
and full inhibition at 1500 ppm (Figs 4 e 5), indicating that ramulosis control can
be achieved at low concentration. The best result was verified with M. pulegium
oil that reduced CCMF- CNPA058-Cgc growth in more than 80% at 1000 ppm,
confirming results obtained in Figure 2.

Since this study used commercial oils, the obtained effects can not be
attributed only to geraniol, must consider synergistic effect with other

components of the worked oils.

Field validation tests

Based on previous results obtained in vitro cytotoxicity test, oils were
chosen M. pulegium, O. majorana e O. basilicum a 2.000 ppm for validation of
results in Recife — PE and Campina Grande — PB. Thus, the factor analysis
scheme is 2x5 for preventive treatment: 2 (Recife-PE and Campina Grande -
PB) x 5 (3 oils, one positive control and reference); 2x4 curative treatment: 2
(Recife-PE and Campina Grande -PB) x 4 (3 oils and witness) with six
repetitions each.

In both places, the plants began to show the first signs of illness four
days after the pathogen inoculation when the analysis was performed I.1.D., the
first symptoms appeared as necrotic spots on the leaves, especially in young
leaves. Table 2 shows epidemiological components I.1.D and D.S.l. obtained

from the preventive treatment table reflects what was observed during the field
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experiment, the M. pulegium oil and fungicidal initially had the same effect on
the delay of disease no statistical difference in the I.I.D, as the O. basilicum oil
influenced the early development, but on a smaller scale that M. pulegium, O.
majorana oil had no effect on the pathogen with the disease and developing just
like the control. Over the days the symptoms have evolved with the appearance
of more necrotic spots shortening of internodes, death of the apical bud and
overbudding. The D.S.I. in the preventive treatment showed that the oil from M.
pulegium comes to have superior fungicidal effect to a statistically difference in
Campina grande-PB experiment and equaling in Recife -PE, other oils also
showed effect on D.S.I. but with income below the commercial fungicide.
Curative treatment with eyes also showed satisfactory results regarding the
effect exerted on the development of ramulosis. In Table 3 shows the
epidemiological components I.I.D and D.S.I. for this treatment. The plants
treated with the oils showed a delay in disease symptoms while in control I.I.D
was higher and statistically different from the other treatments (Table 3). In the
fifty days after inoculation in both locations, the O. basilicum oils and M.
polegium delayed the disease D.S.l. ranging 31-36% with no statistical
difference between treatments, while the control showed I.I.F 71% with plants

severely compromised by disease.

Discussion

Cultivated plants are commonly attacked by various types of pests and
diseases as a result of these attacks have serious damage to culture and even
loss of productivity. Chemical pesticides are widely used in attempts to control

these attacks, however searches advance in the search for substitutes less
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aggressive to the environment and to humans. In this quest out in front
substitutes with insecticidal properties and/or fungicide that are easy to handle
and low cost especially for farmers with less purchasing power. In this context
the extracts and vegetable oils which can be easily manipulated and produced
by the growers themselves (Mazzonetto & Vendramim, 2003; Celoto et al.
2011).

Identify new species with potential for production of these oils and
extracts is of utmost importance for the development of a sustainable and free
agriculture agrochemicals. The use of molecular tools consisted of this work, an
effective alternative to identify these species. Advances in biotechnology
through the use of molecular markers and or specific primers is allowing the
genotypic differentiation between species, as well as facilitating the
characterization of gene resources in different species skillfully (Souza, 2015).

