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(57) Abstract: Methods and compositions based upon natural phenolic aromatic aldehydes (ex: cinnamaldehyde, benzaldehyde) are
provided, which find use as curing agents for systemic bacterial infections of living plants, in particular against Gram negative bac -
teria and more particularly species of Liberibacter, including Ca. Liberibacter asiaticus. The curing agent compositions described are
used synergistically with other antimicrobial compounds, such as those that plants manufacture or release as a result of biotic or abi -
otic stresses, including the application of the subject aldehydes, certain proteins, whether produced by recombinant methods or not,
nanoparticles, nanoemulsions, or by natural essential oils such as carvacrol or allicin. The aromatic aldehydes have high volatility
and exhibit phytotoxicity when applied above certain amounts. Systemic infections and infestations of a variety of plant parts can be
treated, including those of leaves and roots. Methods of applying the compositions for agriculture use are disclosed.
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USE OF ALDEHYDES FORMULATED WITH NANOPARTICLES AND/OR
NANOEMULSIONS TO ENHANCE DISEASE RESISTANCE OF PLANTS TO
LIBERIBACTERS

CROSS REFERENCE TO RELATED APPLICATIONS

{0801} This application claims the benefit of priority to U.S. Provisional Application Nos.
61/968 498, filed March 21, 2014 62/068,203, filed December 5, 2014, and 62/115&93, filed
February 13, 2018 the entive contents of which are all hereby incorporated by reference in their

entirety for all purposes.

BACKGROUND OF THE INVENTION

[0002] Huanglongbing (HLB), commounly known as citrus “greening” disease, is one of the fop
three most damaging discases of citrus in Africa, America and Asia. HLB is naturally transioitted
by psyllids, and experimentally by grafting or dodder (Cuscuta spp.). The discase was shown 1o
be graft-transmissible in 1956 (Lin, 1956} and therefore it was thought to be caused by a putative
virus. However, in 1970, sieve tube restricted bacteria were discovered in affected trees. First
thought to be mycoplasma-like (Lafléche and Bové, 19703, they were soon recognized as walled
bacteria (Saghio et al,, 1971; Bové and Saghio, 1974} of the Gram negative type (Garnier et al.,
1984} and finally shown to be species of alpha proteobacteria (Jagoueix, et al. 1994). Two
species were recognized: Candidatus Liberibacter asiaticus (Las) for the discase in Asia and Ca.

L. africanmus (Laf) for the disease in Africa.

18003} In 2004, when HLB was seen for the first time in the Americas and more precisely in S&o
Paulo State, Brazil, two liberibacter species were identified: (i) a new species, Ca. L. americanus
{Lam}, infecting most of the atfected trees, and (it} the known Asian liberibacter, Las, present in
a mnority of trees {Teixeira et al., 2005). All three citrus liberibacters are uncultured and
phloem-timited. That is, these bacteria live in plants exclusively within living plant phicem
cells. Las is the most widely distributed by far. Today, HLB caused by Las has been identified

in states ranging from Florida, Louisiana, and California.

{00604] With no cffective treatment options available in the market, there is a growing demand

for new technologies to combat its spread.
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SUMMARY OF THE INVENTION
[0005] The disclosure teaches compositions useful for protecting plants against intraccellular
bacterial attack and infection and particularly for treatment of plants alrcady infected with

systemic Liberibacter species, comprising at least one aromatic aldchyde specics and optionally,

0

in concenirations sufficient for eliciting plant defense responses. This disclosure also teaches us

p

of at lcast one polar solvent, and/or a laminar penctrant, and/or a nancemulsion, and/or a
nanoparticle formulation that is uscful for delivery and penetration of the aldehyde into plant
cells. This disclosure also teaches the usc of plant systemic acquired resistance (SAR) inducers

in combination with at least one aromatic aldehyde to increase plant defense responses.

{0086} The disclosure teaches compositions and methods useful for curing and protecting
plants and crops, including trees, against intracellular bacterial discase, including discase caused

by hacterial specics of the genus Liberibacier, comprising at least onc aromatic aldchyde species.

{8007] In some embodiments, the application or injection of the composition resulis in a
reduction in the number of bacteria, that s, the titer, infecting the plants. In other embodiments,
the application ot injection of the composition results in a reduction in the number of bacteria
infecting the plants, the meidence of discase, or the mcidence of discase symptoms. In other
embodiments, the reduction in bacteria or bacterial titer is statistically significant, as compared

with untreated infected plants,

[0008] In soroe embodiments, the application or inyection of the composition also results in an

increase in the crop or fruit yield.

{0009 In some embodiments, the curing and protecting of plants, is measured against an
infected control plant that has not been treated with the compositions. In other embodiments, the
reduction n bacteria infecting the plant, incidence of disease, or incidence of disease sympioms

are measured against an infected control crop that has not been treated with the compositions.

[0010] In some embodiments, the application or injection of the composition resulis in a partial
clearance of the bacteria from the plant, as compared to an ontreated infected plant. Tn further
embodiments the partial clearance may be at least 5%, 10%, 15%, 20%, 25%., 30%, 33%, 40%,
45%, 50%, 60%, 65%, 70%, 75%, 80%, 85%, 909%, 95%, 6%, 97%, 98%, or 99% in the titer of

bacterial cells infecting the plant; including those of Liberibacter.

o]
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{0011} In somc cmbodiments, the aromatic aldchyde specics of the present invention arc
sclected from the group consisting of cinnamaldchyde, coniferyl aldchyde, carvacrol, and
geraniol . In one cmbodiment, the composition comprises cinnamaldchyde as the aromatic

aldehyde.

{0012} In some cmbodiments, the composition compriscs a short chain (C-Cs) alcohol or
dimethyl sulfoxide (DMSO) solvents for the application and cell penctrating delivery of the

aldchyde, nanoemulsion formulation, or nanoparticle formulation.

{8013} In some embodiments, the nanocmuisions or nanoparticles are made from Vitamin E,
tocopheryl polyethylene glycol succinate (TPGS), Dodecanocic acid, Octadecanocic acid,
Tetradecanoic acid, Lecithin, Oleic Acid, Polyoxyethylene sorbitan monolaarate (Tween 20),

Zn8, Zn0, and/or poly(lactic-co-glycolic acid)y (PLGA).

[0014] In some embodiments taught herein, the polar solvent is at least one selected from the
group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol, DMSG, and water.
fn some embodiments, the polar solvent is ethanol. In other embodiments, the polar solvent is

DMS(O. The present disclosure utilizes polar solvent and protic solvent as synonyms.

[0015] In some embodiments taught herein, the composition comprises a nanoemulsion, or
nanc-scale emulsion, formed from the use of Vitamin E, TPGS, Dodecanoie acid, Octadecanoic
acid, Tetradecanoic acid, Lectthin, Oleic Acid, and/or Tween 20, In some embodiments, the
nanoemulsion 1s formed from TPGS using DMSO. In some embodiments, the nanoemulsion is

formed from TPGS using cthyl acetate.

[0016] In some embodiments taught herein, the nanoparticle species of the present invention
are selected from the group consisting of zinc oxide, zine sulfide, polyethylene glyeol (PEG),
and. In some embaodimoents, the nanoparticles are formed from PLGA. In other embodiments,
the nanoparticles are formed from zine sulfide.

{00171  In some embodimuents tanght herein, a leaf lamina penetrant s used, such as a
surfactant or BDMSO.

[0018] In some embodiments taught herein, the SAR inducers are selected from a group of
neonicotinoid insecticides, including imidaclopnid and clothianidin,  In another embodirent, the

SAR mnducer is salicylic acid (SA}.

3
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{0019} In some embodiments of the present invention, the method for curing and/or controlling
intraccllular bacteria in plants comprises injecting a plant with a composition comprising at least

one aromatic aldchyde.
{0020] In some cmbodiments, the method of injection of a plant is by pressurized syringe.
{0021} In another ecmbodiment, the method injection of a plant is by drip bag.

{0022} In some cmbodiments of the present invention, the method for curing and/or controliing
intracellular bacteria in plants compriscs foliar spray of a composition comprising at lcast one

aromatic aldehyde.
{0023} Insome embodiments, the intraccllular bacteria infecting the plant are phloem limited.
{0024] In some cmbodiments, the intracellular bacteria infecting the plant are Liberibacters.

18025] In somc cmbodiments, the composition utilized in the methods comprises

cinnamaldehyde as an aromatic aldehyde.

18026] In another particular embodiment, the composition utilized in the present methods

comprises DMSQ, isopropanol or ethanol as a polar solvent for the aromatic aldehyde.

180271 In onc embodiment, a method of protecting a plant from bacterial attack or infection
comprises contacting or injecting one or more parts of the plant with the composition. In a
further embodiment, the method comprises contacting or injecting one or more parts of the plant

with the composition.

{8028} In onc cmbodiment, a method of curing a plant infected by bacteria, methods of the
present disclosure comprise contacting or injecting one or more parts of the plant with the

composition.

{8029] In onc cmbodiment, a method of curing plants infected with Liberibacter bacteria
compriscs contacting or injecting onc or morc parts of said plant with a composition comprising
at lcast onc aromatic aldchyde; and either at least one penctrating polar solvent, or a formulation
comprising a nano-scale emulsion and/or nanoparticles containing the aromatic aldchyde,
wherein said at lcast one aromatic aldehyde is present in an amount of up to 10% of the total
composition apphicd to the plant, and wherein the at least one polar solvent is present in an

amount of at least 5% of the total coraposition,
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{0030} In onc cmbodiment, a method for curing plants infected with Liberibacter bacteria
comprises contacting of injecting one or more parts of said plant with a compaosition comprising
at least onc aromatic aldchyde incorporated in or uscd as a capping agent for nanoparticles; and
cither at lcast one polar solvent or a formulation comprising a nano-scale emulsion and/or
nanoparticles containing the aromatic aldchyde. Tn a further embodiment, the aromatic aldchyvde
comprises an aromatic aldehyde incorporated in a nancemulsion. In a further embodiment, the at
lcast one aromatic aldehvde comprises cinnamaldehyde, and the at lcast one polar solvent
comprises DMSO, isopropanol, or water, and the emulsifier comprises Vitamin E, Tocopheryl
Polyethylene Glycol Succinate (TPGS), Dodecanocic acid, Zine stearate, Glyceryl dimyristate,

Lecithin, Oleic Acid, and/or Polyoxyethylene sorbitan monolaurate (Tween 20),

{0031} In onc embodiment, treating the plants with the composition results in the plants
infected with Liberibacter bacteria exhibit a decrease in bacteria and an increase in fruit vield,

relative to plants not having been contacted or mjected with the composition,

[8832] In onc embodiment, the composition apphied to the plants comprises a nanoparticles
such as PLGA and present in a range of about 0.02% to about 0.075% of the total composition;
ZnS and present in an aroount of about 0.974% of the total composition; or Zn0 and present in
an amount of about $.0625% of the total composition. In further embodiments, the nanoparticles

range in size from between about 2nm and about 100 nm.

{00331 In one embodiment, the method of treating a plant with the composttion results in a
reduction of at least 5% in the level of bacterial infection or bacterial titer in infected plants one
month or longer after treatment of the plant. In a further embodiment, the plant is a citrus tree or

seedling.

{0034] In onc embodiment, a method for curing citrus trees or seedlings from any Liberibacter
capable of causing Huanglongbing Disease, inchuding but not limited to Ca. L. asiaticus, Ca. L.
africanus or Ca. L. americanus and protecting citrus frees and seedlings from infestation by
psvilids capable of transmitting the agents of Huanglongbing Discase, including but not Himited
to Ca. L. asiaticus, Ca. L. africanus or Ca. L. gmericanus comprising contacting oneg or more
parts of said citrus trees or seedlings with a formulation comprising an amount of from about 2.5
to 100g/l of cinnamaldechyde, wherein the amount is sufficient to provide at lcast about 5%

reduction in titer of Liberibacter cells.
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{8035} In onc cmbodiment, a method for curing potato, tomato, celery, or carrot plants,
sccdlings or shoots from Liberibacters, and protecting potato, tomato, celery, or carrot plants,
scedlings, or shoots from infestation by Liberibacters carricd by insect vectors comprising
contacting one or more parts of the potato, tomato, celery, or carrot plants, scedlings or shoots
with a formulation coroprising an amount of cinnamaldehyde of about 2.5 to 100 g/1, wherein the

amount s sufficient to provide at least a 3% reduction in titer of Liberibacier cells,

[0036] In some cmbodiments, the compositions may comprise {(a) at least one aromatic
aldehyde; and (b) at least one polar solvent, wherein satd at least one aromatic aldehyde
comprises cinnamaldehyde and at least one polar solvent comprises DMSO. Tn fuwther
embodiments, compositions may comprise {a) at least one aromatic aldebyde and (b} at least one
eraulsifying agent used to form a nanoemulsion, wherein said at least one aromatic aldehyde
comprises cinnamaldehyde, the nanoemulsions are less than about 200 nm v size and the at least
onc crulsifying agent comprises Vitamun E, TPGS, Dodecanoic acid, Octadecanocic acid,

Tetradecanoic acid, Lecithin, or Tween 20,

{00371 In some cmbodiments, the compositions comprise {a) at least one aromatic aldchvde
incorporated in or used as a capping agent for nanoparticles; and (b) at least one polar solvent,
wherein said at least one aromatic aldehvde comprises cinnamaldehyde, the nanoparticles are
less than about 200 nm in size and at least one polar solvent comprises DMSO. In some
embodiments, the nanoparticles are selected from a group consisting of zine oxide, zine sulfide,

poly{lactic-co~glveolic acid) or (PLGA} polvmers.

{0038] In some cmbodiments, the methods taught hercin include the step of injecting or
spraying one or more parts or tissues of a discased plant, or a plant susceptible to attack by
pathogens, with cinnamaldehyde, whether incorporated or not in nanoparticles or nanoemulsions,
and a penetrating solvent in an amount sufficient to control growth of target pathogenic
organisms,

{833%] In some embodiments, the compositions taught herein are effective as antibacterial
curing agents against infections of Liberibacter, including, but not hmited to Ca. L. asiaticus,

causing Huanglongbing (HLB) discase.
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{0040} In some embodiments, the composition of the present invention comprises a solution of
aromatic aldchyde incorporated in nanoparticles or nanoemulsions in greater than 3% DMSO,

cthyi or isopropyl alcchol.

{8041} In other cmbodiments, the composition of the preseunt invention comprises a solution of
aromatic aldehyde, incorporated or not into nancemulsions or nanoparticles of less than 200 nm

in size and in water.

[0042] In other embodiments, the composition of the present invention comprises a solution of
aromatic aldehyde, incorporated or not into nanocmulsions or nanoparticles of less than 200 nm

in size and in greater than 10% DMSO,

{8043] In somc cmbodiments, the composition relates to an injectable solution of aromatic

aldchyde incorporated or not in nanocmulsions or nanoparticles in water,

{8044] In somc cmbodiments, the composition relates to an injectable solution of aromatic

aldchyde incorporated or not in nanocmulsions or nanoparticies in greater than 5% cthyl alcohol

{8045] In somc cmbodiments, the composition relates to an injectable solution of aromatic
aldchyde, incorporated in nanoemulsions or nanoparticles or not and between 0% and up to

100% DMSO.

