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METHODS OF ENHANCING HEALTH AND/OR PROMOTING GROWTHOF A
PLANT AND/OR OF IMPROVING FRUIT RIPENING

TECHNICAL FIELD
0001 This wvention relates o the techmical field of enhancing the health of a plant
and promoting the growth of a plant. The mvention also relates to the technical field of

improving fruit ripening.

BACKGROUND

{6062] In order o momote plagt growih, fertthizers are employed worldwide, based
onp both movganic and organie substances. A fertiizer may be a single substance or a
composition, and is used o provide nutrients to plants. A major breakthrough in the application
of fertilizers was the development of pitrogen-based fertitiver by Justus von Liehig around 1840,
Fertilieors, bowever, can lead to soif acidification and destabilization of nutrient balance w soil,
mcluding depletion of nunerals and envichment of salt and heavy metals. In addition, excessive
fertibizer use can lead to alteration of soil fauna as well ag contaniinate surface water and ground
water, Further, unhealthfol substances such as nitrate may become ennched in plants and fraits.

{0063} Plants generally maintain constant fevels of essential puneral nutrients in
order to attain optimal prowth and development, even though such nutrienis are 1n many soils
present in low concenfration or accessibility. In this regard plants have evolved adaptive
responses, which enable them to grow alse on a soil wib hmited amounts of one or mwore
nutrients.  Many nutriets have v instance low solubility or are distributed in an uregulw
manner i soil, o case of reduced nutnient avalability, plants generally trigger physiological
and developmantal responses aimed at increasing nutrient acquisition which typically lead to a
change in plant momhology and metabolism. In addition, plants also have adaptive mechanisins
to stimulate growth i the organs that divectly participate in nutrient scquisttion. It s suspected

that intersctions between hormone and nuirient-starvation signaling pathwavs exist.  For
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example in crop protection, there is a continuous need for applications that improve the health of
plants. Healthier plants generally rexplt in higher vields andfor a better quality of a plant or #ts
products. In addition, due o thelr increased vigor, healthier planis show a better resistance to
hiotic andfor abiotic stress.

HHEIEY Apart [romy using chemical fertilivars another existing means of advancing
plant growth are plant assoctated bacteria such as rhizobacteria.  Such bacterin are assoctated
with many, if not all plant species. The mechanism behind the effect of plant associnied bacteria
on plant growth i3 sill open to specalation. Ryu et al (Proc. Nath Acad. Sa. US.AL [2003]

100, 4927-4932) have suggested that among rhizobacieria, which colonize roots, some straing
regalate plant growth via releasing 2, 3-butanediol andfor acetom.
THEIRY There bowever still remains a need to provide alterpative means of advancing

the growth of a plant and improving its health,

SUMMARY

[0006]  In a first aspect the present mvention provides a methed of enhancing the
health of a plant. The method includes providing one or more terpene or terpencid compounds,
i.g., al least one terpene or terpenoid conpound. Further, the method includes using the at least
ong lerpene of terpenoid conypound on at least one of a plaut, a plant part and an area wround &
plant or g plant part. In this regard the method may include applying the at least one terpene or
terpenoid compound to one of the plant, t.2.. the entire plant, and a plant part, i.g., a portion of
the entire plant. The method may also melade applying the at feast one terpene or terpenod
compound 1o an area around a plant or plant part.

{6067 i a second aspect the present nvention provides a method of promoting the
growth of a plant. The method includes providing at least one terpene or terpenoid compound.
The method further inchudes using the at least one terpene ov terpenotd compound on at least one

of a plant, a plant part and an area around a plant ov a plant part. I this repard the method may
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include applying the of least one terpane or terpenoid compound {0 cue of the plant and a plant
part. The method may also include applying the at least one terpene or terpenoid compound to
an area around a plant or plast part.

{0008] In a third aspect the invention provides a method of improving from npenimg.
The method may include applying at least one terpene or terpenoid compound 1o one of the frait
and a plant carrving the freit.  In addition or aliematively, the method may {urther include
applying at least one terpene or terpenoid compound to an area around o fruit,

0009} The area around a plant or plant part, or around a fot may be or inclode the
focus where the plant is growing, or a part of that locus. The respective area around a plant or
plant part may, for example, be or include matier sach as soil that is focated in the vicinity of the
plant or plant part. The respective area around a fruit may for example be or mncluade a portion of
a plant on which the fruit is growing, or be or include matter such as soil that 15 located in the
vichity o the plant or plant part carrying the froit.

{0010} The present invention also provides methods of using a terpene or erpenoid
compound, inchuding a composition that inclades the same to promote the growth of a plamt,
and/or enhance the health of a plant andfor improve frult ripening.

10011] The terpene or terpenoid compound may be included n a composition, In
one embodiment, a composttion that is used i the mvention includes an sxcipient and a
composition that 15 effective in promoting plant growth andior enhancing plant health andior
mproving frudl ripening, such as exiracts obtaingd from Chewapodivm ambrosicides, or a
simelated blend consisting essentially of g-terpimene, p-cvinene and limonene not obtained from
Chenopodium ambrosivides or not obtained from Chenopodinn.  In some embodiments a
composition used i the invention consists essentially of an excipient and one or more exiracts
obtained from Chenopodium ambrosioides, or a simulated blend consisting essentially of o~
terpineng, p-oymene and limonepe. In some embodiments a respective composition consists of

an excipient and one or more extracts obtained from Chesopadium ambrosivides, or a simulated
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blend consisting essentially of w-terpinene, p-cymene and hmonene. I some embodiments, the
simelaled blend of the above composiions consists essentially of o-terpineng, p-cvmene,
Hmonene and a vohane filler. In some embodiments, a respective composition does not contaiy
thymuol, carvacol, carvone, carveot andfor nerol. In one embodiment, the simulated blends in the
abovve compoaitions are no from an extract of Chenopodium ambrosioldes or from an extract of
Chenopodien.

{0012} In one embodiment, a composition used i the present fnvenion only includes
the essential oil extracts from or based on those found in Chenopodiam ambrosicider near
ambrasiondes. In one embodiment, a composition used in the present invention only ncludes a
syathetic blend simudating the essentinl ol extract from or based on those found in
Chenapadivm ambrosioides near cmbrosioides. In one embodiment, a composition used 1 the
present invention includes a mixture of the essential ofl extragct and the synthetic blend. In some
embociments, the compositions to be applied to plants are “normalized” by adding speaific
amounts of synthetic versions of one or more of the 1empene or terpencid compounds found in
the natural extract anddor synthetic terpenes so as o produce a composition with a set rano of the
three terpenes, such as the ratio observed in centain standardized or preferred natural exiracts
from or based on those found in Chenopodiam.  In still other embodiments, the trpeng or
terpenoid compound or the tespective composition used in the methods of the present mvention
is reconstituted.

[0013] In some embodiments, the simulated blends simulating the Chenopodium
exiract consist essentially of natural analogs of such terpenes from other plamt spectes or other
orgamisms, andor the symthetic versions of such terpenes. In sene embodiments, simulated
blends comyprise the three substanfially pure w-terpinene, p-ovmene and limonene, optionally
with at least one volume filler that veplaces the volume taken up by the mmmor components
novmally presemt in the exwract of Chennpodiwn ambrosioides near wmbrasioides, I some

embodiments, the volume filler s vegetable oil or mineral oil.  In farther embodiments, the
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simufated blends consist essentially of o-terpinene, p-oymene and hmonene, and an ofl wherein
the o-terpinens, p-cymene and {imonens ave sebstantially pure and are not oblained from a
Chenopodium exiract, and wherain the sxcipient is not an essential ol In some ewbodiments,
the limonene is prepared from ciirus peels or pines by cold press method.

{0014} The concentration of o~lorpinene m & composition used in the pregent
mvention, whether as an extract andifor a synthetic version, way range from about 30% to about

T0% by weight; the concentration of p-cymene used 1n a  composition, whether as an exiract

g
andior a synthetic version, may range from aboat 10% to about 30% by weight, and the
concentration of limonene in a respective composition, whether as an extract and/or a synthetic
version, may range from about 1% to about 20% by weight.

{0015] In some embodiments, the concentration of o-terpinene in a composition,
whether as an extract and/or g synthetic version, may range from abowt 30% (o about 309% by
weight, including about 33% to about 45% by waght; the concentration of p-cymene I a
composition, whether as an exiract andfor g synthetic version, may range from about 1% o
about 30% by weight, including from about 15% o about 25% by weight, and the concentration
of imonene in g conmposition, whether as an extract andfor a syathetic version, may range from
gbout 2%; 1o about 20% by weight, including from about 5% to about 15% by weight,

{0016} In some embodiments, the concentration of a-terpinene, including at least
substantially pure g-terpinene, m a composition may be abowt 399 by weight; the concentration
of p-cymene, e.g., at {east substantially pure p-cymene, i a compositions may be about 17% by
weight, and the concentration of limonene, e at least substantially pure limonene, in a
compositions may be about 12% by weight.

{0017} In some embodiments, the absolute concentration of o-lerpinene in a
compaosition is about 36% by weight; the absolute concentration of p-cyinene in a composition i3
about 14.9% by weight, and the absclute concentration of Himonene in a composition s about

H1.3% by weight.
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[0018] In some embodiments, the relative ratio among o-terpinens, p-cymene, and
fimonene in the compositions 18 about 35-45 g~terpinene to about 12-20 p-oymene to about 10-
15 fimonens. Other relative vatios are described in more detail below,

{B019] The present mvention also provides the formulation technologics for
preparing such compositions of agents for enhancing the health of a plant andfor promoting the
growth of a plant andfor improving fraif ripening.  In one embodiment, a composition used in
the present invention s fornulated as an emulsifiable concentrate (EC). In one embodiment, the
formulation 18 a highly concentrated ligwd. In one embodiment, the formulation 15 a spray
concentrate. In one embodiment, the formulation 13 an ultra low volume (ULV) concentrate. In
one embodiment, the formalation is a lnghly diluted liquad or oil solution.  In one embodiment
the formulation s in an encapsulated form.

0028} A respective composition can be applied 1o a plant at any desired time during
the life cycle of the plant. In one embodiment a vespective composition is applied to one or
more plants after perminating. In one embodiment a respective composition is applied to one or
more plants before bloom. In one embodinient a respective composition is applied to one or
more plants during bloont. In one embodiment a respective composition is applied to one or
more plants afier bloom. In some enbodiments where the plamt is a Howering plant
{angiosperms) a {erpene or terpenoid compound, including a composition according to the
prasent invention, 1s applied to a plant at any stage, before, during or after the growth of fruit
andior seed. In some embodiments the application occurs at, during or alter transplantation of
the plant or emergence of the plant. In some embodiments, a composition s applied one or
more additional simes during the life cycle of the plant.

{0021} The methods and uses according to the present invention can be accomphished
by applying to a plant or plant part or an area around a plant or plant part, a fruit, a plant part
carrving a fowl o an area around, including proximate o 8 fruit, 8 composition thal includes a

sinmsfated blend of an essential ol extract of Chesopadivg ambrosicides near ambroyioides
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which such simulated Mend consists essentially of substantisily pure o-terpinene, substantially
pure p~eymene, and substantially pore hmonene, wherein these substantially pure compounds
are pot obtained from a Cheanpodi exivact,. A composition used m the above method may
also comprise a carvier andfor volume filler, which may be an o, such as a vegetable oil. In
some embodinents, the cartier andlor volame filler may ast as a pesticide.  In soms
smbodiments, the carrier anddéor vohame filler may act a5 an ssecticide.  In some embodiments,
the composition does not contain thymol, carvacrol, carvone, carveol andior nerol.  In some
embodiments the composition does not contain the aforementioned five essential oils and does
not comain any other essential oils, except those other essential oils that are present as minor
wnpariies 1 the substantially pure e-terpinene, p-cymene and fimonene. In some embodiments,
the composition does not contain essential oils other than a-terpinene, p-cymene and limonene.

[0022] The methods of the present invention include using a composition according
to the present nvention o enhance the health of a plant, to promote the growth of a plant sndior
to tmprove fuit ripening. The increase in growth, the improved health andior the intensified
fruit ripening 15 effective for at least abowt | day, for at least about 2 days. for at least about 3
days, for at least about 4 days, for at least showt § days, for at least about 6 days, for at least
gbout a week, for at feast about § days, for at least about 9 days, for at least about 10 days, for at
least about 11 davs, for at least about 12 days, for ab least about 2 weeks, for at least about 3
weeks, for at least about a month afier application or longer.

[0023] The methods of the present invention mclude applving the compositions of
the present mvention at any time during the life cvele of a plant, during one or more stages of a
plant’s life cycle, or at regular intervals of a plant’s life cvele, or continuously throughowt the
{ife of the plant. By applving the composilions to plants during growth, before andior during
blossom and/or before andfor during the occurrence of seeds the ameliorating effect on plant
health, the strengthening effect on plant growth and/or the stimualating effect on it vipening of

the extract composition can be maintained for as long as desirable by repeated appheations. As
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an tlustrative example, § composttion can be applied before, during andior shortly after the
plamts are transplanted from one location to another, such as from a greenhouse or hotbed fo the
Gedd. In another example, the compositions can be applied shortly aller seedimes wimerge om
the soil or other growth media (e.g., vermicelite). As vet another example, a composition can be
applied a1 any tuve to plants grown hydropomically, A method accordmyg to the mvention may
include applving the composition on a plant, on a plant part, on an area around a plant, iInchyding
proximate to a plant, on a frait andfor an area around, including proxamate to, a frut multiple
times, for example a preselected mumber of umes doring a desived period of time.  In some
embodiments a respective composiion may be applied on plants for multiple times with desired
interval period.  In one embodiment, such an interval pertod is about 1 houwr, about 5 hours,
about 14 hours, about 24 howrs, about two days, about 3 days, about 4 days, about 5 days, about
L week, about 1 davs, about two weeks, about three weeks, about | month or more.

{0024] In a method or use according to the invention a composition s applied 1o a
plant, to a plant part, to an area around a plant or plant part, 1o the frait, to o plant carrying the
fruit anddor to an area around & Irait. An area wound a fruit, a plant or a pland pant may for
example be an area within about 2 meters, within about 8 meter, within shout 70 om, within
gbout 30 cm, within about 25 om, within about 10 cm or within abowt 5 om surrounding the
plant, the plaxt part or the fnl. The composition couaprises 8 fgrpeng of terpenoid counpound,
such as a monolerpene, a sesquiferpene, a diterpene, g sesterlerpene, a triterpene of mixiures

thereof. In one embodiment the composition includes a-terpinene, p-cymene and limonene.

BRIEF BESCRIPTION OF THE DRAWINGS
{0025} Figure 1 dlustrates the known effectiveness of a blend of w-isrpinene, p-
cymene and himonene in controlling insects and reducing disease using the example of
watermelon ving decling. Pictures wery {aken approximately 68 days aller ransplanting.  Fig.

1A, 1B effect of a composition having the same terpene ingredients as Composition 1, as
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described in Example 1 but with slightly dufferent additional ingredients. Fig, 1C: effect of
neonicitinoid soil application and foliar program. Fig. 1D, 1E: wuntreated coutrol.

6626} Figure 2 depicts the effect of 3 tumes application of Composition 1, as
described 1 Example L {B) in comparison to 3 times water {A} on frait set and ripening in
comparison fo bragt.

jo027] Figure 3 dlastrates the effect of Composition 1, as described i3 BExample 1,
applied to hima bean plants one, two, or three times {5-d intervals), on the infestation of mites
{mites counted 14 DATS). While bars: total mites; black bars: new growth.

0028 Figure 4 depicts the sffect of Composition 1, as described m Example 1,
apphied to hma bean plants one, two, or three fimes (5-d intervals), on in the presence of
twospotted spider mites.

{6029} Figare 8 depicts untreated tomato palisade cells {A, B} and tomato palisade
cells exposed to Composition 1 three times ona 7 day wterval (T

{0030} Figure 6 represents the wotal weight of wmato plants after 13 wreatments with

water or Composition 1

DETAILED BESCRIPTION

jaa31} Al publications, patents and patent applications, wclading any drawings and
appemclices, herein are incorporated by reference to the sane extent as if each individual
publication or patent application was specifically and individually indicated 1o be incorporated
by relerence.

[0032]  The following description includes information that may be useful in
understanding the present invention. It is not an admission that any of the information provided
hersin is prior art or relevant to the presently claimed inventions, or that any publication

spectlically or implicitly referenced 15 prior art.