The pair of specific primers previously designed to GES (0.52 kb),
forwmard (5- AGGTTGGAAGCGAGACGATTC- 3) and reverse (5-
GTTCCBAGATCATCCCRRAG-3), It was efficient to detect gene in the species
analyzed via semiquantitative expression (RT-PCR). The development of
specific primers and probe is of fundamental importance for the detection of the
gene under study, since they amplify and hybridize, respectively,
complementary sequences present in the template DNA molecules (Souza,
2015), so that only species that showed no amplicon was M. viridis, that
although owns strong odor characteristic of the presence of geraniol in some
herbs, does not present geraniol in the composition of its essential oil, whose
main constituents linalool, carvone and a-terpinene (Ashnagar et al. 2007;

Mkaddem et al. 2009).
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Real time tests (QRT-PCR) conducted using the p-actin gene as a
reference revealed wide variation in the expression of GES transcripts. Due to
its high specificity and sensitivity of the technique allowed the detection cycle
after the target DNA sequence of the amplification cycle (GES) and the
reference gene (B-actin) enabling a comparative analysis of the expression of
this gene between samples (Fujimoto, et al. 2010). The four species holders of
the highest summits M. pulegium, O. majorana, O. basilicum and R. officinalis,
according to research presented geraniol concentrations and its derivatives in
its constitution (Vera & Chane-Ming 1999; Pintore et al. 2002; Hussain et al.
2008; Teixeira et al. 2012).

The essential oil composition of M. pulegium with the highest peak
expression of geraniol (100x) is primarily made of oxygenated monoterpenes,
including geraniol (Karray-Bouraoui et al. 2009; Teixeira et al. 2012), and the
main oil components are menthone and pulegone, compounds known as
antioxidant and bactericidal activities (Roberto & Baratta, 2000) and although
according to the results of this study, this oil presents effective fungicidal activity
against Cgc, there is no reports in the literature fungi control the same. This
result indicates that this species may be a potential candidate for use in
sustainable management and the molecular tool is indeed effective for prior
selection of species for these purposes.

Previously selected for molecular assays, the species M. pulegium, O.
majorana, O. basilicum and R. officinalis were submitted to the phytotoxicity
tests under laboratory conditions and in general, the treatments with fresh
extract, heated dry extract and infusion not They were satisfactory for full

control of growth Cgc (Fig. 3), however, it was found that some species have
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potentiated the treatments infused and heated dry extract. In both treatments O.
basilicum 10%, filed control in about 50% of growth Cgc (Figure 3). According to
some authors, we can attribute this increase in O. basilicum efficiency heat
employment in metabolite extraction, since in some cases, depending on the
species worked, some metabolites are Librados more easily in heat presence
(Silva, 2006). Among the species analyzed via extracts, O. basilicum, forms of
heated dry extract or infusion is the species most suitable for control of Cgc in
concentrations above 10%. Despite not having been found contributory results
to control ramulosis from extract of selected aromatic species in the literature
are several reports on the contribution of extracts for protection of plants,
However, it is worth noting that choosing a metabolite must not only be done
considering their effectiveness control, but also the availability and handling of
this material. In these terms, extracts the high percentages are not feasible for
application in the field, as they require large amount of available plant material,
as well as more space for cultivation and logistical difficulties for the preparation
of extracts.

The activity of oils, however, was more effective in pathogen control by
submitting a hydrophobic constitution, oils span the cell wall and the plasma
membrane by changing the polysaccharide structure, fatty acids and
phospholipids resulting in cell lysis, it gives oil higher pathogen control capacity
than the extracts (Tolouee et al. 2010; Shao et al. 2013). The M. pulegium oil
was brighter by reducing the inhibition of the fungus in more than 80% to 1000
ppm (Fig. 4 and 5). Since this is an impressive result que opens up possibilities
of control of this pathogen with lower cost cotton crops. The oil of this species is

primarily made up of oxygenated monoterpenes, including geraniol (Karray-
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Bouraoui et al. 2009; Teixeira et al. 2012), however, there is the activity reports
literature fungicide for this oil, which is best known for its bactericidal action.