{8046] In another embodiment, the invention rclates to a solution of aromatic aldehyde,
incorporated in nanocmulsions or nanoparticics or not and any suitable polar solvent or

combination of solvents.

{8047] In onc cmbodiment, the taught composition is a solution comprising about 1.5%
cinnamaldehyde imcorporated into nanoparticles in about 70% isopropanol or ethanol.

{0048] In onc embodiment, the taught composition is a solution comprising at least about 1.5%
cinnamaldehyde incorporated into nanoemulsions in water,

{0049] In a further embodiment, the taught composition is a solution comprising less than or

equal to about 9% cinnamaldehyde incorporated into nancemulsions in water.

{8050] In another cmbodiment, the taught composition is a solution comprising about 1.5%

cinnamaldchyde in about 50% DMSO.

~1
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{0051} In another cmbodiment, the taught composition is a solution comprising about 1.5%

cinnamaldehyde in about 100% DMSO.

[0052] In another embodiment, the taught composition is a solution comprising about 1.5% to

about 3% cinnamaldehyde in an emulsion formed using TPGS.

{0053} In another embodiment, the taught composition 15 a solution compwising about 1.5% to

about 3% cinnamaldchyde in a solution of zinc sulfide nanoparticies.

{0054} In another cmbodiment, the taught composition is a solution comprising about 1.5%

cinnamaldehyde in a solution of PLGA nanoparticles.

[0055] In another cmbodiment, the taught composition is a solution comprising about 1.5%

cinnamaldehyde in a solution of zinc oxide nanoparticles.

{0056} The compositions of cinnamaldchyde, cinnamaldchyde incorporated in nanoparticles
and plant ccH penctrating solvent such as DMSO or cthanol according to the present invention
provide enhanced permestion of cinnamaldchyde, and combined with the natural defense
systems of plants, or combined with a synergistic additional clemcent, cither a chemical or the
genetically cnhanced defense systems of plants, provides a cure for discases caused by

Liberibacters and likely other bacteria that live within living plant cells,

{0057] BRIEF DESCRIPTION OF THE DRAWINGS

[0058] Figure 1. Normalized percent infection rate with Las of Hamlin citrus trees grafted onto
Swingle citrumello rootstock, as measured over a period of approximately seven months. Results
arc presented as % Las infection (total number of positive leaf samples (assessed by gPCR as
described in Example 5) divided by the total number of leaf samples taken per treatment on g
given sampling date). Samples were taken monthly over a period of 6-7 months. Each bar in
Figure | represents average % Las infection for cach treatment of 10 trees, with data combined
for cach 2 month period. The "0 month"” samples are pooled averages of all trees sampled 1o cach
treatment before any itreatments. Data are presented are normalized such that pre-treatment
infections are 100%. Non-overlapping Standard Errors are sigoificant at P < §.05. The control
group comprises 5 trees that were sprayed with 50% DMSO and § trees that were injected with

50% DMSO. The experimental treatments were as follows, Treatment 1 frunk injection with

e
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40ml per tree of 1.5% (w/v) cinnamaldchyde in 50% DMSQO, followed by reapplication at month
4; Treatment 2: foliar spray with 800ml per tree of 1.5% cinnamaldehyde in 50% DMSO,
followed by reapplication at month 4; Treatment 3: 2.5g wet weight ZnO nanoparticles diluted
to 4L {0.0625% Zn0) using 70% isopropanol and sprayed at 800ml per tree; Treatment 4. 5%
cinnamaldehyde i 250l isopropanol loaded onto 2.5g wet weight Zn0O nanoparticles and
diluted to 4L (0.0625% Zn0) using 1.5% cinnamaldehyde in 70% isopropanol and sprayed at
800ml per tree; Treatment §; 2.5¢ wet weight Zn0O nanoparticles dihuted to 7530ml using 70%
isopropanol {8.33% Zn0) and ingected 40ml per tree; Treatment & 5% cinnamaldehyde in
250ml 70% isopropanol loaded onto 2.5g wet weight Zn0O nanoparticles and diluted to 750ml
{0.33% Zn0) using 1.5% cinnamaldehyde in 70% isopropanol and injected 40ml per tree;
Treatment 6. Treatment 7: spray of 800 mi per tree of PLGA nanoparticles plus
cinnamaldehyde as described in Exarople 10; Treatment 8: iryection of 40 wl per tree of PLGA
nanoparticles pins cinnamaldehyde as described in Example 10; Treatment 9: injection of 40 ml
per tree of PLGA nanoparticles lacking cinnamaldehyde in the diluent as described in Example
10; Treatment 10: mmjection of 40 ml per tree of PLGA nanoparticles plus cinnamaldehyde as
described in Example 11; Treatment 11: injection of 40 mi per tree of a 1:1 dilution of the
treatment 1¢ sohution as described in Example 11; Treatment 12: spray of 800 mi per tree of
PLGA nanoparticles plus cinnamaldehyde product dilnted 1:5.3 using 50% DMSO plus 1.5%
cinnamaldehyde as diluent as described in Example 11; Treatment 13: spray of 800 mi per tree
of a 1:5.3 dilution of the 800 mi per tree of PLGA nanoparticles plus cinnamaldehyde product
using water as diluent as described in Example 11; Treatment 14 injection of 40 mi per tree of
Zn8 nanoparticles plus 3% cinnamaldehyde product and 50% DMSO as described in Example
; Treatment 15 spray of 800 mi per tree of a solution of the treatment 14 injection diluted
with 25% DMSO as described in Example 12; Treatment 16: injection of 40ml per tree of ZnS
nanoparticles plus cinnamaldechyde and PEG product, and 25% DMSO as described in Example
13: Treatment 17: spray of 800 mi per tree of a diluted solution of the treatment 16 injection in
25% DMSO as described in Example 13; Treatment 18: a 40 ml injection of 1.85% SA in
water; Treatment 19: spray of 2 L per trec of 3.7% SA in water; Treatment 20 injection of 40
ml per tree of ZnS nanoparticles capped plus cinnamaldehyde product, plus 1.85% SA, and 25%
DMSOG as described in Example 14; Treatment 21 spray of 2 L per trec of a solution of the
treatment 20 injection diluted 1:40 with 10% DMSO and 3.7% SA as described in Example 14,

o
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[0059] Figure 2, Hamlin orange fruit yicld, measured by pounds of frutt harvested per tree,
represented as total fruit weight per tree measured. The control and experimental groups arc as

described above in Figure 1. Non-overlapping Standard Errors are significant at P < 0.05.

{0060] Figure 3. Transnussion clectron micrograph (TEM} of PLGA nanoparticles having
been sonicated and capped with cinnamaldehyde. The cinnamaldchyde-capped PLGA
nanoparticles were estimated to range in size between 60 to 180 nm, as demonstrated in the

micrograph

{0061] Figure 4, Transmission clectron micrograph {TEM} of ZnS nanoparticles created in the
presence of cinnamaldchyde and DMSO. The cinnamaldchyde-capped ZnS nanoparticles were

estimated to be between 2 to 4 nm, as demonstrated jo the nucrograph.

[6062] DETAILED DESCRIPTION OF THE INVENTION
18063] Citrus Greening

{0064] Huanglongbing (HLB), commonly known as citrus “grecning” discase, is caused by a
partially systemic bacterial infection of frees and other crop specics, leading to leaf discoloration
and reduced fruit production. In Florida, the spread of the invasive HLB discase presents g
major threat to the citrus industry, whose loses due to this infection have rcached millions of
dollars per year. Since the insect vector has reached Texas and California, it is only a matter of

time until the disease breaks out in those states as well,

[8065] HLB has been associated with infections from three hiberibacter species: Candidatus
Liberibacter asiaticus (Las) for the discase in Asia, Ca. L. africanus (Laf) for the discase in

Africa, and Ca. L. americanus (Lamy, for the discase in the Americas.

[8066] All three citrus liberibacters arve uncultured and phloem-hmited. That is, these bacteria
five in plants entirely within living plant phloem cells, Las is the most widely distributed by far,
In the whole of Asia, from the Indian subcontinent to Papua-New Guinea, HLB 15 exclusively
caused by Las and transmitied by the Asian citrus psyllid, Diaphorinag citri. Prior to 2004, Las
was reported present only in Asia; it is now reported present in North, Central and South
America. In Africa and Madagascar, HLB is caused by Laf and transmitted by the African citrus

psyilid, Trioza ervireae. The “African” disease occurs in cool areas, often above 600 m altitude,

10
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with temperaturcs below 30°C. Both Laf and 7. ervirece arc native to Africa (Hollis, 1984,
Beattie ct al., 2008; Bov¢, 2013) and both are heat sensitive (Moran and Blowers, 1967; Catling,
1969; Schwarz and Green, 1972; Bové et al, 1974). In Brazil, both Las and Lam arc transmitted
by D, citri, the Asian citrus psyllid. Lam is significantly less heat tolerant than Las (Lopes et al.,

2009b).

[6067] Beside the three citrus Liberibacters associated with HLE, three non-citrus Liberibacter
species have been described. Ca. L. solanacearum (Lso), has been identified as the causal agent
of serious diseases of potato (“Zebra chip”), tomatoe (“psytlid yellows™) and other solanaceous
crops in the USA, Mexico, Guatemala, Honduras, and New Zealand (Hansen ef /., 2008; Abad
el al., 2009; Licfung et a/., 2009; Secor ef al., 2009). In solanaceous crops, Lso is vectored by
the tomato/potato psyllid Bactericera cockerelli. More recently, a different haplotype of Lso
was found infecting carrots in Sweden, Norway, Finland, Spain and the Canary Islands (Alfaro-
Fernander et al., 2012a, 2012b Munyaneza et al,, 2012a, 2012b; Nelson et al., 2011). The carrot
haplotype of Lso is spread by the carrot psylhd Trioza apicalis, which does not feed on
Solanaceae. A fifth species of Libertbacter, Ca. L. auropacus (Leu) was recently found in the
psvilid Cacopsylla pyri, the vector of pear decling phytoplasma. With C. pyri as the vector, Leu
was transmitted to pear trees in which the Hberibacter reached high titers but did not induce
symptoms, thus behaving as an endophyte rather than a pathogen {Raddadi et al,, 2011}, Finally,
a sixth species of Libenbacter, Liberibacter crescens (Ler), was recently characterized after
isolation from diseased mountain papaya {Babaco). Except for Ler, which is not known to be
pathogenic, all other described Liberibacters arc pathogenic and must be injected into living
plant cells by specific insects. Furthermore, the pathogenic Liberibacters can only live within

speeitic inscet and plant cells; as obligate parasites, they do not have a free living state.

18068] To date, Ler is the only Liberibacter to be grown in axenic culture {(Leonard et al.,
2012}, and thus can serve as a proxy for in vitro testing of antimicrobial chemicals. Ler has not
been reported to date to have been successfully reinoculated and grown in any plant. In plants,
Liberibacters live entirely within living phloom cells. They become partially systemic in plants,
moving from the site of injection by phloem to the roots and to newly forming leaf and stem
tissues. Exposurc of these bacteria to cheomicals that may control them requires that the
chemicals first penetrate multiple plant or insect cell layers and then to move in a systemic or

Semi-8ysiomic manner.
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10069] Discase Adaptations may Help Citrus Greening Bacteria Avoid Triggering the

Plant Innate Immune System

{0070} Despite the fact that Las and Lam have an intact outer membranc and presumably Lso
docs as well (Wulffe ot al,, 2014), most of the genes required for hipopolysaccharide (LPS)
biosynthesis that are found in Las and Lso arc missing from Lam, including /px4, /px&, and
{pxC, which are involved in the first steps of the biosynthesis of lipid-A. Lack of LPS in Gram-
negative species s very rare but the barrier function served by the LPS may not be needed by
pathogenic Liberibacters. If the LPS is not needed as a barrier function in one Liberibacter then
it may not function well as a barrier in the others, which may provide opportunities for unusual
chemical control measures that would not hikely work against bacteria with typical LPS bartiers.
Some promising chericals are currently 1n field trials. Broad-spectram antibiotics injected into
trees have resulted in some degree of success, including penteillin G (Aubert and Bove, 1980,

Zhang, Duan et al,, 2010; Zhang, Powell et al,, 2011},

{0071] Indeed, the barricr function normally provided by the LPS may be at least partially
compensated by production of other classes of lipids in the outer membrane. For example,
Treponema denticola was shown to be nussing LPS but possessing instead a hipoteichoic acid-
iike membrane lipid, core structare and repeating units that functioned as a substitute permeation
barrier (Schultz et al., 1998}, Similarly, Sphingomonas paucimobilis (Kawahara et al., 1991) and
S capsulate {(Kawabara et al, 2000} are devoid of LPS, but have as substifutes
glvcosphingolipids containing (S)-2-hydroxymyristic acid.  In addition, Sorangium cellilosum
produces sphingolipids as the major Hpid class in the outer membrane, together with ornithine-

containing lipids and cther lipids (Keck et al, 2011).

{0672} The loss of the Lam LPS indicates a distinct selection advantage served by losing the
LPS, which is a major elicitor of plant innate immunity, or natural defense response. The LPS is
one of several classic “pathogen-associated molecular patterns” or PAMPs, which are generally
conserved molecules of microbial origin that are recognized by specific plant receptors, often in
a synergistic mannet, to trigger both carly and late defense responses, inchiding the oxidative
burst, salicylic acid (SA) accumulation and callose deposition {(Zipfel & Robatzek, 2010).
Importantly, a defective LPS can still be capable of inducing PAMP triggered immunity {(Deng ot

al., 2010},
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{00731 Plant pathogenic microbes must cither avoid PAMP recognition or actively suppress the
plant defense responses that result from such recognition (Hann et al., 2010). Clearly, defecis in
the LPS barrier function would render Lam mwuch more sensitive to innate plant immunc
responses than to most plant pathogenic microbes, but loss of all LPS components capable of

PAMP activity should result in a reduced response 1o the first place.

{8074] In addition to missing nearly all LPS cncoding genes, Lam is also missing a key outer
membrane protein and known PAMP clicitor, OmpA, which helps stabilize the outer membranes
of Grarn negative bacteria, providing s structural shape, and anchoring it to the peptidoglycan
laver (Smith et al. 20073, OmpA is the mwost abundant outer merabrane protein in Enterobacteria
{Bosshart et al. 2012); 1t 1s present at 100,000 copies celi-1 1 E. coli (Kocbnik ¢t al. 2000). In E.
coli, OmpA 1s believed to be a weak porin, involved in diffusion of nornspecific small solutes
across the outer membrane (Sugawara and Nikaido 1992). OmpA 15 a major PAMP (Jeannin ¢t

al., 2002).