Definiiions
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jR033] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as conmonly understood by one of ordinary skill 1o the art to which this
invention belongs.

i

[034] As used herein, the teom “control” or “controlling™ means o kil plant pests;
or o inhibit the activity of plant pests {vg., reduced mobility, appetite anddor reproductive
capability); or to repel plant pests from a host or area,

[0035] As used hergin, the phrase “active magredient”™ refers fo an ingredient of one
chenucal compound, or mixture of several chemical compounds, wherein the ingredient is
capable of snhancing the health of a plant, or of promoting the growth of a plant andfor
mproving fruit ripening.

R As used herein, the term “plant extract” refers to any substance obiained from
plants. Plant extracts include but are not limited to aromatic substances, such as phenols or
tanning, and alkaloids. Plant extracts are generaily obtained from plants by removing the desired
substance, usually an active igredient, from a plant or plant part usimg a suitable solvent, which
15 evaporated away, and adjusting the residue lo a desired amount, such as a desired or
prescribed standard amount of the active substance.

HH337] As used herein, the phrase "normalized extract” refers to a composition
formuiated so that some or all of at least one of the active substances in a particudar plant exiract
are derived from another sowrce, either svithetic or natural.

{0038} As used herein, the phrase “sumulated blend” refers to a composition
assembled from synthetically produced compounds and/or compounds derived from one or more
plant exiracts, which sinulates the activity of a plant extract, and in which no compound is
obtained front the plant extract whose activity is being stmulated.

{0839]  As used herein, the phrase “gssential oil extract” means the volatile, aromatic
oils obtained by steam or hydro-digtilfation of plast waterial and may include, but are not
restricted to, being primavily composed of terpenes and their oxygenated derivatives, Essential
oils can be obtained from, for example, plant parts tcluding, for example, flowers, leaves,
seeds, roots, stems, bark, wood, and ete. Plant material that may be used in a method accordng
to the present invention includes plant material derived from the genus Chenopadium sp. taken

individually or i a group and may wclude, but 15 not restncted to, the leaf, flowers, roots, seeds,

10
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and stems, As is known by persons skitled in the art, the chendcal composition and efficacy of
an essentiad o3l exiract varies with the phenolopical age of the plant, percent humidity of the
harvested niaterial, the plant parts chosen for extraction, and the method of exiraction. Maethods
well-known in the art can be adapted by 8 person of ordinary skill in the wt to aclueve the
desired wvield and quality of the essential oif extract of the present vention. In one
embodiment, the plant material is devived from Chenopodinm ambrosioides,

{0048} As used herein, the term “penetranis™ refers to chemical compounds that
factliate the wansfer of blopesticide into the plant tissues. They can be hpids or detergent {also
called surfactant), moluding but not Hmited o heavy petroleum oils and distillates, polvol falty
acid esters, polvethoxvlated fatty acid esters, polyhydric slcohols, and alkyl phosphates.

[0041] As psed herein, the term “safeners” refers o substances added to mixtures of
pesticides o limit the formation of undesirable reaction producis, e.g., alcohol sulfates, sodium
alkyl butane diamate, polvesters of sodiam thiobutane dicate, and benrene acetonirile
derivatives.

[0042} As used herein, the term “partially purified” means that the extract s n a
form that is relatively free of proteins, nucleic acids, lipids, carbobydeates or other materials
naturally associated i a plant.

j0043] As used hersin, the term “substantially pure” means that a compound or a
combination of compounds s generally free of other compounds, a3 judged by standard
analyvical techniques. The compound or 3 combination of conpounds may pevertheless contam
sunor amounts of other compounds, such as less than or equal to about 10% other compiunds,
less than or equal to about 99 other compounds, less than or equal to about 8% other
compounds, less than or equal to shout 7% other compounds, less than or equal o aboat 6%
other compounds, less than or squal to about 3% other compounds, less than or equal to about
4% other compounds, less than or equal to about 3% other compounds, less than or equsl
about 2%, less than about 1 99, less than about 0.2 %, less than about 0.1 %%, less than abouwt 0015
%, less than about 0.01 %% or less than about 0.005 % of other compounds. The term “at least
substantially pure” means that a compound or a combination of compounds is generally free of
other compounds, as jndged by standard analytical techniques. The compound or combination

of compounds may contain minor amounts of other compounds, but it may also be entirely fres

11
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of other compounds, af least as judged by known analytical technigues. In one aspesi,
substantially pure compounds or at least substantially pure compoands are made synthetically
and separated from thewr starting wmaterials andfor other byproducts.  In another aspect, a
substantially pure compound or an at least substantially pure compound of interest (Le., a target
compound} 1 isolated from an organisny, such as a plamd or a microorzanism, such that the
isolated compound or compounds only contain nunor amounis of non-targel compounds.

{0044} As used herein, the tevmn “emudsifier” refers 1o a subsimce which stabilises an
smulsion, e.g., g surfactant.

s

0045 As used hersin, the term “swrfactant” refers to a substance which serves as a
wetting seent that lowers the surface tension of a hquid, allowing easier spreading, and lowers
the mterfacial tension between two liquads.

[0046] As used herein, the term “spreader/binder”™, or “spreader-sticker™ refers 1o a
substance which improves the performance of many biopesticides/pesticides by making theny
more resistant 1o rewetting and run off caused by rain and wrrigation water.

)

10047} As used herein, the term “Tween' ™ refers to a group of polysorbate

surfactant whose stability and relative non-toxicity allows 3t to be uwsed as a detergent and
emulsifier i a number of domestic, scientific, pharmacological, agricultural applications. iz a
polvoxvethviene derivative of sorbitan monolavrate, and 15 distinguished by length of the

polyoxvethylene chain and the fatty acid ester molety. For example, Tween™ 20 (aka.

patvsorbate 203 is a chemical compound having the following strocts:
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jB048] As uwsed herein, the phrase “insect repellent” refers 1o a subslance applied 1o
plant which discourages one or more insects (and arthropods in general) from contacting a plant,
such as landing, climbing, or feeding on that plant.

0049 As used herein, the verb “to comprise™ as 18 used in this deseription and in the
claims and #ts conjugations are uzed m i#s non-limitng sense to mean that Hems following the
word gre mcluded, bui Hems not specilically mentioned are not excluded. In addition, reference
to an glement by the indefinite article "a” or "an” does not exchude the possibility that more than
one of the elements are present, unless the contexi clearly requires that there is one and only one
of the elements. The indefimte article "™ or “an™ thus usually means “at least one™.

[oes6] As used herein, the term “solvent™ or “carrier™ refers fo a liquid or gas, or &
mixture of two or more types of hgaid or gas, that dissolve solid, hquid, or gaseous solute,
resulting in @ solation. The most commaon solvent i1s water. Most other connnonly-used solvents
are organic (carbon-containing) chemieals.

[o0s1] As used berein, the phrase “emulsifiable concentrate™ vefers to a hquid
formulation in which the active ingredieni{s} has been dissolved n oil or other solvenis and an
emnulsifier bas been added so that the formulation can be puxed with water or o for spraving.

{H052] As used herem, the term “plant”™ refers to any hving organmism belonging to
the kingdom Plantae {Le., any genus/species m the Plant Kingdom). This includes {amihar
organisms such as but not Hmited to trees, herbs, bushes, grasses, vines, ferns, mosses and green
algae.  The tenmm refers to both monocotviedonous plants, also called monocots, and
dicotvledonous plants, also called dicots, Examples of particular plants inchide but are not
limited o corn, polatoes, roses, apple trees, sunflowers, wheat, rice, bananas, fomaiees, 0po,
pumpking, squash, lettuce, cabbage, osk frees, gwonania, geranbuns, hubiscns, clematis,
poinsettias, sugarcane, tire, duck weed, pine wrees, Kentucky blue grass, rovsia, coconut trees,
brassica lealy vegetables {e.g.. broceol, broccoli rash, Brussels spromts, cabbage, Chinese
cabbage {(Bok Choy and Napa), caultflower, cavale, collards, kale, kohirabi, mustard greens,
rape greens, and other bragsica teafy vegetable crops). bulb vepetables {e.g., garlic, leek, onion
{dry bulb, green, and Welch), shallot, and other bulb vepetable crops), citras fruits {(eg.,
grapelruit, lemon, lime, orange, tangerine, citrus hybrids, pummelo, and other citrus frult crops),
cucurbit vegetables (e.p., cucwmber, citton welon, edible gowds, gherkin, muskmelons

Lol
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{wmchuding hybrids andfor cultivars of cucamis melons), water-melon, cantaloupe, and other
cocurbit vegetable crops), fruiting vegetables (nclading egeplant, ground cherry, pepino,
pepper, tomato, tomatitly, and other froiting vepelable crops), grape, leaty vepetables {eg.,
romaine), root'tuber and corm vegetables {e.g., potato), and tree nuts {almond, pecan, pistachio,

and  walnot), berries (e.g., tomatoss, barberries, cwrands, elderberryviss, gooseberries,
hovneysuckles,  mavapples, namnvberries, Oregon-grapes, see-buckthorns, huckbermes,
bearbarries, lmgonbernies, strawbherries, sea grapes, lackberries, cloudberries, loganberties,
raspberries, salmonberries, thimbleberries, and winebervies), cereal crops (e, com, rice, wheat,
barley, sorghum, nuliets, oals, rves, triticales, buckwheats, fomio, and quinoa), pome frui {e.g.,
apples, pears), stone fruits {e.g., coffees, jujubes, mangos, olives, coconuts, il palms, pistachios,
almonds, apricots, cherries, damsons, pectarines, peaches and phums), vine {e.g., table grapes,
wine grapes), fibber crops {e.g.. henp, cottom), ormamentals, to nanse & few. The plant may in
some embodiments be a bousehold/domaestic plant, a greenhouse plant, an agricultaral plant, or a
horticultural plant. The plamt may i some embodiments be an agricultural, a silvicultural andior
an ornamental plant, 1.e., a plant which is commonly used in gardening, eg., in parks, gardens
and on balcomes. Examples are turf, geranuun, pelargoma, petunia, begonia, and fuchsia, to
name fust a few among the vast number of orpamentals. The term “plant™ s also miended to
mehude any plant propagules.

jO0S3] As used heremn, the term “plant part™ refers to any pant of a plant mcluding
but not limited to the shoot, rool, stem, sseds, stipules, leaves, petals, flowers, ovules, bracis,
branches, petioles, miternodes, bark, wood, tubers, pubescence, fillers, thizomes, fronds, blades,
pollen, stamen, fruit and the like, The fwo main parts of plants grown iy some sort of media,
such as soif, are often referred o as the “above-groand” part, also often referved to as the
“shoots™, and the “below-ground™ part, also often referred to 3s the “rools™

[0654]  The term “plant health™ is wntended 0 mean a condition of a plant that i
deternuned by several aspects alone or i combinagtion with each other, A first indicator {or the
condition of the plant is the vield, which is crop andior fruit vield. The terms “crop”™ and “frait™
are to be understood as any plant product which s Rurther utilized afier harvesting, e.p., fruits m
the proper sense, vegetables, nuts, prains, seeds, wood {e.g., in the case of silviculture planis),

Bonwers (e.g., in the case of pardening plants, omamentals) ete., that i3 anvthing of economic
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value that is produced by the plant. A second indicator for the condition of g plant 15 the plant
vigour. The plant vigowr becomes manifest in several aspects, too, some of which are visual
appearance, e.g., keaf color, fruit color and aspect, smount of dead basal leaves andfor extent of
feaf blades, plant weight, plant height, extent of plant verse (lodging), number, strongness and
productivity of tllers or branches, panieles” longth, seed set, extent of root syslem, strongness of
roots, extent of nodulation, in particular of rhizobwl nodulation, point of thne of germination,
emergence, crop eslablishment, flowering, grain matwily andfor senescence, protein content,
sugar content and the hike.

[6055] The methods of the presest mvention can be applied to any plant or any pant
of any plant grown in any type of media used to grow plants (e.g., soil, vermiculite, shredded
cardboard, and water) or applied to plants or the parts of plants grown aerially, such as orchids
ar staghorn ferns.  Application may for instance be apphed by spraving, atonnzing, vaporizing,
scatlering, dusting, watering, squirting, sprinkling, pouwring or fumigating. As already indicated
above, application may be camried out at any desired location where the plant of interest is
positioned, such as agriculiural, horticultural, forest, plantation, orchard, nursery, organically
grown crops, turfgrass and wban environments. The application of the one or more terpene or
terpenoid compound(s) effects up-regulation/down-regulation of genes mvolved n defense
response pathways, when compared to gene expression in plants that are not being wought in
contact with the respective one or more terpene or terpenoid compound{(s).  In some
embodiments the one or more terpene or terpencid compound(x) effect(s) up-regulation of genes
associated with ethvlene and yjasmonse acid.  In some embodimends the one or more lerpeneg or
terpenoid compound(s) effect(s) up-regulatiom of genes encoding Pathogenesis Related Protains,
In some embodinents the one or more terpene or terpesoid compound(s) down-regulate(s)
genes associaied with photosynthesis,  In one embodiment the penes associated with
photosynthesis are in one erbodinent ansiently down regulated.

jU56] The present invention provides nethods of using one or more {erpene o
terpenoid compounds for enbancing the health of a plamt, for promoting the growth of a plant
andfor for maproving fruit ripening.  Application of the one or more ferpene or terpenod
compounds provides enhanced plunt health effects compared 1o the plant health effects of plants

10 which the one or move terpene or terpenotd compounds have not been applied. Application of
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the ong or more terpene or terpenoid compounds provides improved growth effects compared 1o
the growth of plants to which the one or more lerpene or terpenoid compounds have not been
applied. Application of the ong oy more {erpene or terpenoid compounds provides enhanced
fruit ripening compared to the growth of plants w0 which the one or more terpene or terpenoid
coanpounds bave not been applied.

087 1n thus context, i is noted that the mvention 1s based on the surprising finding
that terpenes or terpenoid compounds have a direct positive effect on planis such as snhancing
the healih of a plani, promoting the growth of a plant and/or improving fruit ripening.  So far,
terpene compounds present, for example, wn exiracts obtained from Chennpodium ambroyioides,
as well as extracts that inchude natural terpenes tsolated from Chenopodivm, have been used for
controlling established insect or mite infestations on plants. See, for example, U.S. Patent
Publication Nos. Z003/009106587 and 2008/0030087: International Patent Publication Nos. WQ
2001067868 and WO 2004006672 William Quarles (1992} Botanical Pesticides from
Chenopodiun, The IPM Practitioner Volume XIV, Number 2, 11 pages; and Lorenzo Sagrero-
Nieves {Mar‘Apr 1995 Volatile Constiteents from the Leaves of Chenopodium ambrosioides
L., §. Essent. Otl Res, 7:221-223, each of which is specilically incorporated by reference berem
i its entivety.  See @lso International Patent Publication No. WO 20107144919 that discloses
matural anddor simudated, syathetic, synergistic pesticidal compositions comprising lerpenes,
including extracts from Chesopodiem ambroxicidey pear ambroxioides, snd compositions based
on those found wm Chenopodium ambrosioides near ambrosioides.

[058] As used berewn, the termy “lerpene™ refers 1o a large and vaned class of
hydrocarbons, produced primarily by a wide varisty of plants and by some insects. Terpenes,
which are largely natural products, are built of soprenoid sudfor sopentenoid wnits. Some
terpenes have a linear aliphatic backbone with methy! substituenis defined by the ndividual
isoprene units (ee below). Some terpenes are branched ahiphatic compounds. Some terpenes
include one or more alicyclic moisties. Terpenes are the major components of resin, and or
turpentine produced from resin. They are the primary constituents of the essential oils of many
types of plants and flowers,

{0059 Terpenes can be classified according 1o the number of isoprenoid/

isopentenoid wnits included m the compound.  In this regard a hemiterpens, 1.e., isoprene or

16



16

20

30

WO 2013/039937 PCT/US2012/054701

sopemtens, has a single isoprenvid’ isopentenid unil, while 3 monoterpene such as geraniol,
fimonene and terpineel, has two isoprenotd’ sopentenotd wnits, and & sesguiterpene, such as o
farnesene or famwesol, meludes three isoprenoid’ wwopentenoid unis. A diterpene such as
cafestol, kahweol, cembrene and taxadiene includes four soprenoid/ fsopentenoid units, A
sesterterpene such as geranvifarnesol has five isoprenoid? isopentenodd wnils, & trilerpene such as
squalene includes six isoprenoid’ isopentenoid umis and 3 (eiraterpene, such gs lvcopene,
samuna-carotene, an aipha- or a beta-carotene, includey eghl hoprenmd! isopentenoid wmis.
Compounds that bave more than eight soprencidisopentenoid umits can be referred 10 as
polvterpenes.