In vivo assays were performed in different environments in order to
demonstrate the effectiveness of the oils used, both places provided favorable
environmental conditions for disease development and validation of results.
According to Carvalho (1971) analysis of several isolates of C. gossypii var.
cephalosporioides cotton collected in regions of Goias in Brazil, has shown that
the best temperature for fungus growth is 28° C and below 15° C and above 33°
C, growth is markedly reduced. According to the results obtained even under
environmental conditions conducive to the development of ramulosis, oils had a
positive effect on pathogen control and no phytotoxic effect on the plants was
observed at the concentration used. The M. pulegium oil showed statistically
superior results to the commercial fungicide can be safely recommended for
control of ramulosis cotton, mainly agroecologic systems, have low toxicity to
men and animals and non-persistent in the environment. The information on the
application of essential oils against Cgc cotton are limited. In a recent study
conducted by Melo et al. (2013), the authors report the use of Syzygium
aromaticum L. oil to 1000 ppm in control Cgc under field conditions, where thirty
days after the inoculation Cgc isolated on young plants cotton D.S.l. was
controlled at about 67%. Lima et al. (2008) show that the oil of Cymbopogon
nardus L. 2000 ppm in vivo assays Cgc have limited effect on the concentration
used which was observed D.S.l. 98% at the end of the analysis. These results
attest to M. pulegium oil efficiency and even O. basilicum oil to a lesser extent
also had effect on the progress of ramulosis in cotton in preventive and curative

treatments (Tables 2 and 3).
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Given the difficulties of management and spending on chemical
pesticides in cotton, as regards the control of ramulosis C. gossypii var.
cephalosporioides, the use of vegetable oils M. pulegium and O. basilicum, in
vivo, it is confirmed as a low cost alternative and similar efficacy to commercial
fungicides to control Cgc, with the advantage of not bringing risks to the farmer
and environment constituting a safe and sustainable way to control the
pathogen in the fields. Additionally, the genetic characterization of species of
medicinal and aromatic plants is an important activity to expand the use of
natural resources, it enables new materials holders of genes of interest are

found and serve as a basis for environmental conservation strategies.
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Table 1. Pathogenicity test in isolated Cgc: Disease severity indexes in different
isolates of C. gossypii var. cephalosporioides in plants Gossypium hirsutum cultivars

8H

Isolado Local Localizacéo ISD (%)

CCMF-CNPAO55 Pedra Preta/MT 16°37'23"S; 54°28'26"W, 248m  65.20d
Primavera do 022199 C- E1017IAR

CCMF-CNPAO058 Leste/MT 15033'32S; 54°17'46"W, 660m  76.00e

CCMF-CNPA060  Campo Verde/MT 15°32'48"S; 55°10'08"W,736m  58.40c
Primavera do 02°2'291Q- EA01 T ARMA/-

CCMF-CNPAO61 Leste/MT 15033'32"S; 54°17'46"W; 660m  40.20a

_ NOVO SéO Ol 1 " . o] 1 m
CCMF-CNPA065 Joaquim/MT 14°54'21"S; 53°01'06"W, 400 m  49.80b
C.V.(%) 3.48

Means followed by the same letter do not differ by the Scott-Knot cluster test (p =

0.05).
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Figure 1. A- amplicons generated by semiquantitative RT-PCR by using primers ges. B-
Blottings of ges generated by probe (0.50 kb) labeled with alkaline phosphatase. C- amplicons
generated by g-actin primers (0.52 kb), used as reference control. M- Marker Ladder 100 bp
(Ludwig); 1- R. officinalis; 2- O. gratissimum; 3- R. graveolens; 4- P. boldus; 5- C. nardus; 6- P.

amboinicus; 7- J. officinale; 8- O. majorana; 9- M. viridis; 10- M. pulegium; 11- O. basilicum.

