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I.1 Importancia del HLB
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The Continuing Struggles of Florida’s Citrus | WGCU News
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“La lucha de la industria de los citricos de Florida continua presentando nuevos niveles mas bajos. Un reporte de
el USDA reveld que solo un poco mas de 14.5 millones de cajas se produjeron durante el ciclo 2024-2025. Es el
nivel mas bajo desde 1920". Se considera al HLB como la principal causa, agravada por eventuales heladas,
huracanes, tarifas arancelarias y falta de mano de obra.



https://www.youtube.com/watch?v=5nGLFWQOzYg&t=95s
https://www.youtube.com/watch?v=5nGLFWQOzYg&t=95s
https://www.youtube.com/watch?v=5nGLFWQOzYg&t=95s

Laincidencia del enverdecimiento de los citricos
aumenta en Brasil
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SUSCRIBIR EXPOSICION DE CITRICOS DE FLORIDA ¥ RECURSOS PARA EL

INDUSTRY

Se amplia el areade cuarentenade HLB en
California

MBRE DE 2025 /

Funcionarios federales y estatales ampliaron recientemente el 3rea de cuarentena por l1a enfermedad del
enverdecimiento de los citricos, también conocida como huanglongbing o HLB, en California. Ampliaron el area de
cuarentena en la zona de San Clemente, en los condados de Orange y San Diego, en 81 millas cuadradas. La medida
fue tomada por el Servicio de Inspeccion de Sanidad Animal y Vegetal (APHIS) del Departamento de Agricultura de

los Estados Unidos, en colaboracion con el Departamento de Alimentos y Agricultura de California.

La cuarentena se amplio debido a la deteccion de enverdecimiento
de los citricos en una muestra de tejido vegetal recolectada enuna
propiedad residencial del Condado de Orange. Esta expansion afecta

a 2 acres de citricos comerciales.

El APHIS esta aplicando medidas de proteccion para el transporte

interestatal de articulos regulados desde las zonas en cuarentena de




1.2 Principios del Manejo Integrado de Enfermedades (MIE) aplicados al HLB

TACTICAS A CONSIDERAR EN EL DISENO DE UN PROGRAMA DE MANEJO
INTEGRADO DE “PLAGAS”

* Exclusion

e Evasion

* Erradicacion
* Proteccion
» Resistencia
* Terapia



1.2 Principios del Manejo Integrado de Enfermedades (MIE) aplicados al HLB (cont.)

ECOLOGIA --- EPIDEMIOLOGIA

Estrategias de vida de los patdgenos y sus vectores
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1.2 Principios del Manejo Integrado de Enfermedades (MIE) aplicados al HLB (cont.)

ENFOQUE BRASILENO: ENFOQUE PREVALENTE ACTUAL:

* Plantas sanas, de viveros e Plantas sanas, de viveros
certificados (EXCLUSION) certificados (EXCLUSION)

e Control del vector e Control del vector
(PROTECCION) (PROTECCION)

* Erradicacion de arboles * Manejo Integrado del Cultivo
infectados (TOLERANCIA ~ RESISTENCIA)

(ERRADICACION)



I.3 La Terapia de inyeccidn al tronco

horticulturae |MDP||

Trunk Injection as a Tool to Deliver Plant Protection
Materials—An Overview of Basic Principles and

Practical Considerations

Leigh Archer !, Jonathan H. Crane ? and Ute Albrecht 1-*

Abstract: Trunk injection is a targeted delivery of |.'1-'.':-'-ti-;i+.'l-'.':-'-. insecticides, nutrients, or other plant

“La inyeccion al tronco se ha usado historicamente para el manejo de especies forestales
de alto valor o plantas ornamentales cuando las aplicaciones aéreas son problematicas

“Ha emergido mas recientemente un interés en usar la técnica de inyeccion para la
proteccion de cultivos agricolas en sistemas de produccion comercial, donde las
aplicaciones foliares y al suelo no han sido efectivas o poseen riesgos ambientales.”




|.3 La Terapia de inyeccidn al tronco

cambium xylem

Figure 1. Cross-sectional and longitudinal diagrams of woody plants” anatomy.