{8875] The phosphatidylchohine (PC) synthase pathway (de Rudder et al, 1999), which is
pnigoe to a small nurmber (10-15%) of bacteria, including Rhizobium and Agrobacterium (Geiger
et al., 2013} is found in all sequenced Liberibacters (Lam_ 551, CLIBASIA 03680, CKC 04930;
B48E_05590), and could cnable PC biosynthesis from the abundant choline present in either
plant or insect bost. In those bacteria synthesizing PC, PC strongly affects the physicochemical
properties of the bacterial membranes {Geiger et al., 2013}, dgrobacierium tumefaciens mutants
lacking PC are markedly impaired in virulence and are hypersensitive to detergent {Wessel et al,
2006). Finally, Thermus thermophilus has vo LPS but polar glvcolipids and a phosphoglycolipid

were detected in the outer membrane (Leone et al., 2006}

{0876] Although a nearly complete set of flagellar biosynthetic genes were reported in Las,
some of the flagella biosynthetic genes were reported as pseudogenes {Duan et al., 2009).
However, no Las or Lam flagella have been reported observed in any publications, despite
numerous electron micrographs of these bacteria infecting plants and psyliids (for example,
Bove, 2006). The lack of flagella indicates inability to produce or activate flagellin expression,
resulting in loss of this PAMP activity. Both Las and Lam have clearly evolved a strategy of
PAMP avoidance, duc to an intracellular lifestyle that depends upon avoidance of activation of

host defense and ccll death responses. Any chemicals that trigger plant defense responses, such
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as salicyclic acid (SA) (Pieterse et al, 1996} or nconicotinoid pesticides (Ford et al, 2010)
would place the Liberibacter outer membrane barrier function as a likely very sensitive last line

of defense against these plant defenses.

{8077] Liberibacter spread is controlied primarily and poorly through control of the psylid
vector, primartly through the use of nconicotinoid pesticides. There arc no known effective
control measurcs known against the systemic Liberibacter pathogens in plants, and no known
way to cure an infected plant. Since the HLB disease causes such severe citrus fruit losses and
eventually death of the citrus tree, and since citrus trecs in groves can last 15-25 years, these

irees represent a considerable investment. A cure for the disease 1s urgently needed.

18078] Treating Citrus Greening (Huanglonghing or HLB).

{8079] The present invention is based in part on the discovery that aromatic aldehydes, when
combincd with a solvent penetrant such as DMSO or formulated into nanoparticles (NPs) or NP
cnuiisions (hereafter referred to as NPs) and cither combined with a solvent pencirant (such as
cthanol or DMS(O) or a surfactant penctrant (such as TPGS, Dodecanoic acid, Octadecanoic acid,
Tetradecanoic acid, or Tween 20 or not, can provide a beneficial phyiotoxic composition capable
of treating HLB caused by liberibacter infections. While the inventors do ot wish to be bound
by any one theory of function, they hypothesize that penetration of low levels of aldehydes
through the plant cells by the action of DMSO and/or surfactant and/or by virtue of the small size
of the NP delivery vehicle and slow release features of causes fatlure of the Liberibacter oute
membrane barrier function. Thus the inventors hypothesize that when combined with the non-
lethal phytotoxic stress responses caused by the application of the composttions of the present

invention, a beneficial systemie clearing effect is caused in the plant.

[8080] Cinnamaldehyde as a disinfectant

[0081] Cinnamaldehyde is an organic aromatic aldehyde compound that is best known for
giving cinnamon its flavor and odor. The pale yellow viscous Higuid occurs naturally in the bark
of cinnamon trees and other species of the genus Cinnamomum. Plants that make essential oils

such as cinnamaldehyde reportedly synthesize the compounds in plastids, where they are

14
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released into the cytoplasm and secreted through the surrounding plasmalenuma (cell membranc)
and arc at least locally transported into specialized cells that developed lignified and suberized
(thickened) cell walls, become metabolically mactive, and compartmentalize these often toxic
components from metabolically active cells (Geng ot al, 2012 and references therein).
Cinnarnaldehyde can account for 60%-90% of the essential oils of some plant species, an amount
that s toxic to surrounding metabolically active cells of the producing plant (Geng et al., 2012).
Cinnamaldebyde is well known to be phytotoxic when used as an mnsecticide on herbaceous

plants (Cloyd & Cycholl, 20023,

[8082] The high volatility and phytoxicity of cinnamaldehyde has led to recommendations for
its use primarily as a disinfectant (Pscheidt and Ocamb, 2014). Because of s disinfecting
propertics, cinnarnaldehyde has also found limited use in agricultaral settings for surface contact
pest control, when combined with additional preservative compounds. One plant essential ol
previously used in agricultural applications and now discountinued was ProGuard RTM 30%
Cinnamaldehyde Flowable Insecticide, Miticide and Fungicide (UK. Pat. Nos. 6,750,256 Bl and
6,251,951 B1}, containing the chemical preservative o-phenyiphenol. 11.S. Pat. No. 4,978,686
discloses that an antioxidant is required for use with cinnamic aldehyde for a composition which
is used for application to crops. A method of protecting crops from attack of pests inchuding
insects using a composition comprising cinnamaldehyde and also requiring an antioxidant is
disclosed in U.S. Pat. No. 4,978,686, Protection of crops against insect pests by applving an
aqueous composition containing a cinnamaldehyde is disclosed in French patent application
2529755, U.S. Pat. No. 2,465,854 describes an insecticidal composition containing a

cinnamaldchyde derivative.

{B083] In all these cases, however, cinnamaldehyde has ounly been effective as a contact
insecticide, nomaticide, miticide or fungicide, applied to the plant surface as a spray or as a soil
drench, but with no cstablished valae beyond that of a disinfectant. Detergents or emulsifying
agents are used to formulate the concentrated product. Not contemplated or suggested were
nanoparticle or nanocmulsion formulations containing cinnemaldehyde. Also not contemplated
or suggested were applications of cinnamaldchyde to control bacterial infections of plants,
particularly to control internal bacterial infections of plants or insects, nor more particularly to

control of bacteria that colonize plants or insccts intracellularly, since contact with such

o
(3]
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pathogens would not likely occur, and in addition, either phytotoxicity or insect toxicity would

be expected.

{8084} In some embodiments, the cinnamaldehyde of the present invention may be prepared by
various synthetic methods known to those skilled in the art. For example, sce, J. March, ed.,
Appendix B, Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 2nd Ed,,
MeGraw-Hill, New York, 1977, Cinnamaldchyde may be prepared synthetically, for exampie, by
oxidation of cinnamyl alcohol (Traynelis et al, J. Am. Chem. Soc. (1964 86:298) or by
condensation of styrene with formyimethylaniline (Brit. patent 504,125). Cinnamaldehyde may
also be obtained by solation from natural sources as known to those skilled in the art. Non-
himiting examples of cinnamaldehyde sources include woodrotting fungus, Stereum subpileatum,
or species of the genus Cinnamomum among other sources (Birkinshaw et al., 1957, Biochem. J.
66:188). In particular, cinnamaldehyde 1s the major component of cinnaroon oil, comprising 85%
of the essential oil and the purity of the cinnamaldehyde 1o the oil is high (395%;) (Oot et al,,
2006). Cinvamon bark extract has been approved as a GRAS {Generally Recognized as Safe)
material for food use based on 21 CFR {Code of Federal Regulation) part 172.515 {(CFR 2009}
Cinnamon bark extract contains multiple active compounds, including cinnnemaldehyde, that

inhibit microorgamisms (Burt 20043,

{00881 A number of the aromatic and aliphatic aldechydes may also find use in the subject
invention, such as benaldehvde, acetaldehvde, piperonal, and vanillin, all of which are generally
regarded as safe (GRAS} synthetic flavoring agents (21 CFR 172.515). In some embodiments,

Coniferyl aldehyvde may also find use in the subject invention.

[8086] Cell penectrants

{08871 The present invention provides for plants, seeds, scedlings and plant parts such as fruit
substantially free of svstemic bacterial plant pathogens, particularly those plants, seeds, scedlings
and plant parts previously infected with systemic bacterial pathogens of the genus Liberibacter.
In some embodiments, the present invention also provides methods for controlling further
systemic bacterial pathogen infections of plants using at least one aromatic aldehyde and a polar

solvent and/or plant cell penctrant.
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{8088} In some embodiments, the at lcast onc aromatic aldehvde is combined with a cell
penctrant such as a nanocmulsion and/or nanoparticles. In some embodiments, the at lcast one
aromatic aldchyde is combined with a cell penctrant such as Dodecanoic acid, Octadecanoic

acid, Tetradecanoic acid or TPGS.

[8089] In other embodiments, the at least one aromatic aldehyde is combined with a DMSO
cell penetrant. While DMSO has been demonstrated to be cffective as a cell penctrant, its
phytotoxicity has always been considered fo be a negative atinibute, himiting its practical

application in agricultural settings.

{0090} The present invention discloses the surprising finding that the phytotoxicity of sromatic
aldehydes such as cinnamaldehyde, in penctrating solvents such as DMSO or formed into
nanoemulsions or nanoparticles, 1f appropriately calibrated in dose, can be used to enhance a
plant's natural resistance against certain bacterial pathogens that systemically infect a plant,
which is to our knowledge a previously unrecognized property of these compounds. In addition,
the present invention discloses a synergistic anti-bacterial effect of aldehydes in combination
with DMSO or formed inte nanocemulsions or nanoparticles using specific emulsitying agents

applicd at discernably phytotoxic levels,

{8091} In some embodiments, cell penetrants are utilized at concentrations of at or about 0.1 %,
0.2%., 0.3%, 0.4%, 0.5%, (.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%

20%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18% 19%, 20%, 21%, 22%, 23%, 24%, 25%,
25%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36° 38

42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, ¢

.
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2%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%
4%, 75%, 76%, T7%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, §7%, 88%, 89%,
9%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, and 99% by weight or by volume; wherein

the at or about modificr applies to cach of the above percentages.

{83921  In some embodiments, cell penctrants comprise at or about 8.1%, 0.2%, 4.3%, 0.4%,
0.5%, 0.6%, 0.7%, (.8%, .9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 20%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18% 19%, 209%, 21%, 22%, 23%, 24%, 25%, 25%, 27%, 28%, 29%,
30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%,
46%, 47%, 48%, 49%, 50%, 51%. 52%, 53%., 54%, 55%, 56%, 57%, 58%, 58%, 60%, 61%,
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62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, 71%, 72%, T3%, 74%, 75%, T6%, 77%,
T8%, 7%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%., 98%, or 99% of the final solution; wherein the at or gbout modifier

applics to cach of the above percentages.

{6093} Nanoemulsions

{8094} FEmulsions refer to a muxture of two or more liquids that are, under standard
circumstances, normally immiscible (unmixable or unable to be blonded). Examples of

emulsions include vinaigrettes, milk, and mayvonnaise.

{8095] Nanocoulsions differ from cmulsions in that dropict sizes are typically equal to or
smaller than 250 nm. Nanocmulsions do not form spontancously; an external shear must be
applicd to rupture larger droplets into smaller ones and relatively little is known about creating
and controlling nanocmulsion formation {Mason ef ¢f.}. It is generally accepted that the choice of
a carrier or adjuvant, emulsifying or dispersing agent scldom increasces the penetration of a given
agent, since their role 1s merely to bring the agent into better distribution or contact with the plant
surfaces. Few substances are known to be true plant cell pencivants, and none which may he
applied generally with any specific agent to materially increase penetration of the agent; these
must be discovered. Nanoermulsions and nano-scale emulsions are used as synonyms for the
same term within the present disclosure.

[80%6] In some embodimoents, the present invention teaches the use of nanoemulsions to freat
citrus greening disease. Donsi et al (2012) teach the encapsulation of carvacrol, imonene and
cinnamaldehyde in nanoemulsions prepared by high pressure homogenization and stabilized by
different emuldsificrs, such as lecithin, pea proteins, and Tween 20. Such preparations are taught
as antimicrobial when applied in direct contact with the microbes, and are thought to be useful in
food processing, inchiding incorporation into food products or packaging. However, there is no
teaching or suggestion that such nanoccmulstons could be used to control diseases attacking hiving

plants, much less for the treatment of systemic endophytes in plants or insects.

{83971 In some embodiments, emulsions and nanocemulsions are created in the presence of an

ermlsifving agent. In some embodiments, emulsifying agents may be selected from, but not



WO 2015/143444 PCT/US2015/022046

Himited to, the following: accompanicd by corresponding CAS Registry Number: Ammonium
stearate, 1002-89-7; Ascorbyl palmitate, 137-66-6; Butyl stearate, 123-95-3; Calcium stearate,
1592-23-0; Diaglyceryl monooleate, 49553-76-6; Diglyceryl monostearate, 12694-22-3;
Dodecanoic acid, monoester with 1,2, 3-propanctriol, 27215-38-9; Glycerol monoolcate, 111-03-
5; Glyceryl dicaprylate, 36354-80-0; Glycervl dimoyrnistate, 53563-63-6; Glyceryl dioleate,
25637-84-7; Glyceryl distearate, 1323-83-7; Glyceryl monomyristate, 27214-38-6; Glyceryl
monoactanoate, 26402-26-6; Glyeeryl monooleate, 25496-72-4; Glyceryl monostearate, 31566-
31-1; Glyeceryl stearate, 11099-07-3; Isopropyl myristate, 110-27-0; Lecithins, 8002-43-5; 1-
Monolaarin, 142-18-7; |-Monomyristin, 589-65-4; Monopalmitin, 26657-96-5; Octanoic acid,
potassium salt, 764-71-6; QOctanotc acid, sodium salt, 1984-06-1; Oleic acid, 112-80-1; Palmitic
acid, 57-10-3;  Polyglyceryl  oleate, 9007-48-1; Polyglyceryl  stearate, 9009-32-9;
Polyoxyethylene sorbitan monolaurate {Tween 20), 3005-64-5; Potassium myristate, 13429-27-
1; Potasstum oleate, 143-18-0; Potassium stearate, 593-29-3; Sodium oleate, 143-19-1; Sodium
stearate, 822-16-2; Soya lecithins, &030-76-0; Tocophervl polyethylene glveol succinate (TPGS),

G002-96-4; Vitamin E, 1406-18-4; 557-035-1, and Zing stearate, 5357-05-1.

[B098] In a further embodiment, the present invention teaches the use of cinnemaldehyde

ermilsions with up to 9% cinnamaldehyde

{83991 In some embodiments, the present invention teaches the use of TPGS, Vitamin E,
Dodecanoic acid, Octadecanocic acid, Tetradecancic acid, lecithin and Tween 20 o form
emulsions with an aldehvde, ¢.g., cinnamaldehyde, for treating citrus greening. In some

embodiments, multiple emulsifying agents are utilized in creating emulsions and nancemulsions.

{83100} In some embodiments, the nancemulsions comprise droplets that are less than at or
about 250 nm, 245 nm, 240 nmy, 235, nm 230 nm, 225 am, 220 am, 215 nm, 210 am, 205, om
200 nm, 195 nm, 190 nm, I8S am, 180 nm, 175 nm, 170 nm, 165 nm, 160 nm, 155 mm, 158 om,
145 nm, 140 nm, 135 nmy, 130 nm, 125 om, 120 nmy, 115 nmy, 110 nm, 105 nm, 100 nm, 95 nm,
90 num, 85 nm, &0 nm, 75 nm, 70 nm, 65 nm, 60 am, 35 nm, 50 nm, 45 nm, 40 nm, 35 om, 30
nm, 25 nm, 20 nm, 15 nm, 10 nm, 3 nm, 4 nm, 3 nm, 2 nm, or } nm; wherein the at or about

modifier applics to cach of the specified sizes above.

