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CITRUS GREENING DISEASE IN BRAZIL: ADVANCES IN RESEARCH AND CONTROL

Dr. Eliane Locali-Fabris, Centro APTA Citros Sylvio Moreira, Cordeirdpolis, SP—Brazil.
Tel/'Fax: 55-19-35461399; E-mail: eliane(@centrodecitricultura. br

Huanglongbing de
los citricos

Mandioca e Fruticultura Tropical

Figure 1. Symptoms of huanglongbing (HLB) were reported in S&o Paulo State (SPS), Brazil, in
March 2004. Leaves with blotchy mottle symptoms characteristic of HLB were sampled in
several farms of SPS and tested for the presence of liberibacters. ‘Ca. L. asiaticus’ was detected
in a small number of samples with PCR. This liberibacter was restricted to the sieve tubes of the
citrus host, and also found was Diaphorina citri, the psyllid vector of ‘Ca. L. asiaticus’.
Elimination of symptomatic trees has been mandatory since 2005, one year after the first report
of HLB in the State, but has not been adopted rigorously by all farmers. Consequently, the
disease has spread and today is present in all commercial citrus growing regions of SP. The last
of a series of field surveys carried out in 2009 indicates that HLB is present in 24% of the 96
thousand blocks, and affects 0.87% of the estimated 214 million trees growing in the State. The
Center and South of SP are the most affected regions with higher rates of disease progress.
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?Lo que el HLB trajo a la citricultura?

La seguridad de que realmente es una enfermedad destructiva
» Sin perspectiva de ‘convivencia pacifica’

- El negocio citricola sob riesgo

La seguridad de que se trata de una enfermedad de rapida
diseminacion

+ Reduccion del potencial de indculo deve ser
inmediata y constante

Caida de hojas y frutos

Reduccién de la productividad y calidad de los frutos
Declinio general de la planta

Muerte

Figure 3. Damage includes dropping of the leaves and fruit, reduction in the productivity and
quality of the fruit, general decline of the tree, and death.
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?Lo que el HLB trajo a la citricultura?

La seguridad de que realmente es una enfermedad destructiva
« Sin perspectiva de ‘convivencia pacifica’
- El negocio citricola sob riesgo

La seguridad de que se trata de una enfermedad de rapida
diseminacion

- Reduccion del potencial de indculo deve ser
inmediata y constante

La seguridad de que su manejo deve ser cooperativo

» Su vecino es su parcero

La inseguridad acerca del material propagativo

Figure 4 HLB is a rapidly spreading disease. Thus it is imperative to quickly and enduringly
reduce the inoculum. Neighboring growers need to take a collective security approach. It is
imperative to use only uninfected propagative materials. Inspection is essential!

. South:Carolina (2008)
27 Georgia (2009) ‘
Louisiana (2007) ‘ ;

In Florida (2005)

~

= ‘ México (2009) X
/ ] Cuba’(2006)

@

'Belize (2009)

‘: Republica Dominicans

Guatemala (2009) I

‘ Honduras (2010) P § g

/~ Jamaica (2009)

. ‘ Nicaragua (2010)
Fer 3

S

Figure 5. Originally from southeast Asia, HLB appeared in Brazil in 2004, it has been found in
Florida (2005), Cuba (2006), Louisiana (2007), Dominican Republic (2008) Belize (2009),
Guatemala (2009), Mexico (2009), Honduras (2010) and Nicaragua (2010).

134



?Lo que el HLB trajo a la citricultura?

La seguridad de que realmente es una enfermedad destructiva
- Sin perspectiva de ‘convivencia pacifica’
- El negocio citricola sob riesgo

La seguridad de que se trata de una enfermedad de rapida
diseminacion

» Reduccion del potencial de inéculo deve ser
inmediata y constante

Figure 6. Security in managing HLB requires cooperation among growers. Each grower must
regard his neighbor as his partner.

Efecto vecino

Figure 7. This figure depicts the effects that the practices of one grower can have on a
neighboring grower. In the citrus grove at the bottom of the figure, HLB is not being controlled
effectively and the contagion is clearly spreading into the grove at the top of the figure.
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Figure 9. Budwood, rootst

greenhouses.

?Lo que el HLB trajo a la citricultura?

La seguridad de que realmente es una enfermedad destructiva
- Sin perspectiva de ‘convivencia pacifica’
- El negocio citricola sob riesgo
La seguridad de que se trata de una enfermedad de rapida
diseminacion

« Reduccion del potencial de inéculo deve ser
inmediata y constante

Y
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ock, and other citrus propagative material must be in quarantine



Figure 10. Propagative material grown out-of-doors is readily accessible to the Asian citrus
psyllid, the vector of Candidatus Liberibacter sp. Hence there is a high risk that propagative

material grown out-of-doors has been infected.