0060} Terpenoids are hikewise built of isoprenoid andfor sopenteneoid units. The
terms “lerpenoid” is used m the art to clanfy that the soprenoid andfor isopentenoid stracture
underlving terpenes has been modified by oxidation of one or more methyl groups with an
oxygen coptaining functional groap {e.g.. a hydvonyl, carbonvl, carboxyl or phosphate group),
by removal of one or more methyl groups, or by shufiing the position of one or more methyl
groups. Terpenoids peverally include an alioyehie molety. Typically terpenoids have cyelie, in
particolar mmlticyebie structures. Cyehie structures included in a terpenoid may be alicyclic or
aromatic stractures. These hpids can be found in all classes of living things, and arve the largest
group of natural products. Accordingly, in soime embodiments a terpenoid compound is a eyelic
compound that is built by fusion of soprene units, such as ot least one, typically two or more
isoprene nndts.  Where only one isoprene umit is mncheded in a ring terpenoid conpound, the
compound 18 bailt by fuston with a furtber moiety that includes an ywnsaturated bond, typically a
double bond. Such an unsgturated bond may still be present in the ning terpenoid compound, In
a ring terpenoid compound the respective isoprenowd unii(s) ssfare pant of a five- or six-
membered ring.  In addition, a ring terpenoid compound may include one or more further
isoprenotd units that are not Integrated into a nng. Several such rings may be fused to a bi-, i,
tetra- or pentacyclic ring system. Ring terpenoid compounds have structures that differ both
terms of functional groups and side chains as well as in thefr basic carbon skeletons. Ring
terpenoid compounds are produced primarily by a wide varety of plants and are nchaded neg.,
fruits and vegetables, and are nwin constiuents of inter alia odorants, essential oils, balsams,

traditional herbal remedies, oleoresing of plants, bicgenic metabolites with aimacrofouling and
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anttfungal properties, and provide variows classes of compounds such as steromds o
cannabinords.

[B061] Similar to terpenes, terpenoids can be classified according to the number of

isoprenoidiisopentenoid units included in the compound. A hemiterpenod such as prenol or

3 isovaleric acid has a single of soprenoidisopentenoid unit, A monoterpenoid has two, a

sesquuerpenoid three, a diterpenoid four, a sesterterpenowd five, g triterpenoid six, and a

tetraterpenond eight isoprencidfisopentenod uniis. A polvierpenoid has a higher manber than

gight isoprenoid’ isopentenoid ymts,

jo062] The term “isoprenod™ 1s derived from the name of the unsaturated branched
1 hydrocarbon isoprene 2-methvl-l, 3-butadiene.  An isoprennid compound includes so called

‘tsoprene units” derived from isoprene:

&) {0063 The integers indicate the nombering of the carbon atoms of woprene. The
sarme munbering will in the following also be used to address carbon atoms of an isoprene unit
of an isoprenoid compound.  The term “soprenoid compound”™ as wvsed herem refers o any
compound that mcludes at feast one woprenotd uni, or at least two units selected from
isoprenctd and 1sopentencid unis. In some embodiments within the 1soprenecid compound one

20 or more isoprenefisoprenoid units {as depicted above) - if presem, {ypically at least two isoprene
units -~ are acyclic moleties.  Such an acyclic isoprene onit may include one double bond as

follows:

P2
LA

with (G being C, 81, O, N, P, §, Se, or a halogen atom. R, R and RY are independently selected
from the group cousisting of H, aliphatic, cyvcloaliphatic, aromatic, avviehphatic, and
arvleveloaliphatic groups (e.g., hydrocarbyl groups). A respective aliphatic, cycloaliphatic,

aromatic, arvialipbatic or arvicycloaliphatic group s typically of g mam chain leagth of 1 1o
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about 10, to about 15 or to about 20 carbon atoms. Fach of R” to RY may for example include 0
to about 3 heteroatoms (1.e., atoms that differ from carbon) selected from the group N, O, 8, Se
and S Isoprencid compounds with such soyclic modeties are particularly suttable for the
method of the present invention.

jaa64] In some embodiments isoprene/isoprenod units ae mcluded i g ovclic
moiely, such as a hexacyelic motety, e.g. a cyclobeaxane ring, o cyclobexene ring or a
cvelohexadiens ring. I case of 2 monoterpene; such as a ferpinene, cymene of monene, or a8

monoterpenaid compound, a monocyelic compound may be of the structure

wherein — represents a single or a double bond. R’ may be H, an aliphatic, cycloaliphatic, an
aromatic, an arvialiphatic, an arvicycloaliphatic group or a functional group comprising a
heteroatom (e.g.. N, O, §, Se, halogen or 5i) such as a hydroxyl proup, a carbonyl group, a

carboxyl group, an amune group, an amido group or a phosphate group. In some embodiments ¢

P

monoterpene or monoterpenoid has a bicychc structure, such as e.g., pinene.

6 S] In this regard the {erm “isoprenoid unit” as wsed herein glso ncludes motehies
in which the methylene group that 15 bond to carbon atom Neo. 2 of isopreng (sex above), is
replaced by another atom such as 81, O, N, §, Se, a halogen atom of P, or in which the respective
side cham of isoprene includes a heteroatom. Thus fact is indicaied by the moiety G i above
representation of an isoprenoid unit. In embodiments where moiety G is & methylene group (e,

unsubstituled carbon, ~-CHy-), an isoprencid unit may be depiciad as:

with R®, R" and R” as defined sbove. As also explained below, the term “isoprencid unit™ refers
to any configuration andfor conformation of bonds or centers of the respective v, alone or

when viewed within the entire isoprencid compound used in the method of the invention.
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jB066] Where a plarality of isoprene units is present witlin a respective isoprenoid
compound, they may be divectly comnected 1o each other or separated by further moleties. In
typical embodiments of the method of the mvention, the isopreng units of the oprencd
compound ave divectly connected 1o esch other. As a few illustrative examples, an isoprenoid

3 compound may mclade a sfructure as represenied by ong of the four following general formulas

13

wherein o and s i Tornwilss {Ic) and (Id), respectively, are an integer from ! 1o abowt &, such as
for example 2, 3, 4 or 5. G in formula (fa) may be, as indicated above, C, 51, O N, P, 5, Se, w a

sy

halogen atom. Where applicable, the respective double bond of an soprenoid compound may

—
i

be of the E-{trans-) or the Z-{cis-)configuration. The isoprenoid compound wmay carry vanous
substituents. As an illustrative example, an isoprenoid conpound of two isoprencid umis may

mciude a structure as represented by the following general formulas (le) and (I

N N
. {:HE CHo
© RE-GH.~C=CH~CHCH -—CmCH~CH2—~—CH2-—-R“‘

1 22 3 424123 3 4

it which the numberings of the carbon atoms of gach isoprenoid unit (cf. above) are indicated in

20

Halic letters below the respective carbon atoms of the soprenod compound, and:
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) a
(an R

3 1 3

wherein R® to R in fornudas (Ie) and (N may be H, an aliphatic. cycloaliphatic. aromatic,
arvlatiphatic, or arvleveloaliphatic group (2.2, a hydrocarbyl group) or a functional group. Each
of R® to R® may for example include G to aboat 3 heteroatoms (e, atoms that differ from
carbon) selected from the group N, Q, S, Se and S, A respective functional group may be a
halogen, hvdroxyl-, thiol-, sgigue-, carboxyl-, amino-, immno-, amido-, inudo-, axido-, diazo-,
CVRRO~, 130Cyano-, niro-, witroso-, sulfo-, sulfido~, sulfonvl-, or silyvl-group. 1 any one or more
of R* 1o RY are an aliphatic, cycloaliphatic, aromatic, arvlaliphatic, or arvleycloaliphatic moiety,
it'they may also include other polar, non-polar, saturated or unsaturated groups, including for
gxample an epoxy group or § to about 3 heteroatoms selected from the group N, 0, 8, Se and Su.

{0067} A& respective isoprepocid compound may for example be of the general

formuala (0%

4 Ry e N
R R

wherein R to RY may be are sn independently selected aliphatic, cycloaliphatic, aromatic,
arvialiphatic, or arvicycloaliphatic motety, typieally with a main chan of a length of 1 to about
20 carbon atoms. R o RS may for example include {8 to about 3, such as one or two,
heteroatoms selected from the group N, 0, 8, 5S¢ and Si

j068] The term “aliphatic” means, unless otherwise stated, a straight or branched
hydrocarbon chain, which may be saturated or mwono~ or poly-unsaturated and nclude
heteroatoms (sze below). Asn ussaturated aliphatic group comains one or more doubde andior
iriple bonds {alkenvl or alkinyl moseties). The branches of the hydrocarbon chain may include
linear chamns as well as non-aromatic cyclic elements. The hyvdrocarbon chamn, which may,
unless otherwise stated, be of any length, and contain any number of branches. Typically, the
hvdrocarbon (maim) chain mcludes 1 to 3, to 10, to 13 or to 20 carbon atoms. Examples of
atkenvl radicals are straght-cham or branched hydrocarbon radicals which contain one or more
double bonds, Alkeny! radicals normally confain about two to abomat twenty carbon atoms and

one or more, for instance two, double bonds, such as abowt two to sbout ten carhon atoms, and
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one double bond. Alkynyl radicals normally contain about two to about twenty carbon atoms
andd one or more, for example two, tiple bonds, such as two 1o ten carbon atoms, and one giple
bond. Examples of alkvayl radicals are straighi-chain or branched hyvdrocarbon radicals which
contain one or mwore riple bonds.  Examples of alkyl groups ave methyl, ethyl, propyl, butyi
penivi, hexyvl, heptvl, ovivl, nonyl, decyl, the n isomers of these radicals, isopropyl msobuiv,
isopentyl, sec-butyl, tert-butvl, neopentyl, 3 3-dimethyl-butyl. Both the main chain as well as the
branches may frthermore contan heteroatoms as for wstance N, Q, 8, Se or St or carhon atoms
may be replaced by these heteroatoms.

j(3069] The term “alicyclic” means, unless otherwise stated, a non-aromatic eyclic
moiety {e.g.. hydrocarbon moiety), which may be saturated or monc-or poly~unsaturated. The
cychic hydrocarbon motety may also inclade fused cyelic ving systems such as decalin and may
also be substituted with now-aronatic cyclic as well as chamn elements. The main chamn of the
cychic hydrocarbon molety may, unless otherwise stated, be of any length and comtain any
number of non-aromatic cyclic and chain elements. Typically, the hydrocarbon {main) chain
mcludes 3, 4, 5, 6, 7 or 8 main chain atoms 1 one oycle. Examples of such moietias include, but
are not hmited to, cvlcopentyl, cvelohexyl, cyclobeptyl, or cyclooctyl.  Both the cyelic
hydrocarbon moiety and, 1f present, any cyclic and chain substituents may furthermore contain
heteroatoms, as for instance N, O, S, Se or 5%, or 3 carbon atonm may be replaced by these
beteroatoms.  The term “abeyelic™ also includes cycloatkeny! moteties that are unsaturated
cyelic hvdrocarhons, which generally contain about three {0 about eight ning carbon atoms, for
gxample five or six ring carbon atows. Cycloatkeny! radicals typically have a double bond 1w
the respactive ring system. Cveloalkenyl radicals may in furn be substituted,

{00704 The term “aromatic™ means, unless otherwise stated, a planar cyclic
hvdrocarbon molety of conjugated double bounds, which may be a single ring or include multiple
fused or covalently linked rings, for example, 2, 3 or 4 fused nings.  The term aromatic also
includes alicylaryl, Typically, the hydrocarbon {main} chain inclades 3, 6, 7 or & main chain
atoms in one cvele. Examples of such moleties include, but are not Himited to, cvclopentadienyl,
phenyl,  napthalenyl-, { Hiannuwlenyi-(1,3,5,7 9-cvclodecapentaenyl-}, { 12 jannulenyl-,
{8 lannulenyl-, phenalene (perinaphthene), 1.9-dihvdropyrene,  chrysene  {1,2-

benzophenanihvene). An example of an atkylaryl moiety is benevl The main chain of the
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cyclic hydrocarbon moiety may, unless otherwise stated, be of any length and contain any
munber of heteroatoms, as for instance N, O and S, Examples of such heteroarontatic moeities
{which are known to the person skilled in the art) mclude, but are not himited to, furanyl-,
thiophenyl-, naphthyl-, naphthofuranyl-, anthrathiophenyl-, pyridinyl-, pyrrolyl, quinohnyl,
naphtha-quno-linyl-, quinoxalinyl-, indolyl, benzindolyl, imidazolyl-, oxaxolyl-, oxomnyl-,
oxepiuyl-, benzoxepinvl, azepinvi-, thiepinyl, selenepinyl-, thionivl, azecinvl- (awacyclo-

o

deca-pen-ta-envi-},  diazecinyl-, aracyciododeca-1.3.5.7 2.1 1 -hexaene-3 9-divl-,  arozinyi-,
diazo-cinvl-, benwazocinvl-, grecinyl, azaundecinyl-, thiallllanoulenyl-, oxacyclotrideca-
2.4.6 &, 10,1 2-hexaenvi- or triavaanthracenyl-moieties,

{0071 By the term “aryvlaliphatic™ is meant & hvdrocarbon molety, in which one or
more aromatic moteties are sobstitoted with one or more aliphatic groups. Thas the {erm
“arylaliphaiic” also includes hydrocarbon moieties. in which two or more aryl groups are
connected via ong or more aliphatic chain or chains of any length, for instance a methylene
group. Typically, the hydrocarbon {maim)} chamn includes 3, 6, 7 or ¥ main chain atoms mn each
ring of the aromatic motety. Examples of arvlaliphatic moteties include, but are not fimited, to
T-athyl-naphthalene, 1,17 -methylenebis-benzene,  9-isopropylanthracene, 1.2 3-trumethyi-

~

benvene, 4-phenvl~ 2-buten-i-ol, 7-chloro-3+ l-methylethyl)-quinohne, 3-heptyi-furan, 6-{2-
{2, 5-diethvlphenvliethyl]-4-ethvi-guinazoline or, 7 8-dibatyl-5,6-diethyl-iso-quinoling.

8072 Each of the terms “aliphatic”™, “alicvehe”™, “gromatic™ and “arylaliphatic™ as
wsed bergin is memyt to include both substiluied and unsubstituted forms of the respeciive
motety, Substituents may be aoy functional group, as for example, bul vot hmited {o, amino,
aniido, arido. carbonyl, carboxyl, cyano, isocvane, dithiane, halogen, hvdroxyl, nitro,
organometal, organoboron, seleno, silyl, slane, sulfonyl, thie, thiocyvano, tnifluoromethyl
sulfonyl, p-toleenesylfonyl, romobenrenesulfonyl,  nirobenzenesulfonyl, and  methane-
sulfonyl

jO073] With regard o the configuration of the double bonds mcluded in the
isoprenotd compound, these may exist in Z- andfor E~configorations.  In the method of the
present inveation the isoprencid compound may include either of these configurations.
Regardless of the configuration of double bonds ncluded 1o the isoprenoid compound, carrving

out the process according to the present invention resulis in a cvclisation and formation of a
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multiple ring compound.  As an illusirative example, where i formala (H) m = 2, the following

compounds are equally well suited for the purposes of the present invention

)
R
R
[0074] As already indicated above, the term “isoprenoid compound™ as used herem,

thus refers {0 all respective womers of for instance general formudas (Ja) 1o (Ie) or general

formula (11}
Campaositions used in the Present Invention

[0075] A composition used in the present mwvention includes at least ome active
mgredient in the form of an isoprevoid and/or sopentenoid compound. In some embodiments,
the compeosttion further mchudes one or more camier(s)¥solvent(s). A respective composition
may also include an emudsifier, a spreader andfor a sticking agent, to enable application of the
composition to a specific envivonment.

0076} In one embodiment, the composition further iacludes m least one
carrier/solvent, at {east one adjuvant, wherein the adjuvant 15 selected from the group consisting
of emulsificr, spreader/binder, penetrants, safeners, anticaking agents, and mixture of thercoll In
some ambodiments the active ingredient present in the composition is a combination of three
terpenes, o-ferpinene, p-cymene and Hmonene. The three terpenes in the compositions used in
the present invention can be obtaimed from any sowrce such as, for example, as an extract from
Chenopodium ambrosivides near ambrosivides, wihich extract has insecticidal and acaricidal

activity, as described in detail s US. Patent Publication Nos. 20030021657 and 2HKW/G030087;
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Interpational Patent Publication Nos, WO 2001/067868 and WO 2004/006670, or as an extract
from another plant genus/species that produces such terpenes, of as a compound produced
naturally by any organism {Le, as 8 compound separate from an extract per sg), or produced
synthetically (1., by a chemical synthesis process).  The active ngredients included in an
extract from Cheropodinm ambrosioides near ambrosivides Bave been recognized in the hunan
maedicinal pharmacopeia for centuries. Such extract and a simulated blend of such extract, one
example of which 1sset forth as Composition 1 in Example 1, are conlagi active insecticides that
control whiteflies, aphids, wues, thrips snd other pests frequently found m high-value
AETOBOMIC Crops.

