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o First evidence (12th century) → Arabic 
horticulturists applied perfumes, spices, dyes, 
and other things to wounds to affect the 
smell, color, or other attributes of flowers and 
fruits (solid “injection”)

o First documented experimentation (15th

century) → Leonardo da Vinci injected arsenic 
and other poisonous solutions through bore 
holes into apple trees to make the fruit 
poisonous (liquid injection)

“Trunk injection”



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

 Injection occurs into the xylem (not phloem) from where 
the materials are then distributed throughout the plant 
with the transpiration stream

Trunk injection – modern definition



Trunk injection in citrus trees

Phloem

Xylem

CLas



Modern areas of use

 Forest trees, non-crop-bearing ornamental trees, large woody 
shrubs, and palms in residential and commercial landscapes

 Some crop-bearing agricultural crops (e.g., avocado, peach, pear)

→ 20% of the commercial avocado acreage (~6000 acres) 
in Florida is managed for laurel wilt by trunk injections



Targets

 Insects (stem and leaf feeding, bark boring) 
 Nematodes (wood nematodes)
 Fungi (e.g., vascular wilt, powdery mildew, phytopthora)
 Bacteria (e.g., fire blight, blossom blight, bacterial blast)
 Phytoplasmas (lethal yellows/bronzing)
 Other (delivery of nutrients, growth regulators, etc.)



 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



Martinez et al. 1970
Schwarz and Van Vuren 1970
Moll and Van Vuuren 1977
Chiu et al. 1979
Aubert and Bove 1980
Cheema et al. 1986

Trunk injection – HLB

Hu and Wang 2016
Hu et al. 2018
Zhang et al. 2019
Li et al. 2019
Li et al. 2021

CLas is 
phloem-
limited
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Compound mobility
Safranin                                Rhodamine Acid Fuchsin

Formulation matters!



Methods of injection

Most technologies are drill-based. Few are no-drill (needle)-based. 
All require relatively large injection holes.



High pressure Medium pressure Low pressure No pressure

INJECTION INFUSION

Injection pressure

Arborjet

Chemjet



Low or no-pressure/passive  
infusion is not effective for 
efficient delivery of large 
volumes of liquid materials
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High pressure injection in combination with plugs causes greater injury 

Water

HIGH PRESSURE INJECTION MEDIUM PRESSURE INJECTION

Oxytetracycline Imidacloprid Water

High pressure vs. medium pressure

Oxytetracycline Imidacloprid



Other results
 The speed of uptake and distribution depends on the 

transpiration rate of the tree (which depends on 
weather, season, time of day, etc., and the physiological 
state of the tree)
 The uptake and distribution of injected compounds may 

vary between rootstock and scion
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Other results
 It is better to leave wounds alone as post-injection 

treatments may interfere with wound healing
 Wound closure is faster when injections occur in 

the spring than in the fall
 Wound closure efficiency may differ in rootstock 

and scion
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Injections performed in Oct 2020 and April 2021:

1. Oxytetracycline (OTC)
 Arbor-OTC (Arborjet Inc.) @ 0.79g a.i./tree

2. Imidacloprid (IMI)
 Xytect (Rainbow Ecoscience) @ 0.4 g a.i./tree 

3. Water injection
4. No Injection

Valencia/Kuharske
(5-year-old)

Valencia trial

Injections were performed into the scion using 2 
chemjets (1 each on opposite sides). Each 
chemjet holds a volume of 20 ml. Trunk diameters 
at injection site were approximately 2.5 “.

appr. 2.5”
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Oct Apr

OTC Residues

Oct Apr Oct Apr



Oct

Leaves: Ct-values

CLas titer

New flush

Apr



Roots: Ct-values

CLas titer

Oct
Apr



OTC reduced fruit drop and increased yield significantly

Fruit drop Harvested fruit per tree
p = 0.0011

p < 0.0001

Fruit drop and yield
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OTC improved internal and external fruit quality significantly

