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REMINDERS



HLB IS A VASCULAR (SYSTEMIC) DISEASE

CLas is phloem-limited



❖ The targeted (vascular) delivery of crop 
protection materials into the stem or 
trunk of a woody plant as an alternative 
to spraying or soil drenching

❖ Injection occurs into the xylem from where 
the materials are distributed throughout 
the plant with the transpiration stream

WHAT IS TRUNK INJECTION?

https://www.istockphoto.com/
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Xylem
o Passive transport
o Unidirectional – from roots to 

leaves
o Driving force is transpiration

Phloem (→CLas)
o Active transport
o Bidirectional - from source to 

sink tissue

THE PLANT VASCULAR SYSTEM



PRINCIPLES

Phloem

Xylem

CLas



• Precise delivery of materials

• Elimination of spray drift

• Reduced risk for worker exposure

• Reduced risk for non-target organisms

• Reduced pesticide load into the environment

• Potentially longer residual activity of materials

ADVANTAGES



HLB RESEARCH



1970s – 1980s



1970s – 1980s



1970s – 1980s

Phytotoxicity
Discoloration



PUBLISHED INFORMATION

Horticulturae 2022, 8(6), 

552; https://doi.org/10.3390/horticulturae8060552
Agriculture 2022, 12(10), 

1592; https://doi.org/10.3390/agriculture12101592

https://doi.org/10.1094/PHYTO-09-22-0330-Rhttps://edis.ifas.ufl.edu/publication/HS1426

https://doi.org/10.3390/horticulturae8060552
https://doi.org/10.3390/agriculture12101592
https://doi.org/10.1094/PHYTO-09-22-0330-R
https://edis.ifas.ufl.edu/publication/HS1426


2020-2022 STUDIES



▪ Use of spring-loaded syringes 
(Chemjets)

▪ Injection on two opposite sides 
of the trunk (20 ml/side)

▪ Injection in the scion (mostly) 

▪ Active ingredient/tree: 0.79 g
(18,000 ppm)

METHODOLOGY



OTC EFFICACY



OTC EFFICACY



NEW STUDIES



ONGOING - STUDY 1   planted in 2014 - injected in 2022



ONGOING - STUDY 1   planted in 2014 - injected in 2022

Southwest Florida
Valencia/Carrizo
Planted in 2014

Av. Trunk diam. - 5.4”

INJECTORS: Chemjets
INJECTION TIME: April or June

OTC DOSE: 0.79 g or 1.2g a.i. per tree



TREE HEALTH

OTC CONTROL



But… results can 
be variable, even 
for the same tree

TREE HEALTH



YIELD

56%
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FRUIT QUALITY



JUICE BRIX



BRIX:ACID



FRUIT SIZE / WEIGHT

18%



ONGOING - STUDY 2   planted in 2018 - injected in 2022

East Coast (near Fort Pierce)
Valencia/X639

Planted in Nov 2018
Av. trunk diam = 2.8”

Central Ridge (near Venus)
OLL-8/X639

Planted in May 2018
Av. trunk diam = 2.6”



Eight treatments: T1-T8

▪ OTC RATES
✓ 140 mg, 330 mg, 750 mg

▪ TIME OF INJECTION
✓ May and/or August

▪ OTHER
✓ Device, injection location

ONGOING - STUDY 2   planted in 2018 - injected in 2022



East coast trial - March 2023

ONGOING - STUDY 2   planted in 2018 - injected in 2022



Not injected

Injected

YIELD



YIELD

EAST COAST TRIAL

T1 = 140 mg: May+Aug*  - Rootstock

T4 = 750 mg: May** - Scion  
T5 = 750 mg: May** - Rootstock
T6 = 750 mg: Aug**  - Rootstock

T7 = OTC Spray
T8 = Untreated control

T2 = 330 mg: May+Aug*   - Rootstock
T3 = 330 mg: May+Aug** - Rootstock



YIELD

EAST COAST TRIAL

300-400%



YIELD

T1 = 140 mg: May+Aug*  - Rootstock

T4 = 750 mg: May** - Scion  
T5 = 750 mg: May** - Rootstock
T6 = 750 mg: Aug**  - Rootstock

T7 = OTC Spray
T8 = Untreated control

RIDGE TRIAL

Major fruit drop due to Ian
T2 = 330 mg: May+Aug*   - Rootstock
T3 = 330 mg: May+Aug** - Rootstock



YIELD

RIDGE TRIAL

300%
Major fruit drop due to Ian



FRUIT SIZE / WEIGHT

RIDGE TRIALEAST COAST TRIAL

Valencia/X639 OLL-8/X639

40% ↑

750 mg (Aug)

750 mg (May)



