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HLB distribution in the world
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Ca. Liberibacter asiaticus (29 countries)  Ca. Liberibacter africanus (12 countries) Ca. Liberibacter americanus (Brazil) }
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HLB distribution in Brazil

Affected municipalities (May 2009)

S— -216 in S&o Paulo (SP)

*1in Minas Gerais (MG)
*34 in Parana (PR)
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Disease management practices in Brazil

Elimination
of symptomatic trees

Insecticide applications

Planting healthy young trees
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Description of a new Liberibacter species in Brazil

Teixeira et al. 2005
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Description of two phytoplasmas associated with HLB-like symptoms

A \Y 8 9 101112 0 H AM AS
PCR specific
for Ca. L. asiaticus
or
Ca. L. americanus

M citrus growing area
[ ca. Liberibacter spp.
[] Phytoplasma

_‘ 6 7 8 9 101112 0 H AM AS

PCR specific
for Phytoplasma

HLB associated Phytoplasma (EU266074)
Knautia arvensis phyllody phytoplasma (Y18052)
100 Lactuca serriola phytoplasma (AF515638)

——— Candidatus Phytoplasma phoenicium (AF515637)
190 72 _: Candidatus Phytoplasma phoenicium(AF515636)
74 Almond witches- broom phytoplasma (AF390136)
Candidatus Phytoplasma castaneae (AB054986)
Candidatus Phytoplasma aurantifolia (U15442)
Candidatus Phytoplasma brasiliense (AF147708)

.m:mp..vmmmmwmn

A phytoplasma related to ‘Candidatus Phytoplasma asteri’ detected in
citrus showing huanglongbing (yellow shoot disease) symptoms in
Teixeira et al. 2005 Guangdong. P. R. China. Chen et al. 2009.
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Liberibacter detection and quantification
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Contrasting behavior of Ca. L. americanus and Ca. L. asiaticus in Brazil

Multiplication efficiencies in citrus trees

Graft transmission effcienies of Liberibacter to sweet oranges
Liberibacter populations in potted and field grown sweet oranges

. Ca. L. americanus |:| Ca. L. asiaticus

c

IS 80
[} 0 ] ] ]
= g ] _
[}
2 o 60 L
= @

=
o =
~ o
L) z
3 g 0 B
© Q
2 '5
- Qo 20 —
(@] -
S 8 B

0 T T T T
P - f Field- ] . : -
c.’tted grown, graft ‘e fi grown, naturally Hamlin Natal Pera Valencia Westin
inoculated trees infected trees L
Sweet orange varieties

Liberibacter occurrence in Sdo Paulo State overtime
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Lopes et al. 2009
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Contrasting behavior of Ca. L. americanus and Ca. L. asiaticus in Brazil
Multiplication efficiencies in citrus trees

. Ca. Liberibacter americanus

,, Ca. Liberibacter asiaticus
-
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Contrasting behavior of Ca. L. americanus and Ca. L. asiaticus in Brazil

Sensitivity to high temperatures

Pruned

Growth chambers
. 22°C - 24°C
. 27°C - 32°C
. 24°C - 32°C (1. 9 or 12h)
. 24°C - 32°C (6h)
. 24°C - 35°C (6h)
. 24°C - 38°C (6h)
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Contrasting behavior of Ca. L. americanus and Ca. L. asiaticus in Brazil

Sensitivity to high temperatures

Chamber 2 : Chamber 3
Ca. L. americanus

Chamber 1

Log of liberibacter titers
per gram of fresh leaf midrib

Ca. L. asiaticus

Log of liberibacter titers
per gram of fresh leaf midrib

60 90 60 90 60 90 60 90 60 90 60 90
Nat Val Nat Val Nat Val

06h at 32C 06h at 35C 06h at 38C /,( -
09h at 24C 09h at 24C 09h at 24C

Days of exposure at different daily cycles

N

' Two years-|ater

1 + L2000
' LUpco Tl al. £UUJ J—
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Contrasting behavior of Ca. L. americanus and Ca. L. asiaticus in Brazil
Sensitivity to high temperatures
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Ca. L. asiaticus distribution In citrus trees

Ca. L. americanus

Ca. L. asiaticus

Gottwald et al. 2008

Total 216 pruned trees Total 376 pruned trees
Disease reappeared in 58.3% Disease reappeared in 62.5%

Lopes et al. 2007
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Murraya paniculata as an alternative host of Liberibacter

Murraya distribution in the Araraguara region
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Murraya paniculata as an alternative host of Liberibacter

Murraya survey in urban areas

h
'\\i\ !iti

"'H

Sampled 550 symptomatic trees
in 17 municipalities

*11.4% positive for Ca. L. americanus
*0.5% positive for Ca. L asiaticus
*88.1% negative
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Diaphorina citri feeding behavior

