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DATA: 25/05/23 (quinta-feira).

09:00 — 10:00 hs - Praga Quarentenaria Presente —
Cancro Citrico (Xanthomonas citri subsp. citri)

—




CANCRO CITRICO
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W Brasil — 1957 em Presidente Prudente

! k

@ Parand — 1957 em Lupiondpolis

Mato Grosso do Sul, Mato Grosso, Parang,
Santa Catarina e Rio Grande do Sul



INSTRUCAO NORMATIVA N° 38, DE 1° DE OUTUBRO DE 2018

Orgao: Ministério da Agricultura, Pecuéria e Abastecimento/Secretaria de Defesa Agropecuadria

Pragas Quarentenarias Presentes (PQP)

| PROCARIONTES |

Ceara, Maranhao, Minas Gerais, Mato
Citros ( Citrus spp.), Fortunella |Grosso do Sul, Mato Grosso, Piaui,
spp. € Poncirus spp. Parana, Roraima, Rio Grande do Sul,
Santa Catarina e Sao Paulo

Xanthomonas citrisubsp. citri




CANCRO CITRICO

e doenca causada pela bactéria Xanthomonas
citri subsp. citri

MW 5 . ataca todas as espécies e variedades de
' citros




CANCRO CITRICO

e provoca lesdes nas folhas, nos frutos e nos
ramos

e facil disseminacao




CANCRO CITRICO

cancrose A afeta todas as variedades de citros
- disseminada em varias regioes da Asia,
Africa, Oceania e Ameéricas

cancrose B & mais agressiva em limoes
verdadeiros e lima acida - ocorréncia restrita a
Argentina, Paraguai e Uruguai

cancrose C afeta a lima acida Galego -restrita
a algumas regides do Estado de Sao Paulo



Xanthomonas citri subsp. citri

e gram negativa

. ® bastonete reto

) e monotrica

p e aerobia

4 o coldnia amarela

e dimensodes: 0,4-0,7 x 0,7-1,6 um

B | o temperatura 6tima de 28-302C para
‘ desenvolvimento




Xanthomonas citri subsp. citri

e auséncia de plantas citricas, ha declinio na
populacao da bactéria em solos

e sobrevive por varios anos em tecidos
desidratados

o lesdes nos tecidos que contém a bactéria
representam a principal forma de sobrevivéncia
do patogeno




Xanthomonas citri subsp. citri

f] ® a bactéria penetra em tecidos novos pelas
aberturas naturais ou por ferimentos
produzidos por espinhos e insetos




Diagndstico

.| ® Amostras de parte da planta com
8o,

sintomas;

o isolamento da bacteéria;

o testes com uso serologia;
o testes com wuso de ferramentas

moleculares (DNA).




Diagnostico

® isolamento da bactéria:




Diagndstico

Testes com uso de ferramentas moleculares (DNA):
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Testes com uso de ferramentas
moleculares (DNA):
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Sintomas

% .| * LesGes salientes, eruptivas e nas folhas
'@ aparecem em ambos os lados.

E. W% o Aparecem também em ramos e frutos
2 (depreciam comercialmente).
e Na maioria das vezes as lesdes apresentam

halo amarelado (visivel em folhas e frutos
verdes).



Sintomas

e erupcoes salientes, puntiformes e de coloracao
creme na superficie do tecido afetado

o folhas: as erupcoes aparecem nos dois lados da
folha, e no estagio mais avancado, as lesoes
velhas ficam corticosas, com centro pardo e um
halo amarelo




Sintomas — Folhas

e pequenas lesdes salientes, sintomas iniciais do cancro citrico



Sintomas — Folhas

® |esOes circundadas por anel amarelado



Smtomas — Folhas
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Sintomas - Frutos

® pequenas manchas amarelas, com um ponto marrom no
centro

® manchas sao salientes, mais superficiais, parecidas com
verrugas, de cor marrom no centro

® em estagio avancado, as lesdes provocam o rompimento
da casca



Sintomas - Frutos

lesOes de cancro citrico nao se destacam
facilmente da casca de frutos doentes, como as de
verrugose, e esta € uma das maneiras de
diferenciar as duas doencas quando nos frutos as
manchas sao salientes, mais superficiais,
parecidas com verrugas, de cor marrom no
centro.



Sintomas — Frutos

P~

® |esdOes causadas pelo cancro citrico em frutos



Sintomas — Frutos

r"'?'m“@ 7 A
® manchas marrons salientes



Sintomas — Frutos

»

rompimento da casca



Smtomas Ramos

TR 0

® ramos: Os sintomas nos ramos também sao salientes,
com lesdes corticosas de coloracao creme



Sinto

P

1as — Ramos

| &L
® |esdes causadas pelo cancro citrico em ramos



Sintomas — Ramos

® |esdes salientes e de cor parta em ramos



Sintomas — Ramos

® crostas em ramos



cl 2 2010

Sintomas do cancro citrico em fruto
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cl 2 2010

Halo amarelo ao redor das lesoes



c 2010
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Sintomas de cancro citrico e verrugose (fungo Elsinde fawcetti)



cl 2 2010

Alta severidade da doenca em frutos maduros (nao é possivel observar halos)



