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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

Oxytetracycline (kg) Streptomycin (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



CANDIDATUS LIBERIBACTER ASIATICUS



DOMESTIC PRODUCTION OF ORANGES BY STATE

HLB first detected
Hurricanes



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

TRUNK INJECTION



 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”)

 First documented experimentation: 15th 
century → Leonardo da Vinci injected arsenic 
and other poisonous solutions through bore 
holes into apple trees to render the fruit 
poisonous (liquid injection)

HISTORY



 Methods of injection
 Physiological studies to elucidate the 

cause and ascent of sap in trees
 Injections to cure mineral deficiencies
 Injections to cure diseases (salicylic 

acid, potassium cyanide, etc.)

W.A. Roach (1939). Plant Injection as a Physiological 
Method, Annals of Botany 3 (9): 155-226

Worldwide studies -1800s

HISTORY



Most technologies are drill-based. Few are no-drill (needle)-based. 

MODERN TRUNK INJECTION



INJECTION PRINCIPLE

Xylem



Phloem

Xylem

https://www.istockphoto.com/CLas

INJECTION PRINCIPLE



DYE INJECTION



 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 OF INJECTION

Image Credit: David Moreno Hernandez / Shutterstock.com

Shutterstock.com



Early HLB Research



EARLY HLB RESEARCH



EARLY HLB RESEARCH

Presenter
Presentation Notes
In South Africa, the main flushing period is in September/October



Discoloration

EARLY HLB RESEARCH

General chlorosis and necrosis of 
the lamina or veins

Leaf 
deformations

Presenter
Presentation Notes
Leaves of new growth were light green and longer and narrower. Chlorosis, necrosis, sometimes abscission, brown spots or streaks on twigs.



2020-2022 Research FL



 Injectors: Chemjets (spring-loaded syringes, about 20 psi)
 Formulation: Arbor-OTC (injectable formulation of OTC HCL)
 Injection on two opposite sides of the scion trunk (20 ml/side)
 Active ingredient/tree: 0.79 g 

2020-2022 STUDIES



1) Oxytetracycline (OTC)
2) Imidacloprid
3) No Injection
4) Water

Injection times
1) Oct 2020
2) April 2021

Five-year-old Valencia trees

YOUNG TREE STUDY

Trunk diam ≈ 6.5 cm



YIELD

OTC reduced fruit drop and increased yield significantly



YIELD



OTCNo OTCControl

FRUIT/JUICE QUALITY

OTC improved fruit and juice quality



FRUIT SIZE

The month of injection can influence fruit size and juice quality

Spring injection

Late summer/fall injection

No injection



October injection
April injection

CLAS TITERS

Leaves



October injection April injection

Roots

CLAS TITERS



TREE HEALTH

1 year after the first injection

Presenter
Presentation Notes
October 2021



INJECTION OF OXYTETRACYCLINE IS EFFECTIVE



Ongoing Research FL



SOUTHWEST FL STUDY



Valencia/Carrizo
Planted in 2014

Av. Trunk diam. ≈ 14 cm

INJECTORS: Chemjets
INJECTION TIME: April or June 2022

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

SOUTHWEST FL STUDY



TREE HEALTH

OTC CONTROL



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

TREE HEALTH



YIELD  (7 March 2023)

30-50%



FRUIT QUALITY



FRUIT SIZE / WEIGHT

14-20%



JUICE BRIX

13-15%



THE LABELS

Presenter
Presentation Notes
Final clearance received in Jan 2023



Volume
BEARING TREES NON-BEARING TREES

Trunk 
diam. 

5,500 
ppm

11,000 
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 - -

THE LABELS

1 can be injected twice a year



FlexInjectTM injector



FL EAST COAST STUDY



FL EAST COAST STUDY

Valencia/Sour orange
Planted in 2013

Av. Trunk diam. ≈ 11.5 cm

INJECTORS: Chemjets or FlexInject
INJECTION TIME: June 2022

OTC DOSE: 0.55 g or 1.1 g a.i. per tree



YIELD  (3 April 2023)

↑ 30-70%↑ 65-70%

b



BRIX

↑ 13-18%↑ 10-14%



THE CONCERNS



WOUNDING



WOUNDING



INTERNAL DISCOLORATION



 Per the EPA, the currently allowed residue 
level for fruits is 0.01 ppm (10 ppb)

 A person weighing 100 kg would need to 
consume more than 1,600 whole fruits* per 
day to exceed the ADI (acceptable daily intake for 
total tetracycline residues: 25 µg/kg of body weight)

OTC RESIDUES

*assuming a fruit weight of 156 g (5.5 oz) 



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

Low/no residues in 
mature fruit 

< 0.01 ppm

OTC FRUIT RESIDUES

LC-MS/MS



COMMERCIAL ADOPTION









NEW REGISTRATION



NEW REGISTRATION



Sudip Kunwar M.S.

USDA-NIFA 2019-70016-29096
USDA-NIFA 2021-70029-36056

CRDF 22-001
CRDF 23-002
CRDF 23-005

Funding
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