0077} The primary mode of action of Composition 1 is based on the effects of
emulsified essential ofls on the msect exoskeleton, the intersegmental membranes, and
chemoreceptors associated with locomotion and plant host identification. Laboratory and field
stadies suggest that secondary effects of Composition 1 include reduced host plant probing by
homoptera, reduced incidence ol vectored plant pathogenic viruses, and induction of plant
secondary defense response. To understand the effect of Composition 1 as an tustrative
example for a composition containing one or more terpeng or terpennid compounds on plant
host response the present inventors isolated tomato plants and made repeated applications of
Composition | using conventional agronomie spray mitervals. Transcuptional profiling lununa
mRNA seq) was used 1o compare treated to pntreated plants at several different life stages. In
ane expenment over 37 million 68-bp reads were barcoded 1o distinguish the reads from each
treatment m the experiment.  Sequence reads were aligned to the latest mRNA DR published by
the Interngtional Tomate Genome Sequencing Project.  Composition 1 caused significant
increases in several key defense response pathways.  Genes associated with ethylene and
jasmonic acids production were up regulated as were a number of Pathogenssis Related
Proteins.  Genes assoclated with photosyathesis were transtently down regalated. QRT-PCR
confirmed some, but not all of the RNA-seq observations.

{0078] As an example, the three terpenes e-terpinene, p-cymene and himonene can be
from natural extracts obtained frome Chenopoditm ambrosioldes near ambrosioides, naturad
analogs of such terpenes as extract from other plant species or other ovganisms, or synthetic

versions of the terpenes, or combination thereof. Thus in one embodiment, the active ingredient
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in the presemt invention is the essential oif extract of Chenopodivm ambrovioides neax
ambrosioides. In another embodiment, the active ingredient is a simalated blend stmwulating the
assential oil extract of Chenopodium ambrosivides near ambrosioides. Tn still another example,
the active ingredient is a combination of the essentigl oil exivact of Chenopodinm ambrosioides
neat ambrosicides and the simulated blend.

jB79 As mentioned above, Chenopadium apthrosioldes near ambrovicidey plasts,
methods of preparing, harvesting and storage of such plants, methods of extracting essential oil,
and composition of saud essential oil, have been described elsewhere, Swe, for example, US
Patent Publicaiion Nos. 2003/0091657 and 2009/0030087: International Patent Publication Nos.
WO 2001067868 and WO 2004006679, and Lorenzo Sagrero~-Nieves (Mar/Apy 1998} Volatile
Constituents from the Leaves of Chenopodium ambrosinides 1., 1. Essent. (nl Res. 7:221-223,
each of which is mcorporated by reference i is  entivety hevemn, including all
drawings/photographs that are a part thereof.  As an example, the isoprenoidisopentenoid
compounds in the exiract may be a-terpinene, p-cymene and limonene.

{6086 The essential o extract of Chesopadium ambrosioldes near ambrozioides
consists mainly of o-terpinene, p-cymene, lononene, and of other minor terpene constituents,
which may include carvacrol, L-carveol {(43% cis+ 34% trans), thymol, and y-terpmene, which
are pesticidal and are present at low levels. Example I of International Patent Publication No.

greater impact

b

WO 20044006679 notes that these minor components are hikely to have a much
an the activity of the oil than the major components. Even though # has been shown i WQ
2017144919 that the three pesucidally active chemical compounds in the essential oil extract
arg g-terpinens, p-cymene and Hmonene and that the minof components are not necessary for
this insectividial activity, all terpene compounds such as o-terpinene, p-cymene, limonene,
carvacrol, L-varveol, thvmol, and y-terpinene can be used i the present invention o enhance
plant growth and plant health as well as fnut npening. Any enantiomer of limonene wall work
in the methods of the present invention, inchuding but not linuted to d-limonene.

{0081 Egsential off extracts of Chenopodinm ambrosioides may contain substantial
guantities of the bicychic monoterpens ascaridole, depending on the cultivar and the growmg
couditions.  Because of concerns over mammalian toxicity of this compound, it nught be

desirable in certain embodiments to reduce or eliminate ascatidole from a composition used as
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described hersin to enhance worker safety and to munimize ngestion of the compound after
appheation of the produet o frudts, vegetables ov grains.  The O ambrosioides near
ambrosioldes cultivar was originally selected for s relatively low levels of ascandole. In
addition, as ascaridole can be physically removed or chemically converted to snother product.
Processes for physical removal mclude molecular distillation or supercritical €O, extraction,
These methods lead to a near quantuative extraction of ascaridele from the essential oil,
Chenvical  reduction methods have also been emploved 1o Convert ascaridole to the
corresponding and relatively nom-toxie 2,3 cis dol.

30821 In one example, the concentration of o-erpinene in the extracl of
{Chenopodium  ambrosivides ranges fromy abount 33% to about 45%, by weight.  The
concentration of p-cymene in the extract of Chenopodium ambrosioides ranges from about 15%
to about 25%, by weight.  The concentration of lmonene in the extract of Chenopodium
ambrosioides ranges from about $% {o about 15%, by weight.  The concentration of minor
terpene constituen(s and impurities m the extract of Cheropodinm ambrosivides ranges from
about 23% o about 35%, bv weight.  For a non-linuting exsmple, in one extract, the
concentrations (by weight) are as follows: 3% g-terpimene, 179 p-cymeng, 12% limonene and
32% punor terpene constituents and impurities, by weight.

JO0R3] The concentration of the essential oil extract in the composition to be appled
to plants and plant pants, depending on whether 1t 15 i the concentrated or diluted {ready-to-
sprav} form, can be at least about 0.61%, about 1.02% about 0.03%, about (.04%%, about (L.U5%,
about Q.00%, about H.07%, abowt G.08%, about G.09%,; about 0.1%, sbout 0.2%, about 6.3%,
about 0.4%, about (1.5%, about (1.6%%, about 1.7%, about (8% abount 0.9%, about 1%, about
2%, about 3%, about 4%, asbowt 3%, about 6%, abowt 79, about ¥%. about 9%, abowt 10%,
about 11%, about 12%, about 13%, about 14%, about 15%, gbout 16%%, abowt 17%, about 1R%,
about 19%, about 209, about 219, about 22%, dbout 23%, ahout 4%, about 23%, about 26%,
about 279, about 28%, about 29%, about 30%,, about 319%, about 32%, aboui 33%, about 34%,,
about 35%, about 36%, about 37%, about 38%, about 39%, ahout 40%, about 41%, abowt 42%,
about 42%, about 43%:, abmgt 44%, about 45%, sbout 46%:, about 47%, about 48%, about 4994,
gbout 0%, about 51%:. about 52%, about 33%, sbout 54%., abow 55%, abow 56%%, about 579%,

about S8%, aboul 59%, about 60%, about 61%, about 62%, abow 63%, about 634%, about 63%,
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ahout 66%, aboul 67%, about 68%, about 69%, about 74%, aboul 71%, about 72%, about 73%,
about 74%, about 75%, about 76%, shout 77%, about 78%, ghout 79% about BO%, abowl 81%,
aboul 82%, about 83%., about 84%6, abowt 859, about 86%,, about 874, about 88%, aboul 8%,
about 9%, sbowt $1%, abont B2%, about 93%, about $4%, about 93%, about 6%, about 97%,
abuout V8%, about 99%, or about F00%, by weight.

{0084} For example, in some embodiments the final concentration of the extract in
the composition (o be applied o plants ix about 0.05%, or about 0.1%, or abowt 0.2% or abowt
4.7%%, by weight.

{0085} Formulations confaining the essential oil extracts used i the present
nvention can be prepared by known techniques to form emulsions, aerosols, sprays, or other
fiquid preparations, dusts, powders or solid preparations. These types of formulations can be
prepared, for example, by combining with pesticide dispersible liquid carriers andfor dispersible
solid carriers known in the art and optionally with carrier vehicle assistants, e.g., conventional
pesticide surface-active agents, including emulsifying agenis andior dispersing agents.  The
choice of dispersing and emudsifying agenis and the amount combined is determined by the
nature of the formulation, the intended form of application of the formulation to a specific
enviropment {e.g., plant, animal, soil, bwilding). and the ability of the agent to faciltate the
dispersion of the essential oif extract of the present invention while not significantly dinunishing
the strengthening effect on the health of a plant. on the growth of a plant, andfor on frat
ripening of the essential oil exwract {of. also below).

{0086 In some embodiments a formulation used according to the present mvention
may be prepared as a microsmulsion. Micreemulsions are low-viscosity, optically transparent
disperstons of two miscible hguids wiach are stabilized by at least one lonic or noniomc
surfctant. In the case of microemulsions, the particls dlameters are in the range from about § W
about 100 nny, suspended 113 & continuous phase. The interfacial tension between the two phases
15 extremely low. The viscosity of many muicroemuisions of the oil and water type (O/'W) is

comparable to that of water. In contrast thereto, a “macroemulsion™ has a high viscosity. The

particle diameter of 3 macroemulsion is o the range from about 10 to about 100 micrometers.

Macroenwdsions are milky white in color and, upon beating, tend toward phuase separation or

toward sedimentation of the dispersed substances. It is believed that the small size of the
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emulsion droplets of a microemulsion may slhow for betier fransport of the components nctaded
therein through plant cell wembranes, so that the ose of a microemulsion may In some
embaodimenis be advantagenus. Further, microsmulsions are considersd o be mbinuely stable,
thereby providing mproved stability when compared to tradibonal macroemulsion systems.

3 Therefore, inthe context of the present mvention the e of & microenuision formulation of may
be particularly suttable for certain applications, for example soil debivery,

{0087} The present tnvention also provides compositions of simudated terpene hlends
which stmulate the essential oil exivact of Chenopodium ambrosivides near anmbrosicides. The
simusfated terpene blends of the present imvention may comprise g-terpinene, p-cvmene, and

H} timonene at concentrations that are the same or about the same as their respective concentrations
i extracts of Chenopodion ambroxioidey vear ambrosioides, wherein sach extracts include
additional minor terpene ingredients and impurities not present in the simulated blends of the
present mvention. Greenhouse and field testing unexpectedly demonstrates that there are no
material differences m performance and/or plant salety between the simulated terpene blends of

15 the present mvention and the extract of Chenopodium wmbrosioides near ambroxivides when
used at the same rates or at gbout the same rates. The present mvesntion also provides the use of
a simulated blend of three terpenes, which also successfolly mimics the pesticidalinsecticidal

effects of exiracts of Chenopodium ambrosioides nexy ambrosioldes.

[B0E8] In some embodiments the simulated terpene blend of the present mvention
20 anly inchides three active terpene compounds {g-lerpmene, p-ovmene, and lHmonene) that when

combined with ments (camerdsolvent, enwdsifier, and/or spreaderinder) are suificient to numic
the pesticidal effects of the extract of Chennpodium ambrosivides near gmbrosioides. Thus,
somne embodiments, the terpeng blends of the present invention do not contain the minor erpene
ingredients and mmpurities found in the Chenopodium ambrosinides near ambrosinides extract,
25 such as thymol, carvacrol, carvone, carveol adior nevol, wherein one or more of such nynor
terpenes may have insecticidal activity. In one embodiment, the sinwlated blend dees not
contain thymol, carvacrol, carvone, carveol and/or nerol. In one embodiment, the terpenes of
the simulated terpene blend are not obtained from Chenopodium ambrosiodes.  In another

embodiment, they are not obtaimed from Chenopodinm,
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jBORY] Stmulated blends simulating the Chenopoditn extract can be made according
to the present ivention by mixing together three at least sobstantially pure isoprenid
compounds, a-terpingne, p-cyvmens and limonene, optionally with at least one vohume filler, for
exanmple, vegetable oil {e.g., food grade), ov mineral oil that replaces the volame taken up by the
sunor components normally present in the extract.

joUea] As used herem, the term “vegetable oil” refers (o lipid matenials denved from
plants, which do not contamn, or only conlam trace amount of fragrances or essential oils, such
that the materials are non-volatile, nou-scented plant ouls. Thus, 93 used herein, a vegetable oil
is not prepaved by method of distillations, which are usually utilized to prepare fragrances andfor
essential oils. Instead, vegetable oil is typically extracted from plants by chemieal extraction
andior physical extraction. Chemical extraction comprises using a chenical agent as a solvent
to exiract vegetable oils from plant. A common solvent is hexane, which can be derived from
petroleum.  Another wav is physical extraction, which does not use solvent extracts. Physical
extraction mvolves what 1s known as the “traditional” way by using several different tvpes of
mechanical extraction. Expeller-pressed extraction is one type, and there are two other types

that are both ol presses: the screw press and the ram press. A vepetable ol can be saturated or

unsaturated, and can be edible or inedible. Fxamples of vegetable oils mclude, but are not

Limited to, canola oil, sunflower oil, safflower oil, peanut oil, bean oil, including sevbean il
finseed oil, tung oil, olive oil, com ol sesame omil, cumin mil, peanut orl, and castor oil. In one
gmbodiment, vegetablde oif is extracted from a whole plant, ov from: a pland part {e.2., seeds).
HHILEY gterpinene, p~ovmene and imonene ave publicly available to those skilled
the art, can be produced synthetically using known methods, or can be purified from various
plant extracts, as described i more detaw! below. In addition, all three of these terpenes are
commercially available {(e.g. Sigma-Aldrich™, Acres Organics, MP Biomedicals, Merck
Chemicals). The concentration of each isoprenoidiisopentenoid compoand 15 described below 1
the composition section. Unless otherwise noted, the percentages provided below reflect the
percentage of each terpene present in the sinndated blend, and exclude any impurities present in
gach of these substantially pure compounds. For example, if the simulated blend contaius alpha-
terpinene that is 90% pure, the percentage shown below reflects the amount of pure alpha-

terpinene that s incladed in the composition, excluding the 10% impurities. Therefore, if such
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simufated blend constitutes 40% alpha-terpinene. the substantially pure alpha-terpinens used 1o
prepare the blend is about 44%  with 40% alpha-terpinene and 4.4% bupurities.

[{06092] Methods for synthesizing or puridying the terpenes m the simulated blend are
well known to those of slall in the art. Each of the terpene components of the simulated blend
may be obiained by chemical synthesis or from a plani extvact. For example, o-terpinena may
be obtaned from acid somenization of lerpinolene.  P-oymene nwy be obtamned by
disproportionation of dipentene or by dehvdration of camphor. In addition, p-cymene may be
obtamed from lmonene, as described n Martin-Luengo, MAL et al. “Synthesis of P-cymene
from Limonene, a Renewable Feadstock,™ Applied Catalysis B: Envivommental (June 24, 2008},
S1{3~4), 218-224. The term chenucal synthesis, as used herein, includes synthesis using a plant
exiract as a startimg matenal. For example, as described above, p-cvmene may be obtamed from
hmonene. In turn, the limonene starting material may be obtained from a citrus extract. The
ferpene components of the simulated blend may all be obtained by chenical svnthesis or all
from one or more non-Chenopodiim plant extracts, or some components may be made by
chemical synthesis and others obtained from non-Chenopodivm plant extracts. In one
embodiment, the a-terpinene and the p-cymene are synthetically produced and the limonene 15
devived from a plant extract.

[0093] Nuerous plant species produce terpenes, some of which produce the terpene
compounds alilized in the wethods of the present invention.

{0094} At least the following planl species produce o-terpinens:  dnethum
graceaiens, dreemisio argvi, Cominum cemimen, Elettarie covdomonam, Meladenca alternifolio.
Cardamom spp. and Origarns majorana.

{0095] At least the following plant species produce Himonene, inclading d-limonene:
Aneihum graceolens, dnethum sowg, Carum corvi, Clirus, Foeniculum vulpare, Mentha piperita
and Pepprermint. Limonene may be obtamed by stesrn distilation after alkal treatment of citras
peels and pulp, and also by the fractionation of orange oil.

[0096] At least the following plant species produce p-Cymene:  Coridothymus
sativam, Covidotiymus captitaius, Cumdnum cyminuan, Origano valgare and Thymus vulgaris.