Disseminacao
® o principal responsavel —homem

® curta distancia (dentro do proprio pomar): vento
associado com chuva,

e média a longa distancia (entre pomares e
propriedades vizinhas, até entre paises): mudas
contaminadas e materiais citricos contaminados



Disseminacao

® lLarva minadora dos citros
(1996)




Disseminacao




Disseminacao

® Apos ter
surgido a
primeira lesao,
formam-se
1.000.000 de



Disseminacao

100 lesoes




Prevencao e Controle

e implantacao e renovacao do pomar, utilizando mudas
sadias

® evitar a instalacao de pomares em areas sujeitas a
ventos fortes e constantes

e instalando quebra-ventos e cerca-viva na propriedade



Prevencao e Controle

® pulverizar com bactericidas cupricos para protecao das
novas brotacdes

® controle da larva minadora com inseticida ou
parasitoides



Prevencao e Controle

e plantar cultivares resistentes ou moderadamente
resistentes

® inspecionar freqiientemente os pomares

e promover a lavagem e a desinfestacao de veiculos,
maquinas e implementos em pomares (arco
rodoluvio)



Prevencao e Controle

e construir silos na entrada das propriedades para o
armazenamento dos frutos colhidos
® para as regidoes onde a doenca nao é

endémica, o Unico método de
eliminacao da bactéria € a erradicacao

das arvores contaminadas e todas as demais contidas
no raio de 30 metros



Prevencao e Controle
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Arco Rodoluvio







Mudas Certificadas
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Mudas Certifica
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Proleios de pesquisa aplicados ao
cancro citrico

Trabalhos desenvolvidos no Nucleo de
Pesquisa Aplicada em Biotecnologia

( Programa de Pds-graduacao B/‘/\/
_/A C°"ce't° /
MPGA/UEM NBA



)
Nﬁ,/q Universidade Estadual de Maringa EQA

Po6s-Graduagao
J4 ~ . em Agronomia

Programa de Pos-graduacao em Agronomia
Nucleo de Pesquisa em Biotecnologia Aplicada (NBA)

Biotecnologia Aplicada
UEM Maringa-PR

AVALIACAO DA RESISTENCIA DE GENOTIPOS DE
LARANJA DOCE (Citrus sinensis) AO CANCRO CITRICO
E ESTUDO DA DIVERSIDADE GENETICA DE
Xanthomonas citri subsp. citri

Dra. Aline M. Orbolato Gongalves-Zuliani
Prof. Dr. William Mario de Carvalho Nunes



Material vegetal fixado
em solucao tampao com
Cacodilato de sé6dio 0,1M
e Glutaraldeido 2,5%




Desidratacao em gradiente crescente de etanol por 10 minutos.
(30, 50, 70, 80, 90, 95 e 100%™)

*No etanol 100%, a desidratacao é repetida trés vezes.
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Superficie foliar
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Diferengas na estrutura foliar dos genétipos. A: ‘Pera 436’ gendtipo considerado mais resistente; B: ‘Westin 340’ e C: ‘Rubi 251’ gendtipos
considerados mais susceptiveis.

A presenca de uma camada de cera mais ou menos resistente e a presenca de mais ou
menos estruturas na superficie foliar podem facilitar a aderéncia da bactéria na folha.



A o, %

 Peradse

\

C

Rubi 251

0 DAI 3 DAI

Doenca ao longo dos DAI




59

A planta apresenta diversas maneiras para tentar bloquear a entrada do patdégeno no
seu interior. Uma delas é a producao de exsudatos.

A:‘Pera 436’ B:‘Westin 340’ C:‘Rubi 251’




MATERIAL E METODOS

MICROSCOPIA ELETRONICA DE VARREDURA (MEV)

cortes de 5x5 mm - Fixado (Tampao) -
Long. — estilete > Geladeira

Trans. - Criofratura
-Antes da inoculacao

-3°,7° e 14° DAI Desidratacio - Etanol ‘

v

Ponto critico ‘

v

Metalizacao em ouro ‘




MATERIAL E METODOS

MICROSCOPIA ELETRONICA DE VARREDURA (MEYV)




Péra IAC

AccV  Probel  Mag wp F—————1 50um
150V 40 " x300 17

AccV  Probe Mog wp F————1 5m
150 4D x2700 7

15

ooV Probe
V.

40

Washington navel

Mag wp F—————1 50um
x 300 17

RESULTADOS



Péra IAC

AccVilrobe | Mag  wp Fo——1 &
1500y R0 % 2700 17

Acg¥
150kv

Probe
10

RESULTADOS

Washington navel

Neghttwp" F—————1 S5um

x 2700

17

AgcV Probes Mag \
15V 40 2700

- 3

i5.0cv

Probe:
40

Mag”

x 2700

S




RESULTADOS

Péra IAC Washington navel

14° DAI

14° DAI




RESULTADOS

AccVY Probe Mag WD =, 10um AccY Piobe Mag WD F— Sum
15.0kV 4.0% » 1000 17 15 0kV £0° x 2700 17

Figura 5. Fotos representativas do ferimento, provocado pela inoculagdo com perfuracdo com
agulha, na face adaxial de folhas do gendtipo Péra IAC, aos 3°DAI, com aumento de 1000 (Al) e
2700 (A2) vezes.