120

100
80
60
40

20 i -

o [ I

C. nardus  J. officinale M. pulegium M. viridis O. basilicum O.gratissimum O. majoranaP. boldus P. amboinicus R. officinalis R. graveolens

Figure 2. Relative expression of GES. Chart generated by the Eco Real-Time PCR System
program (lllumina) from data ACq and Melt curve, based on the regulation of B-actin.
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Figure 3. Growth inhibition C. gossypii in PDA containing infusion of fresh leaves (A), fresh
extracts (B) and heated dry extract (C) four plant species: e- Ocimum basilicum L.; + - Mentha
pulegium; m -Rosmarinus officinalis e D: A- Origanum majorana. Regression equation and R?
are shown for each sample obtained by the Scott-Knott test 0.05. Coefficients of variation (CV)
and F values for the following treatments:A- 1.40 e 117.77; B- 0.88 e 857.70; C- 1.52 e 181.36.
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Figure 4. C. gossypii of mycelial growth inhibition grown in PDA containing essential oil of 4
species.e- Ocimum basilicum L.; + - Mentha pulegium; m -Rosmarinus officinalis e D: A-
Origanum majorana. Regression equation and R? are shown for each sample obtained by the
Scott-Knott test 0.05. Coefficient of variation: 4.47, F:361.40.

Figure 5: C. gossypii Inhibition of mycelial growth in PDA medium with different concentrations
of essential oils. Treatments: A- Rosmarinus officinalis; B- Origanum majorana; C- Ocimum
basilicum; D- Mentha pulegium. Concentra¢des: 1- Control; 2- 500ppm; 3- 1000ppm; 4-
1500ppm; 5- 2000ppm.
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Table 2. Preventive treatment: Initial Index disease (I.I.D.) and final disease severity index

(D.S.1.) in Gossypium hirsutum previously treated with vegetable oil and subjected to two local
Ramulosis

Campina Grande - PB Recife — PE
Treatment .1.D.(%) D.S.1. (%) 1.1.D. (%) D.S.1. (%)
1 19.32b 51.66b 17.59b 53.33b
2 14.14a 38.33a 14.14a 33.332
3 24.49c 63.33c 19.31b 60.00b
4 24.49c 76.67d 26.87c 71.67c
5 14.14a 46.67b 14.14a 41.672
CV(%) 15.88 6.19 15.88 6.19

SUBTITLE: 1- O. basilicum; 2- M. pulegium; 3- O. majorana; 4- Control (fungus + water); 5 -
fungicide treatment; I.1.D- inical Index disease evaluated four days after inoculation; D.S.I.-
Index of the final severity of the disease evaluated 50 days after inoculation; C.V. - coefficient of
variation. Comparison of means within the columns and averages with the same letters do not
differ statistically by Scott Knott test (p <0.05). The original data processed by V (x + 0.5) for
statistical analysis.
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Table 3. Curative treatment: Initial disease index (1.I.D.) and final severity index of disease
(D.S.1.) in gossypium hirsutum subjected to Ramulosis and curatively treated with vegetable oils

in two locations

Campina Grande - PB Recife — PE
Treatment 1.1.D.(%) D.S.1. (%) 1.1.D. (%) D.S.1. (%)
1 21.04b 36.67a 14.14a 35.00a
2 14.14a 31.66a 14.14a 31.66a
3 14.14a 46.67b 22.77b 55.00b
4 26.87c 76.67c 26.87c 71.67c
CV(%) 16.29 5.51 16.29 5.51

Subtitle: 1- O. basilicum; 2- M. pulegium; 3- O. majorana; 4- Control (fungus + water); I.1.D-
inical Index of disease assessed four days after the application of oils; D.S.I.- Index of the final
severity of the disease evaluated 50 days after inoculation; C.V. - coefficient of variation.
Comparison of means within the columns and averages with the same letters do not differ
statistically by Scott Knott test (p <0.05). The original data processed by  (x + 0.5) for statistical

analysis.
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Effect of kenaf oil on mycelial growth and spores production the colletotrichum
gossypii var. Cephallosporioides agent causal of ramulosis in cotton
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Abstract