High-Pressure
Injection
Drill-based

Quik-jet Micro-injection System;
Quik-Jet AIR Injection System
(Arborjet Inc, Woburn, MA, USA)
arborjet.com

ENDOplant
(ENDOterapia Vegetal, Girona,
Spain)
endoterapiavegetal.com

Sidewinder Tree Injector

(The Australian Made, Loganholme,

Australia)
australianmade.com.au

Figure 1. Some of the currently available trunk injection devices (links accessed 14 June 2022).

|.3 La Terapia de inyeccidn al tronco

Low-Pressure
Injection
Drill-based

Chemijet Tree Injectors
(Chemjet, Queensland, Austrahia)
chemjet.com.au

Mauget Smart Shot
(Mauget, Arcadia, CA, USA)
mauget.com

Q-connect
(Rainbow Ecoscience, Minnetonka,
MN, USA) rainbowecoscience.com

Ecoject System
(BioForest Technologies, Ontario,
Canada) bioforest.ca

free IV Micro-infusion System;
Viper Micro-injection System
(Arborjet Inc, Woburn, MA, USA)

arborjet.con

Microinjectors
(Tree Tech, Morriston, FL, USA)
treetech.net

Drill free

Wedgle Direct-Injection System
(ArborSystems, Omaha, NE, USA)
arborsystems.com

Dnll-based

Acecap
(Creative Sales , Fremont, NE, USA)
acecap-medicap.com

Mauget Capsules
(Mauget, Arcadia, CA, USA)
mauget.com

Drill free

EZ Ject Lance
{(ArborSystems, Omaha, NE, USA)
arborsystems.com

BITE Tree Infusion
(Sorbus, Somerset, UK)
sorbus-intl.co.uk/tree-care/bite




Il.1 Resultados y Testimonios de la inyeccidon de OTC

Evaluation of the Spatiotemporal Dynamics of Oxytetracycline and Its
Control Effect Against Citrus Huanglongbing via Trunk Injection

Jiahuar Hu and Nian Wang

Citrus Research and Education Center, Department of Microbiology and Cell Science, Institute of Food and Agricultural Sciences. University of
Florida, Lake Alfred.

Accepted for publication 30 June 2016.

ABSTRACT

Hu, 1., and Wang, N. 2016, Evaluation of the spatiotemporal dynamics of assay, respectivelv. Uniform distribution of OTC throughout tree canopies
oxyietracyeline and s control effect against citrus huanglongbing via and root system was achieved 2 days postinjection. High levels of OTC
trunk imjection. Phytopathology 106:1495-1503. (>850 pe/dke) were mamtamed 1 leaf and root for at least 1 month and
moderate OTC (=500 pg/ke) persisted for more than 9 months. Reduction

Citrus huanglongbing (HLB) or greening is a devastating bacterial of Las populations in root system and leaves of OTC-treated trees were
disease that has destroyved mallions of trees and 15 associated with phloem- over 95% and 99% (1e.. 1.76 and 2.19 log reduction) between 2 and

residine “{ andidatus | iherihacter asiatiens® (T asi in Flonida Inothis M daws nshmiection Condiions of rees recetvine OTC treatment were

“La reduccion de las poblaciones de Las en el sistema radical y hojas de arboles tratados con OTC fueron superiores al 95% y
99% después de 2 y 28 dias de la inyeccidon”. Las condiciones de los arboles que recibieron el tratamiento con OTC mejoraron,
se incrementod el rendimiento, y la acidez del jugo disminuyd en comparacion al testigo inyectado con agua, aunque las
diferencias no fueron estadisticamente significativas durante el periodo de prueba. Nuestro estudio demostré que la inyeccidn
de OTC puede ser usada como una medida efectiva de manejo integrado del HLB de los citricos”.




Il.1 Resultados y Testimonios de la inyeccion de OTC (cont.)

Control of Citrus Huanglongbing via Trunk Injection of Plant Defense
Activators and Antibiotics

J. Hu, J. hang, and N. Wang?

First author: Citrus Research and Education Center, Department of Microbiology and Cell Science, Institute of Food and Agricultural Sciences,
University of Flonda, Lake Alfred 33850 second author: College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, China; and third
author: China-USA Citrus Huanglonghing Joint Laboratory (A joint laboratory of The University of Florida's Institute of Food and Agriculiural
Sciences and Gannan Normal University), National Navel Orange Engineering Research Center, Gannan Normal University, Ganzhouw, Jiangxi,
China; Citrus Research and Education Center, Department of Microbiology and Cell Science, IFAS. University of Flonda, Lake Alfred, FL.

