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v'Background
Information




“Trunk injection”

o First evidence (12t 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 (15t
century) - Leonardo da Vinci injected arsenic
and other poisonous solutions through bore
holes into apple trees to make the fruit
poisonous (liquid injection)
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Trunk injection — modern definition

" 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”)

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




" 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)

= QOther (delivery of nutrients, growth regulators, etc.)




Advantages

" 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




Trunk injection — HLB
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Compound mobility
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Methods of injection

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




Injection pressure
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{ X N7 3 e <

High pressure Medium pressure Low pressure No pressure




No pressure

Medium pressure

o o
) o

0
0
0

4

1

(qw) 9yerdn



High pressure vs. medium pressure

MEDIUM PRESSURE INJECTION

i

i‘m'idaloprid

High pressure injection in combination with plugs causes greater injury



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

" |t 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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Valencia trial

Injections performed in Oct 2020 and April 2021:

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

2. Imidacloprid (IMl)
v' Xytect (Rainbow Ecoscience) @ 0.4 g a.i./tree

3. Water injection

4. No Injection

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 “







OTC Residues
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ClLas titer
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ClLas titer
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Fruit drop and yield

Fruit drop
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OTC reduced fruit drop and increased yield significantly






Fruit quality

Brix/acid ratio
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OTC improved internal and external fruit quality significantly



Tree health




Midsweet study

Lbs of fruit
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Effect of OTC on fruit
production remained in
vear 2 without any
additional injection (but
Clas titers increased again)
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Fruit size

Fruits are larger after spring injection than after fall injection




Fruit residues
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Time after Injection

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



Flushing phenology

Stage 0: No Flush Stage 1: Feather Flush Stage 2: Flush Elongation Stage 3: Leaf Expansion Stage 4: Leaf Hardening

100-

== Oxytetracycline
== No Injection
""" Imidacloprid

OTC
synchronizes
flushing
(and flowering)

Branches per flush stage (%)



Flushing phenology

Oxytetracycline Water Control
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Imidacloprid efficacy

p = 0.0002 p = 0.0006

<.. "‘.,
F = p=0.0016
75 -
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4/15/2021 4/18/2021 4/21/2021

Psyllid mortality (%)

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



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



Trees
Mature Hamlin,
Valencia, and Duncan

Scion trunk diam. 4.0-5.5”

Treatments

OTC injected in April,
October, or both

The rate of OTC was the
same as for the smaller
trees (0.79q a.i. per tree)

Other Trials




Fruit drop (%)
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Other Trials
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Other Trials

FRUIT SIZE
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Ongoing Trials

1. Valencia/Carrizo — 8?-yrs-old — SW Florida
o Different OTC rates 5.57
o Timing of injections

2. Valencia/Kuharske — 8-yrs-old — SW Florida
o Different OTC rates 5
o Different volumes

3. Valencia/SO - 9-yrs-old — East Coast
o Different OTC rates 4.5”
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

25-3"

Y Xz

All crop will be destroyed
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Tree injury




compartmentalization

Compartmentalization of Decay
in Trees (CODIT)

Shigo and Marx (1977)

Wall 1 (weak) } Wall 3 (strong)

Fig. 64: The CODIT Model depicts the tree as a chambered organism in which there are
structural walls that can react to decay by compartmentalization. Wall 1 occurs in the
axial direction. Wall 2 provides barriers in the radial direction (toward the center of the
trunk) and wall 3 in the tangential direction (to the sides). In the model, wall 1 represents
the weakest compartment and wall 3 is the strongest (Shigo & Marx 1977).
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Wound compartmentalization
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Effective wound compartmentalization in citrus trunks
after water injection



Wound compartmentalization

Imidacloprid Oxytetracycline

Compartmentalization is less effective after injection of chemicals



Wound compartmentalization

..., especially in the axial direction
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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
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Principles and risks
of trunk injection
for delivery of crop
protection materials

By Ute Albracht and Laigh Archar

runl injection is 3 tasgeted
delivery of materials into the
stem o trnk of trees as an
alternative 1o spraying or sodl
drenching It is practical for disease
and pest management in high-value
rd ernamental planis
applications are prcb-

wsually by using 2 special needle. In
botamy:, this term is used in a wider
sens applies to introd
materials into a plant organ
cuts or holes with or without force.
The carlicst evidence of plant
injection is from the 12th century
when Arabic horticulturists applied
perfiummes, sphoes, dyes and other

Jated concerns.
injection lech
nique w protect agricultural crops has
emerged more recently in areas where
toliar applications and soil drenches
e proven ineleclive or pose envi
rmmental hizands.