Equipe de pesquisa XCC

e Andressa Cazetta
e Mestrado

e Genotipos de citros inoculados com Xanthomonas citri subsp. citri: um
estudo sobre severidade da doenca e morfologia da planta.

e Juliana Gloria Franco Roberto
e Doutorado

e Variabilidade Genética e Reacao de Espécies Citricas a Bactéria
Xanthomonas citri subsp. citri

e Priscila Rossetto
e Doutorado

e Avaliacao da resisténcia de genotipos de laranja doce (Citrus
sinensis) ao cancro citrico e expressao génica da bacteéria
Xanthomonas citri subsp. citri



Genétipos de citros inoculados com Xanthomonas citri subsp. cifri: um
estudo sobre severidade da doenga E morfologia da planta.

Objetivo: avaliar a severidade da bactéria Xanthomonas citri subsp.
citri em 16 genotipos de citros (Citrus spp.), analisando se a

morfologia da planta pode interferir nos niveis de severidade a
bactéria.

Metodologia utilizada

Analise da severidade da doenca por folhas destacadas e a analise
morfologia da planta através de microscopia eletronica de varredura
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Biotecnologia Aplicada
G UEM Maringa-PR

( Programa de Pds-graduacao B/‘/\/
_/A C°"ce't° /
MPGA/UEM NBA

Projetos de pesquisa
aplicados ao cancro cftrico

Trabalhos desenvolvidos no Nucleo de
Pesquisa Aplicada em Biotecnologia



Variabilidade Genética e Reacao de Espécies Citricas a
Bactéria Xanthomonas citri subsp. citri

Objetivos:

1) avaliar a severidade do cancro citrico em tecidos de seis genotipos de citros em
condigoes de casa de vegetacao e folha destacada, e analise meticulosa dos estomatos e
lesdes em Microscopio Eletronico de Varredura;

i1) comparar diferentes protocolos de extracdo de DNA de bactérias observando-se a
concentragao, pureza e integridade do DNA obtido, além da complexidade de execucao da
protocolo;

111) avaliar a variabilidade genética de i1solados de Xanthomonas citri subsp. citri, obtidos
de diferentes estados do Brasil.




Variabilidade Genética e Reacao de Espécies Citricas a
Bactéria Xanthomonas citri subsp. citri

Metodologia utilizada:

1) inoculacdo da bactéria Xanthomonas citri subsp. citri por ferimento atraves de agulha
em 12 genotipos de citros ;

i1) visualizagdo de caracteristicas fenotipicas de tecidos vegetais de citros em
Microscopia Eletronica de Varredura;

111) extracdo do DNA gendmico da bactéria X. citri subsp. citri através de cinco
diferentes protocolos e a quantificacdo do mesmo através de espectrofotometro;

1111) amplificacdo do DNA de 52 isolados de X. citri subsp. citri utilizando-se a técnica
de marcadores moleculares microssatelites.
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Avaliacao da resisténcia de genodtipos de laranja
doce (Citrus sinensis) ao cancro citrico € expressao
génica da bactéria Xanthomonas citri subsp. citri



Objetivos

[Avaliar a resisténcia de genotipos de laranja doce (Citrus sinensis) ao cancro
citrico;

UAnalisar a expressdo génica da bactéria Xanthomonas citri subsp. citri quando
inoculada em dois hospedeiros de citros contrastantes quanto a susceptibilidade;

[Analisar as alteragdoes em relacdo aos fatores de resisténcia pds formados

(estresse oxidativo) que ocorre nas plantas hospedeiras em resposta a presenga
do patogeno.



e Avaliacao
resisténcia

Metodologia

Genotipo suscetivel

Genotipo resistente

Sistema de secrecao
tipo III — proteinas
ligadas a
patogenicidade

Analisar o perfil
transcricional de
XCC

Identificar os genes
diferencialmente
EXPressos



Metodologia

Genétipo suscetivel Analisar as alteragdes no estresse
oxidativo pela determinagdo da
Gendtipo resistente concentracao de peroxido de
hidrogénio (H,0,)

Relagdo patogeno-hospedeiro

Mecanismos moleculares utilizados pela bactéria para
sobrepujar os mecanismos de defesa da planta com
diferentes niveis de suscetibilidade ao cancro citrico.



. (- rograma de Pds-graduacdo em Agronomia
Conceito
—'_,‘, 'm/um e

Nucled de Pesquisa em
Biotecnologia Aplicada
UEM Maringa-PR

CANCRO CITRICO

A influéncia da pesquisa cientifica no campo

Andressa Cazetta
Juliana Gloria Franco Roberto
Priscila Rosseto




A citricultura
brasileira

e O Brasil € o maior produtor e exportador mundial de
laranja;

e Anualmente movimenta mais de USS 14,5 bilhdes,
contribuindo com USS 6,5 bilhdes de PIB (Produto
Interno Bruto);

® Principais estados produtores: Sao Paulo, Minas
Gerais e Parana;

® Producgao da ultima safra: 386,79 milhdes de caixas
de laranja;

® Exportacao: 861.172 mil toneladas do suco de
laranja concentrado e congelado e do suco nao
concentrado para mais de 20 paises;

® No ano de 2020 a citricultura gerou 6,33% do total
de novas admissoes ocorridas na aericultura.