The cotton crop is affected by numerous pathogenicity, including the
ramulosis, caused by the fungus Colletotrichum gossypii var. cephalosporioides
and known to cause serious economic damage to culture. Essential oils of
plants they are constituted for volatile elements that exercise a fundamental role
in the defense against microorganisms. Kenaf (Hibiscus cannabinus) belongs to
the family Malvaceae and is rich in compounds known as polyphenols,
alkaloids, tannin and essential oils. The aim of this study was to evaluate the
effect of kenaf oil on the development of the fungus Colletotrichum gossypii var.
cephallosporioides, responsible agent for ramulosis in cotton. For this,
phytopathological tests were performed on isolated Cgc 287, of C. gossypii, that
avaluating fungic growth and production the spores under the effect of Kenaf oil
at concentrations of 25, 50 and 75 uL/ml beyond the fungicidal effect the oil on
the same isolate. It was found by regression analysis that there was no
reduction in mycelial growth of C. gossypii in the Kenaf oil concentrations
adopted in this work. Data submitted by the fungal growth, fungistatic effect and
production spore revealed no statistical difference between the treatment with
oil and control. Based on kenaf oil composition, rich in ingredients fungicide,
even this oil showing no control over the C. gossypii in present study, it is
believed that in higher concentrations that adotas, it can have an effect on this
pathogen.

Keywords: Fungi control; Secondary metabolites; Plant diseases; Cotton

78



1- Introduction

The cotton, belonging to Malvaceae family and the genus Gossypium
and it is represented by the cultivated species Gossypium hirsutum L., G.
barbadense L., G. arboreum L. and G. herbaceum L (Craven et. al., 1994).
Such species are grown worldwide and have great importance for the economy
of several countries, supplying fiber for textile industry, animal food and raw
material for the production of vegetable oil from its seeds. G. hirsutum L. It is
the most cultivated species, accounting for over 90% of world production (Alves
et al., 2009). Is estimated that about 350 million people are connected to the
production of cotton from farms to logistics, ginning, processing and packaging

(Abrapa, 2015).

The cotton crop is affected by numerous pathogenicity, including the
ramulosis, caused by the fungus Colletotrichum gossypii var. cephalosporioides
and known to cause serious economics damage to culture (Kimati et al., 2005).
In Brazil, this disease is spread by all regions of the country where the cotton is
grown causing damage in the states of Goias, Mato Grosso do Sul, Mato
Grosso, in some regions of the Northeast and Parana, also being reported in
Venezuela and Paraguay (Cia and Salgado, 2005). Symptoms develop initially
on young leaves with the appearance of necrotic spots annular, the necrotic
tissue subsequently breaks up, causing holes in the leaves that lead to uneven
growth of tissue and wrinkling of the leaf blade. It also occurs death of the
meristem that stimulates the formation of branches and short internodes
characterizing the overbudding (Suassuna and Coutinho, 2011). When it occurs
before flowering floral structures abort affecting plant growth and the production

of capsules (Silva et al. 2010; Melo et al. 2013). The losses resulting from
79



infestation can reach 80%, depending on the susceptibility of the cultivar, there
are losses mainly productivity and quality of the fibers and seeds (Freire et. al.,

1997).

Many plants are not susceptible to injuries caused by pathogens and
pests and developed response mechanisms to attack these organisms
(Pinheiro et al., 1999; Lara, 1991). These mechanisms can be of different types
classified as chemical, physical or related to leaf structure (Melo; Silva-Filho,
2002; Harbone, 1988). Chemical protection of plants includes the synthesis of
secondary metabolites, these increase the probability of survival of a species,
they are essential for adaptation in different ecosystems. Metabolites are
responsible for different biological activites and may act as antifungal,
antibacterial and antiviral, as well as protecting plants against insect attack or
herbivores, also featuring action in the germination inibition or toxic activities to
other plants or act attracting some insects to favor the dispersal of pollen and

seeds (Aerts et al., 1991; Fumagali, et al 2008; Marei et al. 2012).

The essential oils of plants are volatile elements that exercise key role in
the defense against microorganisms, are basically composed of terpenes, class
of metabolites synthesized by the mevalonate route (Simon, 1999). These oils
are usually prepared by aletory glandular cells or bristle glandular found in the
leaves (Bonner, 1961), it is stored in extracellular spaces between the cuticle

and the cell wall (Taiz and Zeiger, 2004).