?Lo que es necesario para que la actividad
citricola sobreviva al HLB?

» Acciones rapidas de supresion de la

enfermedad (urgencia de muy corto plazo)

/»Eficiente paquete tecnologico de manejo\
(corto a medio plazo)

» Variedades tolerantes o resistentes (largo

\plazo) )

‘9

Figur 11. What is necessary for citrus to survive HLB?: (1) Rapid actions to suppress the
disease to meet the short-term emergency, (2) a technological package for efficient disease
management over the short to medium term, and (3) tolerant or resistant varieties in the long
term.
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Plantas resistentes
*Seleccion masal

* Mejoramiento

* Transgenia

Alteracion del any
* Nutricion
* Plantios adeffsa
* Irrigacion
* Patrén

Uso de plantulas sanas
Eliminacién de plantas sintomaticas
Control del vector

Control de la bacteria
* Antibidticos
* Reduccidn del inéculo

Contr | vector
* Biold
* Quimico

Figure 12. The tetrahedron of the illness: (1) change the production inputs, (2) control the vector,
(3) control the bacteria with antibiotics and inoculum reduction, and (4) select or develop disease
resistant citrus plants. Always begin with non-infected plantlets, eliminate symptomatic plants,
and control the vector.

?Y la investigacion?
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Objectivo

Desarrollar estrategias alternativas de manejo mas
eficientes, menos onerosas y menos prejudiciales al ambiente

‘if N ni"{?:‘:
5

Figure 14. Objective: Develop alternative management strategies that are more efficient, less
costly, and least harmful to the environment.

Hiniad. s

+ 3 especies:
— Candidatus Liberibacter africanus
— Ca. L. americanus

— Ca. L. asiaticus

Interacciones complejas,
posibles nuevos vectores
etc.: desafio mas grande

Figure 15. Etiology of HLB disease of citrus. Three species of Candidatus Liberibacter can be
involved. Complex interactions involving possible new vectors, etc. present the biggest
challenge.
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induced fluoresence; optical

Figure 16. Early diagnosis of HLB: optical spectroscopy with laser-

and

2

laser-induced emission spectroscopy; Raman spectroscopy; and infrared, fluorescent

multispectral imaging X RT — qPCR.

Milori et al. (Embrapa-CNPDIA)

P ] EEE R e P |

Figure 17. Diagnosis by biophotonics.
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» (Genes de resistencia

+ Genes conocidos de otros organismos
» Ex.: Xa21 de arroz

» Gene de resistencia de arroz selvagem (O. longistaminata) a
Xanthomonas oryzae pv.oryzae

» Puede inhibir el crecimiento de bacterias Gram negativas
» Evidencias:
i + 75-90% menos lesiones causadas por X. oryzae en arroz

* Reduccién del namero de lesiones de X, axonopodis pv. citri
em naranja (Mendes et al., 2010)

AL ™
Figure 18. Control of Liberibacter by means of transgenic citrus. Various genes that confer
resistance against different bacteria have been identified in rice. ‘Valencia’ has been genetically
transformed.

+ Péptidos antimicrobianos™*

« Conocidos

* Ex.: Atacina, cecropina de insectos (Hyalophora cecropia, Trichoplusia
ni, Drosophila melanogaster)

¢ Pueden inhibir el crecimiento de bacterias Gram negativas
* Evidencias:

* Aumento en la resistencia a Erwinia amylovora en manzanas GM
' (Ko et al., 2002)

¢ Reduccién en el nimero de lesiones de cancrosis en naranja GM
(Boscariol et al., 2008)

. - i
Figure 19. Antimicrobial microbes such as the antimicrobial peptide Attacin, which suppresses
gram-negative bacteria, have been isolated from diverse insects, including Hyalophora
cercropia, Trichoplusia ni, and Drosophila melanogaster. Enhanced resistance against Erwinia
amylovora in genetically modified apples. Reduction in the number of canker lesions in
genetically modified orange.
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Transcriptoma de plantas de naranja dulce con sintomas de HLB - microarreglos

Estabelecimiento de plantas de citricos — naranja dulce
(Péra) / Limon cravo en invernadero - 25 plantas

Infeccion de las plantas con Ca. Liberibacter americanus ) ’ S
o , . Induced Genes in C. sinensis CLam (+)
- injertia con yemas infectadas

B 20 Systemic Reguiation

mE2Protein Reguiation
=63 Protsin Binding Funcion/Cotats
m 65 Storags Protein

@67 Trasnport Faciitation
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0% Uncissaiisd

Repressed Genes in C. sinensis CLam (+)
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Figure 20. Control of bacteria: study of interactions with focus on transcription of citrus plants
— sweet orange with HLB symptoms — microarrays.