{0097} For additional iwformation on plants that produce terpene, see, for example,

Paul Harrewyn et al, Nawral Tespencids ay Messengers: 4 Multidiveiplinary Study of Their
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Production, Biological Furctions, and Practicad Applications, Published by Springer, 2041
(ISBN 07923689164, 9780792368915): Panl M. Dewick, Medicingl Nowral Products: 4
Biosyntheiic Approack, Published by John Wiley and Souns, 2009 (ISBN 0470741678,
Q7RO470741672), Ronald Hunter Thomson, The Chemistey of Natwrad Produces, Published by
Springer, 1993 (15BN 0731400149, 9780731400144Y, and Leland 1 Cseke e al, Nanrol
Produces from Planes, Published by CRC Press, 20006, (ISBN (8449329760, 97TROR40329760),
sach o which s moorporated by reference herem mn ts entirety.

{0098] In one embodiment, essential oils, andfor certain fractions of essentigl oils
fe.g., cerfain terpenes) can be extracted from a plant by distillation.  As used herein, “Essential
Onf Extract” means the volatile, aromatic oils obtained by steam ov hydro-distitation of plant
material and may mclhude, but are not resiricted to, being primarily composed of terpenes and
their oxygenated dertvatives. Essential oils can be obtained from, for example, plant parts
inchading, for example, flowers, leaves, seeds, roots, stems, bark, wood, etc. A variety of
strategies are available for extracting essential cils from plamt matenial, the choiwce of which
depends on the ability of the method to exiract the constituents in the extract of the present
mvention. Examples of suttable methods for extracting essential oal extracts include, but are not
limited to, hydro-distiliation, divect steam disullation {Duerbeck, K., et al, (3997, Fhe
Distiligtion of Essential Oils. Manufacturing and Plant Construction Handbook, Protrade: Dept.
of Foodstuffs and Agricelturg] Products, Eschborn, Germany, pp. 21-38), Solvent Extraction,
and Microwave Assisted Process (MAPTM) (Belanger ef al., (1991} Extraction et Determination
de Composes Volagls de D'ail (Al sativam), Biv. Hal EPPOS 20 43544613, Detailed
distillation methods have been described i WO 20017067868 and WO 2004/006679, which are
incorporated by reference in thew entiveties.

[0099]  In one embodiment, a vohume filler is added to the terpenss in the simulated
blend to replace the nunor terpene components of the Chenopodinn plant extract. The volame
filler is a conpound that mixes well with terpenes and creates 3 good suspension of terpenes,
may be inert or have some fasecticidal acuvity, end does not casse phytotoxicity.  The
excipients described below may serve as both exciprents and volume fillers.

[0100] In  one aspect of the invention, the concentration of the

isoprenoid/isopentenoid compounnds in the sinutated blend are about the same as their respective
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of volume composed by filler is about the same as that of the punor terpene constituents and
impurities in such Chenopodient extract. In such embodiment, the relative percentages of the
aclive Ingredient (i.e., the three muor terpenes) and volume fller (replacing the nunor terpene
constiuenisy can vary within certaili ranges.

001 in one embodiment, the concentration of u-terpinene i the shmulated blend
ranges from about 30% (o about 70%, by weight; the concentration of p-cymene in the simulated
blend ranges from about 109 (0 abont 30%, by weiglt, and the concentration of imonene in the
sintdated blend ranges from about 1% to aboul 20%, by weight. For example, the concentration
of o-terpinene in the simulated blend ranges from about 32% 1o about 50%, by weight. The
concentration of p-cymene in the sinndated blend ranges from about 12.5% to sbout 209, by
weight. The concentration of limonene m the simwlated blend ranges from abont 9% to about
15%, by weight. The concentration of volome filler ranges from about 15% to about 47%, by
weight. As noted above, the above percentages reflect pure compounds. Use of substantially
pure compounds is also contemplated and described herein, and substantially pure compounds,
as described above, may have smpurities, which would increase the percentape of substantially
pure compound in the mixtore. For example, the range of concentrations, by weight, of
substantially pure terpenes i the simulated blend may range from about 33% to about 78% o-
terpinene and from about 11%% 1o about 33% p-cyvmene and from abouwt 1.1% to abowt 22%
Hmonene. The other ranges would alse merease similadly, and may ncrease by about 10%, i
the case of use of substantially pure componnds.  As explamned finther hereimn elsewhere, these
concentrations represent the concentrations of the terpenes iy a concentrated composition that is
typicalty diluted for apphcation to plamis sndfor the aveas around plants or to any other ares
where control is desired. In one embodiment, the extract is mixed with other components {e.g.,
carrier, enndsifier, spreader-sticker) fo produce 8 formulated product, wherein the extract is
about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 38%,
about 40%, about 453%, about 3%, about 55%, about 60%, ahout 65%, about 7%, abowt 75%,
about 80%, about 83%, about 90%, or abouf 953% of the formulated product, by weight. For
example, the extract is about 258% of the formulated product, by weight. In such a formulated

product, the concentration of u-terpinens ranges from about 8.75%;: to abowt 14.25%,, by weight;

33



16

20

30

WO 2013/039937 PCT/US2012/054701

the concentration of p-cvmene ranges from about 3.75% to about 6236, by weaight: the
concentration of Hmonene ranges from abont 1.25% to about 3.75%, by weight.

[0102] In another embodiment, the concentration of each oprendidiisopentencd
compound can be higher or lower than the one i the essential o3l exiract, but roughly
maintaining relative ratio o each others as in the essential oif extract. For non-Himiting example,
the relative ratio of g-terpinene, p-cymene, and hmonene 1s about 3M 17112 or about 40015012,
or about 36:14.9:11.4, or about 1017539 365, In some other embodiments, the range of o-
terpinene in the relative ratio may be about 30 {o about 50, the range of p-cymene in the relative
ratio mav be abowt 1010 about 20, and the range of limonene m the relative ralio may be about 3
to ghout 20 te, 30-530:10-2005-20. Sall in some other embodiments, the relative ratio of o-
terpinene, p-cymene, and monene is about 35 {o about 45 for g-terpinene, abowt 12 to about 18
for p-cyvimene and about 10 to about 15 for Hmonene. One skilled in the art will be able 1o
deternyune the actual ratio of each terpene in a blend according to the relative ratios. For
example, the synthetic blend can consist oft between about 35% and about 45% by weight of -
terpinene, between about 158% and abowt 23% by weight of p-cymene, between about 3% and
about 13% by weight of hmonene, and between about (% and 99 715% by weight of volume
filler wherein the relative ratio among these three terpenes 1s selected from the group consisting

Y
5
L

of ahout 391712, or about 40:15:12, ¢r about 36:14.9:11.4, or abouwt 10.175:3.9:3.05 or about
354511810415 In addition, no mater whal concentrations of o-ferpmene, p-cvimene,
Hmouens are 1 a composition, the relative ratio among these three terpenes may be within the
ranges set forth above in ths paragraph.

193] In one embodiment, the relative mmounts by weight of the natwal andior
syuthenic terpenes and of the fillers in the composition are as follows: about 36% w-terpinene,

e 1 0

about 5% p-cymene, about 11% limonens and about 33% solvent (e.g.. vegetable oil), by

weight. The percentages i thus embodiment do not total 100% because the terpenes used are
substantially pure and contain some impuritizs. For example, in one embodinment, the alpha-
terpinene 1§ 90% pure, the Hmonene is 93% pure and the cymene 15 99% pure.  In one
embodiment, the impurities are not compounds that are detectable in an extract of Chenopodium

ambraxioides near ambrosivides. In vet another embodiment, the impurities are not thymol,

carvacrol, carvone, carveol anddfor nerol.
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G4 In another aspect of the mnvention, the natural and/or synthetic terpenes and
fillers in the simudated blend are mixed with other comwponents {e.g., carvier, emulsifier,
spreader-sticker, referrad {0 herein collectively as excipients) to produce a formulated product,
wherein the substantially pure natural andéor syathetic terpenes and fillers ave about 1%, abowt
3%, about 10%, abouwt 15%, aboul 2094, abowl 25%, aboul 30%, abma 35%, about 40%, abowt
45%, abour 50%5, abouwt 359, about &0%, about 63%, abouwt 70%., about 75%, about 8%, about
B5%, aboul 90%, or about 95% of the formalated product, by weight.  For example, the
substantially pure naturg! and/or syathetic terpenes and fillers are about 23% of the fornudated
product, by weight. In one embodiment of such a formulaled product contaming 25% sumulated
blend, the simulated blend portion of the composition consists of between about 8% and abowt
12.5% by weight of o-terpinene, between about 3% and about 3% by weight of p-cvmene,
between about 2.0% and about 3.75% by weight of limonene, and between about 3.75% to sbowt
T1H.75% by weight of volame filler. In another embodiment, the concentration of ¢~ terpinene i3
about 10%, by weight; the concentration of p-cymene is about 3.75%, by weightt the
concentration of imonene i3 abowt 3%, by weight; and the filler(s} is aboul 825%, by weight.
In vet another embodiment, the concentration of g- terpinene is about 9%, by weight; the
concentration of p~cvmene 1s about 3.72%, by weight; the concentration of limonene is about
2.85%, by weight; and the filer(s) 1s about 8259, by weight.

[0165] Spray formudations nclude agueous solutions, water-soluble  powders,
simulsifiable concentrates, water miscible Hquidsipowders (for pesticidal compounds that arve
soluble m  water), wettable powders or water-dispersible powders, flowable/spravable
Suspensions of suspension concentrates, and od solutions. Although sprays are a very popular
method of applying pesticides, only a small namber of pesticides are sufficiently soluble in
water 1o he formulated into an aquenus solution, water-soluble powder, or water miscible liguid
or powder.  Therelfore, most spray formulations need an organic solvent or a specialized
formulation to enable them to be mixed with water for spray application,

[0166] An important spray formudation for the fvention 1 an emulsifiable
concentrate. in an emulsifiable concentrate, a concentrated organic solvent based solution of the
pesticidal compound (or the pesticidal compound alone if it s a Hguid at room temperature) is

added 1o an emalsifier. An emuisifier 5 a detergent-like {surfaciant) material that allows
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nricroscopically small ol droplets to be suspended in water 1o formy an emudsion,  The
concentrate Is thereby dispersed evenly throughout an aqueouns solution and generally remains
suspended for an extended perod of time (days).

[0187] Emulsifiers usefel in the mvention include Tween™ 200, Tween™ 600,
sorbited (polysorbate B, propylens glveol, polvethvlene glyveol, athanel (ethy] aleohol) and
methano! (methyl alcohol).  Anotber class of surfactant that can be used as an enwlsifier for
pesticide formulations is the phosphate esters. Examples of commercially available phosphate
ester surfactanis inchude: butyl phosphate, bexyl phosphate, J-ethvibexvl phosphate, octyl
phosphate, decyl phosphate, octyidecyl phosphate, mixed alky! phosphate, hexyvi polyphosphate,
anct octyl polyphosphate. For example, the emulsifier used is either Tween™ 200, sorbitol 80,
propylene glveol, polvethylene glveol, or ethyl aleohol.

j0108] Emulsifiable concentrates are the preferred spray formulation for the
pesticidal compounds of the invention since many pesticide compounds are pootly soluble in
water and would otherwise settle out in the spray tank afler dilution, altering the concentration
during spraving.

[0189]  Non-bmiting examples of conventional carriers that may be used m
formudations of the present nvention inclade hquid carviers, including aerosol propellants which
are gaseous at normal temperatures and pressures, such as Freon: inert dispersible hiquid diluent
carriers, includimy inert organic solvents, such as avomatic hydrocarbons {e.g . benzene, toluene,
xvieng, atkvl naphthalenss), halogenated sspecially chlorinated, aromauic hydrocarbons {eg.,
chloro-benzenes), cycloalkanes {e.g., cyclohexane), paraffing {e.g., petroleum or miveral oil
fractions), chioringted aliphatic hydrocarbons {eg., methylene chlonde, chlorosthylenes),
alcohols {e.g.. methanol, ethanel, propanol, butanel, glyeol), as well as ethers and esters thereof
{ez., glycol monomethyl ether), amines (eg., scthanolaming), amides {eg. dumethyl
sormamide}, sulfoxides (e.g., dimethy! selfoxide), acctonitrile, ketones (e g, acetone, methyl
ethyl ketone, methyi isobutyl ketone, evelohexanone), andior water; as well as mert dispersible
finely divided solid carriers such as ground natural minerals (e.g.. Raolins, clays, vermiculite,
ahuming, sifica, chalk, f.e, calcium carbonate, tale, attapulyite, montmoriionite, kieselpudn), and
ground synthetic minerals (e.g., highly dispersed silicic gcid, silicates). More non-limiting

examples of suitable carriers/solvents include, but are not Hmited to, Isopar™ M, THFA™, gthyl
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tactate, butyl lactate. Sovgold™ 1000, M-Pyrol, Propvlene glycol, Agsolex™ 12, Agsolex™
BLO, Light runeral o1l, Polysolve™ TPM, and Finsole™ TN In one embodiment, the solvent
i said composttion of present mvention can be orpanic sobvent, £.g., petroleun distillates or
hydrocarbons.  In one embodiment, the sobvent is vegetable oil. For example, the solvent is
canola o, In ancther embodiment, the solvent 15 a methyl ester. For example, the solvent 13
methyl ester of sovbean oil {ak.a. methyl sovate). Methyl ester of sovbean oif can be
commercially produced, e.g., Steposol” SB-W. In a further embodiment of present invention,
the sobvent s mixture of canola oil and Steposcs'i@ SB-W. In one embodiment, the concentration
of solvent in the composition of present invention i3 about 0%, at least aboat 5%, about 10%,
ahout 15%, about 20%, about 25%, gbout 30%_ about 35%, about 40%, about 45%, abowt 50%,
about 33%, about 60%, about 65%, about 701%, about 75%, about 80%:, about 85%, about 905,
about 95%, or about 99%. by weight. For example, the concentration of said solvent in a
forpslated composition of present invention ranges from about 0% to about 9%, by weight,
from about 14% to about 30%, or from about 5% to about 99%, or Fom zbout 209 {o abowt
50%, or from about 30%: to about 0%, or ranges from about 30%; to about 40%, by weight.

[0110] In some embodiments of the present nvestion the carner 1s an o1, such as a
fixed o1l (including vegetable and animal oils) or a muneral o1, but excluding essential oils. In
sorne embodiments of the present mvention the carrzer anddor volume filler is also an active
compound agamst insects andfor miles. For example, such a carrier andor volome filler is a
vegetable o, Vegetable oils, satirated or unsaturated, edible or mnedible, include, but are not
hnted to, canola oi, sunflower ofl, safflower oil, peanut od, bean o1, hoseed oil, ing odl, and
castor oil. The concentration of said subvent in g formulated composition of present mvention
ranges from about 0% 1o about 99%, by weight, from about 10% to about 50%, or fron about
3019 to about 99% or from about 20% 1o about 30%, or from about 30% to about 30%, oy
ranges from aboul 30% to about 40%, by weiglt,

ot} The adpvant in said composttion of present invention can be selected from
the group consisting of other additional carviers, spreaders-stickers, surface-active agents, e.g.,
emulsifiers and/or dispersing apent, penetrants, safeners, anticaling agents, and mixtore thereofl

{0112} In one embodiment, the adjuvani comprises at least a second carmer, a

spreader, and an emulsifler. In one embodument, the tolal concentration of the second carier,
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the spreader, and the emulsifier in the composition of present inveniton is about (1%, at least
about 5%, about 10%, about 15%, about 20%, about 23%, about 30%, about 35%,, about 36%,
about 37%, about 38%, about 39%, about H%, sbout 453%,, about 50%;, about 3539, about 6%,
about 653%, aboul 70%, about 75%, about 80%%, about 83%, about 90%, about 95%, or abowt
0%, by weight. For example; the conceniration of said sobvent in the composiiion of present
invention ranges from gbout (% to about 99, by weight, from about 10% to about 80%, or
from about 30% 10 about 99%, or from about 2080 to abowt 30%, or From about 3% o aboul
S50%, or ranges from about 30% to about 40%, by weight,

[6113] Non-limiting exampies of saitable spreaders andiéor sticking agents include,
but are not limited 1o, Latex emulsion, Umbrella®™, Adsee™ 773, Witcono!™ 14, Toximul'»
#5858, Latron™ B—l?f\t‘?g\; Latrop™ {TS«?@, Latron™ AG-44M, T-Muala™ AQG-2, T-Muala™™ 1204,
Sitwet™ L-774, SUSTAINY (Western Farm Service, Inc.; Miller Chemical & Fertilizer Corp.),
Pinetac™ {Britz Fertilizers, Inc.}). Nufilm p¥ (Miller Chemical & Fertilizer Corporation), Nudiln
P {Miller Chenucal & Fertilizer Corporation}, Sufrix®  Cohere’ :, tnduce™ . Pn.d\’tp “{e.g.,
Picclyie A115), Pepstd Argimax 3H", alpha and beta pinene polymers and co-polymers, PEG
400-DO, Lipopeg 10-S, Maximul 7301, and PEG SOOMLS

0114 SUSTAINY is a commercially available spreaderisticker, which comprises
polvierpene resin {a proprigtary mixture of pmene polymers). The chemical compound pmene is
a bicyelic terpene (CpMig 136.24 gimol} known as a moneterpene. There are two structural
iscmmters found in natore: g-pinene and -pivene.  Ax the pame suguests, both forms are

mmporiant constitnents of pine resiy; they are also found in the resins of many other conifers, and

more widely in other plants.  Both wre slso used by many insects m their chemical

conmpunicstion  system. o-Pinene and B-pinene can be both produced from  geranyl

pyrophosphate, via eyelisation of linaloy! pyrophosphate followed by loss of a proton from the

carbocation equivalent. Methods of producing a-pinene polymers and Bepinene polymers have
been described in ULS. Patent Nos, 3466271, 4,011,383 and U.S. Patent Publication No,
2009/0200720, and in Barros et al., “Potentially Biodegradable Polvimers Based on - or -Pinene
and Sugar Dertvatives or Styrene, Obtained under Normal Condutions and on Microwave
Irradigtion,” Evropean Journal of Organic Chemistry, Vohime 2007 Issue 8, pp. 135371363, and

Radbil et al., "Preparation of High-Meliing Polvterpene Resins from a-Pinene,” Russian Journal
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of Applied Chemistrym, Volume 78, Number 7, pp. 1126-1130. In one embodiment, the
biopesticidal composition of the present invention whach comprises a simulated terpene blend as
described previously (e.g., 23% of a simulated terpene blend, by weight} can further comprise 8

S

“, wheretn the concentration of the spreader ranges from

spreaderfsticker, for example SUSTAR
5 abonet 1% 10 about H%%, for example about 3%, by weaight,

JOE1S] Surface-active agents that can be ewploved with the present mmvention
include, withoul limitation, emulsifving agents, such a3 nop-tonic andfor awonic emulsifving
agents {e.¢., polyethviene oxide esters of faity acids, polyethylene oxide ethers of fatty alcohols,
alkyl sulfates, alkyl sulfonates, aryl sulfonates, albonun-hydrolyeates, and especially alkyi

[ arvlpolyglyeol ethers, magnesium stesrate, sodium oleate), andior dispersing agents such as
fignin, sutfite waste liquors, methyl cellulose.