{66101} In some cmbodiments, the nanoemulsions comprise droplets that range in size from

between about L nmto Snm, 1 pmto 10 nm, 1 nmto 30 nm, 1 nmto 100 nm, 1 nmto 150 nm, 1

19
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nm to 200 nm, | nm to 250 nm, 5 nm to 10 nm, 5 nm to 50 nmy, 5 nm to 100 nm, 5 nm to 150
i, S nmto 200 nm, 2 nmto 250 nm, 0 nmto S0 nm, 10 nm to 180 nm, 10 nmto 150 nm, 1010
200 nm, 10 nm to 250 nm, 25 nm to 30 nm, 25 nom to 100 nm, 25 nm to 150 am, 25 nm to 200
mm, 25 am o 250 nm, 50 nm to 100 nm, 50 nm to 150 nm, 50 nm to 200 nm, 50 nm to 250 nm,
100 nm to 150 nm, 100 mm to 200 nm, 100 nm to 250 nm, 150 nm to 200 nm, 150 mm {0 250 nm,

and 200 nm o 250 no; wherein the about modifier applies to each of the ranges above

{60102} Adjuvants

{00103} Adjuvants arc understood to comprise any substance in a crop pest control formulation
that 15 added to the spray tank to improve pest control activity or application characteristics.
Spray adjuvants arc generally grouped into two broad categorics which arc known as activator

adjovants and special purpose adjuvants,

{00104} Activator adjuvants are used to enhance pest control performance through modulating a
pesticide’s activity, absorption into plant fissue, rainfastness (persistence), and photodegradation.
Some common activator adjuvanis include surfactants, oils, nitrogen fertilizers, spreader-
stickers, wetling agents, and penetrants. Surfactants act through reducing the surface tension
between the spray droplet and a leaf surface. Surfactants can be categorized as nonionic, anionic,
cationic, amphoteric, and organosilicone surfactants.  Oil adjuvanis can be categorized as

petroleum oils and plant oils, ¢.g., vegetable oils for penetrating the waxy cuticle.

{00105} Special purpose adjuvants are used to widen the range of conditions under which a
given formulation is useful and may cven alier the physical characteristics of the spray solution,
Coramon special purpose adjuvants may include compatibility agents, buffering agents, antifoam

agents, and drift control agents.

[80106] Tn some embodiments, adjuvants are utilized at concentrations at or about $.1%, 0.2%,
8.3%, 0.4%, 0.5%, 0.6%, 0.7%, .8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, 20%, 1 1%,
12%, 13%, 14%, 15%, 16%, 17%, 18% 19%, 20%, 21%, 22%, 23%, 24%, 25%, 25%, 27%,
28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%,
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53

60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 6%%, T0%, T1%, 72%, 73%, T4%, 75%,

%, 54%, 55%, 36%, 57%, 58%, 59%,

20
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76%, T7%, 78%, 79%, 80%, 81%, 82%. 83%, 84%, 85%, 86%, 87%, 88%, 8%%, %, 21%,
92%, 93%, 4%, 95%, 96%, 97%, 98%, and 99% by weight or by volume; wherein the at or

about modifier applics to cach of the specified sizes above.

{80107] In some cmbodiments, adjuvants comprise at or about 0.1%, 0.2%, 0.3%, 0.4%., 0.5%,
0.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 3%, 6%. 7%, 8%, 9%, 20%, 11%, 12%, 13%, 14%

15%, 16%, 17%, 18% 19%, 20%, 21%, 22%, 23%, 24%, 25%, 25%, 27%, 28%, 29%, 30(%,

31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%,
47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%
63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, 7%, T2%, T3%, T4%, 75%, 76%, 7T7%, 78%,

7%, 80%, 81%, §2%, 83%, 84%, 85%, 86%, §7%, 88%, &9%, 90%, 91%, 92%, 93%, 94%,
959%, 96%, 97%, 98%, or 99% of the final solution; wherein the at or about modifier applies to

cach of the specified sizes above.

[60108] Nanoparticles

[00109] In some embodiments, the present invention teaches the use of nanoparticles to treat
citrus greening discase. Nanoparticles (NPs) are gaining widespread aticntion due fo the
significant and unexpected changes in the properties of nano-scale particles as compared 1o the
properties of the bulk material. For bulk materials larger than one micrometer {or micron), the
percentage of atoms at the surface is insignificant in relation to the nomber of atoros in the bulk
of the material, whereas nano-~scale particles have a much larger surface area to volume ratio,
The high surface arca to vohume ratio of NPs provides a tremendous driving force for diffusion,
and in addition, can strongly affect ability of molecular entry into plants. NPs are adsorbed to

plant surfaces and taken up through natural openings or wounds.

{83110} Tn some embodiments, the present invention teaches the use of ZnG NPs to treat citrus
greening. NPs made of zine oxide (Zn(3} can be manufactured by many methods, and several of
the methods lead to ZnO NPs that are in the range of 2 nm (Xie et al, 2011). Like
cinnamaldehyde, Zn(d NPs have also been shown to exhibit surface disinfectant properties (Hsu
et al., 20133, However, there is no teaching or suggestion that such NPs could be used to control

discascs attacking living plants, much less for the treatment of systemic endophytes.
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{80111} In other embodiments, the present invention teaches the use of poly{lactic-co-glveolic
acid) (PLGA) emulsions that form NPs for treating citrus greening. NP sized emulsions made of
PLGA polymer arc widely used in the pharmaccutical industry to: 1) protect active ingredients
from harsh environments; 2} improve delivery of hydrophobic active materials in aqucous
enviormments, and 3} increase cellular uptake of active matenals {(Weiss et al,, 2006; Hill et al,,
2013). In some embodiments, the present invention teaches the wes of PLGA io encapsulate
hydrophobic active materials for treating citrus greening. There is no teaching or suggestion that

sach nanoencapsulation could be used to control discases attacking living plants.

{00112} In other embodiments, the present invention teaches the use zine sulfide (ZnS) NPs that
for treating citras greening. NPs made of zine oxide (ZnS) can be manufactured by many
methods, and several of the methods lead to ZnS NPs that are in the range of 3-4 nm, depending
upon the capping agent used; capping agents include proteins, amino acids and polymers such as
PVP (Wetlnau et al, 201 1), A further advantage of ZnS over ZnQ 18 that ZnS is known to have

more antibacterial against £, coli and negligible mammalian cell toxicity (Li et al, 2010).

[80113] In some embodiments, the PLGA, ZnS, or Zn0 of the nanoparticles are present in a
range of at or about 0.01-0.1%, 0.01-0.09%, 0.01-0.08%, 0.01-0.07%, 0.01-0.06%, 0.01-0.05%,
0.01-0.04%, 0.01-0.03%, 0.01-0.02%, 0.02-0.1%, 0.02-0.09%, 0.02-0.08%, 0.02-0.07%, 0.02-
3.06%, (.02-0.05%, 0.02-0.04%, 0.02-0.03%, 0.03-0.09%, 0.03-0.08%, (.03-0.07%, 0.03-0.06%,
(.03-0.05%, 0.03-0.04%, (.04-0.09%, (.04-0.08%, $.04-0.07%, 0.04-0.06%, 0.04-0.05%, 0.05-
$.09%, (.05-0.08%, 0.05-0.07%, 0.05-0.06%, 0.06-0.09%, 0.06-0.08%, (.06-0.07%, 0.07-0.09%,
0.07-0.08%, 0.08-0.09%, and 0.02-0.075% of the total composition; wherein the at or about
modifier applies to cach of the specified ranges above.

{80114] In some embodiments, the PLGA, Zn8, or Zn0 of the nanoparticles are present in an
amount at or about 0.01%, 0.015%, §.02%, 0.025%, 0.03%, §.035%, 0.04%, 0.045%, 0.05%,
(0.055%, 0.06%, 0.0625%, $4.065%, 0.0675%, 0.070%, 0.075%, 0.080%, (.0825%, 0.085%,
3.0875%, 0.090%, 0.0925%, 0.095%, 0.0974%, (0.0975%, and (.1% of the total composition;
wherein the at or about modifier applies to cach of the specified percentages above.

{08115] In other ewbodiments, the nanoparticles may range in size between, or between about,

0.5-1nm, I-20m, 1-3nm, 1-4nm, 1-Snm, 2-3nm, 2-4nm, 2-5om, 3-4nm, 3-5am, 4-5nm, 5-10nm,
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10-15nm, 15-25nm, 25-30nm, 30-75nm, 75-100om, 100-150nm, 150-200nm, 0.5-200am, 1-

150nmm, 2-200mm, 2-1530mm, 2-100mm, 2-73nm, 2-50nm, 2-25nm, 2-150m, and 2-10nm.

{80116} In one specific embodiment, the present invention teaches the use of cinnamaldehyde as

a capping agent, and the resulting NPs formed were in the 3-4 nm size range.

{80117} In a further specific cmbodiment, the present invention tcaches the usc of

cinnemaldehyde loaded with up to 3% cinnamaldehyde.

{00118} The surfacc coating of some NPs 18 crucial to detcrmining such critical propertics as
stability, solubility, shape, size and targeting. ZnO NPs will precipitate in water and  both ZnO
and ZnS NPs show poor stability in water. This is a major advantage in terms of ultimate
breakdown of these NPs within the plant. Thus in some embodiments, the present invention
teaches the use of capping agents, such as cinnamaldchyde, to improve the solubility of NPs. In
some embodiments, capping agents of the present nvention can range from long chain
hydrocarbons, to amino acids, to proteins, to polvhydroxy compounds, which become adsorbed
to the NP and are so strongly bound that they can be difficult to remove (Niu & Lee, 2013). In
other embodiments, the NPs are formed using a surfactant, such as dihydrolipoic acid (DHLA).
fn some embodiments the benefit of using DHELA as a surfactant is that alpha lipoic acid, the
oxidized form of DHLA, is GRAS. Dictary alpha lipoic acid is readily converted to DHLA by
WADH or NADPH is most cells. Although DHLA is not currently on the FDA GRAS list, it is

avatlable over the counter in health food stores as a dictary supplement {anti-oxidant}.

[00119] A number of different materials may be used to formulate NPs of the present invention,

including, but not Himited to: chitosan, PLGA, Zn0 and 7Zn8S.

[80120] Compositions and Methods of Treating Citrus Greening

{00121} In some embodiments, the present invention teaches the use of cinnemaldehyde and
solvent ecither alone or in combination with other active or inactive substances. In some
embodiments, the compositions of the present invention may be applied by spraying, soil
drenches, pouring, dipping, in the form of concentrated hquids, solutions, suspensions, powders
and the like, containing such concentration of the active compound as is most suited for a

particular purpose at hand. Cinnamaldehyde is highly hvdrophobic and phytotoxic to plants
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when used at the standard rate of 4.98 mi per liter of a 30% solution normally used for contact
disinfection {equal to 1.49 mi cinnamaldchyde per liter or 0.15%). The hydrophobic properties of
Cinnamaldeyde in particular can limit its ability to cffectively function as an antibacterial agent
aqueous environments (Kalemba and Kunicka 2003). The inventors of the present invention
discovered that in order to more effectively use aromatic aldchydes in foliar sprays or injectable

formaulations, although the aldehyde and solvent can be formulated alone, the aldehyde can be
rendered more penctrating by including a surfactant such as Tween 80 or Stlwet L77. In some
embodiments of the present invention, other Liberibacter-curing compounds which can be used
alone or in conjunction with the cinnamaldehvde include confervl aldehyde, benaldehyde,

acetaldehyde, piperonal, and vanillin, along with the terpene carvacrol.

{00122} In some embodiments, the present invention relates to a sprayable or injectable sohution

of Liberibacter coring compounds in greater than 5% ethyl aleohol or DMSO.

[80123] In other embodiments, the jovention relates to a solution of aldehvdes and any suitable

polar solvent,

[00124] In some embodiments of the present disclosure, the at least one aromatic aldehvde is
present i an amount of up to at or about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, (.8%,
0.9%, 19, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, 10%, 119, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%., 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% of the total composition; wherein the at or about modifier

applics to cach of the percentages above.

{00125] In some cmbodiments of the present disclosure, the polar solvent is present in an
amount of up to at or about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 1&%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, &0%, &5%, 9(%, 95%, 96%, 37%, 9&%, or 99% of the total composition; wherein the

at or about modificr applies to cach of the percentages above.

[08126] In some embodiments of the present invention, the composition for freating plants
infected with Liberibacters comprises at or about 8.001%, 0.01%, 8.02%, 0.03%, 0.04%, 0.05%,
3.06%, 0.07%, 0.08%, 0.09%, (.1%, 8.2%, 0.3%, .4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9 %, 1%,

%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,

20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 35%, or
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100% of a Liberibacter curing compound; wherein the at or about modifier applics to cach of the

above pereentages.,

{80127} In an ombodiment of the present disclosure, the solution to treat plants infected with
Liberibacters comprises .001% to 10%, or 8.01% to 10%, or .1 to 10%, or 1 to 5%, or 1 to 10%

of a Liberibacter curing compound.
{00128} In some embodiments the Liberibacter curing compound is an aromatic aldehyde.

{00129} In a particular cmbodiment the aromatic aldchyde is cinnamaldchyde:

X

{8130}

{06131} In another embodiment, the aromatic aldehyde is coniferyl aldehvde:

P ARG

{66132}

{66133} In some embodiments, Liberibacter curing compounds are sclected from the group
consisting of cinnamaldchvde, conferyl aldchyde, benaldehyde, acetaldehyde, piperonal, and

vanillin, along with the terpene carvacrol.

180134] In some ombodiments of the present disclosure, the Liberibacter curing compound is
sofubilized in a percent of at or about 1%, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, T0%, 75%, 80%, 85%, 90%, 95%. 99% or 100% polar solvent; wherein the at or about
modifier applics to cach of the percentages above. In some embodiments the protic solvent is
cthanol, methanol, isopropancl, and acctic acid among others.

{00135} In some cmbodiments of the present disclosure, the Liberibacter curing compound is
solubilized in a percent of at or about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,

13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 6(%,

[\
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65%, T0%, 75%, 80%, 85%, 90%, 25%, 99% or 100% DMSO; wherein the at or about modifier

applics to cach of the percentages ahove,

{80136} In some embodiments, the formulation inchudes cinnamaldehyde and/or coniferyi
aldchyde in a formulation involving formation of a nanoparticle and dispersed in an aqucous
solution containing 70% cthanol. One formulation for treating Liberibacter infected citrus, potato
or tomato, contains cinnamic aldchyde and/or coniferyl aldchyde, 0.001% to 10% by weight in
70% cthanol or 50% DMSO. In some embodiments, the total amount of aldehyde(s) present
the formulation as applied to the plant 18 1.5% or less. The formulations are effective and stable
without the use of antioxidants, although particular aldehydes may have inherent antioxidant
propertics, for example, coniferyl aldehyde, Stability of the formulation can be evaluated by a
variety of methods, including accelerated fests in which a formulation of interest 18 exposed to
clevated temperatures over a set time. Samples of the formulations are taken at regular mtervals
and analyzed chemically by methods known to those skilled in the art to determine the rate and

nature of degradation.

