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v Monitoring
v Chemical control
v" Biological control

v" Physical and cultural control
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} Flush shoot

v" Total viability of D. citri on flush shoot stages
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>Psyllid migration from abandoned groves and dooryards to

commercial groves

Psyllid distribution
80% In the first 100 m
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D. citri dispersal in Sao Paulo state
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Week of the year
- Maximum and minimum temperature and rainfall (3 weeks prior) were associated
with new citrus flush production, which itself was positively related to D. citri

dispersal. B\
i i idi i i i di Zorzenon, 2019
- Low relative air humidity was associated with D. citri dispersal. wASTERCITRUS Fundecitrus @
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} Psyllid management

Sustainable measures

A e

Internal actions

External actions

Eradication or replacement of - _
psyllid hosts Release of Tamarixia radiata
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} Psyllid monitoring

v Yellow Stick trap (YST) detects 30 times more psyllids than visual inspection

v Install YST mainly at the edges of the blocks located in the farm perimeter

Bassanezi et al 2012
Miranda et al 2017
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} Psyllid monitoring

v Pheromone
(Fundecitrus, Esalg and UC-Davis)
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|dentification of molecules
Laboratory and field assessment

T

Compound
dispenser

Field experiments
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Putative sex phérom‘o‘ne of the
Asian citrus psyllid, Diaphorina citri,

breaks down into an attractant

Odimar Z. Zanardi®, Haroldo X. L. Volpe?, Arodi P. Favaris? Weliton D. Silva (23,

. Rejane A.G. Luvizotto®, Rodrigo F. Magnani?, Victoria Esperanca®, Jennifer Y. Delfino?,

Renato de Freitas?, Marcelo P.Miranda?, José Roberto P. Parra?, José Mauricio S. Bento?
& Walter S. Leal®

: Under laboratory conditions, mating activity in Asian citrus psyllid (ACP) started 4 days after

emergence, peaked at day 7, and showed a clear window of activity starting 8 hinto the photophase
and extending through the first hour of the scotophase. We confirmed that ACP males are attracted to
ions from cific . Traps loaded with a candidate compound enriched with female

. extract, lignoceryl acetate (24Ac), at various doses were active only after being deployed for several

weeksmtheﬁeld suggesting that a degradation product, not the test compound, was the active

1, a possible product of 24Ac degradation, was not active, whereas acetic acid,
anaherpossble degradamn produv:t, wasfound in the airbome vdatlle colectlonsfrun lures mitured
under field i and di d in higher in il d fix atthe peak

of mating activity than in malesampls Aceticadd elicited dose-dependent electroantennographic
responses and attracted ACP males, but not females, in Y-type and 4-way olfactometers. Field tests
showed that acetic acid-baited traps captured significantly more males than control traps. Surprisingly,
captures of femalesinaceticacid-baited traps were also higher than in control traps, possibly because

. of physical stimuli emitted by captured males.

‘The Huanglongbing (HLB), also known as citrus greening, is one of the most devastating problems in agricalture

. worldwide, particularly for the citrus industry’ given that, once infected, trees must be eradicated. In Brazil, as
. many as 46.2 million citrus trees (nprescnlmg 26% of the currently planted trees) have been eradicated since

the detection of HLB in 2004%. In Florida, HLB has caused severe losses to the citrus industry. Because of HLB
and hurricane Irma, this year's production is forecast to be 68.7 million boxes of oranges, as compared to 96.9
million boxes produced in 2014-2015". HLB is caused by endogenous, phloem-restricted bacteria of the genus

: Candidatus Liberibacter spp., which are transmitted from tree to tree by the Asian citrus psyllid, Diaphorina

citri Kuwayama (Hemiptera: Liviidae) in Asia and America and the African citrus psyllid, Trioza erytreae (Del
Guercio) (Hemiptera: Triozidae) in Africa’. Two other psyllid species have been implicated without actual trans-
mission tests®. Thus, the Asian citrus ps&:hd (ACP), which led to HLB being widespread in China, Brazil, and the
United States’, is today’s most serious wreat to the citrus mdusl.ry In plaw; like Arizona and California where
ACP is present, but the disease PP ly has not been established, the emphasis is on early detection, eradica-
tion, and limiting the spread of the disease', whereas in other areas like in Florida, where HLBis widespread’,
monitoring ACP populations is essential to avoid reinfection after eradication of infected plants. Currently,
colored sticky traps are widely used for D. citri detection and population monitoring in field studies®. Efficient
lures are sorely needed for sticky traps, particularly for cariv ACP detection; otherwise, farmers have to resort to
regular sprays to avoid infection given that infected insects from gardens and noncommercial areas migrate to cit-