Cancro citrico

® Causado pela bactéria Xanthomonas citri subsp. citri
® Presente no Brasil desde 1957;

® No ano de 2019 foi constatado em 15,01% das arvores do cinturao citricola
brasileiro — 29,3 milhoes de plantas;

® indice 28% superior a 2018;

® Desfolhagdao e abscisao prematura de frutos ocorrem em Aarvores
fortemente infectadas;

® E uma doenga endémica no Parana.

Principais causas, taxa de queda de frutos e caixas perdidas na safra 2019/20:

62 Cancro citrico: 0,38% (1,80 milhdao de caixas)
Fundecitrus (2020).
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Sintomas de cancro citrico causado pela bactéria Xanthomonas citri subsp. citri em laranja (Citrus spp.).
A: sintomas em folhas; B: sintomas em fruto; C: sintomas em ramos.



* Xanthomonas citri subsp. citri
* Gram-negativa;
* Temperatura ideal: entre 20-30°C;

* Alta umidade
Locais de clima tropicais e
subtropicais sao favoraveis;

e Sobrevivéncia: em restos culturais,
varios anos no hospedeiro (lesoes).
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Penetracao

* Aberturas naturais e¢/ou através de ferimentos;
*Larva minadora dos citros (Phyllocnistis citrella) ¢ uma facilitadora.
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Medidas de Controle:

e Exclusao e erradicacao;

e Evitar ventos fortes e constantes - Quebra-vento;
e Mudas sadias;

¢ Produtos a base de cobre;

e Controle da larva minadora dos citros;

e |nspecao frequente do pomar;

e Lavagem e desinfestacao de veiculos, maquinas,
implementos e materiais de colheita;




Medidas de controle

e Uso de variedades resistentes - £ 0 método considerado
ou moderadamente resistentes Mais econBMiIco e

a0 cancro citrico. eficiente.

!

Estudos de Severidade da Doenc¢a
e Plantas mais suscetiveis apresentam maior
severidade;
e Plantas menos suscetiveis menor severidade.



— / Y 4 [ ]
/ na pratica...

Pesquisas aplicadas aos estudos de resisténcia dos
diferentes gendtipos de citros ao cancro citrico.

COMO E REALIZADO?

e Medicoes da severidade da doenga;
e Avaliagcdes morfologicas dos gendtipos;
e Estudos de diversidade genética.







Duvidas?

o,

Equipe
NBA/UEM
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Cartilha Cancro Citrico 2013.pdf
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Cancro Citrico

Xanthomonas citri subsp. citri



https://drive.google.com/file/d/14lGzAJdrI1womUOeGiwu0W7jR8IvWzEE/view?usp=sharing

C A Not Secure | idrparana.pr.gov.br/Noticia/Quebra-vento-e-aplicacoes-de-cobre-reduzem-cancro-citrico-em-mais-de-90# &
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FRUTICULTURA

Quebra-vento e aplicagdes de cobre reduzem cancro citrico em mais de 90% httDZ//WWW. |droa_rana .Pr.gov. br/Not|C|a/Que
bra-vento-e-aplicacoes-de-cobre-reduzem-

A implantagdo de quebra-vento conjugada com aplicacdes de cobre reduz em até 60% a incidéncia de plantas com cancro citrico nos pomares de citros. Se 't H H d 90
considerada a infecg@o em flores e frutos, o percentual é ainda maior, e passa de 90%, segundo o bacteriologista e pesquisador do Instituto de Desenvolvimento Ca n CrO_CI rl CO‘el I I_I I Ia I S_ e_

Rural do Parand - lapar-Emater (IDR-Parand), Rui Pereira Leite Junior.

Esses resultados sdo de um estudo realizado na Unidade de Pesquisa do IDR-Parané de Xambré (Regido Noroeste do Parand), agora divulgados em artigo
publicado na conceituada revista cientifica Plant Disease, editada pela sociedade de fitopatologia dos Estados Unidos.

O cancro citrico, causado pela bactéria Xanthomonas citri, esté disseminado nos principais paises produtores de citros. Leite explica que o patégeno gera
prejuizos rapidamente quando se instala em um pomar — causa depauperamento das plantas e baixa qualidade comercial da pouca produgdo obtida, pois a
doenga produz lesdes nos frutos.

A bactéria ndo depende de um inseto que atue como vetor para se dispersar pelas plantagées, o que torna a doenca ainda mais ameacadora para toda a cadeia
produtiva. Durante anos, a principal recomendagdo para conter a doenga era simplesmente extirpar as plantas infectadas. No Brasil, houve até uma campanha
nacional para erradicagdo do cancro citrico, e pomares inteiros foram eliminados até a década de 1980.