{00137} The most effective amount for coropositions including cinnamaldehyde and/or coniferyl
aldehyde which may find use and can be determined using protocols such as those described in
the Examples. In some embodiments an effective treatment amount is at, or at least, 0.01g/l,
80.02g/1, 0.03g/1, 0.04¢/1, 0.05g/1, 0.06g/1, 0.07¢/1, 0.08¢g/1, 0.009g/1, G.1g/1, 0.2¢/, 03¢/, G4/,
0.5¢/4, 0.6g/L, 0.7¢/1, 0.8g/4, 0.9 ¢/, 19/, 2¢/1, 3¢/, 4g/1, 5¢/1, 6g/l, Tg/, &g/l, 9¢g/l, 10g/1, 11g/,
12g4, 13g/l, 14g/l, 15g/1, 16g/L, 17g/L, 18g/1, 19/}, 20g/1, 25¢/1, 30g/1, 35g/1, 40¢g/1, 45g/, 50g/1,
35¢/, 60g/, 65g/4, 70g/1, 75g/1, 80g/L, 85g/t, 90g/t, 9Sg/l, or 100g/1 (w/v) of liberibacter curing
compound. fn some embodiments an effective treatment amount of hiberibacter curing compound
is 0.01 g/t to 25 g/l. These protocols also can be used to optimize cach formulation for specific
conditions as well as for use on specific plants to minimize phytotoxicity while maximizing the

antipathogenic ¢ffect of the formulation.

{B3138] In some embodiments, the formulation comprises a range of at or about 8.01-1g/1, 0.5~
1g/t, 1-5¢4, 1-10g/, 1-20g/1, 1-30g/1, 1-40g/1, 1-50g/1, 1-60g/4, 1-70g/, 1-80g/l, 1-90¢g/l, 1-
100g/1, 2-20g/1, 2-40g/t, 2-60g/1, 2-80g/1, 2-100g/L, 2.5-100g/1, 5-10g/1, 5-20g/1, 5-40g/1, 5-60g/1,
5-80g/1, 5-100g/1, 10-20g/1, 18-40¢/1, 10-60g/1, 10-80g/1, 10-100g/1, 20-40g/1, 20-60g/1, 20-80g/1,
20-100g/1, 40-60g/1, 40-80g/1, 40-100g/1, 60-80g/l, 60-100g/1, 80-100g/1, 25-100¢/1, 50-100g/1,
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75-100g/1 (w/v} of an aldchyde of the present disclosure; wherein the at or about modifier applies

to cach of the ranges above.

{80139} In some embodiments, the formulation comprises at least at or about 0.01g/1, 0.02g/1,
0.03g/1, 0.04g/1, 0.05¢/1, 0.06g/1, 0.07g/, 0.08g/L, 0.09g/1. 0.1g/l, 0.2g/1, 03g/1, 04¢l, 0.5g/1

0.6¢/1, 0.7g/1, 0.8g/1, 0.9 g/l, 1g/, 2g/1, 3g/l, 4g/l, 5g/1, 6g/1, T/, &g/, 9g/l, 10g/1, 11g/l, 12¢/1,
13g/1, 14g/1, 15g/1, Teg/l, 17g/1, 18g/L, 19g/1, 20g/1, 25g/1, 30g/1, 35¢/1, 40g/1, 45¢/1, 50¢g/1, 55¢/1,
60g/1, 65g/1, 70¢/1, 75g/1, 80g/L, 85g/1, 80g/1, 95¢/1, or 100g/1 (w/v) of an aldchyde of the present

disclosure; wherein the at or about modificr applies to cach of the above concentrations,

{00140} In some embodiments, the present invention teaches the use of compositions comprising
nanoparticles. The nanoparticles may be used alone or in combination with other active or
inactive substances. These active or inactive substances may be adhered onto or closely
associated to the nanoparticles, or they may incorporated into the structure of the nanoparticles,

as occurs with nanoparticle capping.

[80141] Tn some embodiments, the vanoparticles comprise zine oxide, zine sulfide, PEG, and
PLGA. In some embodiments an effective treatment amount is at or about 0.01g/, 0.02g/,
0.03g/1, 0.04g/1, 0.05¢/1, 0.06g/], 0.07g/1, 0.08g/L, 0.09¢g/A, 0.1g/1, 0.2¢/1, 03g/1, 04¢l, 0.5¢1,
8.6g/4, 0.7g/1, 0.8¢71, 0.9 ¢/t 1g/, 2¢/1, 3g/1, 4g/b, 5g/l, 6g/l, Tg/t, Bg/l, 9g/l, 10/, 1ig/l, 12¢/1,
13g/t, 14g/l, 15g/, 1eg/l, 17/, 18g/L, 19/, 209/, 25¢/1, 30g/1, 35¢/1, 40¢/1, 45¢/1, 50¢g/l, 55¢/1,
60g/l, 65g/d, 70/, T5g/h, 80g/l, 8S5g/, 90g/l, 95g/t or 100g/ (w/vy of nanoparticles,
nanoemulsions, nanoparticle compositions, or nancemulsion compositions; wherein the at or

about modifier applics to cach of the concentrations above.

{80142] In further embodiments, an cffective treatment amount is at or about .01%, 0.02%,
8.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, (0.09%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,
0.7%, 8.8%, 8.9%, 1%, 2%, 3%, 4%, S%, 6%, 7%, 8%, %%, 10%, 11%, 12%, 13%, 14%, 153%,
16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 99% (w/v} of nanopariicles, nancemulsions, nanoparticle
compositions, or nanoemilsion compositions; wherein the at or about modifier applies to each of

the percentages above.

{00143] In some instances, the efficacy of the formulation can be increased by adding one or

more other components, 1.¢., a compound other than cinnamaldehyde to the formulation where it
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is desirable to alter particular aspects of the formulation. As an cxample, it may be desirable for
certain applications to decrease the phytotoxicity or to increasc the antipathogenic effect of the
formulation {c.g. achicve a reduction in titer, referring to the number of bacteria infecting the
plants, the incidence of discase, or the incidence of discase symptoms} or both. In one
crobodiment, the additional component{s) minimize phytotoxicity while increasing the
antipathogenic effect of the formulation. Of particular interest is the use of a coraponent{(s) which
is a synergist to increase the mean disease resistance while minimdzing the phytotoxic effect as
related to a particular formulation. By "synergistic” is intended a component which, by virtae of

its presence, increases the desired effect by more than an additive amount.

[00144] A synergistic effect can be defined by applying the Colby formula (Colby, R, S,
"Calculating Synergistic and Antagonistic Responses of Herbicide Combinations”, 1967 Weeds,

vol. 15, pp. 20-22), ie. (BE) =X+Y-(X*Y/100).

[80145] The concentration of one or more of the other formulation ingredicnts can be modified
while preserving or cnhancing the deswred phyiotoxic and antipathogenic effect of the
formulation. Of particular interest is the addition of components to a formulation to allow for a
reduction in the concentration of one or more other ingredients in a given formulation while
substantially maintaining cfficacy of the formulation. Corabination of such a coroponent with
other ingredients of the formulation can be accomplished in one or more steps at any suitable

stage of mixing and/or application.
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Example 1: Effect of cinnamaldehyde, carvacrel and geraniol on £, cofi,

{00147} The cssential oils cinnamadchyde (Aldrich, W228605; >98% purity), carvacrol
{Aldrich, W224502; >98% purity) and geraniol (Aldrich, 163333; 98% purity} were purchased
Sigma-Aldrich (S5t Louis, Mo.}. A single colony of £. cofi Stratagenc strain “Solopack” was
inoculated in 5 ml of Luria Broth (LB} hiquid medium with shaking at 37°C overnight. Two
hundred ul of the £, coli overnight cultures were placed on an LB agar plate, and spread evenly
with glass beads. The bacterial culture was allowed to absorb into the LB medium., Within 30
min after absorbtion, 20 pl drops of the threc cssential oils {cinnamaldchyde, carvacrol or
geraniol} were scparately placed without dilution on 6 mm discs {Whatman, Cat No. 2017-006;
GE healtheare Life Science) and the treated disks were placed on top of the plates with £.coli.
The plates were then incubated for 24 hrs, Consistent with the hiterature, the results were that all
three chemicals were inhibitory of the growth of £ coli, with carvacrol more inhibitory than
cinnamaldehyde, which was in turn more inhibitory than geraniol. Experiments were repeated,

with the same resuiis,

{60148} Example 2: Effect of cinnamaldehyde, carvacrel and geraniol on Liberibacter

CresCens,

[80149] Experiments similar to those conducted in Example | were conducted asing L. crescens
strain BT-1 (Lcr), except that Ler was cultured using BM7 medium, top agar was used, and the
three chemicals {cinnamaldehyde, carvacrol and geranioly were dituted with 70% cthanol to
concentrations ranging from 2 mg/mi  (.125 mg/ml BM7 medium contains 2 g alpha
ketoguraric acid, 10 g N-(Z-Acetamido)-Z-aminoethanesulfonic acid, N-(Carbamovimethvl}
taxirine, 3.75 g KOH, 150 mi Fetal bovine Serom, 300 m} TNM-FH in 1 Liter (L) water. Agar
was added at 20 g / L for solid medium). Ler BT-1 bacteria were incubated at 29 °C with
shaking until reaching an optical density at 600 nm {OD600) of (.5 -0.6. At thus point, SO0 ul of
the cultures were added to 4 mi of 0.6% BM7 top agar, mixed well and then poured on the top of
one BM7 plate and allowed to solidify. Immediately after solidifying, 20 ul drops of the three
gssential oils {(cinnamaldehyde, carvacrol and geranioly were placed using two-fold serial
dihstions in 70% cthanol ranging from 2 mg/mi to 8.125 mg/ml on 6 mm discs and the treated
disks were placed on top of the plates with Ler. The plates were then incubated for 5 days. A

control solution of 70% cthanol without any added cssential o1l was also placed on a disk and
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applicd at the same time in cach experiment. The results were that only cinnemaldchyde and
carvacrol were inhibitory of the growth of Ler, with surprisingly strong inhubition by
cinnamaldchyde at 2 mg/ml and only slight inhibition by carvacrol at the same concentration {a
concentration of carvacrol, but not cinnamaldehyde, that is phytotoxic; refer Example 3 below).
Geraniol was not nhibitory to Ler at these levels, Cinnamaldehyde was also inhibitory in these

tests to a level of T mg/ml. Experiments were repeated twice.

180150} Example 3: Phytotoxic effect of 16% cinnamaldehyde, carvacrol and 70% ethanol

foliar sprays on citrus.

{00151} To test the phytoxicity of cinnamaldchyde or carvacrol in 70% cthanol, and 70%
cthanol alone on citrus plants, we applied 1% (w/v} and 10% {w/v} cinnamaldehyde or carvacrol
{each dissolved in 70% cthanol) on Swingle rootstocks {~6 inches to 1 foot tall) by spraying to
the point of run-oft of the spray and also sweet orange (~3 foot tall) by painting one or both sides

of a portion of the leaf surface. We also applied 70% ethanol as control in these two methods.

{00152} The results were that even 1% carvacrol in 70% cthanol was highly phyiotoxic to citrus
and to sweet orange leaves, observable by 24 hrs afier reatment. By contrast, cinnamaldehyde at
1% in 70% cthanol, and 70% cthanol alone, were not at all phytotoxic to citrus. Cinnamaldehyde
at 10% w/v 1n 70% cthanol was moderately phytotoxic, producing chlorosis and leat curling, but

not defoliation,

{80153] Example 4: Phytotoxic effect of cinnamaldehyde, carvacrol and 70% ethanol soil

drench on cifrus.

[00154] To further test the phytoxicity of cinnamaldehyde or carvacrol in 70% cthanol, and 70%
cthanol alone on citrus plants, we applied 1% and 10% cinnamaldehyde or carvacrol {cach
dissolved in 70% cthanol} on Swingle rootstocks {(~6 inches to 1 foot tall) by adding sufficient
liquid to soil of potted citrus to the point of run-off of the drench. We also applied 70% cthanol
as control in these two methods.

[88185] The results were that carvacrol at 8 mg/ml (196) of 70% cthanol was highly phytotoxic
to citrus as a soil drench, observable by 60 hrs after treatment. By contrast, cinnamaldehyde at

1% in 70% cthanol, and 70% cthanol alone, were not at all phytotoxic to ¢itrus applied as a soil

(9]
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drench. Cinnamaldchyde at 10% w/v in 70% cthanol was moderately phytotoxic, producing

chlorosis and leaf curling, but not defoliation.

100156] Example 5: No effect of 1% cinnamaldehyde and 70% cthanol spray on curing

Las-infected citrus.

{80157} To test the ability of 1% cinnamaldehyde to cure Las from systemically infected
Pincapple Sweet Orange citrus plants grown from sceds and maintained in a greenhouse, we first
grafi-inoculated the plants, waited for symptoms to appear {about & months later) and then tested
for presence of Las infection by scmi-quantitative polymerase chain reaction {gPCR or PCR)
tests. Granular imidacloprid was applied at recommendced rates to all greenhouse grown plants.
The plants were confirmed infected 1n multiple tests over a period of at least 3 months. One (1)%
{w/v} cinnamaldchyde (dissolved i 70% cthanol) was then applied by spraying the foliage of
infected sweet orange plants to the point of run off of the spray (~3 foot tall trees). Subsequent
qPCR tests performed 1-2 weeks later were qPCR positive and remained positive for at least
several months. Posttive samples were defined as those reaching a C; (threshold cycle) value of
iess than or equal to 35, using qPCR primers and methods as deseribed by Li et al (2006). The &
value a relative measure of the concentration of target in the gPCR reaction. Control citrus plants
sprayed with 70% ethanol alone were qPCR positive and rernained positive for at least several
months. These results indicated that commercially available formudations of cinnamaldehyvde,
none of which to our knowledge were formulated with DMSO or with use of NPs, would not by
themselves kill Las or cure Las infected citrus, due to the protection afforded by an intracellular

existence in plants,

{B0158] Example 6: Effect of 6.3% and 1.5% cinnamaldebyvde in 54% DMSQO sprayed

onto HLB symptomatic, field grown cifrus moved to pots.

[88189] To test the ability of sprayved cinnamaldehyvde to cure Liberibacter from systemically
infected sweet orange trees by spraying to run-off and using 50% DMSO as a penetrating
solvent, approximately 3 vear old mature Hamlin sweet orange frees grafted onto Swingle
rootstock and exhibiting strong Hoanglongbing (HLB) symptoms in a field situation were prumed
to approximately 4 to 5 feet in height, dug out of the field, placed in large (25 gallon) pots,
brought into a greenhouse and tested for presence of Las infection by PCR. The plants were

confirmed infected in multiple tests over a period of 2 weeks. These plants had been treated with
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imidacloprid in the ficld and granular imidacloprid was applied at recommended rates to all
greenhouse grown plants. Cinnamaldehyde was then applicd at a concentration of cither 0.3%
and 1.5% {dissolved in 50% DMSO) by spraying the foliage to the point of run off of the spray.
The 1.5% cinnamaldchyde treated sweet orange trees, already stressed by uprooting and
repotting, completely defoliated 6-7 days later; the 0.3% cinnamaldehyde treated plants appeared

5

unaffected. Approximately 2 weeks later, new shoots began to emerge from the 1.5% treated
plants, and the following week, new shoots were large enough to begin PCR tests for presence of
Las. The plants treated with 1.5% cinnamaldchyde in 30% DMSO were completely Las
negative, but the 0.3% treated plants remained infected. Subsequent gPCR tests perforroed cach
week for the next nine roonths confirmed that the 1.5% treated plants remained completely
negative. Simular trees sprayed or injected with 30% DMSO also defoliated but subsequently
emerging new shoots either died or were qPCR positive.  This demounstrated that 1.5%
cinnamaldehyde in 30% DMSO could be utilized to cure Las infections of citrus by spraying re-

potied---and therefore highly stressed--- citrus trees to run-off.