Electrical penetration graphing
Tjalingii.1988

The electrical penetration graph (EPG) technique
EPG signal

e

(DC amplifier)

ground = http://en.wikipedia.org/




Diaphorina citri feeding behavior

Io:n u(n" afC—‘ener mE Vu oi’og} (1997), 78, 2701-2705. Printed in Great Britain _SHORT COMMUNICATION
Intracellular ingestion and salivation by aphlds may cause the
acquisition and inoculation of non-persistently transmitted
plant viruses

B. Martin,' J. L. Collar, W. F. Tjallingii? and A. Fereres'

'Centro de Ciencias Medicambientales, CSIC, Serrano 115 dpdo., 28006 Madrid, Spain
2 Department of Entomology, Agricultural University, POB 8031, 6700 EH Wageningen, The Netherlands

§ =
intracellular puncture recorded as a
z 24 potential drop (pd)
F
2
B 03
g

-:ﬂt}rlet I:EJJ wall 5 plant sap —-—-pluma]emmu Eshnath saliva [ watery saliva ® virus

7
~4_ FUNDECITRUS




Diaphorina citri feeding behavior

Overview

1 hour

Stylet activities
(i) penetration of the stylet into the intercellular
parenchyma
(i) contact of the stylet with the phloem sieve tube
(i) salivation
(iv) phloem sap ingestion

Cross section of a leaf petiole
showing the D. citri stylet pathway

SIS 23 L )

Tiaere®. a9 9,00
e I ‘.0’..‘..2...-(
ol .. j.". .0.~-""

» Average time for the stylet to reach the phloem -154 min
» Phloem sap ingestion continued for average 206.1 min over
an 8 hour (240 min) recording period

Bonani et al. 2008
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Liberibacter transmission by D.

Citrus leaf developmental stage Young leaves

Reached the phloem

(after 96 hour) 80% 20%

Ca. L. asiaticus 54% 10%

acquisition efficiency 5 . | 2008
onani et al.

D. citri developmental stage
Nymphs Adults
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Temperature influences on D. citri life cycle

/‘\

Temperature (°C)

Pera sweet orange

Egg Nimph

18 8.2+0.08 a 37.6+x1.54 a
20 6.9+0.11 b 29.6+1.46 b
22 5.7+0.07 c 23.4+0.25 ¢
25 4.6+0.18 d 13.2+0.47 d
28 3.6+0.14 e 12.4+0.26 d
30 2.9+0.06 f 11.8+0.47 d
32 3.0£0.09f ...

Parra et al. 2007

Temperature of -1.9°C for up to 10 hours killed a relatively low percentage of

adults. while -5.0 to -5.5 °C for 4 hours or longer killed 95 to 100% adults
Hall. 2008
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Temperature favorability for D. citri in S&do Paulo State

Il Unfavorable (below 15°C) [0 Favorable (20°C to 25°C)
[ Little favorable (15°C to 20°C) I Highly favorable (20°C to 25°C)

(Morandini et al. 2005)
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D. citri natural enemies

Tnoza erytreae

HYPERPARASITE

@@ {Aphldencwtus cassatus

Tamarixia dryi__

ECTOPARASITES

\

Diaphorina citri

\
Psyl[aephagus harrlsonl

w—
@ é"ﬁ ENDOPARASITES

D. citri parasitism rates of 27.5 to 80.0% have been observed in SP and of 56% in Florida !
Parra et al. 2006; Qureshi et al. 2009
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D. citri natural enemies

Tamarixia D. citri parasitized nymphs

F
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D. citri attractants and repellents

Attractants

20

o o
N @

Mean ACP captures
®

a
ab
b
B b b
I - - b b
Green1 Green2 Redl Green 3 Yellow1 Yellow2 Purple Red2 Red3 Redd
Trap Color

Sétamou et al. 2008

[}

wounded guava leaves

dimethyl disulfide

Rouseff et al. 2008

Zaka and Zeng. 2008
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Benefits and perspectives - PCR in the HLB diagnosis

PCR advantages

*High sensitivity
*High specificity
*Estimation of bacterial titers

PCR disadvantages

*Costly reagents

*Costly thermo-cyclers and centrifuges
*Time consuming

*Specialized personnel

*Detect live and dead cells

Use limited to

*Research

*Train inspectors for symptom recognition
«Confirmation of HLB in leaf samples with
guestionable symptoms

o —
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Benefits and perspectives - lodine test in field diagnosis

Parenchyma cells
of healthy leaf

Yellow Orange

h. ‘T 5

Negative

Dark brown

-

Positive

Takushi et al. 2007 Heredia et al. 2006

In Florida, the iodine and gqPCR
tests agreed for 76% of the
samples

The test is wuseful for field
diagnosis but unsuitable as a
substitute for PCR confirmation

Chamberlain and Irey 2008
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Benefits and perspectives - Field identification of symptomatic trees

N

eésimarniday

Y.