Foi somente a partir da década de 1990 que a pesquisa estabeleceu um protocolo para manejo do cancro citrico, que inclui o uso de quebra-vento, plantio de
cultivares resistentes ou pouco suscetiveis, aplicagdo de bactericidas a base de cobre e de inseticidas para controlar a lagarta minadora dos citros (Phyllocnistis
citrella).

Embora ndo seja vetor da bactéria, a lagarta minadora danifica principalmente as folhas das arvores, e isso facilita a instalagdo da doenga nas plantas, esclarece o
pesquisador.

Pesquisa
“Essas medidas sdo eficientes e amplamente adotadas pelos citricultores, mas ainda ndo conheciamos detalhes do beneficio de cada uma delas, isoladamente ou
combinadas”, esclarece Leite o objetivo do estudo.

Para fazer essa avaliagdo, em 2010 os pesquisadores implantaram um pomar de 10 hectares - laranjeiras da cultivar valéncia enxertadas sobre limdo-cravo,
moderadamente suscetiveis ao cancro citrico -, que foi isolado com quebra-vento formado por arvores de casuarina (Casuarina cunninghamiana).

Avaliando em separado cada uma das agbes contra a doenga, os pesquisadores constataram que a aplicagdo de cobre proporcionou melhor resultado, seguida
pelo quebra-vento. J& o controle da lagarta minadora dos citros ndo exerceu grande influéncia sobre a instalagdo e desenvolvimento do cancro citrico no pomar.

Em conjunto, as duas medidas de controle - aplicagdo de cobre e quebra-vento - reduziram em 60% a incidéncia de plantas infectadas com cancro citrico,
percentual que passou de 90% quando se avaliou a infecgdo de folhas e frutos.

Isso significa, aponta o pesquisador, que as aplicacdes de cobre tém papel importante na reducdo da incidéncia da doenca e perdas na produgdo, e que o
quebra-vento contribui para diminuir a quantidade de frutos com cancro (e, portanto, rejeitados pelo mercado).

“A adocdo conjunta das duas préticas é o tratamento ideal para o manejo eficiente do cancro citrico”, avalia Leite. “Mas, dependendo da suscetibilidade da cultivar,
o auebra-vento pode ser facultativo em pomares aue produzem para a indistria. e obricatério naaueles voltados ao mercado de frutas frescas”. conclui o
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| Sistema de Mitigacdo de Risco (SMR) Cancro Citrico

O SMR nada mais € que a integragdo de diferentes medidas de manejo de risco, em que pelo menos delas atuam independentemente e, cumulativamente,
atingem o nivel apropriado de protec¢do contra a praga. Seu objetivo é:

I. Reduzir o potencial de indculo visando a protecdo de areas ainda sem ocorréncia da praga;
II. permitir o transito, para outras UFs, de frutos citricos oriundos de areas com ocorréncia da praga; e
lll. permitir a exportagao de frutos citricos oriundos de &reas com ocorréncia da praga para paises que reconhegam o SMR como medida fitossanitéria.

Os procedimentos a serem adotados pelos Responséveis Técnicos (RT) habilitados e Fiscais de Defesa Agropecuéria da Adapar, relacionados ao SMR Cancro
Citrico, estdo descritos no manual abaixo disponibilizado.
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ARTICLEINFO ABSTRACT
Keywords: After a new regulation on the control of citrus canker (Xanthomonas citri subsp. citri) came into force in Brazil in
Sanitization 2017, the post-harvest sanitization of citrus fruit became mandatory to prevent dissemination of the causal
Sodexs Iypoctiocie pathogen and enable the commercial trade of citrus to other states and countrics. Although several sanitizers are
e available worldwide for decontamination of fresh produce, only sodium hypochlorite is legally required by the
e country for decontamination of citrus fruit traded with other states and countries against X. citri in the packing

e house. Thus, the objectives of this study were to assess the efficiency of chlorine dioxide, peracetic acid, and
caleium oxychloride as alternative sanitizers and exposure times of 1 and 2 min for the post-harvest decon-
tamination of citrus fruit against X. citri. Sodium hypochlorite, the legally required standard, was used as control
The sanitizers were evaluated regarding the capacity to climinate live X. citri in solution or1 hafter
exposure to the products and the efficiency in disinfesting artificially and naturally contaminated lime fruit. An
additional assessment was carried out to determine the infective potential of X. citri suspensions at different
concentrations in order to evaluate the rick of discase dissemination by the remaining bacterial population on the
fruit following treatment. All the asscssed canitizers were able to completely climinate X. citri in suspension
immediately after treatment. In artificially and naturally contaminated fruit, the sanitizers promoted a significant
seduction of 2.4-2.8 and 1.1 to 1.5 logio cfu/mL, respectively, in the populaion of ie bacteria when comparcd
to the untreated control. In X. citri on the fruit ranged from 0.5 to
1.0 and 0.1 to 0.3 log1o cfu/mL, respectively, regardless of the exposure time. The labeled concentrations and
treatment periods assessed cffectively decontaminated fruit with X. citri and demonstrated little or no rick of
pathogen spread from treated fruit.