Current address of 1. Hu: School of Plant Sciences, University of Anzona, Tucson 85721,

Accepted for publication 13 September 2017,

ABSTRACT

Citrus husnglonsbineg (HLB) or greening 1= a devastating disease of citms
worldwide and no effective control measure 1= currently available. Plant
defense activators environmentally frendly compounds capable of inducing
resistance aganst many plant pathosens. Earher studies showed that foliar
spray of plant defense indwcers could slow down HLB disease progress. In this
study] elght plant defense activators and three antibiotes were evaluated |in
three field mals for their effect o control HLB by trunk impection of voung

excellent controd of HLH. In general, antibiotics were more effective in
recuchon of "Ca Lo asiaticus” tter and HEH symptom expressions than plan
defense activators. These treatments also resulied moincreased yvield and betber
fnnt quahty. Inpection of both sabeviic ackd and sabeneoldar-5-methyl led to
siemihicant inchection of pathogenesis-related (PR) zenes PR- and PR-2 senes.

ardd mature sweel orange trees. Kesulls showed that four trunk impections ol
several achvalors, moluding sabcyhc ackd, oxabc sod, acibenzolar-S-methyl
aned potassiem phosphate, provided sienetcant control of HEE by suppressing
“Cadiclains Libenbacter asaticus bier and disease progress. nunk imjection
of pemecilling streptomyein, and oxyvietracychne hydrochlonoe resulied m

Meamwhile, imjection of either potassium phosphate or oxahbe aced resulted
spmificant mduction of PR-2 or PR-15 rene expression, respectively. These
results suzeested that HLB diseased trees remained inducible for systemic
acquired resistance under field conditons. In summary, this stedy presents
information regarding controllineg HLE via trunk imjection of plant defense
activators and anibiotcs, which helps citnus srowers in decision making
rezarding developing an effectve HLE management prosrum.




Il.1 Resultados y Testimonios de la inyeccidon de OTC (cont.)

COsAUDPS  —e—Fruit vield

Fig. 2. Standardized area under the disease progress stairs (sSAUDPS) for citrus huanglongbing and fruit yield in field A, trial I and B, trial 1. Data were means and
standard errors of four replicated trees. An asterisk (*) indicates significant difference (P < 0.05: Dunnett’s test) between the treatment and water-injected control.
Abbreviations: WIC = water as control, OA = oxalic acid, SA = salicylic acid, ASM = acibenzolar-S-methyl, PHI = potassium phosphite, IMI = imidacloprid, PCN =
penicillin G sodium salt. STM = streptomycin, OTC = oxytetracycline hydrochloride, BABA = B-aminobutyric acid, AA = L-ascorbic acid sodium salt, and INA = 2,
6-dichloro-isonicotinic acid.




Il.1 Resultados y Testimonios de la inyeccion de OTC

Trunk Injection of Oxytetracycline for Huanglongbing Management
in Mature Grapefruit and Sweet Orange Trees

Leigh Archer,' Sanju Kunwar,” Fernando Alferez,' Ozgur Batuman,”

and Ute Albrecht'-

! Horticultural Sciences Department, University of Florida, Southwest Florida Research and Education Center, University of Florida/IFAS,

Immokalee, FL. 34142

? Plant Pathology Department, University of Florida, Southwest Florida Research and Education Center, University of Florida/IFAS, Immokalee,

FL. 34142
Accepted for publication 5 December 2022,

Abstract

Huanglongbing (HLB) is a devastating bacterial disease associated with
‘Candidatus Liberibacter asiaticus’. The location of the pathogen within the
vasculature of the tree has left growers with limited options for the effective
management of the disease. Trunk injection is a crop protection technigue
that applies therapeutics directly into the xylem of woody tree species
and allows for their systemic uplake and transport, which may provide
more effective management of vascular diseases such as HLB. In this
study, mature *Valencia® and *Hamlin® sweet orange (Cilrus sinensis) and
‘Duncan’ grapefruit (C. paradisi) trees were injected with oxytetracycline
(OTC) in the spring and/or fall to evaluate the effects of injection timing and
response Lo injection. In addition to seasonal evaluations of tree health and
bacterial titer, preharvest fruit drop, yield, and fruit quality were measured
at harvest to determine the effects of OTC injection. The benefils associated

with injection included areduction in fruit drop, an increase in fruit yield and
fruit size, and improvements in juice quality. However, results varied due
to the timing of injection and were not consistent across all three varieties.
Residue analysis at different time points after injection suggests that trunk
injection effectively delivers therapeutics o mature citrus trees. This study
provides fundamental information on the shori-term benefits associated
with trunk injection of OTC for HLLB management in citrus groves. The
potential for use of trunk injection at the commercial scale and the possible
risks are discussed.

