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Key Points to Remember:

• HLB multiplies in both the psyllid and the tree
• Infects all citrus types; no resistant citrus available
• Cause severe symptoms including leaf and fruit drop
• There is NO available cure for this disease

• HLB bacterium lives in the citrus Phloem

• Phloem and Xylem are parts of the citrus vasculature 
(transport system):

• Phloem, a very selective tissue; assimilates (sugars and organic 
molecules) are transported from source to sink (both upward and 
downward) direction

• Xylem tissue, where water and minerals are transported ONLY
upward direction from root to shoot

• We can NOT inject chemicals directly into citrus phloem!

https://ib.bioninja.com.au/higher-level/topic-9-plant-
biology/untitled/xylem-versus-phloem.html



Approaches to control HLB
• Control

• Reduction of the Asian citrus psyllid (ACP) populations
• Visual identification and prompt removal of infected trees
• Production of propagation material in insect-proof facilities

• HLB disease control:
• Remove and destroy infected trees
• Quarantine program
• Chemotherapy and nutrition treatment 
• Thermotherapy (Heat/steam treatment)
• Bactericides, antimicrobials etc., and ‘snake oils’
• CRISPR, RNAi and transgenic approaches?

• Psyllid vector control:
• Chemical and biological control
• Reflective mulch, Kaolin spray
• Protective screens (CUPS and IPC)
• Removal of preferred alternative hosts

There is NO 
single 
effective 
control 
strategy for 
HLB!



Available Bactericides for Growers
(EPA, Section 18c).



Bactericide applications

• Foliar spray (not working): the epicuticular wax on
citrus leaf surface and structural degradation
under UV or visible light might affect bactericide
uptake.

• Soil drench (not permitted): may result in poor
absorption and translocation of bactericides.

• Bactericides are highly photodegradable and
biodegradable, and vulnerable to other
environmental conditions .

• Trunk injection (not permitted) is a labor
extensive technique and may cause severe
phytotoxicity in citrus.



Bactericides (Trunk injection) 
• This is how we do it in our experiments:

‘drill-plug-inject’ method 



Phloem ‘targeting’ methods

Soil Drench

Trunk Injection

Foliar Spray

Stem Slashing
Flap-inoculation

Microneedle Injection

Particle Bombardment

Virus inoculation methods



Dye movement in citrus vasculature

Trunk Injection (Rhodamine) Soil Drench (Rhodamine)



Can therapeutics be delivered through citrus trunk?

Bernholt  1941;  Sano et al.   2005

Safranin- and acid fuchsin-stained xylem of Japanese Aspen



Scared of needles?

Derma microneedles

Tattoo needles

Push pins, screws, nails, files, sandpaper etc. 10



A Novel Method: Needle-Assisted Trunk Infusion (NATI)
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Goal: Develop an Automated Delivery System (ADS): 
efficiently deliver HLB-therapeutic materials

Main Objectives

• Study citrus vasculature: uptake, 
movement and distribution of  therapeutic 
materials throughout the plant

• Find out daily and seasonal vascular 
transport dynamics of citrus trees

• Build and test automated delivery 
system(s) in the field: Screen therapeutics

• Evaluate economic feasibility

• Share this information (and ADS) with 
growers



Dye movement 
dynamics

• NATI – Needle applied 
trunk infusion

• Movement of 
products in planta

• Use of citrus 
canker as a Model

• Xanthomonas 
citri subsp. 
citri

• Seasonality and 
Application Timing

• Alternative products
Jessica Torres Vélez - PhD Student 

Citrus Pathology, Dr. Batuman Lab

University of Florida - IFAS





Bactericide translocation in citrus

(Al-Rimawi et al. 2019)

Streptomycin Oxytetracycline



Bactericide translocation in citrus

(Killiny et al. 2019)



NATI-application of therapeutics in citrus
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NATI-application in citrus (ongoing work)

PhD Students in SWFREC -Jessica Torrez, Leigh Archer and 

Vinay Vijayakumar :

• When, what kind of, and how much therapeutics can be 

applied by NATI?

• In what frequency?

• What type of citrus plants (cultivar; young vs. old; infected 

vs. healthy etc.) can be treated by NATI?

• When and How to assess the change in CLas titer after 

applications?

• How ADS will look like?



Acknowledgements

• NATI Team 
• Advisory Board Members
• USDA NIFA (Award No: 2015-70016-23011)
• USDA NIFA (Award No: 2019-70016-29096)
• Citrus Initiative Grant of University of Florida 
• Bayer U.S. LLC Crop Science, Biologics

Ana Redondo, Kellee Britt, Shahrzad Bodaghi, Aditi Satpute, 

Samantha Gebben, Bo Meyering, Jessica Torres, Manali 

Motghare, Alec Pica, Keanu Tomas, Nico Tezna

Contact: Ozgur Batuman
(239) 658 34 08

obatuman@ufl.edu