© rus farms*. Pheromones and other semiochemicals have been widely used in agriculture and medical entomology

Research and Development Department, Fund for Citrus Protection (Fundecitrus), Vila Melhado, 14807-040,

: Araraquara, S3o Paulo, Brazil. ‘Department of Entomology and Acarology, Luiz de Queiroz College of Agriculture,

University of S3o Paulo (USP), Piracicaba, SP, 13418-500, Brazil. *Department of Molecular and Cellular Biology,
University of California-Davis, Davis, CA, 35616, USA. Odimar Z. Zanardi, Harolde X. L Volpe, Arodi P. Favaris and
Weliton D. Silva contributed equally to this work. Correspondence and requests for materiaks should be addressedto

© WS.L.(email: wsleal@ucdavis.edu)

Analyses of extract in CG-MS

TIFIC REPORTS | (20188455 | DOK10.1038/541598-017-18986-4 1
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} Chemical control

v Nursery (1- 5 days before planting)
Systemic insecticides (drench application)

v" New planting (0-3 years) v' Adult planting (>3 years)
Spray + systemic (Drench and trunk) Spray application

Fun_decil:ruE‘.,,
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} Systemic insecticides

D. citri rearing on diseased plants Inoculation (5 psyllids/plant): flush % positive plants (Clas+) 12

(CLas+) shoot (V3) and temperature (25+2°C) months after inoculation
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Drench application

Carmo-Sousa et al 2020
Fundecitru 1|.“.,,,
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GUIA DE CONTROLE QUIMICO nocine 9

IDADE DO POMAR (uios) . Atualizadn am Few2020°
CIDAS AF 20 TABELA 3 - COBRE

A 2 < INSETICIDAS APLICADOS VIA PULV
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Products in
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} Spray volume

v 25 — 40 ml spray mixture/m3 of tree canopy
was efficient (psyllid mortality =280%)

Spray coverage (%)

1000L 500L 400L 300L
80ml/ms3 40ml/m3 30ml/m3 25ml/m3
R TPEE I MWREE (A
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v' Reduction

- 52% application cost
- 70% amount of water and insecticide/ha
- 32% Diesel

Miranda et al 2015

Scardelato 2013 -f—@-—n

MASTERCITRUS Fundecitru ‘,,.
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Spray volume

v' APP Fundecitrus Integrated Spraying System

SISTEM

A DE PULY

DIMENSIONAR
PULVE

RIZACAD

ERIZACAQ INTEBRADO DO FONDECITRUS

VOLUME
DE COPA

CALIERAR AFERIR
PULVERIZADOR PULVERIZAGAO
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} Bioinsecticides (entomopathogenic fungus)

v’ Bioinsecticides

« Cordyceps (=Isaria) fumosorosea
« Beauveria bassiana

« Metarhizium anisopliae

« Hirsutella thompsonii

e Mixture

Cordyceps (=Isaria) fumosorosea

M.P.Miranda  Fundecitrus K



B Controle B . fumesorosea L] Quimico

Bioinsecticide (entomopathogenic fungus)

100 - A ;r\_ N A
v'Cordyceps (=lIsaria) fumosorosea £68
 Sustainable product (without residue) I 4 n
 Reduces the population of other citrus pests e i
(e.g. leprosis mite, aphids and mealybugs) s ¢ 1
« Compatibility with miticides and insecticides ; !
* Reduces risk of selection of psyllids resistant to ;
chemical insecticides )
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} Tamarixia radiata

v' 2015 - Laboratory

Production: 100.000 parasitoids / month

Areas without chemical control (abandoned
groves, backyards, urban areas)

Dispersal radius of 15 m (74% parasitism)

60 parasitoids/point Marin, 2019 ;@..