Estabelecimiento de plantas de citricos — naranja dulce (Péra) / Limén cravo em invernadero — 54
plantas (27CLam/27CLas)
Infeccion de las plantas con Ca. Liberibacter spp.~> injertia con yemas infectadas
Citricos Coletas
especies
CLam ClLas Poda Infeccion 48h 1sem 1 mes Sintomas

Hamlin 08 08 06/09 07/09 ok ok ok

Ponkan 08 08 08/09 09/09 ok ok ok

Trifoliata 08 08 08/09 09/09 ok ok ok

Azeda 08 08 08/09 09/09 ok ok ok

Tahiti 13 13 05/09 07/09 ok ok ok

Galego 08 08 06/09 07/09 ok ok ok

Cravo 13 13 05/09 07/09 ok ok ok

Lima 09 10 06/09 07/09 ok ok ok

doce

Sunki 08 08 06/09 07/09 ok ok ok

[] Especies infectadas

Figure 21. Control of bacteria: Study of interactions of nine GM orange cultivars injected with
Candidatus Liberibacter spp.
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Transformacion genética de Ioscltmfos

Figure 23. It is known that 20-30% of psyllid adults and 100% of nymphs acquire the bacteria.
Efficient acquisition from young leaves, although asymptomatic.
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Candidatus Liberibacter spp.

Adquisicion y multiplicacion de la bacteria en el vector
Dias de alimentacion

'
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Figure 24. Acquisition and multiplication of Candidatus Liberibacter spp. in the vector,
Diaphorina citri.

Toxinas
* Ex.: Uso de Bt para el control del psl(lido
» Etapa 1: Seleccién de estirpes patogénicas (invernadero)
- Etapa2: Clonagem del gene codificador de la toxina
- Etapa 3: Transformacién de citricos

Etapa 4: Evaliacion

- P

Figure 25. Control of the HLB vector: D. citri. Bacillus thuringiensis peptides are used to control
D. citri. The gene that codes for the Bt peptide toxin has been cloned and used to transform citus.
However, the project is still in the initial phase.
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Inoculacion por la raiz

Microscopia de fluorescéncia: Bt- GFP
aislado de hojas de ramos inoculados

Figures 26. Citris seedlings are being inoculated through their roots. Fluorescent microscopy of

Bt-GFP in isolated palm leaves.

* Incremento en la resistencia sistémica adquirida (SAR)

* Inductores de SAR (Actigard, acido salicilico, acido isonicotinico,
imidacloprid) cuando aplicados en las plantas: sin efecto

« Aumento en la resistencia sistémica adquirida (SAR)
+  Ex.: NPR1 (regulador de SAR en Arabidopsis) — CCSM; UF;USDA
+ Evidencias:

*+ NPR1 en manzana GM aumenté la resistencia a una bacteria y
dos hongos patogénicos (Malnoy et al., 2007)

+ AtNPR1 en arroz confere resistencia a Xoo (Chern et al., 2001)

AtNPR1 en naranja aumenta la tolerancia a Xac (Simdes et al.,
submetido)

Figure 27. Increasing resistance of the host plant. Increase systemic acquired resistance (SAR).
When SAR-inducers (actigard, salicylic acid, isonicotinic acid, and imidacloprid) were applied to
citrus plants, they were without effect against HLB. An experiment is under way to augment
systemic-acquired resistance by means of a SAR regulator from Arabidopsis.
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e
Por lo menos um aislado de Bt devera ser eficiente para el
control del psilido y podra ser usada en el manejo del HLB;
Estudio de las interacciones planta/patdogeno/vector vy
informaciones del genoma expreso y completo de citricos deberan
iampliar el conocimiento sobre el patossistema y sugerir nuevas

abordajes de control, incluso transformacion genética. S
AN

Figure 28. Results obtained: One isolate of Bt provides very efficient control of the psyllid, and it
will be used to manage HLB. The study of plant/pathogen/vector, with information on gene
expression and knowledge about the pathosystems, has provided new approaches to HLB
control, including use of genetic transformation.

Gracias!

Figure 29. Many thanks for your attention!
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