{60160} Example 7: Effect of 1.5% cinnamaldehyde and 188% DMBEO injected into HLEB

symptomatic, ficld grown citrus moved to pots.

{00161} To test the ability of cmnamaldehyde to cure Liberibacter from systenucally fected
sweet orange trees when delivered using DMBO by mjection, approximately 3 year old mature
Hamlin sweet orange trees grafted onto Swingle rootstock and exhibiting strong Huanglongbing
symptoms in a field situation were pruned to approximately 4 to S feet in height, dug out of the
field, placed in large (25 gallon) pots, brought into a greenhouse and tested for presence of Las
infection by PCR. These plants had been treated with imidacloprid in the field and granular
imidacloprid was applied at recommended rates to all greenhouse grown plants. The plants were
confirmed infected in multiple tests over a pertod of 2 weeks. We then used two spring loaded
syringes (Chemyjet Tree Injectors; Queensland Plastics, Australia) on cach tree. Each injector
held 20 mi volume of injected material; in this case 1.5% (w/v} cinnamaldehyde in 100%
DMSO. The injectors were placed in the trees by drilling a 1/2" hole ca. 4/5 of the way through
the diamcter of cach trunk, at a site approximately 12-14" above the soil line. The injector was
screwed firmly into place and the spring loaded syringe was then released, resulting in
pressurized injection of the solution. The 1.5% cinnamaldehvde injected sweet orange trecs,

already stressed by uprooting and repotting as in Example 6, completely defoliated 6-7 days
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later. Approximately 2 wecks later, new shoots began to emerge from these freated plants, and
the following wecek, new shoots were large encugh to begin PCR tests for presence of Las. The
1.5% treated plants were completely negative, and subsequent PCR tests performed each week
for the next 9 months confirmed that the 1.5% cinnamaldchyde injected plants remained
completely PCR negative. This demonstrated that 1.5% cinnamaldehyde in 100% DMSO could
be utilized to core Las infections of citrus by injecting re-potted--~and therefore highly stressed--

- gHrus trees,

[00163] Example 8 Effect of 1.5% cinnamaldehyde and 50% DMSO on Liberibacter-
infected citrus trees grown in commercial groves by trumk imjection and by spray

application.

[00163] Most of the trees 1n an entire commercial grove of well maintained, four year old
Harolin trees grafted onto Swingle citrumclo rootstock and treated regularly with imidacloprid
insecticide, a plant SAR inducer (Ford et al., 2010), were found to be heavily diseased with
classic symptoms of HLB, inclading blotchy mottling, vellowing of some branches, and
premature fruit drop. Highly symptomatic citrus trees were selected, numbered and all were
completely randomized as to treatment. Subscquent gPCR testing of 2-3 randomly sampled
lcaves per tree taken from different branches of cach symptomatic tree resulted in a Las positive
infection rate of greater than 70% of the trees in the grove. Ten symptomatic trees were
randomly selected for trunk injection (Treatment § in Figures 1 and 23 as outlined in Example 7,
using 40 mis of 1.5% {w/v) cinnamaldehvde and 50% DMSO, and another 10 infected trees were
randomly selected for spray applications using 800 ml of the same treatment in a manner similar
to that used in Example 6, but using 800 ml to cover a much larger, four vear old, field grown
tree, such that there was no run-off (Treatment 2 in Figures 1 and 2). Five trees cach were

injected and § trees sprayed (Controls in Figures 1 and 2) using 50% DMSO.

{00164] Results presented in Figure 1| are as % Las infection (total number of positive leaf
samples (assessed by gPCR as described above) divided by the total number of leaf samples
taken per treatment on a given sampling date}. Samples were taken monthly over a period of 6-7
months. Each bar in Figure 1 represents average % Las infoction for cach treatment of 10 trees,

taken month by month. The "0 month” samples are pooled averages of all trees sampled in each
3 It P g p
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treatment before any treatments. Data are presented are normalized such that pre-treatment

infections are 100%. Non-overlapping Standard Ervors arc significant at P < (.05,

{80165} For the fruit vield data presented in Figure 2, all trees were harvested at the same time
in the fall {normal for Hamlin oranges in that ficld), and total fruit weight per trec measured.
Treatment 1 yiclded 66 pounds of fruit per trec, which was significantly higher than the yield of
45 pounds of fruit per tree from the control group (labeled "Cont" in Figure 2}, while Treatment
2 yielded only 35 pounds of fruit per tree, which was not significantly differcnt from the vield of

the control group.

{00166} From these results, it is clear that 40 ml 1.5% Cinnamaldchyde in 50% DMSO injected
into large, field grown (4 year old) Hamlin citrus trees (Treatment 1) resulted in a significant
reduction of Las infection (from about 100% to about 35% infection), and the result lasted for
about 3 months. Spray treatments using 800 mis of 1.5% Cinnamaldehyde in 50% DMSO
{Treatment 2), also had a statistically significant effect on Las infection levels, but the effect
lasted only for 2 months, and appeared less effective overall at the applied application rate, based
on an analysis of the total fruit vields measured from all treatments {refer Figure 2). Treatroents
1 and 2 were the only treatments that were reapplied in this field trial; both freatments were
reapplied 4 months later to the same trees 1n the manner described. Again, similar results were
observed, with infection levels becoming significantly reduced using both injection or spraying

methods.

180167] Example 9  Effect of zinc oxide nanoparticles alone or loaded with 1.5%
cinnamaldehyde in 70% isopropanel on Liberibacter-infected citrus trees in field trials by

injection and by spray application.

{00168] Zinc oxide (Zn(3} nanoparticles were synthesized with slight modifications as outlined
by Palanikoemar et al. (2013}, Zingc nitrate {(Zn (NO3)2.6H20, §.14& g} was dissolved in 50 mi
deionized water with stirring for 30 munutes, and 10.5g hexamethyltetramine (HMT) was
dissolved separately in 50 ml deionized water. Both solutions were stirred for 3¢ minutes at
room femperature and then mixed and stivred at 60°C in a water bath for 45 mimates. The
resulting nanoparticles were collected by centrifugation at 4000 X g and weighed. Zn0
nanoparticle suspensions, cither loaded or not loaded with cinnamaldehyde {ca. 2.5 g wet

weight), were prepared. The ZnQO nanoparticle suspension without cinnamaldehyde was diluted

37



WO 2015/143444 PCT/US2015/022046

to 4000 mi using 70% isopropanc! and the 0.0625% ZnO NPs were spraved onto trees at the rate
of 800 ml per tree (Treatment 3 in Figurcs 1 and 2). Five percent cinnamaldehyde in 250 mi
70% isopropanct was loaded onto 2.5g wet weight ZnQ nanoparticles and stirred for 60 minutes
at room temperature. Nanoparticle suspensions loaded with cinnamaldehyde was diluted to 4000
ml using 1.5% Cinnamaldchyde in 70% isopropanol and sprayed onto trees at the rate of 800wl
per tree (Treatroent 4, Figores 1 and 2 and Table 1), These results demonstrated that Zo0
nanoparticles applicd at this level by spray, with or withoot 1.53% cionamaldehyde, had no
statistically sigmificant effect on Las infections over the course of 7 months, and either a
depressing effect (Treatment 4) or no significant effect (Treatment 3) on frunt yield. These
results also confirmed the conclusion made and presented in Example 4, that comumercially
avatlable formulations of cinnamaldehyde applied by spray {1.53% cinnamaldehyde) would not

by themselves kill Las or cure Las infected citrus,

[80169] 7nO nanoparticle suspensions without cionamaldehyvde (ca. 2.5 g) were diluted to 750
ml using 70% isopropanel and injected into trees at the rate of 40ml per tree at a concentration of
$.33% Zn0 NPs (Treatment 5, Figures 1 and 2 and Table 1). Five percent cinnamaldehyde mn
250 mi 70% isopropancl was then loaded onto 2.5g (wet weight) Zn0O nanoparticles and stirred
for 60 minutes at room temperature, Nanoparticle suspensions loaded with cinnamaldehyvde were
diluted to 750 mi using 1.5% Cinnamaldehyde in 70% isopropancl and injected mto tfrees at the
rate of 40 ml per tree at a concentration of (.33% (Treatment 6, Figures 1 and 2 and Table 1}
The results indicated no direct effect from the ZnO NPs injected alone (Treatment S, but a
delayed but significant ¢ffect on Las infections from the injection of Zn(O NPs loaded with

cinnamaldchyde and applied using 70% isopropanol (Treatment 6, Figure 1},

{0017¢] This conclusion was supported by the fruit vield data in Figure 2, which indicated a
higher yield of fruit from Treatment 6, although the vield increase from this application was not
statistically significant at a 95% confidence level using these treatment concentrations.  The
increase in fruit yvield and decrease in Las infection levels may have been due to the injection of
cinnamaldehyde alone, but the delayed effect indicates that the ZnO NPs may have mobilized the
cinnamaldchyde into the phloem. Thus, in the absence of DMSO, the injection of Zn0O NPs

appear to have adequately mobilized the cinnamaldchyde into the phloem.
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180171} Example 14: Effect of PLGA blended emulsions, made with or without 8.63%
cinnamaldehyde on Liberibacter-infected citrus trees in field frials by trunk injection and

by spray application.

{80172} Up to 0.03% cinnamaldchyde was encapsulated using PLGA cnulsions blended using
didodecyl dimethyl ammonium bromide (DMAR) as the surfactant with slight modifications as
outlined by Khemeni ¢t al. (2012). One gram of PLGA was dissolved in 50 mi DMSO and 151
wl (~160 mg) cinnamaldehyde was cocapsulated for Treatments 7 and §, but cinnamaldchyde
was omitied from both the emulsion and the diluent for Treatment 9 (refer Figures 1 and 2 and
Table 1}. The above solution was added dropwise into 100 mi 60%-70% DMSO with 0.3%
DMARB while stitring vigorously; the solution was emulsified using a commercial blender for 10
mins, then filtered and added to 500 ml deionized water. For treatment 7 (0.02% PLGA and
0.03% cinnamaldehyde), the PLGA emulsion was mixed with 2.8 L of 1.5% cinnamaldchyde in
50% DMSO. Ten symptomatic trees were randomly selected as outhined in Exarople 9 for spray

applications, using 800 mi per tree.

[80173] For trunk injections, 650 mi of PLGA emulsions were mixed with 650 wl of 3%
cinnamaldehyde in 100% DMSO as outlined in Example 7, using 40 mls per tree of the same
ireatment {0.02% PLGA, 0.03% cinnamaldchyde). As a control for trunk injection using PLGA
alone, 650 mi of PLGA emulsions were mixed with 650 mi of 100% DMSO (Treatment 9 in
Figs 1 & 2; 0.08% PLGA). The resulis were that PLGA blended emulsions alone, whether
sprayed or injected, had a significant ¢ffect on Las infection (Treatments 7, 8 and 9 of Figure 1),
but no significant effect on fruit vield (Figure 2}, These results demonstrated that PLOA

emulsions reduced Las infections.

160174] Example 11: Effect of PLGA nanoparticle-size sonicated emulsions, made with or
without 1.5% cinnamaldehyde on Liberibacter-infected citrus trees in field trials by trunk

injection and by spray application.

[8175] Up to 1.5% cinamaldchyde was encapsulated vsing PLGA emulsions, again using
DMAB as the surfactant, but with additional modifications to the procedure described in
Example 10, In order to determine the effect of sonication on the manufacture of PLGA
nanoparticles, one gram of PLGA was dissolved in 50 ml DMSO and 10 mb (~10.5 ¢

cinnamaldchyde was added for Treatments 10, 11, 12 and 13 (Figs 1 and 2 and Table 1. The
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above solution was added dropwise into 100 ml 60%-70% DMSO with 0.3% DMAR while
stirring vigorously; the solution was added dropwise into 500 ml deionized water while stirring
vigorously, and thc mixturc was sonicated. The cinnamaldchyde loaded, PLGA sonicated
product was cxamined by Transmission Electron Microscopy (TEM} and shown in Figure 3.
Cinnamaldchyde encapsulated PLGA emulsions formed nanoparticles ranging in size from 60 to

180 nm.

{00176} For Treatment 10 (refer Figures | and 2 and Table 1), 40 mil of this cinnamaldehyde
plus PLGA (0.15% PLGA) product was directly injected per tree. For Treatment 11, a 1:l
dilution of 20 mils of the same product was made by adding 20 ml 1.5% cinnamaldchyde 1n 50%
DMSO and injected per tree (0.08% PLGA). For Treatment 12, 900 ml cinnamaldehyde plus
PLGA nanoparticle product was diluted by adding 3.9 hiter 1.5% C i 50% DMSO. Each tree
was spraved with 800 ml of this solution (0.03% PLGA) per tree. For Treatment 13, 300 mi
cinnamaldehyde plus PLGA nanoparticle product was then diluted by adding 3.9 hter of

detonized water. Fach tree was sprayed with 800 ml of this solution (0.03% PLGA) per tree.

[801771 The results were that all four sonicated PLGA treatments were effective in significantly
reducing Las infections in field trecs, and that both injected (Treatroent 11) and spraved
{Treatment 13) PLGA NPs cncapsulated with 1.5% cinnamaldehyde diluted with cither 50%
DMSO or water, respectively, appeared to significantly increase fruit vields in treated trees.
These results demonstrated that: 1) PLGA sonicated emulsions formed NPs; 2) that up to 1.5%
cinnamaldehyde conld be encapsulated by PLGA, and 3) that PLGA NPs encapsulated with
1.5% cinnamaldehyde diluted with either 50% DMSO or water were effective in both decreasing

Las titer and increasing fruit vield in ficld-grown citrus.

{60178] Example 12: Effect of ZaS nanoparticles capped with 3% Cinnamaldehyde in
25% DMSO on Liberibacter-infected citrus trees in ficld trials by trusk injection and by

spray application.

{B3179] ZnS nanoparticles were synthesized following the protocol described in Weilnau ¢t al
2011 with minor modifications. Cinnamaldehyde (1.4 ml} was added to 23.57 ml of 100%
DMSO with constant stirring and then 15 ml deionized water was added dropwise. After the
addition of 5.0 ml of 1.0 M zinc acetate, the solution was mixed by constant stirring and 5.0 ml

of 0.85 M Sodmm suifide was added while stirring continuously. NPs were collected by
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centrifuge at 2000 X g for 15 minutes and rinsed twice with deionized water. The NPs were
washed and resuspended in 30 mi of 25% DMSO. These ZnS NPs capped with 3%
cinnamaldchyde were submitted to TEM, and the size range was gstimated to be 2-4 nm (Figure
4). Significantly, NPs of approximately 5nm or less are predicted to be able to traverse plant ccll
walls of undamaged cells (Dictz & Herth, 2011}, As previcusly, 40 ml of this suspension was
mjected per tree (Treatment 14). For spray applications, the same amount of suspension was

diluted using 25% DMSO in water to 800 ml and 800 md was applied per tree (Treatment 15).

{00180} The results were that 3% cinnamaldehyde-capped ZoS NPs, whether injected or
sprayed, significantly suppressed Las mfections among the treated group, and both freatroents
significantly increased fruit vield, although at a reduced confidence level (90% confidence). The
field application of these treatments occurred later than those in treatments 10, 11, 12 and 13;
had treatments 14 and 15 been applied carlier, the effects on fruit yield would likely have been
higher. These results demoustrated that 7nS NPs: 1} could be directly capped with
cinnamaldehyde; 2) that the size of these ZnS NPs was 1o the 2 - 4 nm range, and 3) that these
NPs were effective, either injected or sprayed, in lowering Las titer and increasing citrus frit

vield in field grown trees infected with Las and showing symptoms of HLB.