Kenaf (Hibiscus cannabinus) it belongs to the Malvaceae family and is
native to regions of India and Africa and is a valuable source of fiber (Mohamed

et al., 1995). This plant is known to be rich in compounds like polyphenols,
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alkaloids, tannins and essential oils (Agbor et al. ,2005; Kobaisy et al . , 2001).
According to Kobaisy et al (2001), the essential oil of kenaf exerts inhibitory
activity on growth in vitro de Colletotrichum fragariae, C. gloeosporioides and C.
accutatum at concentrations from 0,1 mg/ml, this oil may be tested for
pathogens and other species serving as alternate control of these
microorganisms.

The objective of this study was to evaluate the effect of kenaf oil on the
development of the fungus C. gossypii var. cephallosporioides, responsible
agent for the ramulosis in cotton.

2- Materials and methods

The oil of kenaf (H. cannabinus) leaves, was obtained by extraction
performed with the Clevenger apparatus, the Chemistry Laboratory of the
Federal Rural University of Pernambuco, according to the methodology
described by Rassoli and Mirmostafa (2003). The isolate used in the analysis
was the C. gossypii var. cephalosporioides Cgc 287, from the municipality of

Montvidéu — GO.

- Kenaf oil effect on the mycelial growth of C. gossypii

To evaluate the inhibition of mycelial growth, essential oils were added in
the culture medium fondant BDA (45 — 50 °C) which was poured into Petri
dishes. The concentrations used were 25, 50 and 75 pl of oil /Aml with seven
repetitions each and completely randomized design. In the center of each plate
was deposited an 0.8 cm diameter disk through PDA containing mycelium from

C. gossypii with seven-day old. The plates were incubated in B.O.D. (Biological
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oxygen demand) at a temperature of 25 ° C and 12 hour photoperiod. From the
incubation, the mean diameter of colonies per 24 hours was measured by
measuring in two opposite senses diametrically, up to the witness reach the
plate edges. The percentage inhibition of mycelial growth was estimated

according to the methodology described in Edginton et. al. (1971).

- Kenaf oil fungicidal effect on C. gossypii

The treatments of fungal growth was observed under an optical
microscope using preparations stained with blue in Amman glass slides.
Subsequently, the treatments showed reduced growth or lack of growth
compared to controls, were picked in the center of Petri plates containing only
PDA. Then the plates were incubated at room temperature for seven days.
Evaluations were made every two days over the average of two diametrically

opposed measures in centimeters, with the help of a scale.

- Kenaf oil effect the production of spores of C. gossypii

Five replicates of treatments that showed development of the colonies
in the assays of mycelial growth, was used for spore count. In each plate were
added 20 ml of distilled water and with the aid of glass sheets carried to the
surface scraping of the colonies and then filtering the suspension with the aid of

tissues.

The analisys for counting spores were made on the tenth day of
growth in optical microscope with a Neubauer chamber. Considering the
average of two readings was determined concentration of spores in 100 ml of
the suspension of each treatment.
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- Statistical analysis

For Mycelial growth variable C. gossypii, the data were subjected to
regression analysis using the program Sisvar - UFLA v.5.3. As for the effect of
variables fungistatic and sporulation collected data were submitted to analysis

of variance using the program Sisvar - UFLA versao.5.3.

3- Results and discussion

It was found by regression analysis that there was no reduction in
mycelial growth of C. gossypii in the Kenaf (H. cannabinus) oil concentrations
adopted in this work (Figure 1). Data submitted by the fungal growth revealed

no statistical difference between the treatment and control oil (Table 1).
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Figure 1: Daily Growth Assessment (cm) of C. gossypii amid PDA about Kenaff oil
effect at different concentrations. T- Fungus + PDA; T1- fungus + Kenaf 25ul/ ml; T2-
fungus + Kenaf 50ul /ml; T3 - fungus + Kenaf 75ul / ml. Regression equation and R2 is
displayed for each concentration.