“Injection” is defined as the act or
process of forcing a liquid medicine
wr drug into someone or something,

14 Citus dnaustey May 2091

substances through wounds to attect
the smell, eolor ar nther qualities of
flowers and fruits. Modem rescasch
on the wse of runk injection te deliver
protection materials was incited by
the devastation Dulch elm Jisease (a
vascular fumgal disease] vereaked in
Europe and North America during
the 1900s. This methed is still wsed
predominantly for Grest trees and

ornamental plants, but also to treat dis-
enses in some (risil iree crogs.

TRUNK INJECTION METHOD

Diitterent devices are available for
delivering liquid materials inlo ree
trunks. Many of them require drilling a
relarively lasge hole, followed by inject-
ing the desired material using pressures
wp b LK) pound-furee per syuare inch
or more. High-pressure injection usn-
ally requires inserting a plastic plug
into the drill hole and is therefore only
suitable for Large- size trees.

Orther devices requine less pressure
or no drilling and are less damaging

and maore suitable for smaller trees

(Figure 1). University of Florida Insti-
mte of Food and Agricultural Scicnces
(UE/IFAS) ficdd cxperiments show that
some pressure is necssary o effec
tively deliver the necessary velunmes of

material inlo a tree.

TREE PHYSIOLOGICAL
PRINCIPLES

Teunk injection delivers materials
into the xvlem (wood) of trees, The
aylem is the part of the viscular system
that is responsible for transporting
water and nutrients from the roots to
the rest of the tree, Ttis mosthy com-
posed of non-living lssue thal forms
a pipe-like system, Transport in the
xvlem is passive and ocours with the
plant transpiration stream, Bec
mjected malerials are easily distrily-
uted through the xylem and are spread
relatively homogencously throughout
the canapy, trunk injection is pri
marily used to target xylem-related
disemses susch a5 wood-boring insects or
wvlem-inhabiting fungi and leat chew-
ing, piercing nr sucking insects.

The urgent need for an HLB cure
and the discovery of novel therapeu-
tic compounds have sparked interest
i using trunk injection for effective
delivery of materials into citrus wroes. In.

pse

contrast to pests and diseases commonly
targeted by trunk injection, HLB is asso-
ciatesd with a phloem limited pathagen.
While the xylemn occupies most of
the trunk, the phloen is  thin kyes of
tissue located in the inner bark. The
phioem is a living tisue that iransports
susgiars anl other nrganic substan ces
throughout the plant. Phlocm trans-
port cccurs from source fissucs
vith a high sugar content (usually

Figura 2. Trunk distribution of thme dyes
with different chemical properies:
chya with low mal ) dya dispersing

U roughout much of le ineer lrunk and

C1 dye moving predomi nantly in the outer
o brerealls the Lark, Dyes ware ing
&inches below the glem seclions =iy

photosynihetically active lesves) to sink
tissncs where sugars are needed, such
a5 toots and developing fruits. It is

not passible to inject lange amaounts of
materials directly into the phloem.

OTHER CONSIDERATIONS

For trunk-injected crop protes
tion materials o reach pathogens
that reside in e pldoem, such as the
HLB-assockated bacteria, the mate-
rials need w0 be able 1o move readily
from the xylem to the phloem. The
exchange of materials between xylem
and phlecm is not well understood
bt degrends o the properties of the
injected chemical.

Figure 2 demonsteates the different
mevernents of three dyes with ditterent
chemical pruperties. or a crop pro
tection material 1o he elfective 2pains
phloem-inhabiting pathegens, it must
be mobile enough te reach the phioem,
Bt pvert ser mwsbaile thaet 1 moves hack

% Fruit Drop

Figure 3. Efinct of axytetracy.

— cling trunk injactions on fres

health (&) and fruit drop (B) of
&ynarcid Valencia trees. The
tree on right received one
injectian of axytetracycling

In Qetonar 2050; tha phato

was hnen in February 2081

0
H Cuytefracycline  Water Contral

out and is transported primarily in the
taster-i mmmg xylem.
Ll timicrobial compounds

o cure HLB has been 2 discussion for

dmy ssnd fram
De(.:lnber_(\‘lﬂ o March 2021,

g
2 5

health, Drilling or otherwise infect-
ing materials into the trank wounds
the tree and pnwldm entry points for

many decades. So fas, these materials
do not have the dum‘d kewels of activ-
ity when deliver J oliac spray. In
contrast, experiments with tetracy-
clines conducted in the 1970s in South
Africa and other countries, and mere

upon injury, xylem \Lmh embuolize
and become dysfunctional, atfecting the
waler- and nulrient-iransport capabil
ity of & wee. Simiarly, the phlocm will
be destroved, affecting sugar transport.
Trees are generally very effective in
g wounds._ Figure

recently Florida, 1 that it

is possible to reduce bacterial titers and

HLE severity through trunk injection.
Preliminary results from UF/FE,

ongoing feld experiments support
thesie indings and demonstrate that
inj cc:uag oaytetracycline can improve
tree health and dramatically reduce

fruit drop in citrus trees that are
severely affected by HLE (Figure 3

is important to note that any materials
njected inte the trunk move readily
into th line
is not labeled for trunk i mlu.lluu in
bearing citrus trees, Nevertheless,
these exgperiments show that trunk
injectien s cffective for svstemically
delivering therapeutic materials and
restoring health and productivity to
HLB-allected trees.