MASTERCITRUS
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} Tamarixia radiata
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} Processed kaolin (Surround WP)

- Kaolin is a white nonabrasive fine-grained mineral that

when is sprayed on the plants forms a particle film.
Glenn et al. 1999; Puterka et al. 2000

Repellent

- Interfere host selection - Feeding behavior 5 i et al. 2000:

(Hemipterans) . Liang and Liu 2002;
_ CamOUﬂagmg Tubajika et al 2012

- Reduce D. citri population Hall et al 2007

M.P.Miranda
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} Processed kaolin (Surround WP)

- Repellent effect - Disrupt the probing behavior (EPG technique)

100

,,,,,,

Psyllids settled on citrus seedlings (%)

b —a— Control =&~ Kaolifi-3%
20+ #
--@-- Kaolin 5% ~®=Kaolin 7%
0 | T T P T T

0 12 24 36 48 60 72
Expasure time (h)

Reduces the proportion of psyllids that

landed on plants by 40% Reduces the proportion of psyllids that
feed on phloem by 50%
Miranda et al 2018 Fundecitrus !
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} Effect of kaolin (Surround WP) on D. citri settling and dispersal

7596060 Citrus trees

7596050+

7596040~

7596030-

7596020
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7595990+

Release point (550 psyllids)
(total 8800 insects/release)
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1 U U 1 U
789570 789580 789590 789600 789610 ~ = =~

Miranda et al 2018 Marked psyllid with fluorescent powder

Visual inspection (whole tree)

7595980+

Fundecil:rus!

GIENDIA £ SUSTERTABLIDA e
B & TR ULTURA,



Effect of kaolin (Surround WP) on D. citri settling and dispersal

Reductions

Meteorological data
9 35 /‘N
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S 3 8 8 & o J g9 B & 8 K € |¥
B Kaolin 3% [ Control

Visual inspections _
Data analysis:

* In each time: Quasi-Poisson GLM (count data)
Kaolin # Control (P < 0.001)
*  Over time: Poisson GLMM (count data)
Miranda et al 2018 Effect of treatment (Kaolin # Control) (P < 0.001)
Effect of time (increase in the number of insects landing) (P < 0.001)
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} Effect of kaolin (Surround WP) on D. citri settling and dispersal

Infestation maps — edge effect
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Miranda et al 2018
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Promising results at the edges of commercial orchards

e
psyllid population and incidence
~of HLB (after 33 months)
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} Orange jasmine as a trap crop on D. citri

Young grove (6 months old) Adult grove (7 years old)
‘ o Citrus

Orange jasmine
treated with
Insecticides

S
S
'

1004® Control < Trap crop Young grove
Reduction:

1 40% in the psyllid population
s0d 43% in the HLB Iincidence

o0
o
L

D
S
1

Cumulative number of psyllids
Cumulative number of psyllids
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0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 0 120 240 360 480 600 720 840 960 1080 1200 1320 1440

Tomaseto et al 2019 Days after trap crop planting Days after trap crop planting Fundecil:rus‘.,,
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Effects of orange jasmine as a trap crop on D. citri settlement and dispersal

>
TN @ trees /‘\ S Y B Control E3 Trap crop
— | — .
. U3 Reductions 83%
. Orange jasmine trap B . .
: = crop treated with > 4% 72 /0
a2 thiamethoxam w02+
mesd ¥ el 53 (Drench) a.
St 2 0.1-
T : i B s b
y 2§ © b
BER / ] i = e
N = 0.0
c 5 . : r\ Z -
Sy AR - Days after release (DAR)
. S ;' R Release platform (10 m from citrus grove):
, LoE oy 2 . 600 psyllids / plot (3,600 per release — 3 releases)
. » Total psyllids released: 10,800

Tomasetoetal 2019 - Marked psyllid with fluorescent powder Fuggl_qgimgs



D Push-Pull and Kill strategy e ikibatat

trap crop

Abandoned grove Processed kaolin

Fundecil:rus!
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Final considerations

The integration of the chemical control associated with alternative control
tactics, such as biological, trap crop and processed kaolin, and the
Implementation of a program of external actions to reduce the dispersal
of D. citri, are crucial for achieving more effective and sustainable D. citri

and HLB management. parcelo p. Miranda

Fundec_il:_rug
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Thank you!

Dr. Marcelo Pedreira de Miranda

marcelo.miranda@fundecitrus.c Ec

\Y

0]
<<

-
Fundecitrus

PARA A CITRICUL