48% efficiency 60% efficiency
Belasque 2006
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Benefits and perspectives

The role of asymptomatic citrus as source of inoculum

5 Mosths & Moaths T Mloarhe

Plam number Sympeom™ Qe Tiver” Sympom i Thter Samptom Ct Teer

Ca L amencanus’ |
1 mt, - 22,09 5.79 mL - 2412 624 -, df 2388 624
2 mt, & 27.70 434 mt, Jf 2443 592 mt, df 2504 563
k3 mt, - 2756 395 i, - 306 6.28 mt, df 2eBs 517
4 L, - .75 .16 mi. - 658 5135 mt, df 1) 512
5 - df 1706 149 - 2353 616 mt. df 2547 551
& —— - - - - - - 1249 151
T - - - _ - - - A7 191
310 - - - _ - - - - -
Average 2723 435 .51 595 . 27.86 487

“Ca L asisscus”
1 ; m, - 7.7 TAT mi, - 1575 731 mt, df N5 T
rf SHAIEIES mt, — 1761 142 mt. - 17.93 744 mt, df .11 11
3 mat, 3 1752 T35 mi, Jf 17, 144 mt, df 19.78 TAT
4 —dt 14,56 LN - 15.74 127 mt, df 197 T3
5 m, — 1976 697 - 15T 713 = df T 115
] - a7 639 —_ 1926 677 = df MBS 1165
T poymptomatic | —— 1767 19 - 1570 6.94 - df 2051 709
] —_— n4l 617 - 19.12 745 = df 19.51 T.13
& - 2155 650 —_ n»n 637 mt, df 21.06 695
{1} == 17.66 142 —— 252 b mt, df NLB82 S
Average 1915 H98 19,30 708 N33 115

mt = mottling

df = mineral defficiency

o
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Benefits and perspectives

The role of Murraya paniculata as source of inoculum

Distribution of PCR + and - trees of M. paniculata
in the city of Araraquara, SP
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Benefits and perspectives - The question of Liberibacter seed transmission

Authors Transmission to Detection Symptoms
seedlings method

Graham et al, 2008 2006 gPCR No information

7/59 > 3/7>1/3
2007 gPCR No information
6/723
2008 gPCR No information
5/290
Hartung et al, 2008 1/89 gPCR Stunting, defoliation, chlorosis
Zhou et al, 2008 14% gPCR Atypical (vein yellowing, leaf

curling) only when stressed by
nutrient deficiency
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Benefits and perspectives

The question of Liberibacter sensitivity to high temperatures

[C]
200

370
- 28.0
- 35.0
- 34.0
- 23.0
- 30
=310

A typical hot summer day Liberibacter
in Votuporanga, NW of SP multiplication in citrus
a Am As
39
S |} L} I n n I | | 'H n n I |} |} »

Growth chamber experiments 37 X - - ("‘)
35 — o — s e - ++
3
31 I n n I L} L} I n n I | | \ I n n # +/_ ++
. // &ﬁl

—> ++ ++

15 T T T T T T T T T T T T T T T T

12 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24
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Benefits and perspectives

D. citri attractants and repellents

Guava/citrus inter-planting
Not practical in Brazilian
commercial groves

Synthesized repellant compounds
to be released slowly in the field ?

A transgenic citrus tree repellant to D. citri ?

Another repellant plant species not competing
with citrus to cover citrus fields ?

p B ———
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Summary and Conclusion

Main research progress in the last 5 years

v'Three additional bacteria have been found associated with the HLB-like symptoms
v'"More sensitive detection methods have been developed

v'The ornamental M. paniculata was found infected with both liberibacters in Brazil
v'The competitive relationship of Ca. L. americanus and Ca. L. asiaticus was defined
v'Multiplication and distribution of Liberibacters in citrus trees were demonstrated
v'Feeding behavior, biology and population dynamics of the insect vector, as well as
it attractiveness or repellency to visual cues, and to volatiles released from host and
non host plants, were determined

s

Greater understanding of how the host-pathogen-vector

relationship works

v Improvements of management practices

v'Expectation for the development of new practices

v'"Most promising areas are
» synthesis of volatiles that repel D. citri
» development of transgenic citrus trees that resist pathogen
attack or prevent vector transmission

‘ -—
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Summary and Conclusion
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