{00181} Example 13: Effect of ZnS panoparticles capped with 0.33% PEG and 1.5%
cinnamaldehyde in 25% DMSO on Liberibacter-infected citrus trees in ficld frials by trunk

injection and by spray application,

{B0182] ZnS nanoparticles capped with PEG were synthesized following the protocol described
in Zhang et al 2014 with minor modifications. Using constant stirring, (.2g PEG was dissolved
in 10 ml deionized water with constant stirring and added to 10 mi 100% DMSO, then 858 ul
Cinnnamaldehyde was added, followed by 20 ml 8.3 M zinc acetate and 20 ml 0.3 M sodium
sulfide. The resulting nanoparticles were collected by centrifuge at 3500 rpm for 10 munutes,
rinsed twice with deionized water and resuspended in 60 mil of 25% DMSO. As previcusly, 40
ml of this suspension was injected per tree (Treatment 16). For spray applications, the same
amount of suspension was diluted using 25% DMSO in water to 800 mi and 800 ml was applied

per tree {Treatment 17).
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{80183} The results were that injected PEG and cinnamaldehyde-capped ZnS NPs appeared to
provide some suppression of Las infections, but no significant improvement in fruit vield, and

spray applications of the same NPs appeared to have little or no cffect.

{00184] Example 14: Effect of Zn5 nanoparticles capped with 3% cinnamaldekyde in 10-
S0% DMSO with 1.85-3.7% Salicylic Acid (5A) added on Liberibacter-infected citrus trees

in field trials by trusk injection and by spray application.

[80185] As in Example 12, above, #nS nanoparticles were synthesized following the protocol
described in Wetlnau ot al 2011 with minor modifications. Cinnamaldehyde (1.4 mi} was added
to 23.57 ml of 100% DMSO with constant stirring and then 15 ml deionized water was added
dropwise. Atter the addition of 5.0 ml of 1.0 M Zinc Acetate, the solation was mixed by constant
stirring and 5.0 ml of 0.85 M Sodium suolfide was added while stirring continuously.
Wanoparticles were collected by centrifuge at 2000 X g for 15 minutes and the product
resaspended 1o 50 ml of 50% DMSO. To this suspension, 8.925 g of sodium salicylate was
added with stirring, and 40 ml of the resulting solution was injected per tree (Treatment 20). Ag
a control, a solution of 40 ml of 1.85% SA was injected per tree {(Treatment 18). For spray
applications, 50 mi of the ZnS NP product was diluted 1:40 using 10% DMSO with 3.7% SA
and 2 liters of this diluted product were spraved per tree (Treatment 21). As a conirol, a

2 70/

solution of 2 L of 3.7% SA was spayed per tree (Treatment 19},

{80186] The results were that little or no effect on Las infection or fruit yield was observed
using SA alone {(Treatments 18 and 19). In addition, only moderate effects on Las infection rates
were observed and no effects on fruit yield (Treatments 20 and 21) using the same
cinnamaldehyde-capped ZnS NPs as were used in Treatments 14 and 15, The SA may have
added nothing beneficial to these treatments because all of the trees in the commercial test grove
were treated with imidacloprid on a routine basis, and imidiacloprid is a potent inducer of the
same or similar plant defense pathways as SA. SA may provide benefit in the absence of other
such inducers. Comparisons of Treatments 14 and 15 with 20 and 21 revealed that 14 and 15
were superior in terms of effoct on both fruit vield and infection suppression, likely because the
level of DMSO used in Treatments 14 and 15 was 25%, as compared to 10% in Treatments 20

and 21. Thus the combination of small particle size of NPs capped and/or loaded with aldehydes
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and the penctrating ability of DMSO may provide a synergistic offect on the delivery of

aldehydes to bacieria otherwise protected by plant tissues.

180187} Example 15 Effect of 1.5% cinnamaldehyde and 5-50% DMSO on Liberibacter-

infected Liberibacter-infected potato, tomato, celery, and carrot plants.

{00188} To test the ability of cinnamaldehyde to curc Liberibacter from systemically infected
potato, tomato, celery, and carrot plants, including Ca. L. solanaccarum and new species of
Liberibacters yet to be described, the presence of Liberibacter infection will be tested by PCR
using mcthods well known to those schooled n the art.  1.5% cinnamaldehyde (dissolved in 5-
50% DMSO) will be applied to infected potato, tomato, celery and carrot plants by spraying the
foliage of plants fo the point of vun off of the spray. Subsequent PCR tests will be performed -2
weeks later using PCR. H 1s expected that these subsequent PCR tests will be negative or will

show showed reductions of titers after treatment.

100189] Example 16: Effect of §.02%-0.075% PLGA sonicated nanoparticles capped with
1.5% cisnamaldehyde and diluted with water or with 5-56% DMSO and 1.5%

cinnamaldechyde, on Liberibacter-infected potato, tomato, celery, and carreot plants,

[80190] In order to determine the effect of sonication on the manufacture of PLGA
nanoparticles, similar methods will be used as provided n Example 10, involving the
manufacture of PLGA NPs loaded with cinnamaldehyde. Different spray treatroents that proved
beneficial for spray applications on citrus, particularly Treatments 12 and 13, will be applied to
Liberibacter infected potato, tomato, celery and carvot plants by spraying the foliage of plants to

the point of run off of the spray

{00191 Example 17 Effect of TPGS nancemulsions made with up to 3% cinnamaldchyde
apd DMSO and diluted with water or with water plus an adjuvant and 1.5%

cinnamaldehyde on Liberibacter-infected citrus, potato, tomate, celery, and carrot plants,

{00192} Up to 3% cinnamaldchyde was encapsulated using TPGS emulsions made as outlined in
Example 11 with several modifications. Up to 3% cinnamaldehyde in BMSGO was used, but
without PLGA. This solution was added dropwise into 0.3% TPGS while stirring vigorously; the
solution was emulsified first by vortexing at high speed and then by loading into a 50 ml syringe

and forcing it through a small diameter (I8 guage) needle using high pressure homogenization.
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This was repeated 5X. The solution was diluted 5X and 10X using water or $.05% commcercial

adjuvant or 5-50% DMSO and will be sprayed until treated plants are drenched.
{00193} Significantly reducced infection rates and increased producc yields are cxpected.

160194] Example 18: Effect of TP{S nancemuisions made with 3% cinnamsaldehyde and
ethyl acetate and diluied with water or with water plus am adjuvant and 1.5%

cinnamaldehyde on Liberibacter-infecied citrus, potato, tomato, celery, and carrot plants,

{00195} Up to 3% cinnamaldchyde was cncapsulated using TPGS cmulsions made as outlined in
Example 17 except that cthyl acetate was used in place of DMSO. The solution was diluted 5X
and 10X using water or 0.05% commercial adjuvant or 5-50% DMSO in water and will be

sprayed until treated plants arc drenched.
{00196} Significantly reduced infection rates and incrcased producc yiclds are cxpected

{60197] Example 19: Effect of Tween 20 nancemulsions made with 3% cinnamaldehvde
and e¢thyl acetate and diluted with water or with water plus an adjuvant and 1.5%
cinnamaldehyde on Liberibacter-infected citrus, potato, tomato, celery, and carrot plants,

{00198} Up to 3% cinnamaldchyde was concapsulated using Tween 20 emulsions made as
outlined in Example 17 except that Tween 20 was used in place of TPGS. The solution was
diluted 5X and 10X using water or 0.05% commercial adjuvant or 5-50% DMSO in water and

will be sprayed until treated plants are drenched.
100199} Significantly reducced infection rates and incrcased producc yiclds are cxpected.

{00200] Example 26; Effect of Tween 28 nancemulsions made with 6% cinnamaldehyde
and ethyl acetate, diluted with solute or solute plus adjuvant and 1.5% cinnamaidehvde on

Liberibacter-infected citrus, potato, tomate, celery, and carrot plants,

{80201} Up to 6% cinnamaldchyde was cmulsified by adding 40 mi (~42 g} cinnamaldchvde
dropwise into 50 ml ethyl acctate while stirring vigorously; the solution was added dropwise into
50 mlb 0.3% Tween 20 in deionized water while stirring vigorously, The cmulsion was then
reduced to a nanoemulsion size by loading into a 50 ml syringe and forcing it through a small
diameter (18 guage) needle causing high pressure homogenization. This was repeated 5X. The
solution was added to 250 ml deionized water with constant stirring, forming a stable emulsion

that lasted at least one week. The stable nanoemulsion will be diluted 53X and 10X using water,
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J0.05% commercial adjuvant, or 5-50% DMSO and will be sprayed until treated plants arc

drenched.
100202} Significantly reducced infection rates and incrcased producc yiclds are cxpected.

{60203] Example 21: Effect of a Tween 28 nancemulsion made with 3% cinnamaldebyvde
or 4.1% cinnamon oil, diluted with solute or solute plus adjuvant and 1.5%

cinnamaidehyde on Liberibacter-infected citrus, potato, tomato, celery, and carrot plants.

{80204} Up to 4.1% cinnamon oil or 3% cinnamaldehyde was emulsified by adding 82%
cinnamon oil or 60% cinnamaldehyde and 22% mincral oil to 18% Tween 20 with stirring. The
eraulsion was diluted 1:20 with deionized water. This cmulsion was then reduced to a
nanocmulsion size by loading into a 50 md syringe and forcing it through a small diamcter (27
guage) ncedle causing high pressure homogenization, This was repeated 5X. The stable
nanoemulsion solution was diloted 5X and 10X using water, 0.05% commercial adjuvant, or 5-

50% DMSO and will be sprayed until treated plants are drenched.
{00205] Significantly reduced infection rates and increased produce vields are expected.

100206] Example 22: Effect of a Tween 20 composition nanoemulsion made with 8.2%
cinnamon oi, diluted with water or water plus adjuvast and 1.5% cinnamaldehyde on

Liberibacter-infected citrus, potato, tomato, celery, and carrot plants,

{002071 Up to 8.2% cinnamon oil was nanoemulsified as in Example 21, The stable
nanoemulsion sohution s diluted 5X and 10X using water, 0.05% commercial adjuvant, or 5-

S0% DMSO and will be spraved until treated plants are drenched.
[00208] Significantly reduced infection rates and increased produce yields are expected.

{00209] Example 23: Effect of a dodecanoic acid composition nancemulsion made with up
to 8.2% ciznamon oil, diluted with water or water plus adjuvant on Liberibacter-infected

citrus, potato, tomato, celery, and carrot plants.,

{80210} Up to 8.2% cinnamon oil was emulsified as in Example 21, but using up to 18%
dodecanoic acid. These emulsions are then reduced to pancemulsion size using high pressure
homogenization, The stable nanoemulsion solution is diluted 5X and 10X using water, 0.05%

commercial adjuvant, or 5-30% DMSO and will be sprayed ontil freated plants are drenched.

A
(3]
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{00211} Significantly reducced infection rates and incrcased producc yields are cxpected.

{60212] Example 24: Effect of a zinc stearate compeosition nancemulision made with up to
8.2% cinnamon cil, diluted with water or water plus adjuvant on Liberibacter-infected

citrus, potato, tomato, celery, and carrot plants.,

{00213} Up to 8.2% cinnamon o1l was emulsified as in Example 21, but using up to 18% zinc
stcaratc. These comulsions are then reduced to nanoemulsion size using high pressure
homogenization. The stable nanoemulsion solution is diluted 5X and 10X using water, 0.05%

commercial adjuvant, or 5-50% DMSO and will be sprayed until treated plants are drenched.
{00214} Significantly reducced infection rates and incrcased producc yickds are cxpected.

{60215] Example 25: Effect of a lecithin composition nancemulsion made with up to 8.2%
cinnamon oil, diluted with water or water plus adjuvant on Liberibacter-infected citrus,

potato, tomate, celery, and carrot plants.

{80216} Up to 8.2% cinnamon oil was emulsified as in Example 21, but using up to 18%
lecithin, These cmulsions arc then reduced to nanoemulsion size using high pressure
homogenization. The stable nanoemulsion solution is diluted 5X and 10X using water, 0.05%

commercial adjuvant, or 5-50% DMSO and will be sprayed until treated plants are drenched.
{00217} Significantly reducced infection rates and incrcased producc yiclds are cxpected.
{00218] Example 26: Effect of a glyvceryl dimyristate composition nanoemulsion made with

up to 8.2% cinnamon cil, diluted with water or water plus adjuvant on Liberibacier-
infected citrus, potato, tomate, celery, and carrot plants.

[00219] Up to 8.2% cinnamon ou was cmulsified as in Example 21, but using up to 18%
Glyceryl dimyristate. These emulsions arc then reduced to nanocnmulsion size using high
pressure homogenization. The stable nanoemulsion solution is diloted 5X and 10X using water,
0.05% commercial adjuvant, or 5-30% DMSO and will be sprayed until treated plants are
drenched.

[80228] Sigmificantly reduced infection rates and increased produce vields are expected.

{80221} Unless defined otherwise, all technical and scientific terms hercin have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention
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belongs. Although any methods and materials, similar or equivalent to those described herein,
can be used in the practice or testing of the present invention, the preferred methods and
materials arc described herein. All publications, patents, and patent publications cited arc

incorporated by reference herein in their entirety for all purposes.

{80222} The publications discussed herein arc provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that the

present invention is not entitled to antedate such publication by virtue of prior invention.

002231 All references, articles, publications, patents, patent publications, and patent
applications cited herein arc incorporated by reference in their entiretics for all purposes.
However, mention of any reference, article, publication, patent, patent publication, and
patent application cited herein is not, and should not be taken as an acknowledgioent or any
form of suggestion that they constitute valid prior art or form part of the common general

knowledge in any country in the world.

[80224] While the invention has been described in covnection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application i8
intended to cover any variations, uses, or adaptations of the invention following, in general, the
principles of the wnvention and including such departures from the present disclosure as come
within known or customary practice within the art to which the invention pertains and as may be
applied to the cssential features hercinbefore set forth and as follows in the scope of the

appended claims.
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CLAIMS

i, A composition uscful for protecting plants from infection by bacteria, including
intraccilular bacteria transmitted by insects, and for curing plants infected by bacteria or reducing
the levels of bacteria in infected plants, the composition comprising (a) at least one aromatic
aldchyde; and cither (b} at least onc penctrating polar solvent, or (¢} a formulation comprising a

nancemulsion and/or nanoparticles containing the aromatic aldehyde.

2. The composition of claim 1, wherein the at least one aromatic aldehyde comprises an
aromatic aldehyde incorporated in and used as a capping agent for nanoparticles.
3. The composition of claim 1 or claim 2, wherein the at lcast onc aromatic aldehyde

comprises an aromatic aldehyde incorporated in a nanoemulsion.

4. The composition of claim 1, claim 2, or claim 3, wherein the at [cast one aromatic
aldchyde comprises cinnamaldehyde.
s, The composition of claim 1, claim 2, or claim 3, wherein the at least one penetrating

polar solvent is DMSO.