WOUNDING
Annther concern regarding the use
of trunk injection isits effect on tree

4A (page 17) shows the cffective com-
partmentalization of a wound created
after injecting water. During the

next growing season, new xylem and
phloem furm, rendering the injured
arca functional again. As xylem trans-
peort is usually most active in the outer
(mewest) wood, the teee may fully
repain its Lranspor capacity in e
season tfollowing injury.

It is imperative in determine any
potential phytotoc effects of the crop
protection material before it use. For
example, cxytetracycline prevents the
clessure of woumds afler injection and
causes considerable structural damage
inside the tee (Figure 4B, page 17).
The long-term ettects of this are vet to
be determined. Tigure 45 also shows
that a tree's ahility 1o compartmen
ralize wounds is less effective in the
up-and-down direction than in the
Left-to-raght direction.

Figure 4. The wound is sHectively
enmpartments lized aftar water injection ()
and new waed is visible above the injection
sita. In contrast, necrasis and maffoctive
comperbmentalization is ubzerved a’ler
anytetracycline injection (B] as indicated
by & Lroad 2one of discoleralion (%), The
buundary layer marks the border of effective
encapsulatian of the wound area that
prevenls enilry of opporlurizlic palbogens.

CONCLUSIONS

Trunk injection is an effective
method tor delivering crop protection
materials systemically and with mini
mal impact on human health and the
environment. Howeves, trunk injection
comes with risks ranging from residual
chemicals m [ruits o the impact
of wounding on long-term tree health.
Trunk injection of most registered crop
pratection materials is not labeled for
Tearing cilrus trees.

Currently, the cost associated with
trunk injection u"\pcdcs its widespread
mmercial citrus production,

It is expected that automated delivery
methuds will be available soen tat
reduce cost and render trunk injection
more practical for delivering novel
therapeutic compounds currently

Deing developed.
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Trunk Injection to Deliver Crop Protection Materials:
An Overview of Basic Principles and Practical

Considerations’

Leigh Archer, Ute Albrecht, and Jonathan Crane?

Introduction

Trunk injection is a targeted delivery of crop protection
materials into the stem or trunk of woody plants as an
alternative to spraying or soil drenching. It is sometimes
referred to as “endotherapy” Trunk injection occurs into
the xylem of trees from where the injected material is

distributed through the plant with the transpiration stream.

‘There are several advantages that trunk injection provides
over conventional spray or soil drenching of crop protec-
tion materials: {1) products are applied more precisely and
used more efficiently; (2) spray drift is eliminated; (3) if
properly applied there is a lower risk for worker exposure;
and (4) nontarget organisms are less affected (Wise et al.
2014). Because there is less concern for human health
and the environment, the method can be used in urban
environments and residential areas where aerial sprays
are not an option. Trunk injection is predominantly used
in forested areas, landscapes, and nonagricultural areas.
However, there is a long history of using plant injection
to deliver crop protection to commercial avocado trees,
e.g., phosphonate injection of avocado trees in Australia
and South Africa (Dann et al. 2013). In the United States,

maost use in agricultural areas is in nonbearing crops, with
Florida and California avocado trees being an exception.
In California, injection of phosphonates to prevent
phytophthora root rot has been implemented for decades.
In Florida, approximately, 20% of the commercial acreage
has been injected prophylactically to prevent (suppress)
the laurel wilt pathogen (Raffaelea lauricola) on a 12-t0-24-
month basis since 2014 {Crane et al. 2020]).

The earliest evidence for plant injection is from the 12th
century, when Arab horticulturists applied perfumes,
spices, dyes, and other substances through wounds in plants
to affect the smell, color, or other attributes of flowers and
fruits (Roach 1939). The first documented experimentation
on trunk injections is from the 15th century by Leonardo
da Vinci (Roach 1939), who injected arsenic and other
poisonous solutions in apple trees to poison the fruit,
possibly to prevent thieves from stealing his fruits. Other
experimentation until the early 1900s included injection

of different nutrient solutions to overcome nutrient
deficiencies and different organic and inorganic substances
to control insect, fungal, and other diseases. An excellent

1. This document Is H5 1426, one of a serles of the Horticultural Sclences Department, LFIFAS Extension. Original publication date Novemibar 2001 Wsit
the EDIS website 3t https:/iadisifas ufl sdu for the cumantly supported version of this publication.