OTCNo OTC

Fruit quality

Brix/acid ratio

p = 0.0025



Tree health

Water OTC

Oct 2021



Effect of OTC on fruit 
production remained in 
year 2 without any 
additional injection (but 
CLas titers increased again)

→ Injections may not need 
to be performed every year

Midsweet study

2020 2021



Fruit size

Fruits are larger after spring injection than after fall injection

Spring

Summer

None



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

Fruit residues

Low/no residues in 
mature fruit 

< 0.01 ppm



Flushing phenology

OTC 
synchronizes 

flushing 
(and flowering)



Water ControlOxytetracycline

Flushing phenology
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Imidacloprid efficacy
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Imidacloprid efficacy

IMI significantly increased psyllid mortality 2 weeks after injection (4/5/2021), 
but not after 2 months
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Leaf residue levels

Higher leaf residues were found after spring injection. But residue 
levels were low within 1-2 months after injection

Fall injection

Spring injection
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Other Trials
Trees

Mature Hamlin, 
Valencia, and Duncan

Treatments
OTC injected in April, 

October, or both

The rate of OTC was the 
same as for the smaller 

trees (0.79g a.i. per tree)

Scion trunk diam. 4.0-5.5”



FRUIT DROP

Other Trials



Other Trials
YIELD



FRUIT SIZE

Other Trials
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Duncan Grapefruit
May 2022

Water OTC



Ongoing Trials
1. Valencia/Carrizo – 8?-yrs-old – SW Florida

o Different OTC rates
o Timing of injections 

2. Valencia/Kuharske – 8-yrs-old – SW Florida
o Different OTC rates
o Different volumes

3. Valencia/SO – 9-yrs-old – East Coast
o Different OTC rates
o Different OTC formulations
o Different technologies/methodologies

4. Valencia/X639 – 4-yrs-old – East Coast
o Different OTC rates
o Timing of injection
o Different technologies/methodologies
o Rootstock vs. scion

5. OLL-8/X639 – 4-yrs-old – Central Ridge
o Same as trial 4

All crop will be destroyed

2.5 – 3”

4.5”

5.5”

5”
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Tree injury



Wound compartmentalization

Compartmentalization of Decay 
in Trees (CODIT)

Shigo and Marx (1977)

Wall 1 (weak) Wall 3 (strong)



Effective wound compartmentalization in citrus trunks 
after water injection

Wall 4 
(strongest wall, 

formed after 
wounding)

Wall 1

Wall 1

Wall 2

Wall 3

Wall 3

Wall 2

Wound compartmentalization



Water OxytetracyclineImidacloprid

Wound compartmentalization

Compartmentalization is less effective after injection of chemicals



IMI

Water

OTC

…, especially in the axial direction

Wound compartmentalization



Water OxytetracyclineImidacloprid

Wound compartmentalization



Summary

o Trunk injection can effectively and systemically deliver crop 
protection materials to target pests and diseases

o Injected OTC appears to move to the phloem, reduces CLas
titers, and improves tree health, fruit quality, and yield

o Imidacloprid did not show long-term efficacy
o Trunk injections cause injury and long-term effects need to 

be evaluated
o USDA-NIFA-SCRI #2021-70029-36056 → new chemistries



Further information

https://citrusindustry.net/2021/05/17/principles-and-risks-of-trunk-injection-for-delivery-of-crop-protection-materials/

https://citrusindustry.net/2021/05/17/principles-and-risks-of-trunk-injection-for-delivery-of-crop-protection-materials/


Further information

https://edis.ifas.ufl.edu/publication/HS1426 https://doi.org/10.3390/horticulturae8060552

https://doi.org/10.3390/horticulturae8060552


Ute Albrecht
UF/IFAS, Southwest Florida Research and Education Center

ualbrecht@ufl.edu

Questions

mailto:ualbrecht@ufl.edu
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