According to Kobayashi et al (2001), oil of kenaf sheets consists of

various bioactive molecules such as hydrocarbons, oxygenated compounds,
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aldehydes, diterpenes and other. Constitution rich in compounds such as
alcohols and terpenes, substances known for having fungicidal activity
(Wuryatmo et al., 2003; Cardenas-ortega et al., 2005) . However, for purposes
of this oil, in concentrations of 25, 50 e 75ul/ml, the fungu presented their

normal growth until closing plates with seven days after inoculation (Figure 2).

F 4 F3 "
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Figure 2: Growth of C. gossypii on PDA on Kenaff oil effect at different concentrations.

Although there are few studies on fungicide capacity of kenaf, its oil has
been widely studied as to their allelopathic effect, initially identified by weed
population reduced around of this species (Russo et al., 1997). These studies
have reported reduced species of seed germination as Amaranthus retroflexus
L., Lolium multiflorum Lam., Lycopersicon esculentum Mill. e Cucumis sativus L.
on effect of extracts and oils of this plant (Russo et al., 1997; Webber et al.,

2000).

Kenaf oil also had no effect on the production of spores of C.gossypii

(Table 1) and although reports in Kobayashi et al (2001) in vitro studies

85



demonstrate reduction of growth of Colletotrichum fragariae, C. gloeosporioides
and C. accutatum on effect oil at kenaf Concentrations from 0.1 ml/ml, even at
the highest concentration used in this study (75 uL/ml) the oil did not show

fungicidal effect on C. gossypii isolated (Table 1).

Table 1. Parameters phytopathological C. gossypii effect on 3 kenaf oil concentrations.

Treatment Rate gro. Spore Fungistatic effect (cm)
daily (cm/ production

day) (10°) 2 days 4days 6 days
T 2.68 4.03 2.10 3.47 4.70
T, 2.81 4.43 2.00 4.43 4.73
T, 2.50 3.63 2.10 3.80 5.30
Ts 2.75 4.19 2.13 4.43 5.70
C.V. (%) 9.15 2.14 232 854 10.12

Legenda: T- Fungus + PDA; T1- fungus + Kenaf 25ul/ ml; T2- fungus + Kenaf 50l
/ml; T3 - fungus + Kenaf 75ul / ml. C.V.- Coefficient of variation.

Based on kenaf (H. cannabinus) oil composition, rich in alkaloids,
terpenes and other ingredients characteristic fungicidal, even this oil showing no
control over the C. gossypii in present study, it is believed that in higher
concentrations that adotas, it can have an effect on this pathogen. Thus is

necessary new studies adopt with higher concentrations.
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CAPITULO IV
CONCLUSOES GERAIS

A busca por solugbes sustenvéis e agorecoldgicas no combate a pragas e
patdgenos nas lavouras deu enfoque a diversas pesquisas envolvendo Gleos vegetais.
Estas pesquisas destacam como vantagem o fato desteas substancias ndo trazerem
riscos ao agricultor e a0 meio ambiente constituindo-se numa forma segura e
sustentavel de controlar o patdgeno nas lavouras.

O uso dos 6leos vegetais de M. pulegium e O. basilicum, in vivo, confirmaram-
se no presente estudo como uma alternativa de baixo custo e eficacia similar a
fungicidas comerciais no controle de Colletotrichum
gossypii var. cephalosporioides. Alem disso, a caracterizagdo genética de espécies
de plantas medicinais e aromaticas & uma importante atividade para ampliar a
utilizacdo dos recursos naturais para estes fins, possibilitando que novos materiais
detentores de genes de interesse sejam encontrados e sirvam como base para
estratégias de conservacdo ambiental

O 6leo de kenaf (H. cannabinus), embora rico em alcaloides, terpenos e outros
componentes de caracteristica fungicida ndo foi eficaz nas dosagens adotada, porém
credita-se que, em concentragdes superiores, possa exercer efeito sobre este

patogeno.
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