RIDGE TRIALEAST COAST TRIAL

Valencia/X639 OLL-8/X639

JUICE BRIX

750 mg (Aug)

750 mg (May)



TREE INJURY



TREE INJURY

OTC delays wound closure and increases the wound size

Water OTC OTCOTC





TREE INJURY

Other injection technology



TREE INJURY NOT RELATED TO INJECTIONS



Month Compound 4 MAI 8 MAI 12 MAI

June Water 100% 100% 100%

October Water 25% 58% 100%

June OTC 0% 36% 83%

October OTC 0% 0% 58%

*** *** *

SEASONALITY

Fall injections delay wound closure compared with 
summer injections  

Percentage of fully closed wounds 4, 8, and 12 
months after injection 



INTERNAL WOUND COMPARTMENTALIZATION



Injection into the older wood 
causes more wounding than 

injection into the newer wood 
(metabolically more active)

The shallower the injection, the 
better

OLD VS. NEW WOOD



OTHER CONCERNS



CONSUMER ACCEPTANCE

https://www.earthfoodandfire.com/fresh-squeezed-orange-juice/



OTC residues in fruit decreases dramatically within 30-60 days 
after injection

Low/no residues in 
mature fruit 

< 0.01 ppm

OXYTETRACYCLINE − FRUIT RESIDUES

LC-MS/MS



2021 Domestic Sales of Antibiotics for food-producing animals

Not Medically Important 

(kg)

Medically Important

(kg)
Total (kg)

Commodity
CATTLE 3,290,231 2,460,766 5,750,997
SWINE 612,622 2,529,800 3,142,422
CHICKEN 983,331 158,342 1,141,673
TURKEY 226,721 659,431 886,152
OTHER 2,205 181,383 183,588
TOTAL 5,115,111 5,989,721 11,104,832

ANTIBIOTIC USE IN AGRICULTURE



2021 Bearing Applications of Antibiotics in Tree Crops

Oxytetracycline1 (kg) Streptomycin2 (kg) Total (kg)
Commodity

APPLES 14,286 19,229 33,515
GRAPEFRUIT -- (D) --
ORANGES (D) 3,991 3,991
PEACHES 544 (D) 544
PEARS 3,175 2,313 5,488
TOTAL 18,005 25,533 43,538

ANTIBIOTIC USE IN AGRICULTURE



THE LABEL



THE LABEL(S)



THE LABEL

Injecting small, non-bearing trees may cause 
more harm than benefits, especially when done 

twice per year



Use of IPCs is the most effective way to protect young trees from HLB



Volume
BEARING TREES NON-BEARING TREES

Trunk diam. 5,500 ppm 11,100 ppm Trunk diam. 1,100 ppm

25 ml 2.15” – 3” 0.138 g 0.275 g 1.25” - 1.75” 0.0275 g1

50 ml 3” - 4.25” 0.275 g 0.55 g 1.75” - 2.125” 0.055 g1

100 ml 4.25” – 6” 0.55 g 1.1 g - -

150 ml > 6” 0.825 g 1.65 g - -

1 can be injected twice a year

THE LABEL

May cause too much 
damage

Label rates









NEED FOR NEW THERAPIES

USDA-NIFA #2021-70029-36056Irigoyen et al. 2020



BEST PRACTICES



BEST PRACTICES

▪ Inject after harvest and after the main flowering period to                     

prevent exposure to pollinators

▪ Uptake and distribution of injected materials is driven by 

transpiration, therefore:

→ Inject when leaves are fully expanded (not during leaf flush) to 

ensure efficient uptake and distribution of injected materials.

→ Inject during mid- to late morning when trees are actively 

transpiring. Injections in the afternoon are likely less effective 

and may also increase the risk for phytotoxicity.

→ Uptake is better when trees are well watered



BEST PRACTICES

▪ Avoid injecting during the hottest time of the season (and day). 

There have been reports of phytotoxicity (leaf bronzing) when 

injections were conducted in August

▪ Use a sharp brad-point drill bit for drilling the hole to minimize 

injury

▪ Drill the hole no deeper than necessary → the deeper the drill 

bit, the more damage occurs in the trunk

▪ Do not use any wound sealants or plugs to seal the wounds –

these inhibit the trees’ ability to heal



BEST PRACTICES

▪ Remember that trees will become re-infected → 

Oxytetracycline injections are no replacement for psyllid control

▪ Injecting non-bearing trees with a small trunk diameter may cause 

more harm than benefit

▪ Inject trees only once annually and leave a pre-harvest interval of 

at least 180 days

▪ Follow label directions. The label is the law.



Sudip Kunwar M.S.

USDA-NIFA #2019-70016-29096

USDA-NIFA #2021-70029-36056

CRDF #22-001

Grower Collaborators



Sudip Kunwar M.S.
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