&, The composition of claim 1, claim 2, or claim 3, whercin there is additionally applied an

inducer of plant Systemic Acquired Resistance (SAR) responscs.

7. The composition of claim 6, whercin the SAR inducer is selected from a group

comprising salicylic acid {SA) or nconicotinoid insecticides, including imidacloprid and

clothianidin.
8. The composition of clairn 6, wherein the SAR inducer 15 SA.
9, The composition of claim 1, claim 2, or ¢laim 3, wherein the nanoparticles are made from

zZine oxide.
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16, The composition of claim 1, claim 2, or claim 3, whercin the nanoemulsion is made from
Vitamin E, Tocopheryl Polycthylene Glycol Succinate {TPGS), Dodecanoic Acid, Zinc stearate,
Glyceryl dimyristate, Lecithin, Oleic Acid, and/or Polyoxycthylenc sorbitan monolaurate {Tween

20).

11, The composition of claim 10, wherein the nanoemulsion 1s made from polyoxyethylene

sorbitan monolaurate (Tween 20).

12.  The composition of claimn 1 or claim 2, wherein the nanoparticles are made from zine

sulfide, zinc oxide, polyethylene glyeol, or poly{lactic-co-glycolic acid) (PLGA).

13, A composition yseful for protecting plants from infection by bacteria, including
intraccllular bacteria transmitied by insects, and for curing plants infected by bacteria or reducing
the levels of bacteria in infected plants, the composition comprising a nanocnulsion and/or

nanoparticles.

i4.  The composition of claim 12, wherein the nanoparticles are made from PLGA.

is. A method of protecting a plant from bacterial attack or mmfection, the method cormprising
contacting or injecting one or more parts of said plant with a composition of claim 13 or claim

4.

6. A method of protecting a plant from bacterial attack or infection, the method comprising
contacting or injocting one or more parts of said plant with a composition of claim |, claim 2, or

claim 3.
17. A method of curing a plant infected by bacteria, the method comprising contacting or
injecting onc or more parts of said plant with a composition of claim 1, claim 2, claim 3, or claim

4.

i18.  The method of claim 16, wherein the bacterium is an intraceliularly colonizing bacterium.

A
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19, The method of claim 16, wherein the bacterium is a member of genus Liberibacter or Ca.

Liberibacter.

28, The method of claim 16, wherein the bacterium is Ca. Liberibacter asiaticus.

23, The method of claim 16, wherein the plant is a citrus tree.

22, A method for curing plants infected with Liberibacter bacteria, the method comprising:
contacting or injecting one or more parts of said plant with a composition comprising {a) at lcast
one aromatic aldehyde; and either (b} at least one penetrating polar solvent, or {¢} a formulation
comprising a nano-scale emulsion and/or nanoparticles containing the aromatic aldchyde,
wherein said at least one aromatic aldchvde is present i an amount of up to 10% of the
total composition applied to the plant, and
wherein said at least one polar solvent is present in an amount of at least 5% of the total

composition.

23. A method for curing plants infected with Liberibacter bacteria, the method comprising:
contacting of injecting one or more parts of said plant with a composition comprising {a} at least
onc aromatic aldehyde incorporated in or used as a capping agent for nanoparticles; and either
{b) at lcast one polar solvent, or (¢} a formulation comprising a nano-scale emulsion and/or

nanoparticles containing the aromatic aldehyde.

24, The composition of claim 22, wherein the at least one aromatic aldchyde comprises an

aromatic aldehvde incorporated in a nanoermulsion.

25, The method of claim 21, claim 22 or claim 23, wherein the at lcast one aromatic aldehyde
compriscs cinnamaldehyde and said at least one polar solvent compriscs DMSO, isopropanol, or
water, and the cmulsifier comprises Vitamin E, Tocopheryl Polyethylene Glycol Succinate
(TPGS), Dodecancic Acid, Zinc stearate, Glyceoryl dimyristate, Lecithin, Oleic Acid, and/or

Polyoxyethylene sorbitan monolaurate (Tween 20}
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26.  The method of claim 22, claim 23 claim 24, or claim 25 wherein said cinnamaldehyde is
present in an amount of about 1.5% to about 10% and if utilized, said DMSO s present in an

amount of at least about 50% of the total composition.

27, The method of claim 22, claim 23 or claim 24, wherein said plants infected with
Liberibacter bacteria exhibit a decrease in bacteria and an increase in frait vield, relative o plants

not having been contacted or injected with the composition.

28. The method of claim 22, claim 23 or claim 24, wherein the nanoparticle is (a) PLGA and
present in a range of 0.02% to 0.075% of the total cormposition; (b} 7nS and present in an
arnount of about 8.974% of the total composition, or {¢) ZnO and present in an amount of about

0.0625% of the total composition.

29,  The method of claim 28, wherein the nanoparticles range in size from between about 2nm

and 1{nm.

38, The method of claim 22, claim 23, or ¢laim 24, wherein there is a reduction of at feast 3%
in the level of bacterial infection in infected plants one month or longer after treatment of said

plants.

31, The method of claim 22, claim 23, or claim 24, whercin said plant is a citrus trec or

scedling.

32, A mcthod for curing citrus trees or seedlings from any Liberibacter capable of causing
Huanglongbing Discase, including but not limited to Ca. L. asiaticus, Ca. L. africanus or Ca. L.
americanus and protecting citrus trees and scedlings from infestation by psyilids capable of
transmitting the agents of Huanglongbing Discase, including but not limited to Ca. L. asiaticus,
Ca. L. africanus or Ca. L. americanus, said method comprising:

contacting one or more paris of said citrus trees or seedlings with a formulation

comprising an amount of from 2.5 to 100 g/l of cinnamaldechyde,

1%
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wherein said amount is sufficient to provide at lcast 5% reduction in titer of Liberibacter

cells.

33. A method for curing potato, tomato, cclery or carrot plants, scedhlings or shoots of
Liberibacters, and protecting potato, tomato, celery or carrot plants, seedlings or shoots from
infestation, by Liberibacters carried by insect vectors, the method comprising:

contacting one or more parts of said potato, tomatoe, celery or carrot plants, seedlings or
shoots with a formualation comprising an amount of cinnamaldehyde of about 2.5 to 100 ¢/,

wherein the amount is sufficient to provide at least a 5% reduction in titer of Liberibacter

cells.

34. A composition useful for protecting plants from infection by bacteria, inchuding bacteria
transmitted by insects, and for curing plants infected by bacteria or reducing the levels of
bacteria in infected plants, the composition comprising {a} at least one aromatic aldehyde; and

{b) at feast one penetrating polar solvent.

38.  The composition of clairo 34, wherein the at least one aromatic aldehyde comprises an

aromatic aldehyde incorporated in or used as a capping agent for nanoparticles,

36. The composition of claim 34 or claim 35, wherein the at least one aromatic aldehyde

comprises cinnamaldehyde.

37.  The composition of clairo 34 or claim 35, wherein the at least one penetrating polar

sobvent is DMSQ,

38, The composition of claim 34 or claim 35, wherein there is additionally applied an inducer

of plant Systemic Acquired Resistance (SAR) responses.

39, The composition of claim 38, wherein the SAR inducer is sclected from a group
comprising salicylic acid {SA) or nconicotinoid insecticides, including imidacloprid and

clothianidin.
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40,  The composition of claim 38, wherein the SAR inducer is SA.

41,  The composition of claim 34 or claim 35, wherein the nanoparticles arc made from zine

oxide.

42,  The composition of claim 41, wherein the at least one penetrating polar solvent 1s DMSO.

43.  The composition of claim 34 or clairmn 35, wherein the nanoparticles are made from zine

sulfide.

44, A composition usetul for protecting plants from infection by bacteria, including bacteria
transmitted by insects, and for curing plants infected by bacteria or reducing the levels of

bacteria in infected plants, the composition comprising an emulsion of nanoparticies.

48,  The composition of claim 43, wherein the nanoparticles are made from zine oxide, zine

sulfide, or PLGA.

46. A method of protecting a plant from bacterial attack or infection, the method comprising
contacting or injecting one or more parts of said plant with a composition of claim 44 or claim

4

(3]

47. A method of protecting a plant from bacterial attack or mmfection, the method cormprising
contacting or injecting one or more parts of said plant with a composition of claim 34 or claim

35.

48. A method of curing a plant infected by bactenia, the method comprising contacting or

injecting one of more parts of said plant with a composition of claim 34 or claim 37.

49,  The method of claim 47, wherein the bacterium is an intraceliularly colonizing bacterium.

5¢.  The method of claim 47, wherein the bacterium is a member of genus Libertbacter or Ca.

Liberibacter.
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%1. The method of claim 47, wherein the bacterium is Ca. Liberibacter asiaticus.

82.  The method of claim 47, wherein the plant is a citrus trec.

g

3. A method for curing plants infected with Liberibacter bacteria, the method comprising:

[4

contacting or injecting one or more parts of said plant with a composition coroprising {a) at least
onc aromatic aldchyde, and (b) at lcast one polar solvent,

wherein said at least one aromatic aldchvde is present i an amount of up to 10% of the
total composition applied to the plant, and

wherein said at least one polar solvent is present in an amount of at least 5% of the total

composition,

54. A method for curing plants infected with Liberibacter bacteria, the method comprising:
contacting of injecting one or more parts of said plant with a composition comprising {a} at least
one aromatic aldehyde incorporated in or used as a capping agent for nanoparticles; and (b} at

least one polar solvent.

58, The method of claim 52 or claim 53, wherein the at least one aromatic aldehyde
comprises cinnamaldehyde and said at least one polar solvent compriscs DMSQ, isopropanst, or

water.

86.  The method of claim 54 or claim 355, whercin the at lcast one aromatic aldehyde

compriscs cinnamaldchyde and said at least one polar solvent comprises water.

87.  The method of claim 55 or claim 56, wherein said cinnamaldchyde is present in an
amount of about 1.5% and said DMSO s present in an amount of about 50% of the total

composition.

24}

8.  The method of claim 53, wherein said plants infected with Liberibacter bacteria exhibit a
decrease in bacteria and an increase in fruit yield, relative to planis not having been contacted or

injected with the composition.

62



WO 2015/143444 PCT/US2015/022046

89, The method of claim 54, whercin the nanoparticle 1s {(a) PLGA and present in a range of
0.02% to 0.075% of the total composition; (b} Zn8 and present in an amount of about 0.974% of
the total composition, or {¢) Zn0 and present in an amount of about 0.0625% of the total

composition,

606.  The method of claim 59, wherein the nanoparticles range in size from between about 2mm

and 4nm.

61. The method of claim 52 or 53, wherein there is a reduction of at least 30% in the number

of infected plants one month or longer after treatment of said plants,

62.  The method of claim 52 or 53, wherein said plant is a citrus tree or seedling.

63. A method for curing citrus trees or seedlings from any Liberibacter capable of causing
Huanglongbing Discase, including but not limited to Ca. L. asiaticus, Ca. L. africanus or Ca. L.
americanus and protecting citrus trees and seedlings from infestation by psyllids capable of
transmitting the agents of Huanglongbing Discase, including but not hmited to Ca. L. asiaticus,
Ca. L. africanus or Ca. L. americanus, said method comprising:

contacting one or more parts of said citrus trees or seedlings with a formulation
comprising an amount of from 2.5 to 100 g/l of cinnamaldehyde,

wherein said amount is sufficient to provide at least 10% reduction in titer of Liberibacter

cells.

&4. A method for curing potato, tomato, celery or carrot plants, scedlings or shoots of
Liberibacters, and protecting potato, tomato, celery or carrot plants, scedlings or shoots from
infestation, by Liberibacters carried by inscct vectors, the method comprising:
contacting one or more parts of said potato, tomats, celery or carrot plants, seedlings or
shoots with a formulation comprising an amount of cinnamaldehyde of about 2.5 to 100 ¢/,
wherein the amount is sufficient to provide at least a 10% reduction in titer of

Liberibacter cells.
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5. A composition uscful for protecting plants against bacterial attack or infestation,

comprising: {a} at lcast onc aromatic aldchyde; and (b} at keast one polar protic solvent.

6.  The composition of claim 65, wherein the at icast one aromatic aldehyde comprises

cinnamaldchyde.

67.  The composition of claim 65, wherein the at least one polar protic solvent comprises a

short chain alechol

&8, The composition of claim 67, wherein the short chain alcohol is a C-Cy alcohol.
6%,  The composition of claim 65, wherein the at lcast one polar protic solvent is cthanol,
76.  The composition of claim 65, wherein the at lcast onc aromatic aldchyde compriscs

cinnamaldchyde and the at least one polar protic solvent comprises cthanol.

7%, The composition of claim 65, wherein the at icast one aromatic aldehyde is coniforyl

aldchyde.

72. A method of protecting a plant from bacterial attack or infestation, comprising:

contacting onc or more parts of said plant with a composition of claim 65.

73. A mcthod of curing a plant infested by bacteria, comprising: contacting one or more parts

of said plant with a composition of claim 65,

74, A method of curing a plant that has Huanglongbing, comprising: contacting one or more

parts of said plant with a composition of claim 65,

75.  The method of claim 74, whercin said plant 18 a citrus trec,
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76. A mcthod for curing plants infected with Huanglongbing (HLB), comprising: contacting
onc or more parts of said plant with a composition comprising {a) at least one aromatic aldchyde,
and (b} at lcast onc polar protic solvent,

wherein said at least one aromatic aldchyde is present in an amount of up to 10% of the
total composition, and

wherein said at least one polar protic solvent 1s present in an amount of at least 5% of the

total composition.

77.  The method of claimm 76, wherein said at least one aromatic aldehyde comprises

cinnamaldehyde and said at least one polar protic solvent comprises ethanol.

78.  The method of claim 77, wherein said cinnamaldchyde 1s present in an amount no greate

than about 1% and said ethanol is present in an amount of about 70% of the total composition.

79. The method of claim 77, wherein there is a reduction of at least 70% in the tiier of

Liberibacter cells infecting said plants.
83.  The method of claim 76, wherein said plant is a citrus free, scedling, or germinating seed.

81,  The method of claim 76, wherein said plant is a transgenic plant that cxpresses a gene
causing damage to bacterial outer membranes,
wherein said damage is synergistic with the activity of said method as compared to a

plant that does not express said gene.,

82. A method for curing citrus trecs, scedlings or germinating sceds of Ca. L. asiaticus, Ca.
L. africanus or Ca. L. americanus and protecting citrus trees and scedlings from infestation by
psyiids carrving Ca. L. asiaiicus, Ca. L. africanus or Ca. L. americanus, said method
COMPLIsing:

contacting one or more parts of said citrus trecs, scedlings, or germinating sceds with a

formulation comprising an amount of from 2.5 to 100 g/l of cinnamaldehyde,

o
(3]
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wherein said amount is sufficient fo provide at least 10% reduction in titer of Liberibacter

cells.

83. A mcthod for curing potato, tomato, celery or carrot plants, seedlings or shoots of Ca. L.
solanacearum and protecting potato, tomato, celery or carrot plants, seedlings or shoots from
infestation, by insect vectors carrving Ca. L. solanacearum, said method comprising:
contacting one or more parts of said potato, tomatoe, celery or carrot plants, scedlings or
shoots with a formulation comprising an amount of from 2.5 to 100 g/l of cinnamaldchyde,
wherein said amount is sufficient fo provide at least 10% reduction in titer of Liberibacter

cells.
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