Keywords: antibiotics, chemotherapy, citrus greening, crop protection, en-
dotherapy




Fig. 2. Tree health of water imjected (left)
and ox ytetracychine injected (nght) ‘Dun-
can’ grapefruit trees in January 2022 A,
Exceptional and B, more typical improve-
ment in tree health after oxytetracycline
injection in Apnl 2021.




Il.1 Resultados y Testimonios de la inyeccidon de OTC

INDUSTRY

El mes de inyeccién afecta el tamano de la

fruta, la calidad del jugo y los residuos de
OTC
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-> Larger fruits -> Smaller, better colored fruits
- Lower Brix > Higher Brix
> Low OTC residues - High OTC residues




Il.1 Resultados y Testimonios de la inyeccion de OTC

Incrementos en rendimiento de diferentes patrones, asociados a la aplicacion de OTC

Pounds solids/acre
Rootstock| Non-

injected
Trial 1 (Highlands County)

US-812 389 704 81%
US-942 267 440 65%
UFR-4 135 311 130%

Injected | Increase

Trial 2 (Polk County)

US-942 472 704
Carrizo 514 673
US-812 525 668

US-897 356 516
UFR-4 349 915
UFR-2 372 443

Rootstock effect: p<0.001
OTC effect: p<0.001

UFR-2 203 297 46%
Sour orange 147 266 81%
Rootstock effect: p<0.001
OTC effect: p<0.001




Il.1 Resultados y Testimonios de la inyeccion de OTC

Efecto de dos dosis de OTC en el rendimiento de naranja Valencia

Lbs.
solids/
box

OTC rate

Year 1

o b

75 ab

95 a
p=0.056

48Db

5.5a

5.7 a
p<0.001

Non-injected

5,500 ppm
11,000 ppm

Lbs.
solids/
acre

Boxes/

OTC rate
acre

box
Year 2

101b

173 ab

223 a
p<0.001

54b
6.2 a
6.2 a

274 b

408 a

943 a
p<0.001

Non-injected
5,500 ppm
11,000 ppm

Lbs.
solids/

p<0.001

Lbs.
solids/
acre

541b
1066 a
1385 a
p<0.001

Table 2. Results from a trial near Fort Pierce, Florida. Trees (Valencia/sour orange) were planted in 2013 and

L ] - [ M a - - P -I .- .-.I |-' S .1 --I .- -.I .:.
ected in June 20272 and 202 3.




Experiencia en el Sur de Sonora

| APRENDIZAJE

Dr. Pedro Figueroa L.
6441374807




Il.1 Resultados y Testimonios de la inyeccidon de OTC

INCREMENTO DEL DIAMETRO DE FRUTOS
RELATIVO AL PRIMER REGISTRO (21/JUN/25)
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Il.1 Resultados y Testimonios de la inyeccidon de OTC
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Numero de frutos caidos, de los 200 etiquetados por tratamiento, al 2 de septiembre de 2025, Valle del Yaqui.




Il.1 Resultados y Testimonios de la inyeccidon de OTC

CONSIDERACIONES EN LA INTERPRETACION DE RESULTADOS SOBRE EL DIAMETRO DE FRUTOS:

La variable analizada (diametro de frutos) es muy sensible, que se magnifica al calcular volumen y peso:
Una diferencia de un mm entre una cosecha que promedie 70 mm de diametro y otra que
promedie 69 mm, representa una pérdida de volumen/peso de 4.2%, que para un rendimiento
potencial (sin HLB) de 35 ton/ha, equivale a 1.48 ton/Ha.

Posiblemente no todos los arboles del ensayo son positivos para HLB.

La época de aplicacion no fue la mas apropiada para mostrar efectos en el rendimiento.

La dosis aplicada fue MEDIA-ALTA (~ 0.5-0.8 G/arbol).



Trunk Injection for HLB: What You Need to

The presentston was made gt the Syt
k.4

rids Research and Education Center, where Albracht is a2n assocate professor of plans phesiclopy. Multi-courty

citrus Extension szent Mongi Zefori hosted the event, which was also pressnsed wirtuslby vz Zoom.

RESULTS AND COSTS
Albrecht said research has indicated that trunk injection of OTC-HCI in HLE-infected trees is likely to result in
significantly reduced fruit drop, increased yield, improved fruit color, increased Brix, increased fruit size and

increased tree growth.

The major concern with the injections is the possibility of tree injury. Albrecht said OTC-HCI delays wound closure

and increases the wound size.