2. Lelgh Archer, graduate assistant; Lite Albrecht, assistant professor, Horticultural Scences Department; UF/AFAS Southwest Florda Research and
Education Center: and Jonathan Crans, professor, Horticubtural Sdences Departmant, UFARAS Tropical REC; UFAFAS Extension, Gainesvills FL 22611
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Abstract Trunk injection & a targeted delivery of pesticides, insecticides, nutrients, or other plant
protection maierials into the siem or trunk of woody plants as an alternative to spraying or soil
drenching. Trunk injection has historically been used for dissas and pest management of high-valoe
forest tme species or omamental plants when aerial applications am problematic due to spatial
proflems and health-mlated concems. An intemst in using the injection technique for protection
of agricultural crops in commesial production systems has cmerged more reoently, whers foliar
applications and sail drenches have proven ineffective or pose environmental hazards, This review
prevides an everview of the basic principkes of trunk injection and the plant phy siclogical implications,
its curment use in commerdal agriculture and other plant systems, and associated risks.
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Teunk irgection is a technique for applying plant protection makesials that offess an
alternative to foliar sprays or soil drenches, Among the main adv antages that trunk inpction
provides over conventional methods are a higher efficiency of product delivery, seduced
risk for worker exposune, reduced risk to the environment, seduced harm to non-target
organisms, and the possibility for use in populated aneas whese other methods are not an
option [12]. Trunk ingection kchnigues have not been optimized for use in comanercial
crop produckon; however, these is a long history of using the method in a variety of crop
and e crop species.

According to the dictionary, the kem “igection” is the act of process of forcng a
ligpuad medicine of diug il someons of something, usually by using a special seedle. In
botany, this term 8 wsed in a wider sense and includes any introduction of mate rials into a
plant ergan by cubting of theough holes with of without foree. In this wnse, the earkiest
evidence for plant injection is from the 12th century, when Arabic horticulturists applied
perfumes, spices, dyes, and other substances through wounds in plants to affect the smell,
colog or other attribules of flowers and fruits [3]. The first documented experimentation
on trunk injecions occursed in the 15th century by Leonardo da Ving [3], who injected
arsenic and other poisonous solutiens threugh bore holes ko apple rees to fender the
Fruit poisenos, Other ex perimentation until the early 1900s included injection of diffesent
Trabfient solutions such as Berous sulphake and Reric diloside as emedies for nutritonal
deficiencies [3]. This was followed by ingection of other inorganic substances such as iron
pyrophosphate, potassium cyanide, and alumirum sulphate to control insects and plant
diseases [3] In addition to inerganic materials, organic substances including salicylic acid
and plant- and microorganiso-derived liquids were injected by various methods for the
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Figure 1 Some of the currently available trunk injection devices (links acoessed 14 June 2022).

2.1. HiglePressure Injection

The Arboget Quik-Jet Air (Arborjet Inc, Woburn, MA, USA) is one example of a
high-pressure application device. Arboret and similar high-pressuse systems, such as
ENDOplant (ENDOferapia Wegetal, Girona, Spain), wse 7.15 mm or larger diameter plastic
plugs as ingection podts, which ae mserted into the tee after drilling of a hele. Thas
ceates a tight seal for injection, prevents leaking, and protects the wound from pathogens
and insects. Ingection of the compounds cocurs though specialized metal mjection Hps
at pressures of 60-100 psi (413680 kFa) created by using compressed gas. Although the
plastic plugs enable the rapid injection of large volumes of makerial, they can cause more
damage to trees than no-plug methods as they incarase the size of the injection hole, increase
the probability of injury from bark cracking, and may interfere with full weand closure [23]
Dendrology research has shown that plugging tree core wounds does not provide any
benefit and can even interfere with the natural healing capabilities of the bree [33]. Other
high-pressure systems include the (Q-Connect (Rainbow Ecoscience, Minnetonka, MN,
USA) and the Sidewinder Tree Injctes (The Australian Made, Loganhelme, Australia).

2.2, Lonr-Pressure Infection

An allernative to high-pressure inj are syringe of needle-based methoeds sold
by Chemjet (Kerrville, TX, USA), Mauget (Arcadia, CA, USA), Rainbow Ecoscience (Min-
netonka, MN, USA), and other manufacturers, which allow the plug-free injection of
makerials Injection using these devices cocurs at selatively low pressuses (<60 psi) by
manual squesring of use of a spring-loaded syringe system. Most of these systems rely
ot deilled holes prios ko application; however, ArberSpstems (Omaha, NE, USA) has de-
velaped a low-pressune drill-free system, Ihe“'edgle" Diirect-Inject. With this device, a
shallowr stem cose is femoved, and liquid is manually pushed into the trunk. The rate of
liquid uptake associated with lower-pressume devices is slower than that of higher-pressure
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