[0116] Emulsifiers that can be used to solubilize the sinulated blends of the present
invention in water include blends of anionic and non-ionic emulsifiers.  Examples of
commercial antonic emulsifiers that can be used nclude, but are not limited to: Rhodacal™ DS-

15 10, Cafax™ DR-45, Stepanol™ DEA, Aerosol™ (OT-73, Rhodacal™ A2461., Rhodatac™ RE-
610, Rhodapex™ CO-433, Rhodapex™ CO-436, Rhodacal™ CA| Stepanol™ WAL, Examples
of commercial non-tonic emulsifiers that can be wsed inclade, bat are not imited to: lgepal™
CO-887, Macol™ NP-9.5, lgepal™ (C0-430, Rhodasur{™ ON-870, Alkamuls™ EL-719,
Alkamuds™RL-620, Alkamide™ LODE, Span™ R0, Terguol™ TMN-3, Tergitol™ TMN-6,

20 Tergitol™ TMN-10, Morwet™ D425 Tween™ 80, Alkanuly™ PSMQO-5 Atlas™ {1086,
Tween™ 20, Igepal™ CA-630, Toximul™ R, Toximul™ §, Polystep™ A7, and Polystep™ Bl
In one embodiment, the emulsifier in said composition of present mvention 18 Tween™ In one
embodiment, the concentration of emulsifier in said composition of present invention is about
3%, aboul 10%, about 15%, about 20%:, about 25%, about 30%, about 35%, about 4{%6, about

25 45%, about 0%, about 55%, about 605, about 65%, abowt 7%, about 78%, about 80%%, about

83%, about 90%, or about 95%, by weight, For example, the concentration of enwdsifier in said
composition of present nvention ranges from aboot 1% to about 15%, or ranges from about 3%
to about 1%, by weight. In one embodiment, the concentratton of emulsifier i the

compaosition is about 7.5%, by weight.
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jHE17] In one embodiment, the spreader-sticker s polyierpene resin, e.g., propristary
mixture of pinene polymers. In one embodiment, the spreader-sticker 15 Latron™ B-1056"
{Dow AgroScieances, LLC), which consists of 77% modified phthalic glveerol alkyd resin and
23% butyvl alcohol by weight. In one embodiment, the concentration of Latron™ B-1956" in
o) satd composition of present invention is about 3%, about 109, about 13%, aboat 2%, about
28%, abour 309, abowt 35%, sbout 4%, abowt 43%, about 30%;, gbout 55%, aboui 80%, about
£5%, about 70%, abowt 75%, aboul 80%, about 83%, aboual 30%, or ghowt Y3%, by weighl, For
gxample, in some embodiments the concentmation of spreader-sticker n said composition of
present inveniion ranges from about 1% to about 13%., or ranges from abowt 3% to about 0%,
1 by weight. In one embodiment, the concentration of spreader-sticker in the composition is about
7.5%, by weight. In some embodiments, the concentration of spreader-sticker n said
composition of present invention is about 3%, sbout 108, about 15%, about 20%, about 23%,
about 30%, about 35%, about 40%, about 43%, abowt 5%, about 3539%, sboul 60%, about 63%,
about 70%, about 75%, about 80%, about 85%, about 90%, or about 953%, by weight. For
15 example, the concentration of spreader-sticker in said composition of present invention ranges
from gbout M 1o about 15%, or ranges from about 3% to about 4%, by weight. In one

ernbodiment, the concentration of spreader-sticker 1o the composition is about 7.5%, by weight.
JO118] In one embodiment, the composition of the present invention is diluted with
al least one solvent, for example, with ywater, by the end user before applicabon, The amount of

W dilution depends upon various factors, including the natare of the plant, e.g., crop.

{3119 The composition can be diluted at least about 1.5 times, about 2 times, ghout
3 numes, aboul 4 tinses, about § times, about 10 tives, about 20 times, about 30 times, about 40
times, about 30 tmes, gbout 80 tmes, about 780 times, about 86 times, about 99 times, about 1060

times, abhout 200 tiues, about 300 times, sbout 400 times, about 300 times, about 6O times,
25 about 700 times, aboul 800 times, about 900 thmes, about 1000 tmes, about 1500 umes, showt
2000 iimes, gboul 2300 times, about 3000 times, about 4000 times, about S0 times, about
S000 times, about 7000 times, abowt RO0O times, about 9000 tmes, or about 10000 thmes. For
example, the composition can be dihied between about 1 time and about 50 times. For another

example, the conposition can be diluted between about 30 times to abount 400 times,
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126 In one embodiment, between about 1 guart and about 10 guans of a
formulation containing 23% of the simulated blend ave diuted in 100 gallons of water and
applied to an acre.  In other embodiments, a formulated composttion comprising higher level of
active ingredient can be apphied at an even lower rate.

jo121 In one speeific example in which the formudated simulated bland containg
0% substantially pure alpha-terpinene, 3.758% substantglly pure p-cvmene and 3%
substantially pure limonene, the final concentration of each substantially pure ferpens applied

upon dilution fa 100 galtons of water 1s a5 shown in the Table 1 below,
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Table 1. Exerplary final concentrations of terpenes after dibtion of simulated blend

Terpineng POV du-imonene

{density={1.84 ¢'ml} {density =080 g'mly | {density=0.84 pml)

bopuert (400 ditution)y | 0.021% 0.008% (L006%
2 quart 200x dilutiony | 0.042% (L016% 3.013%
3 quart (80x dilution) {130 (.04% GLU318%

01224 Regardless of the mittal concentration of each terpens m 3 composition, the

final composition applied by the end user o kill, minbit, prevent andfor repel tusect and mite

plant pests will comprise the following conponents: between aboutl 0.017% and about 821%

by weight of u-terpinene, between about 0.008% and about 0.08%% by weight of p~cymene, and
between about 0.006% and aboat 8.063% by weight of Himonenz, For example, the composition

will comprise between about 0.04% and sbout 0.1% by weight a-terpimene, between about

(101 5% and aboud (1.04% by weight p-cvmene, and batwesn about 0.010% and about 0.03% by
weight imonene. More examples are the composttions provided i the examples below.

j0123 The concentration of the simulated biend i the composition to be applied to

plants and plant parts, depending on whether 11 1s in the concentrated or diluted {ready-to-spray)
form, can be at least abowi 0.01%%, about $.02%, about 8.03%, about 0.04%, aboal (.08, aboul

0.06%., about 0.07%, gbout 0.08%, about 0.09%, abma 0.1%, aboni 0.2%, about 0.3%, about

0.4%, about 8.5%, abowl 0.6%, about 0.7%, sboul G.8%, about 0.9%:, about 1%, about W,

about 3%, gbout 4%, abow 5%, gbout 6%, about 7%, about 8%, about ¥4, about 10%, aboui

11%, about 12%, about 13%, about 14%, aboul 15%, about 16%, about 17%, abowt 18%, ahout

19%, about 20%, about 21%, about 22%; about 23%, about 24%, about 25%, abowt 26%, ghout

2
P

35%

42%,

1%
S8%
66,

74%

82%, ahout 83%,

. abont

b, about 28%,
4, about 3696,
about 43%,
. about 1%,

, about 39%,

about 67%,

-7
’
s

507,

aboul 29%

v

aboutl 37%,
about 44%,
about 32%,
about 6%,
about 68%,
. about 76%,

about 84%,

. ahont 30%,

about 38%,
about 45%
about 53%,
about 61%

about 69%,

abowt 7

about 83%, about 86%, about 87%, about 88%,, 7

abowt 3

about 3

. about 46%,

about 34%

. about 62%,

about 0%,

T, ahout 78%,

42

T,

9%,

about 32%,

about
about 40%,

about 47%, about

. about 35%;, abowt

about 63%, aboul

about 718, about 72

about 7%, shout

about

Rt

339, aboud 34%,

41%, about 42%,
4R8%,, abowt 49%,
6%, about 37
64%, about 6554,
%, about 73%,
K0%,, about 81%

about 89%4,

about
about

about

Yo, about

about

about

. about

ahout
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0%, about 91%, about 92%, about 93%, about 84, about 93%, aboul 96%, about 97%, about
98%, about 9% or about 100%, by weight,

{0124] The one or more terpeng or terpencid compound(s) or the composition that
includes the same may also be prepared for application as a fanugant for both outdoor as well as
indoor application, for example m closed environments, such as greenbouses, animal bams o
sheds, buman domiciles, and other buildings, Persons of skill m the art will apprecnte the
various methods for preparing such fumigants, for example, as fogging concentraiss and smoke
genergtors, A fogging concenirate is generally a hquid formulation for application thwough a
fogeing machine to create 3 fine mist that can be distributed throughoul a closed andfor open
enviromment. Such fogeing concentrates can be prepared using known technigues to enable
application through a fogging machine. Smoke generators, which are generally a8 powder
formulation which 15 burned to create a smoke fumigant. Such smoke generators can also be
prepared vsing known techniques.

[OE25] In a method according to the mvention the one or more terpene andior
terpenoid compounds, diluted or unditated, may be applied in 8 mumber of different ways. For
small scale application backpack tanks, band-held wands, spray bottles, or gerosol cans can be
utilized. For somewhat larger scale apphcation, tractor drawn rigs with booms, tractor drawn
nist blowesrs, arplanss or helicopiers equipped for sprayving, or fogging spravers can all be
utilized.  Small scale application of solid formulations can be accomplished in g number of
different wavs, examples of which arer shaking product directly from the contamer or gravity-
application by nanan powered fertihzer spreader. Large scale apphication of solid formudanons
can be accomplished by gravity fed tractor drawn applicators, or similar devices.

{0126} In one embodiment, the one or more ferpene sndior terpenoid compounds,
such as compositions of a simulated blend of Chenopodium ambrosivides near ambrosioldes, are
applied to a plant or a plant part at any time during the life oycle of the plant, during one or more
stages of the plant’s life cyele, or at regular intervals of the plants life cvele, or continuously
throughout the ife of the plant.

{6127} In one embodiment, the one or more terpene andfor terpenoid compounnds are
applied to a plaut belore the emergence or appearance of a fruft, of insufficient plant heglth,

andfor slow plant growth., In one embodiment, the one or muve terpens andfor fsrpencid
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compounds are applied to a plant during or afier the emergence or appearance of a fmt, of
insuflicient plant health, andfor slow plant growth.

{0128] In some embodiments the compositions can be applied before, during andior
shortly after the plants are transplanted from one location W another, such as from g greenhouse
or hotbed to the feld. In another example, the compositions can be applied shortdy alfter
seediings emerge from the soll or other growth media (e, verpuenhite). I vet another
axample, the compositions can be applied at any time to plants grown hydroponically. Hence,
according io the methods of the present wvention the compositions can be apphed at any
desirable time during the fife cvele of a plant i some other embodiments, the compositions of
the present mvention are applied to a plat andfor plant part for two times, during any desired
development stages or under any predetermined pest pressure, at an mterval of about 1 howr,
about § hours, about 10 hours, about 24 hours, about two days, about 3 days, about 4 days, about
3 days, aboat 1 week, abowt 10 days, about iwo weeks, about three weeks, abowt 1 month or
more. In some embodiments, the compositions of the present vention are apphied to a plant
and/or plant part for more than two times, for example, 3 tmes, 4 times, 5 times, 6 times, 7
times, 8 times, 9 tirmes, 10 tmes, or more, during any desired development stages or under any
predetermimed pest pressure, at an mterval of about 1 hour, about § hows, abowt 10 hours, sbout
24 hours, about two days, about 3 days, about 4 davs, about ¥ davs, aboui | week, abowt 10
days, about two weeks, about three weeks, sbout 1 month or more. The intervals between each
apphication can vary i i 13 desired. Owme skilled m the art will be able to determine the
application times und length of mterval depending on plant species, plant pest species, and other
factors.

{0129 The one or move terpene or (erpenoid compound(s), including &
corresponding formulated composition can either be applied divecily or can be diluted further
before application.  The diluent depends on the specific treatient to be accomphished, and the
method of application. For example, a conmposition that is to be applied to trees could be diluted
further with water 1o make it easier and more efficient o spray with known spraying technigues.
A terpene or terpenoid compound, as well as a composition of the present mvention can be
diluted by means of a solvent, e.g.. water before apphication, wherein the final composition

applisd by the end wser to inhibit, prevest andior repel nsects will comprise following
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components: betwesn ghout H.029% and 1.70% by weight of w-terpinene, between about 0.0HE%
andd 0,657 by weight of proymene, and between abowt 0.003% and 0.500% by weight of
Iimonene.  For example, & composition may include between abouwt 0.044% and 0.28% by
weight o-terpinene, between about 0.017% and 0.11% by weight p-oymene, and between about
G 013% and (.086% by weight limonens, Az another exmnple, the composilion may COmprise
between about 0.08%; and 0.28% by weight o-terpinene, between about 0.035% and 0.080% p-
cymene, and between about 40309 and Q.073% by weight Emonene,

{0130] In some embodimentis a composition used i the present invention may be
diluted with water o a final mniure, wherein the final mixtwe ncludes the followmmy
contponents: from about 0.017% to about 0.21% by weight of o-terpinene, fron: about 0.008%
to abowt 0.08% by weight of p-cymene, and from about (L007% to about 0.063% by weight of
hmonene. In ancther example, the composition may comprise fron: about 0.02% to about 0.1%
by weight o-terpinene, from about 0.008% to about $.04% by weight p-cymene, and from about
0.006% 1o about 0.03% by weight limonene.

f0131] 11 another example, the composition may include from about (1.04% o about
3 4% by weight a-terpinene, from about 0.015% to about 0.04% by weight p-cymene, and from
about (.010% 1o about 4.03% by weight limonene.

j0132§ The respective final mixture may be applied o the surface of a plant, to the
surface of a portion of a plant, to a fruit, o the vicmity of a plant, to the vicimty of a froit, or w
an ares encompassing the plant or the frust

{3133 In some embodiments application of the one or move terpenes or terpenoids
tasts for at least 2 hours, at least § hours, at feast 10 hours, al least 13 hours o at least 1 day,
such as for at least 2 days, for at least 3 days or at least 4 days, or at feast 5 days, or at least 6
days. In one smbodiment the application of the ong or more terpenes or terpenoids lasis for at
feast 1 week, for at least 8 davs, or at least 9 days, or at legst Y days, or at least 11 days, or at
teast 12 davs, or at least 13 days, or at least 2 weeks, or at least 3 weeks, or at least ong month or
tonger.