1. Introduction phytosanitary restrictions mostly resulting from the occurrence of black

spot caused by Phyllosticta cumn.rpa and citrus c:u:ker caused by Xan-

Brazil is the largest citrus juice producer and exporter in the world
(Neves et 2020), but accounts for a minor share in the global fresh
citrus fruit market, where it ranks well below countries with less
expressive citrus growing area, such as Argentina, South Africa and
Spain (FAO, 2021; USDA, 2021a). Despite the minor participation in the
global « maskes, ‘citrue! paniks: thid tn-fresh “Frult ‘exports fiom :Brazil
(A 021) with a potential to increase in the near future. The
main factors limiting citrus exports from the country relate to

* Corresponding author.
E-mail address: franklin behlau@fundecitruz.com br (F. Behlau).

\\:d 19 Febru:u'v 2021; R:c:xved in revised form 23 April 2
Available online 29 April 2021
0261-2194/© 2021 Elsevier Ltd. All rights reserved.

thomonas citri "ubcp citri (5

Required by the Brazilian Mistry of Agriculture and intemational
trade partners, a new legi known as 51 21
(IN21), was issued to regulate the control of citrus canker in Brazil after
the disease become endemic in some citrus-producing states (Behl

)21; Bra: 18). For the first time in the country, IN21 allows trees
with citrus canker to remain in orchards, but oblige the post-harvest

; Accepted 24 April 2021
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Abstract

The management of citrus canker, caused by Xanthomonas citri
subsp. citri, has been widely studied in endemic areas because of the
importance of the disease in several citrus-producing countries. A set
of control measures is well established, but no study has investigated
the efficiency of each measure individually and their combination for
disease suppression. This study comprised a 3-year field study to
assess the relative contribution of three measures for the control of
citrus canker and reduction of crop losses. Windbreak (Wb), copper
sprays (Cu), and leafminer control (Lc) were assessed in eight differ-
ent combinations in a split—split plot design. The orchard was com-
posed of “Valencia® sweet orange trees grafted onto ‘Rangpur’ lime.
Casuarina cunninghamiana trees were used as Wb. Cu and Le spmy&

Lc had no effect on reducing citrus canker. Wb+Cu showed the high-
est efficiency for control of the disease. This combination reduced the
incidence of diseased trees by approximately 60%, and the incidence
of diseased leaves and fruit by 290% and increased the yield in 2.0-
to 2.6-fold in comparison with the unmanaged plots. Cu sprays were
important for reducing disease incidence and crop losses, whereas Wb
had an additional contribution in minimizing the incidence of can-
kered, non-marketable fruit. The results indicated that the adoption
of these measures of control may depend on the characteristics of the
orchard and destination of the production.

Keywords: Casuarina  cunninghamiana, crop loss, integrated

were performed every 21 days throughout the year.
showed the highest contribution for canker control, followed by Wo.

Phyllocnistis citrella, protection, Xanthomonas  citri
subsp. citri

Historically, the primary and compulsory strategy for control of
citrus canker, caused by Xanthomonas citri subsp. citri (X. citri), in
several countries, is the eradication of discased trees (Behlan 20215
Dopu)n 1964; (muvuld et al. 2002; R«Nun 1977) The uduplmn of

restricted host range, the absence of an insect vector, the short inter-
val between pathogen infection and symptom appearance under opti-
mum weather conditions, the low capacity of the pathogen to survive
for along period outside the host, and the predominant dissemination
of the bacteria over short and medium distances from the inoculum
source (Belasque et al. 2005; Dalla Pria et al. 2006; Danés et al
1984; Goto et al. 1975; Gottwald et al. 1993; Graham et al. 1987).
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programs have contri to the elimination or suppres-
sion of citrus canker outbreaks worldwide in the 1900s. During
most of that time, there were no efficient management measures
available, and the disease was considered a threat for the citrus
industry (Behlau et al. 2016; Dup\«)n 1%4 Hll] 1918). Howuu
despite the success in or the

spread of citrus canker, most of the eradication programs were termi-
nated for various reasons over the years in important citrus-growing

regions of Argentina, Uruguay, the U.S.A., and in 2017, Brazil
(Behlau 2021). Allcrnuuvdy the end of these eradication programs
forced the P ¢s to neutralize or
minimize the impact of (m disease on lhc fruit quality and crop pro-
duction (Behlau 2021; Canteros et al. 2017; Gochez et al. 2020;
Leite and Mohan 1990).

ce the 1980s, studies conducted in citrus-producing countries
where citrus canker became endemic have demonstrated the effi-
iency of distinct measures to minimize the impact of the disease on
yield and fruit quality. The results of these rese:
with field observations over the years resulted in a set of broadly
used control measures such as planting resistant or less susceptible
citrus cultivars or species, establishment of arboreal windbreaks in
the perimeter of the orchards, spray of copper-based bactericides,
and control of the citrus leafminer (Phyllocnistis citrella; Behlau et 2
2008; Canteros et al. 2017; Gottwald et al. 1993; Gottwald and
Timmer 1995; Graham et al. 2011; Leite and Mohan 1990; Stein
et al. 2007). Gitrus genotypes show a broad spectrum of susceptibil-
ity to citrus canker, ranging from highly resistant to highly suscepti-
ble (Gottwald et al. 1993, 2002). Planting citrus varieties that are
field resistant to citrus canker is the most efficient and inexpensive
measure of control. Although it is an important aspect to be