The researcher cited 2 maximum cost for OTC-HC injection of $202 to $404 per acre, not including labor and
injection devices. That’s assuming a planting density of 130 trees per acre, with a maximum cost of $1.34 to $2.70

per tree.




We were

OTC Injections Spark Optimism

-4
51

llenges, Joyner said there are tools, particularly the OTC {oxytetracycline) injection label, which

moving the needle. “That's where the optimism stems from.”




Florida Citrus Grower Feeling Encouraged

88 ADRI 14 005
8 APRIL 14,2025

v, the oxytetracycline (OTC)

injections. It was a good cross-section of different things that we can look at as growers and figure out how we can

I':EHII"ll' r| ht now




11.2 Acciones hacia su integracion del uso de la OTC en el MI-HLB en el sur de Sonora

1. Facilitar el diagnoéstico de la enfermedad

Se esta desarrollando la capacidad de identificar la presencia del HLB mediante la
técnica LAMP, confiable y mucho mas accesible que la de RT-PCR, que tiene que ser
usada para diagnosticos oficiales.

2. Considerar su aplicacion como medida supresiva

Analizar la conveniencia de sustituir la “sugerencia” de talar arboles positivos por
la aplicacion de OTC.



11.2 Acciones hacia su integracion del uso de la OTC en el MI-HLB en el sur de Sonora (cont.)

3. Gestionar el registro de uso (pruebas de efectividad bioldgica) de marcas de OTC

Ya hay marcas de OTC en el mercado agricola (p.ej. contra el tizon de fuego del
peral y manzano y contra enfermedades bacterianas en hortalizas).

Su utilidad en inyeccion al tronco debe ser validada ante instituciones oficiales
mediante pruebas de efectividad bioldgica.

La aplicacion de antibidticos en inyeccion al tronco es menos cuestionable que la
foliar respecto a la creacidn de resistencia y efecto al medio ambiente.



11.2 Acciones hacia su integracion del uso de la OTC en el MI-HLB en el sur de Sonora (cont.)

4. Generacion de experiencia en la aplicacion de OTC

* Se ha avanzado localmente en adquisicidn de experiencia, capacitacion y
generacion de conocimiento.
e Existe una empresa en el noreste del pais que ya va en avanzada:

Se llama . Mencionan haber ya inyectado mas de 200,000 arboles en los

estados de Tamaulipas, Nuevo Ledn y norte de Veracruz, con una marca de OTC
autorizada en Florida.

Se esta gestionando la visita del ingeniero a cargo de ese servicio, para que compare
nuestra situacion con su experiencia en el noreste, y eventualmente hacer una
propuesta de trabajo.



Key Challen&els
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The Use and Impact of Antibiotics in Plant Agriculture: A Review

Ozgur Batuman,''® Kellee Britt-Ugartemendia,' Sanju Kunwar,' Salih Yilmaz,' Lauren Fessler,' Ana Redondo,’
Kseniya Chumachenko,” Shourish Chakravarty,* and Tara Wade*

Abstract

Growers have depended on the specificity and efficacy of streptomycin and oxytetracycline as a part of their plant disease arsenal since the middle of
the 20th century. With climate change infensifying plant bacterial epidemics, the established success of these antibiotics remains threatened. Owr strong
reliance on certain antibiotics for devastating discases eventually gave way to resistance development. Although antibiogics in plant agriculiure equal
o bess than 0.5% of overall antibiotic use in the United States, it is still imperative for humans to continue to monitor usage, environmental residoes,
and resistance in bacterial populations. This review provides an overview of the history and use, resistance and mitigation, regulation, environmental
impact, and economics of antibiotics in plant agriculture. Bacterial isswes, such as the ongoing Huanglonghing (citras greening ) epidemic in Florida
citrus production, may need antibiotics for adequate control. Therefore, preserving the efficacy of our current antibiotics by viillizing more targeted
application methods, such as trunk injection, should be a major focus.




iGRACIAS POR SU ATENCION!




1.2 Principios del Manejo Integrado de Enfermedades (MIE) aplicados al HLB (cont.)

ESTRATEGIAS DE VIDA
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1.2 Principios del Manejo Integrado de Enfermedades (MIE) aplicados al HLB (cont.)

EFECTOS DE ACTUAR SOBRE

x = La Cantidad de Inéculo Inicial
r = La Tasa de Progreso de la Enfermedad

SEVERIDAD
o
PREVALENCIA

TIEMPO
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