[0134] In some embodiments the terpene or terpenoid compound(s) may be applied

i combingtion with one or more nutrients {fertilizers) andfor one or more herbicides. A

respective nutvient andfor herbicide may be applied separately from the lerpene or lerpenoid
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compound, at the same point or points of time, Thus the skilled artisan will appreciate that the
mstant nvention may be forther formudated o provide vartous dissolution rates andior be
prepared in combination with nutrisnts (fertilizers) or herbicides,

{01351 In some embodiments, 8 plant in a method according 1o the vention grows
ina field, such as a grower's fleld or a frmer’s Geld. 1o some ambodiments, 8 plant w3 method
according to the invention grows in a hotbed, growth chamber, arboretum, solarium, on a
window sift of home or office, or in 1 greenhouse. In other words, the methods of the prasent
mmvention are useful i enhancing plant growth, plamt health andior fruit ripening wherever
plants are grown and for whatever purpose the planis are coltivated, whether the plants be grown
in pots, hydroponically or m a field in large-scale monoculture farming operations.

j01386] In some embodiments, the isoprenotd andfor isopentencid compounds,
incliding compositions of the present invention, can be applied together, either mixed or
separated but in consequences, or i rotations, with one or more plant pest repelient(s} to achieve
inhibition. prevention, and/or repellency against broader plant pesis species spectrum, andior
synergistic effects against specific plant pest species or to svnergistically enhance plant growth
and/or plant health andior Inut ripening.  Such repellents may mclude, but are not hmited to, 2-
ethyl-1 3-hexanediol; N-octyl bicycloheptene dicarboxinude; N N-diethyl-M-toluanude; 2,3:4, 5~
Bis (2-butylene) tetrahydro-2-furaldehyde; Di-n-propyl isceinchomeronate; 2-hydroxvethyl-n-
octyl sulfide; Ne(eyanomethyl-4-{trifluorometheD-3-pyridine-carboxamide (e.g.. Flonicanud,

FMC BELEAF™Y 50 $G INSECTICIDE), pvmetrozine {e.n,, Fullilt™), and plant. insect

repelients described wn USRS Patent Nos.o  4.769242; 48698960 4943 563, 3221 535;
SITZRIT. 5420817, 55350078, 5591435 5461181 5674517, 5711933 5756113

6,559,173, 6640011, 644360, 6949680, TIRI A3 74255935 each of which s
incorporaied by reference in its entivety heran, ncluding all drawings/photographs that are a
part thereof.

[0E37] In other embodiments, the composttions of the present mvention can be
apphed together, either mixed or separated but in consequences, or i rotations, with at least one
fertthizer, nuomvient, mineral, auxin, growth stimulant and the hike, referred to below as plant
health compositions, to synergistically enhance plant health andior growth and/or fruit ripening.

A plant health composition/compound 1S a composttion/compound Comprisizg one or Imore
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natural or synthetic chemical substances, or binlogical organisms, capable of maintaining andfor
promoting plant health.  Such g composition/compound can wnprove plant health, vigor,
productivity, quality of Howers and fruils, andior stimulste, maintam, o enhance plant
resistance to biotic and/or abiotic stressors/pressures.

j0138] Tradittonal plant health compositions and/or compounds include, but are not
timited to, plant growth regulaiors {ska plaat growth stimulators, plant growth regulating
compuositions,  plant growth regulating agents, plant growth regudants) and plant activating
agenis {(aka plant activators, plant potentiators, pest-combating agents), The plant health
composition in the present invention can be either natural or synthetic.

0139 Plant growth regulators include, but are not linnted to, fertilizers, herbicides,
plant hormones, bactenial inoculants and derivatives thereof

j0140] Ferulizer is a composition that typically provides, in varying proportions, the
three major plant nutrients: nitrogen, phosphorus, potasstam known shorthand ag N-P-K); or the
secondary plant nutnients {(calcium, sulfor, magnesiom), or trace elements {(or micronuirients)
with @ role in plant or animal mutrition: boron, chlorine, manganese, won, wnc, copper,
molybdenum and {in some countries) selenium. Fertilizers can be either organic or son-orgame.
Natrally occwning orgumic fertihzers inchude, but are not limied to, manure, worm castings,
peal moss, seaweed, sewage and guago. Cover crops are alsp grown to enrich soil as a green
mamre through mitrogen fixation from the atmosphere by bacterial nodales on roots;] as well as
phosphorus (through nutnient mobilization) content of solls. Processed organic fertilizers from
natural sources mclude compost {from green waste}, bloodmeal and bone meal {from organic
meat production factlities), and seaweed extracts (alginates and others). Fertilizers also can be
divided into macronutnents and micronutrients based on thew concentrations in plant dry matter.
The macronuirients are consumed in larger quantities and pornsally present as a whole number
or tenths of percentages in plant tissues {on g dry matter weight basis), including the three
primary ingredients of nirogen {N), phosphorus (P}, and potasstum (K), {kuown as N-P-K
fertifizers or compound ferhilizers when elements are nuxed tentionally).  There ave many
micronuirients, required m concenirations ranging from 5 to 100 parts per nulhon {ppm) by
mass.  Plant micronutrients mclude wron (Fe), manganese (Mn), boron (B}, copper (Cu),

molvbdeman (Mo}, nickel (N1), chloring (C13, and zinc (Zn).
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j0141] Plant hormones a (sha phyichormones}) and denvatives thereof inchide, but
are not hnuted to, shscisic acid, awxing, oviokiuns, gibberelling, brassinolides, salicyhic acid,
jasmonates, plant peptide hormones, peolyamines, nitvic oxide and strigolactones,

{1142} Plant sctivating agents ave natural or syothetic substances that can stimulate,
maniain, or enhawe plant resistance 10 hotic andior abiotic stressors/pressures, which inciude,
but are not hmited io, scibenzolar, probemarvole, isottand, sahovelic scid, arelaic amd,
hvmexarol, brassimolide, forchiorfenoron, benvothiadiarole {eg, ACTIG JARDY 30WG), 2.3
utanediol, microbes or ebicitors derived from microbes, More plant activating agenis gre
described in LS. Patent Nog. 68493767 3930361, 6884759 5334576, 6,100,092;
6,207 882: 6 355860 5,241 296: 6369 206: 5 527.783; and 6,987 130,

[0143] Microbes, or chemical compounds and peptidesiproteins {e.g., eliciiors)
devived from microbes, can also be used as plant activating agents. Non-limiting exemplary
elicitors are:  twanched-f-plucans, chitin oligomers, pectolytic enzymes, elicilor activity
independent from enzyme activity {e.g. endoxylanase, elicitins, PaNie), avr gene products {e.g..
AVR4, AVRY), viral proteins {e.g., vial coal protein, Hampins), flagellin, protem or peptide toxin
{e.g., victorin}, glycoproteins, glycopeptide fragments of invertase, syringolids, Ned factors
{hpochitoohgo-sacchandes), FACs {fatty acid aouno acid copjugates), ergosterol, bactenal
toxins fe.g., coronatine), and sphinganing analogue myveotoxing (e.g., humonisin BlY  More
ehicitors are described in Howe et al., Plawr Impuaity o Invect Herbivores, Amual Review of
Plant Biology, 2008, vol. 5%, pp. 41-66; Stergiopondos, Fungal Effector Frofeiny Anhual Review
of Phytopathology, 2009, vol. 47, pp. 233-263; and Bent et al,, Elvitors, Fffectors, and R
Genes: The New Paragizim and a Lifedme Supply of Questions, Annual Review of Plant
Biology, 2007, vol. 45, pp. 399436,

{0144} More non-limiting sxemplary plant health compositions/compounds  ave
described in U5, Pal. Nos.: 4,751,226, 4,889 551: 4,456, 467; 5,763.366; 4,219 3517 4,394,151
4,913,725, RE33976; 4959003, 6,643916; 4132429, 4462821, 4,704,160, 3,979,201,
4505736, 4422865, 5919448, 4431 442; 4824473, 4 IR5990; 5837653, 4701207,
4,717,732, 4,716,174, 4,720,502, 4.717.734; 6261996, 4701463, 472657, 4636514,
4,717,733, 4731372, 3168059 4261730, 5861360, 40066435, 4210439 3.006,14%;

4,906,280 4,160,660, 4439224, 3123951 4004664 4,902,815 4.036,629; 4,534785;
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4,212,668 4880622, 4144047 4336.060; 4308054, 4.515618; 4.525.200; 4,579,982

5.554,580; 4.840.660; 4.268299; 4,534,786, 5580438 4.506,595; S46R.720; £.083,882:
£.306.797: 4226615 4500973 REIV30 40253310 62423810 4326878 4259 104;
5518994, 5446013 3713805 4755213 4397678, 4.762.54%; 6.984.609; 4808207

5 4943 33U 448026, 72703823 4,

" >

’J;

)“'\

..,‘}

730 5.346,8790 5,627,134, 4439228, 4.931.082;
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;‘
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J!

- j
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b
L

4 554010, 4057413, 4072495, 4364768, 7544821 §,

freat
EA

7 404,959

4619685, 4157,

S

55 SO88.745; 6560809, 4,606,756 -

A
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337,

i
e

623 S065488 4243 405,
$07S ARG 5654255, 3849666 707860 6,884,754 3076833 6,649,568, 4.954,157;
45101630 4,154,596; 4246,020: 4356.022: 4,093,664, 4.808.209: 4,726,835 4879201

10 4776874 4897876 4859231 4130409, 4530,

. T

15;

L

4936907 4.964894: 4921529
4404 9R2: S22R99. 4992003 4059431 4765823 4059432 4060948, 6750222
4171213 3668082, 4672112 4.067.722, 4732605, 54810347 SO15.283; 4.812.159
3,905,799 4371388 4427436 4293331 3,979.204; 5436225 6727205 4,148.624;
4737498, 3038983, 5656571 4.863.505 4227018 4.595406: 4976771 48573545,

1S 4990043 3960330 5617671 3912492 4217120 4170462 4.486219: $.801.123:

Ji

$201.73% 4067.721; S854.179; 4285722 5510321 6,114.284; 4 S88.435; 7005298

4,504,304; 4451281 3940414

=4

S2I59G0 6331506, 4391628 000,153 4,837,649

5,922,646, 5,922,599; 5709871 4741768, 4723984 4,752,321 5,741

’J}

210 5,700,760
J.888.048; 4,113,463 5.086,187; 4711658 4960453, 4.846,883: 4950007 371,065
200 4620867, 5154751 4090862, 6906006 4202072 4340377, 4.386.947; 4230328,
6284711 4043792 6WRIL SO30270; 48447 64104837 SU22.648; 6069.114;
6861389 4.806.143; 4.886.544; 4923302, 6071860, $.131.940; 4,193,788 RE31S50

4127402, 4799950, 4.963,180; 4337080, 4637828 4.525203; 4301628 4908353

-.!

4560738, 4,685,957 S.637.554: S312.740; 3089541, 4.770.692; 4.787.930; 4.240,823:
25 548002, GARKT46; 3OUNDSIS; 902,772 45888210 46819000 36796210 GU9SO15

510345 3332,

-

17, 32225895, 3351831 4,904,296, 4,104,052, 4,622,064, 4902332;
4,747 869, 5053072, 5186,736; 4340378, 5223017, 4889946, 5323906, 5329976

4046493, 3,961,775, 5253759 4311514 4380626, 5635451, 4975 112; 3638854,

’J)

6410482, TATO47L; S,015.284 4025 4R80; 4638004, 4124369 030334 5090992

300 571104 49098320 4744817 4764202 4668274

P
1

47,214 4R08.213; 4,507,140
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4 904,298, 0310388, 6265217 38604240 51344 4330,3327 52925833, 4,047 925

4764624 4560403, 4557,

"l

53 5346068 4770688 5073185 4.973.690; 4,772,300
911,746, 4594094 3,518,415 4786312, 7108811, 6376425, 4,805,589, 4.960,456;

4807107, 4891057, 4102667, 5763495 4606753, 4602029 4740231 4812165

532471 5701699 64653940 37835160 43340090 54664060, 3359218 4.6TR496;
S.6T9620; 39TTO23, 7326826, 4729783, 4377407, 4602938 3211,736; 5106409,

4802900, 4871387, 4 846,873 4936892, 5714436, 6230071 4507 1410 4936901,
SO26 418, 4734126, 4990046, 45540017, 4554007, 4043311 4401 458; 341907,
4, 789394, 4 8TLANY 5198284 37474210 50730870 5238.300; 4153442, 4808722;

4.565875; 5.298.480; 4.233.056 4849007 5112386 5.221.316:

3

SATORIY: 4614534
4615725, 5496794, 4772310 4640706 4.894.083; 6767865 3.022916; 4.797.152;
4557535, 4880457 4735651 3160364 4647302, 4818271 S.710.103; 6,508 869
SESEOZL 4599448, 4938791 44914066, 48121620 7.427.630; 4,684,396, 4,201 565;
4636247 4925482 4486218 6570068 S.045 108 4336059 4983208 4954 162;
4,921,328, 4.826,531; 4,661 145, 49035049, 45153610, 4 8102K3; 4988 3K2; 4.384.00&;
4227918, 4873922, 4988383, 4886545, 5602076, 4229442, 4525201, 5034052;
SH04,443; 3,620,919 4,164,405, 3703016, 5102445, 46183607 6,569 808, 4.919.704;
4.584,013; 4775406, 5631208, 4909835, 4.178,166; 4,183,742; 6,225260; 5318.945;
5053073, 4,693,745, 4 30 5606053 4221584 4975439, 4.601 746
4185991, 4871.390; 4,803,503, 3073184 5202389 5061311 492066622, 6228808,
SOS7.146; 4849009, 4939078 448] 365 4333758, 4741754 4411685 4455162
7.291,199; 5252542, 4470840, 4227911 4.9539.003; and 5123951, Each of the patents,
patent pubheations cited here is meorporated by veference in its entivety heredn, including all
drawings/photographs that are a part thereof.

[1145] Bactertal inoculants are compositions comprising beneficial bacteria that are
used fo wmoculate soil, often at the time of planting. Such bacterial moculants include nitrogen-
fixing bacteria or rhuzobia bactenia.  Rrodvriizobla japordoim s commonly used for sovbean
moculation and Bradyrdizodin sp. {(Vignal or (Arachis) for peanuts, Other rhizobiy are used
with other crops:  Rhdzobium leguminosarm for peas, lentils and beans and alfalfa and clover

and Kivzobiym foii, Rhtzobium legumsinosarum aud Bradyeyizobivm spp. for various legiames.
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In one embodiment, the compasitions of the present nvention are appliad o a plant that has
been planted i soil reated with a bacterial inoculant or that denves from g seed trested with a
biacterial inpeulant.
[146] Conpositions of the present imvention may also be applied o plants, plant
3 parts or plant loct m combination with or in rotation with fungicides, especially fungicides that
also have plant health effects, such as strobilunns and, in particular, pyraclostrobin {also known
as F300).  Other strobiluring fnchude, but are not hnuted o, azoxystrobin, dimoxystrobin,
enestroburin,  fluoxastrobin,  kresoxim-methyl,  metominostrobin,  picoxystrobin,
pyraclostrobin, pyroxastrobin, tifloxystrobin,  orvsastrobm, methyvl 2-chloro-3-{1-{3-
H} methylbenzyloxvimino)-ethyijbenzylj-carbamate, methyl (2-chloro-5-{1-(6-methylpyrid in-
2-vimethoxyiminolethylibenzyhcarbamate, methyl 2-{ortho~{2,5-
dimethylphenyloxymethylene}  phenyi)-3-methoxyacrylate;  2-(2-(6-{3~chloro-2-methyi-
phenoxy-3-fluoro-pyrimidin-4-vioxyiphenyli-2-methoxyimino-N-methvl-acetamide 3~
methoxy~2-(2-(N-(4-methoxyphenyi}-cyclopropanecarboximidoyisulfanvimethyl)-phenyvi-
[ acryhic acid methyl ester.

