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Summary

✓ Chemical control

✓ Biological control

✓ Physical and cultural control                                    

✓ Monitoring

✓ Ecology



✓ Number of eggs/flush shoot
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Flush shoot

Flush shoot stage
Mature
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✓ Total viability of D. citri on flush shoot stages

Flush shoot

Flush shoot stage



Psyllid migration from abandoned groves and dooryards to
commercial groves

Psyllid distribution    

80% in the first 100 m

Edge effect

2 Km 4 Km



Zorzenon, 2019

D. citri dispersal in São Paulo state

Jul-Nov

- 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.

- Low relative air humidity was associated with D. citri dispersal.

+

High risk of HLB 

dissemination

=
65%



Release of Tamarixia radiata

Chemical control
Psyllid monitoring

Eradication or replacement of 

psyllid hosts

Sustainable measures 

Internal actions

External actions

Psyllid management



Psyllid monitoring
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Armadilha na borda

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

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

Miranda et al 2017

Bassanezi et al 2012

External YST

Internal YST



✓Pheromone 

(Fundecitrus, Esalq and UC-Davis)

Compound 

dispenser

- Identification of molecules

- Laboratory and field assessment

Analyses of extract in CG-MS

Psyllid monitoring

Field experiments



✓ New planting (0-3 years)                         

Spray + systemic (Drench and trunk)                                    

✓ Nursery (1- 5 days before planting)

Chemical control

Systemic insecticides (drench application)

✓ Adult planting (>3 years)                         

Spray application                                    



Systemic insecticides

% positive plants (Clas+) 12

months after inoculation

D. citri rearing on diseased plants 

(CLas+)

Inoculation (5 psyllids/plant): flush

shoot (V3) and temperature (25±2ºC)
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Drench application



Products in 

accordance with the  

importing countries



1000L 500L 400L 300L

45% 46%            44%            33%

✓ Reduction

80ml/m3 40ml/m3 30ml/m3 25ml/m3

- 52% application cost

- 70% amount of water and insecticide/ha

- 32% Diesel

✓ 25 – 40 ml spray mixture/m3 of tree canopy 

was efficient (psyllid mortality ≥80%) 

Miranda et al 2015

Spray coverage (%)

Scardelato 2013

Spray volume



✓ APP Fundecitrus Integrated Spraying System

Spray volume



Bioinsecticides (entomopathogenic fungus)

M.P.Miranda

Cordyceps (=Isaria) fumosorosea

✓Bioinsecticides

• Cordyceps (=Isaria) fumosorosea

• Beauveria bassiana

• Metarhizium anisopliae

• Hirsutella thompsonii

• Mixture



✓Cordyceps (=Isaria) fumosorosea

• Sustainable product (without residue)

• Reduces the population of other citrus pests 

(e.g. leprosis mite, aphids and mealybugs)

• Compatibility with miticides and insecticides

• Reduces risk of selection of psyllids resistant to 

chemical insecticides

Bioinsecticide (entomopathogenic fungus)

Conseschi 2017



Tamarixia radiata

✓ 2015 - Laboratory

Areas without chemical control (abandoned 

groves, backyards, urban areas) 

Dispersal radius of 15 m (74% parasitism)

60 parasitoids/point Marin, 2019

Production: 100.000 parasitoids / month 



Tamarixia radiata



Processed kaolin (Surround WP)

- Kaolin is a white nonabrasive fine-grained mineral that

when is sprayed on the plants forms a particle film.

- Reduce D. citri population Hall et al 2007

- Interfere host selection 

(Hemipterans)    
Feeding behavior    

Repellent

Camouflaging    

Glenn et al. 1999; Puterka et al. 2000

Puterka et al. 2000; 

Liang and Liu 2002; 

Tubajika et al 2012

M.P.Miranda



Processed kaolin (Surround WP)

- Disrupt the probing behavior (EPG technique)

Miranda et al 2018

- Repellent effect

Reduces the proportion of psyllids that

feed on phloem by 50%

Reduces the proportion of psyllids that

landed on plants by 40%



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

Miranda et al 2018

Release point (550 psyllids)                 

(total 8800 insects/release) 
Visual inspection (whole tree)

Citrus trees

Marked psyllid with fluorescent powder 
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Data analysis:

• In each time: Quasi-Poisson GLM (count data)

Kaolin ≠ Control (P < 0.001)

• Over time: Poisson GLMM (count data)

Effect of treatment (Kaolin ≠ Control) (P < 0.001)

Effect of time (increase in the number of insects landing) (P < 0.001)

Meteorological data
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Miranda et al 2018

Reductions  

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



kt = kaolin-treated

utc = untreated control

1 DAR 7 DAR 14 DAR

Infestation maps – edge effect

Number of 

marked insects

Miranda et al 2018

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

DAR (days after release)



Promising results at the edges of commercial orchards

≈ 30 and 40% reduction in the 

psyllid population and incidence 

of HLB (after 33 months)

Foto: Fernando Mira



Orange jasmine as a trap crop on D. citri

Young grove  (6 months old) Adult grove (7 years old)

Citrus O.J.

Citrus

O.J.

Orange jasmine 

treated with 

insecticides

Reduction: 

40% in the psyllid population

43% in the HLB incidence

Young grove  Adult grove  

Tomaseto et al 2019



Effects of orange jasmine as a trap crop on D. citri settlement and dispersal

94% 72%

83%Reductions  

Release platform (10 m from citrus grove): 

600 psyllids / plot (3,600 per release – 3 releases)

Total psyllids released: 10,800 

Marked psyllid with fluorescent powder 

Orange jasmine trap 

crop treated with 

thiamethoxam

(Drench)

Citrus trees

Tomaseto et al 2019



Push-Pull and Kill strategy

Processed kaolinAbandoned grove Trap crop

Murraya or Bergera

trap crop



Final considerations

Marcelo P. Miranda

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.



Dr. Marcelo Pedreira de Miranda

marcelo.miranda@fundecitrus.com.br

Thank you!