1
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Xanthomonas citri pv. citri (Asiatic citrus canker)

Ebrahim Osdaghi

Summary

Datasheet Type(s)
Pest

Natural Enemy
Invasive Species

Preferred Scientific Name
Xanthomonas citri pv. citri

Preferred Common Name
Asiatic citrus canker

Summary of Invasiveness

Xanthomonas citri pv. citri is a bacterial pathogen that causes Asiatic citrus canker, a disease which results in heavy economic losses
to the citrus industry worldwide either in terms of damage to trees (particularly reduced fruit production), reduced access to export
markets, or the costs of its prevention and control. Lesions appear on leaves, twigs and fruit which cause defoliation, premature fruit
abscission and blemished fruit, and can eventually kill the tree. Itis introduced to new areas through the movement of infected citrus
fruits and propagative materials, e.g. seedlings. Inadvertent re-introduction is highly likely despite the quarantine restrictions that
are in place in many countries. Locally, X. citr pv. citri is rapidly disseminated by rainwater running over the surfaces of lesions and
splashing onto uninfected shoots; spread is therefore greatest under conditions of high temperature, heavy rainfall and strong winds.
Some areas of the world have eradicated citrus canker; others have on-going eradication programmes. However, this pathogen
remains a threat to all citrus-growing regions.
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Xanthomonas citri pv. citri (Asiatic
Symptoms on fruit citrus canker); Field symptoms
on Mexican lime fruits.

©Ebrahim Osdaghi, University of
Tehran, Iran

Xanthomonas citri pv. citri (Asiatic
Symptoms on fruit citrus canker); Field symptoms
on Mexican lime fruits.

©Ebrahim Osdaghi, University of
Tehran, Iran

Xanthomonas citri pv. citri (Asiatic
Symptoms on fruit citrus canker); Field symptoms
on Mexican lime frits.

©Ebrahim Osdaghi, University of
Tehran, Iran
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Abstract

de Carvalho. S. A., de Carvalho Nunes, W. M., Belasque. J., Jr., Machado, M. A., Croce-Filho, J.. Bock. C. H., and Abdo, Z. 2015. Comparison of
resistance to Asiatic citrus canker among different genotypes of Citrus in a long-term canker-resistance field screening experiment in Brazil. Plant

Dis. 99:207-218.

Asiatic citrus canker (ACC) is caused by Xanthomonas citri subsp.
citri. The disease results in yield loss and renders fruit unfit for the
fresh market. A 6- -year smdy in Parand State, Brazil, was ccmducled to
compare the of 186 of citrus

(mean lesions per leaf = 4.32 and 4.26, respectively), and the most
snstcpub]; genotypes were grapefruit and sweet lime, with 14.84 and
sions per leaf, respectively. Genotypes of mandarin, sour or-

sweet orange (Citrus sinensis), mandarin (C. reficulata), Mediterrane-
an mandarin (C. deliciosa), Clementine mandarin (C. clementina),
Satsuma mandarin (C. unshiu), sour orange (C. aurantium), lemon (C.
limon), sweet lime (C. aurantifolia), grapefruit (C. paradisi
hybrids (C. reticulata x Citrus sp., C. reticulata x C. paradisi, C. retic-
ulata x C. sinensis, and C. unshiu x C. sinensis). Sweet orange (C.
sinensis) was represented by the most genotypes (1 = 141). The num-
ber of lesions per leaf was assessed 18 times from 2005 to 2010 (up to
4 times per year). The data were analyzed using mixed-model analysis
of fixed and random effects, which showed a total of six resistance-
susceptibility groupings of species and hybrids. Based on species, the
most resistant_genotypes, on average, included Satsuma and lemon

mandarin, and sweet orange had intermediate
severity (5.48 to 9.56 lesions per leaf). The hybrids also showed a
range of ACC severity but all were in the more resistant groupings
(5.26 to 7.35 lesions per leaf). genotype was immune to ACC. The
most resistant genotype was ‘Muscia’ (C. reficulata) and the most
susceptible was ‘Valencia Frost’ (C. sinensis) (1.86 and 14.78 lesions
per leaf, respectively). Approximately one-sixth of the genotypes
showed a negative relationship of mean lesions per leaf with time,
suggesting increasing resistance as they aged, due to a reduction in
either new flush or plant size and structure. These results of the relative
susceptibility of different citrus genotypes can be used in future re-
search and to assist in varietal selection or for breeding purposes both
within Brazil and other regions where ACC is an issue.

