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Project Objectives
1 Design and development of an automated and economically feasible system to efficiently 

deliver HLB-therapeutic materials (including, but not limited to, bactericides) to citrus 

trees.

2 Deciphering the path of citrus vascular transport for uptake, movement, and distribution of 

therapeutic materials throughout the plant.

3 Optimization of therapeutic application through delineation of daily and seasonal vascular 

transport dynamics of citrus trees.

4 Evaluation of the automated delivery system (ADS) in field-grown citrus trees.  

5 Evaluation of the economic feasibility of adopting the ADS and comparison of its benefits 

with currently used disease management strategies in Florida, Texas and California.

6 Development and implementation of an energetic outreach and extension program.



Agrochemical application methods

Soil Drench

Trunk Injection

Foliar Spray

Stem Slashing
Flap-inoculation

Microneedle Injection

Particle Bombardment

Virus inoculation methods



Dye application method, and movement in trees

Bernholt  1941;  Sano et al.   2005

Safranin- and acid fuchsin-stained xylem of Populus sieboldii



Dye application method, and movement in trees

Etxeberria et al.   2015

NBDG tracer-applied citrus óValenciaô tree



Dye movement in citrus vasculature

Trunk Injection (Rhodamine) Soil Drench (Rhodamine)



Phytotoxicity after trunk injection
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Dye movement in citrus vasculature

Trunk Injection (Rhodamine) Soil Drench (Rhodamine)



A micro-computed tomography (micro-CT) scan 
of the citrus vascular system

(Killiny et al. Unpublished)

Rhodamine and acid fuchsin applied citrus trees



Scared of needle?

Derma microneedles

Tattoo needles

microneedle array patent: 
Gerstel et al. 1976



A Novel Method: Needle-Assisted Trunk Infusion (NATI)
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Rhodamine 2X

Non-Grafted Macrophylla (1 yo)

Water Rhodamine 1X Water Rhodamine 1X

Grafted Valencia (2 yo)
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A Novel Method: Needle-Assisted Trunk Infusion (NATI)

Funnel pics IMG_
1026 ς1034
1073 ς1101
3359 ς3463
9262

Shoot dip 
IMG_2675- 2707
IMG_9174-9179

App area red 5598-5610



A Novel Method: Needle-Assisted Trunk Infusion (NATI)
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Oxytetracycline translocation in citrus

(Killiny et al. in review)



NATI-application of oxytetracycline in citrus

NATI-applied oxytetracyclineôs effect on CLas titer in citrus seedlings

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

Time zero 1 week 3 weeks 5 weeks 10 weeks

C
t 

V
a

lu
e
s

Time

NATI-Treated HLB+ Rough Lemon Seedlings

OXY 100ppm WATER CONTROL ETHANOL CONTROL



B

A

C

Goal of our project: Automated Delivery System (ADS) 