Asiatic citrus canker (ACC; caused by Xanthomonas citri subsp.
citri (ex Hasse)) (50) occurs in several tropical and subtropical
citrus growing regions (16,51). It is widespread in southern Brazil,
where it has substantial effect on the yield and marketability of
fresh citrus and reduced citrus yield (3). Reports from other parts
of the world confirmed that it is one of the most important diseases
of citrus, as witnessed by the costly and prolonged eradication
efforts in Florida (20,31,51) and Brazil (5). Subsequent to cessa-
tion of eradication in Florida (21,31), ACC has continued to spread
in citrus orchards. X. citri subsp. citri infects the foliage, fruit, and

ton), can increase the incidence and severity of the disease
(7.14,29). Severe ACC can result in premature leaf and fruit drop
23).

Sao Paulo State, Brazil, is the largest orange juice producer in
the world, and has been fighting an epidemic of ACC throughout
the state since 2009. Today ACC comro] efforts are almost cxc]u-
sively the citrus grower’s resp y and, as a
disease foci delccllon and eradication are less intensive than in
previous decades. In 2009, the Sao Paulo state government altered
its eradication policy, making it less effective in suppressing epi-

shoots of the citrus plants, initially causing small ked
lesions to develop that enlarge and become erumpent and necrotic.
The pathogen is naturally spread in rain splash but wind can dra-
matically increase the effectiveness of dispersal and infection (8);
it can also be spread by farm equipment and by personnel (20).
Injury, both that by wind (8) and due to insect feeding, particularly
by the Asiatic citrus leafminer (CLM: Phyllocnistis citrella Stain-
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demic devel (5.6). Furthermore, the newest state law (ap-
proved in Octobu 2013) determines the eradication of canker-
symptomatic plants only. Thus, for the first time since detection of
ACC in Brazil in 1957, neither an eradication zone nor eradication
of potentially exposed plants is mandatory. The state survey of
ACC conducted in 2012 showed 1.39% of sweet orange orchards
had at least one symptomatic tree, which was the highest disease
incidence ever observed in S3o Paulo state. In comparison, from
1999 to 2009, incidence of ACC ranged from 0.08 to 0.70% (6).
These data suggest that ACC will pmhably continue to spread in
So Paulo state and, as has occurred in other regions and countries
in the Americas, ACC management by growers will be the main
disease control strategy.

Some methods are available to manage ACC. These include the
use of copper bactericidal sprays (2,3), windbreaks (which might
provide some protection; ). systemically acquired resistance
(SAR) inducers (25,26), orchard hygiene (8), and, where pathogen
arrival is recent or where ACC is not widely distributed, eradica-
tion—including in Brazil, where it has been practiced since 1957
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de Carvalho, S. A., de Carvalho Nunes, W. M., Belasque, J., Jr., Machado, M. A., Croce-Filho, J., Bock, C. H., and Abdo, Z. 2015. Comparison of
resistance to Asiatic citrus canker among different genotypes of Citrus in a long-term canker-resistance field screening experiment in Brazil. Plant

Dis. 99:207-218.

Asiatic citrus canker (ACC) is caused by Xanthomonas citri subsp.
citri. The disease results in yield loss and renders fruit unfit for the
fresh market. A 6-year study in Parana State, Brazil, was conducted to
compare the susceptibility of 186 genotypes of citrus representing
sweet orange (Citrus sinensis), mandarin (C. reticulata), Mediterrane-
an mandarin (C. deliciosa), Clementine mandarin (C. clementina),
Satsuma mandarin (C. unshiu), sour orange (C. aurantium), lemon (C.

limnn\ cwoat limo (7 auvantifalia\ ovanotenit (0 navadicid and fonre

(mean lesions per leaf = 4.32 and 4.26, respectively), and the most
susceptible genotypes were grapefruit and sweet lime, with 14.84 and
10.96 lesions per leaf, respectively. Genotypes of mandarin, sour or-
ange, Mediterranean mandarin, and sweet orange had intermediate
severity (5.48 to 9.56 lesions per leaf). The hybrids also showed a
range of ACC severity but all were in the more resistant groupings
(5.26 to 7.35 lesions per leaf). No genotype was immune to ACC. The
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Experiment location and management. The field experiment
was located in Maringd, in Northwestern Parand state (latitude
23°25” S and longitude 52°10” W) at an elevation of 554.9 m. Ac-
cording to Koeppen’s climate, it is a tropical climate modified by
elevation, with hot summer temperatures and with the warmest
month >22°C. The average annual temperature is 16.7°C, the aver-
age minimum is 10.3°C, and the average maximum 33.6°C, with
an average relative humidity of 66%. The average annual rainfall is
1,500 mm. Frosts are infrequent and concentrated in the winter
period. Prevailing winds are from the northeast and the soil of the
experimental area classified as typic Haplodox.

The citrus trees were planted in April 2003. Plants were spaced
3.5 m within the row and 5.0 m between rows in a randomized
block design with two replications (= blocks), and four plants of
each genotype per replicate (plot). As a source of inoculum for
natural disease spread to the 186 genotypes tested, every four
plants were interspersed by one plant of ‘Baia’ (C. sinensis), which
had been inoculated in November 2004 using a bacterial suspen-
sion of a highly virulent strain of X. citri subsp. citri (1) at 10
CFU/ml.
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