{0147} Compositions of the present invention may be applied to plants, plant pans or
plant loct in combination with or i rotation with insecticides.  Suntable insecticides include
neonicotinoid  imsecticides  such  as  1-{6-chiore-3-pyridvimethyl)-N-nitroimidarzolidin-2-
ylideneamine (nmdaclopnd), 3-{6-chloro-3-pyridyimethyli- 1 3-thwrolidin-2-vhdenecyanamde

20 (hiscloprid),  142-chlore-1,3-thiazol-S-vimethy-3-methvi-2-nigroguaniding  {clothianiding,
nHempyran, N.sup. -{{6~chloro-3-pyridyBmethyl N sap. 2-cyano-N sup. Lwethylacetanid-
ing{acetamiprid),  3-{2-chloro-13-thiazol-S-vimethyl-S-methyl-1,3 S-oxadiazman-4-vlidene(-
nitrofantne  (thiamethoxam}  and  Tamethylb-Z-nitro-3-(tetrabydro-3-furvimethyDavanidine
{dinotaturan).

25 [0148]  The following examples are given for purely illustrative and non-limting
purposes of the present mvention.

EXAMPLES

Example 1

51



iG

J—
Lr

WO 2013/039937 PCT/US2012/054701

0149 A study was conducied 1o determine whether primary melabolic changes

were detectable in young tonwto plants, Lyveopersicon esadenium ov. “Flovida Lanai,” subjected

P

to three applications of Composition | on g five day interval.

Table I - Composition 1

Compound in wt % Total 160%

g-Terpinene 16

p-Cyneng 3758
Hmonene 3

Total terpene in wi % i6.75

Canoda ol (volume filler) in wit % 8.25

Canola oil {carnier) 37.5
Steposol SB-W¥ (carrier) 25
Tween &0 {emulsifier) 7.5

""""""""""""""""""" SUSTAINY 7 s

[0156] Note that the terpenes provided in the chart are substantially pwre. The o-
Terpinene is 90% pure, the p-cymene 99% pure and the lhmonene 5% pure.

[01581]  Two sets of plants were grown iy a greenhouse in four mch square pots and
were reated identically with the exception of treatmant of one set of plants with Composition 1
andd one set with water. Plants were caged and managed o protect thems from insect infestation.
A 2% vy dilution of Composition T was gpplied to plants at a rate equivalent to a feld rate of
100 gallons per acre with the first spray occuwrring seven weeks from planting, the second spray
ocrurring five days after the first spray and the third spray cocuring five days after {he second
spray. Samphng of new and old growth from trested and contvol plants occurred the day after
the third spray application.

j0152]  The collected leaves from each set of plants were harvested and pooled for
mRNA extraction and granscripiome sequencing. 9.3 nulhion 50bp reads were collected from the
Composition I-treated plants and 1.4 nullion 50bp reads were collected from the water-treated
plants. The DNA sequence reads were aligned using Bowtie {(Langmead et al., Genome Riol.,

2009y to 33926 predicted genes provided by the mternational tomato genome sequencing
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project. The reads that were mapped to genes were normalived using RPKM {(Momtazavi et al,
Neat. Methods, 2008).  The P-valees were deterpuned using DEGseq (Wong et al,
Bivinformeatics 2009), P-value of less than (.001 with a sormalized fold change of +4&~ 1.5 ware

ased to wentify significant hits.  Utilizing these cot-off parameters generated 786 upregalated

3 genes and 1232 downregulated genes. While a munber of different classes of ganes wers
dilferentially expressed, many of the genes mvolved n plant defense, such gs penes for
stwnaling compounds, such as ethylene and jasmonic acid, and pathogenesis-relaied yenes
responsible for the production of profeins asscctated with systemic acquired resistance, were
upregutated and many photosynthetic genes were downregulated. Tables 3 and 4 summarize the

[ upregulation of certain genes. Table 5 sumunarizes the down-regulation of photosynthetic genes.
Table 3

Properties Gene Fold Chanee {(FO)
ET producers I~ synthase 17.4
2- synthase 1.72
3 - oxidase 1.79
4 - pxidase 1560
IA producers - esterase 251
2~ osterase 149
Table 4
Family Gene Fold Change
PR i - Pathogenesis related protein 7.59
PR 2 - Pathogenesis-related protem 698
PR 3 - Pathogenesis-related protein 8.57
PR 4 - Pathogenesis-related leaf protein 7.85
PR 5 -Pathogenesis-related protein 2RO
18
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Table 5

Propertics Gone

Chiorophy i

inding chlorophyll a-b binding protem 20.96
chiorophyll a-b binding protein 10,26
type I polypeptide 4.48
light inducible protein 2.93

{at least 25 more down-regulated)

Photasynihesis

reaction center vhotosysteny I protein 12,05
photosystem 1 protein 2.440
photosysten | protein 234
photosystem I protein 2.20

{at least 13 more down-regulated)

[O183] gRT-PCR was used o confinm the differentially expressed genes previoushy
determimed by RNA-seq analysis.  For each target gpene, two primers and an internal,
fluorescently labeled TagMan probe (57 end, reporter dye FAM (6-carboxyfluorescain, 37 end,
guencher dve TAMRA {6-carboxytatramethylthodamine) was destpned using default parameters
of Primer Express sofiware 2.0 (Applied Biosvstems),  TagMan PUR svstems were validated
using defined protocols (Lewtenegger et al, 1999%  Total RNA wag extacted using ABI
chenustry and cDNA was synthesized from 28 ol | DNase {RNase-freg DiNase | Invitrogen)
digested total RNA. Each PCR veaction contained 20 X primer and probes for the respective
TagMan svstem. The samples were placed in 384-well plates and amplified m an automated
fluorometer (ABI PRISM 7900 HTA FAST, Apphed Biosystems). The manofacturer’s standard
amplification conditions were used. Fluorescent signals were collected durmg the annealing
pertod and CT values extracted with a threshold of .04 and baseline valoes of 3-15. 188 fRNA
gene was used as a positive control. Final quantification was perforned using the comparative

CT method (AACT, User Bulletin No. 2, Applied Biosystems) and s veported as relative
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transcription or the a-fold difference relative to g calibeator ¢DNA {Le., tanscnpt levels of
plants freated with water).  The relative livear amount of target molecules relative 1o the

calibrator was caleutated by 2757,

Therefore, all zene transcriplion 1§ expressed as an n-fold
difference relative to the calibrator. Transeript accumulation was considered to be stgmficantly
different from the calibrator (water level for any specilic target gene) i the 93% confidence

ntervals of the mean did not overlagp the mean level of the calibrator.  Thisy experiment

confirmed downregulation of various photosynthetic genes, as summarized i Table 6, balow.

Table &
EC o
Lengs {(RNA-seq) @RT-PCRY

Dovwnregulated

1 ranscription factor -6.53 -1.27

2 lyase -3.44 ~3.94

3 photosynthesis reaction center -1.97 ~32.94

4 chlorophyll a/b binding protem -32.47 ~40).5

5 peroxidase -11L79 -24,93

[0154] However, the resalts were inconclusive as to upregulated genes, potentially
because of design and technical 1ssues conmmonly found in qRT-PCR technique. Therefore,
instead of woubleshooting the gRT-PCR further, another RNA-seq analysis, descnibed in
Example 2, was performed to vahidate the initial result.

Example 2

[0155] A shghtly different expersment was conducied to test metabolic changes at
several different Ume points affer ope treatment with Composition 1. Eight sets of six voung
flowernng tomato plants were grown in the gresnbouse in one gallon pots, Plants were caged
and managed o solate themn from msect infestation. Each set was treated one time with water
or with a 2% vy dilution of Compeosition | applied &t & rate equivalent to a field rate of 100
GPA. {(Note that Composition 1 is typically applied at 2 0.5% to 2% dilution (which is

equivalent 1o a rate of 2 quarts per 100 gallons to a rate of 2 gallons per 100 gallons) Samples
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from the various sets were harvested 20 hours before ireatment {referred to m tables balow as
hour), 4 hows after reatment, 28 hours after treatment, and 52 hours afler reatment.

{0156} Harvested leaf tissue from each plant set was povled, as shown i Table 7
below, to minimive terplant variabibity, snd mBNA extraction and tanscriptome sequencing
conchucied on the pooled leaf tissue. Two flow cells were used to generate over 37 mailion 68-bp
reads that were barcoded to distinguish the reads from each treativent o the expeviment. The
sequence reads were then aligned to the then-carrent mRNA database published by the
Interngtional Tomato Genome Sequencing Project {as of lae 201) uwsing Bowte,  See
Langmead, B., et al., “Lilrafast and Memovy-Efficient Alignment of Short DNA Sequences to

the Human Genome,” Genome Biology, 2009, 10(33:R235, Epub 2009 Mar 4.

Table 7
SEQ  reads | % total APPIOX, Treatnient Cages
| mRNA DB
‘ coverage
AQ- 1939037 4961 JHIBHTY &Y None AKF
AQ-2 12023002 §7.42 3544876 | 6.34 None G&B
A3 2472802 36.37 4386634 | THS 4HAT with Composition | C&E
1
AQ-4 2282433 §7.77 3950998 | .07 SHAT with water D&H
AQ-3 12406902 | 3224 4607133 1824 2EHAT with A&F

Composition 1

AQ-6 | 2425570 52.94 45815829 1 820 IBHAT with water G&B

AQ-7 | 15320791 48,40 3154733 | 363 SZHAT wath C&E
Composition {
ARQ-B 4842957 33.41 9067621 11023 S2HAT with water D&H
1992149 3348 37202223
. ;
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JHEST] Note in the table that AQ-8 had many more reads than AQ-7. This was due to

a dilition ervor but did not affect the downstremn analysis, which took the dilution error o

accow,
[3158] The number of reads aligned to genes were counted, normalized and searched

for differentially expressed genes (DEGY) using DESey, according to the method described in
Anders, S. snd Huber, W, “Differential Expression Analysis for Sequence Count Datg,”

Genome Biology, 20140, 1IEG): R106, Epub. 2010 Oy, 27,

{0159 Table 8 sunuwnarizes the number of DEGs that are statistically significant
{acdusted pvalue or padj ~=0.05) between samples treated with Composition 1 or waler at

various sampling points before and after treatment.

Table 8
O 4 hr 28w 32 hr
# ol DEGs 120 87 77 14

[0160] 1t was expecied 1o see fewer numbers of DEGs at U hr conpared to other time
points because the plants from cages AF and BG were sumilarly trested and grown.  The
presence of so many DEGs at time poit  hr suggested that there was guite a bit of noise af lesast
for those sets of plants {AF and BG). Note from Table | that plants from cages AF (ireated) and
1B {unfreated} were used for the U hr and 38 by tinre point caloulation while plands froni cages
CE (treated) and DH (untreated) were used oy the 4 by and 52 hr time point calculations. When
scanning the identity of DEGSs at the 28 hy time point, there were no photosynthetic genes that
were downregubated and no plant defense related genes that were upregulated, fn contrast to the
results observed in the first RNA-seq experiment {described in Example 1), In addition, there
were anly three out of 77 genes upregulaied at the 28 hy time point, which also seemed quite
unysual,

{8161} The pattern of DEGs at 4 br and 52 br were much more aimilar o the

observations from the first RNA-seq experiment described m Example 1. See Table 9, below.
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Table 9

4 hour 52 hour

Down Lip Down Up
DEG 30 §7 37 77
Photosynthetic Genes 16 Y 2 0
Defense: PR 0 7 0 31
Defense: Others 0 I8 Q 15

1162} Aboul half or 16 of the genes that were downremdated at 4l were
photasynthetic genes, However, this mamber reduced drastically to two at 52 hr. On the other
hand, seven pathogenesss related (PR} and 18 plant defense related penes were upregulated at 4
hr. At 52 hy, the mpnber of PR genes mcreased dramatically to 31, There was an initial uptick
of plant defense genes at 4 hr, but the plant shifted tto high gear by the 32 hr time pomng,
especiaily as to the PR genes. Another striking observation was that no photosynthetic genes
were upregulated and no plant defense related genes were downregulated at either of the 4 and
52 hour time poimnts. A list of the gene categories of overexpressed penes at 4 and 52 hours after
treatment is provided in Table 10, below. The abbreviation FC in Tables 10 and 11 refers to
fold change.

Table 18

FCat 4 FCal 52
IAT  HAT Cene Catesory

629  mf PR

310 inf PR

100 il PR

e 164 PR

.. 158 PR

1.8, 15.1 PR

7.6, ini viral induced
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FCatd F 2

551

E at
HAT HAT  Gene Category

.2 44.8  |viral induced

132 210 lviral induced

15.7 316 defense
15.6 10.2 jdefense

12, . 9.0 defense
1.e. 6.1 defense
16.9 5.2 defense
1., 10.9 hormaone
1. 8.3 hormone
17.1 1.8, hormene
9.9 n.e. hormone

{61634 A st of the gene categories of wnderexpressed genas at 4 and 32 houry after

treatment 13 provided i Table 11, below.

Table 11

FC at 4 (FC at 32

HAT HAY Gene Category
-11.8 6.3 photosynthesis
inf HE, photosvaihesis
3137  ne photosynthesis
1.8 ine photosyathesis
-118  ine photosynthesis
~1L7  ine photosynthesis
~1L3  ine cell wall

0. -9.2 cell wall
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FC at4 [FC at 52

HAT HAT Gene Category

inf B cell growth
~16.7  ipe cell growth
Conclusions
1. Plants in cages AT and BG {time points O by and 28 bry may be anomalous.
2, Photosyuthetic genes are downregulated inttially but most revert to norm by 32 hr time
P,
3 Plant defense genes are upregulated st 4 hr and even more plant defense genes,

specifically PR genes, become highly expressed at 52 by

Example 3
[ ed] Two sets of plants grown i the greenhouse in one gallon plants were treated
with Composition | or water on the following schedule.

Table 12

Tregtment Spray Date

1 4/5

2 4112
3 419
4 543

3 N7
6 5724
7 S431
8 &7

9 618
16 626
11 76

12 717
13 7i8
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jHE6S] The two sets of plants wers compared for differences i plant growth, frunt
ripening and fruit set. Differences in these properties were observed after the treatments, with
the Composition !-treated planis appearing more robust and healthy, baving morve fruit and
having more ripe fult move quickly,  Specific resalts follow. Total weight of water-treated
planis was 2107 492 gwhile total weight of Composition 1-ireated plants was 23733748 &,

jt66] Figure & represents the total weight of tomato plants afier 13 reatments wath
water of Composition 1. The column on the left shows weight of waler-treated planis while the
colunmmn on the right represents weight of Compaosttion H-treated plants.

[3167] Following s a sununary of total mumber of fnul produced by water-treated

andd Composition 1~treated plants after the last treatment,

Table 13

Water-

Treated

Sum of

Froit # 143

Table 14

Composition 1-Treated

Semof

Frot & 195

{0168] Composttion | also seemed to accelerate nipeming of fnut. Figure 2A shows
plants treated about seven or eight times with water. Only seven or so of the pictured fruit were
starting to redden at this point. In other words, none of these frust were a briuht rad or fully ripe.
Figure 2B shows plants treated about seven or eight tdmes with Composition 1. Abowt 11 frunt
on these plants were bright red.

3169 Measurements, taken after the fival weatment, of average frait weight,
average [ruit diameter and frog color index of fruil from Composition -treated and water-

treated plants were very sumilar,

61



WO 2013/039937 PCT/US2012/054701

jHE78] While the invention has been described in connection with specific
embodiments thereof, 10 will be understood that 1t 18 capable of further modifications and this
application is intended (o cover any variations, uses, or adapiations of the invention following,
general, the principles of the invention and incloding such departures from the present disclosure
as come within known or customary practice within the art to which the wmvention periaing and
as may be apphed to the essentigl features bereinbefore set forth and as follows i the scope of

the appended claims.
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CLAIMS
What 1s claimed is:
i A method of enhancing the health of a plant, wherein the method comprises

applying at least one terpene or terpenoid compound to the plant or a plant part and/or applyving
to an grea around a plant or plant part.

2. A method of promoting the growth of a plant, wherein the method comprises
applving at least one terpene or terpenowd compound to the plant or a plant part andfor applying
o an area around a plant.

3. A method of mmproving frost vipening comprising applying at least one terpene or
terpenoid compound 1o the frutt or a plant carrying the fruit andfor applving to an area around a
fruit.

4, The method of any of claims 1 10 3, wherein the af teast one {erpeng or ferpenoid
compound i3 an aliphatic or a cyebic compound.

s The method of any of claims 1-4, wheretn the at least one ierpene or terpenoid
compound i3 selected from the group cousisting of & monoierpene, a sesquiterpene, g diterpene,
a sesterterpeng, a iriterpene and mixtures thereofl

6. The method of claim 3, wherein the at least one monoterpene or terpeoid
compound i3 selected from the group of geraniol, limonene, lerpinene, p-oymene, limonene,
carvacrel, carveol, nerod, thynol and carvone and mixtures thereof,

7. The method of clatm 6, whevein the terpinene i3 selected from group consisting
of alpha-terpinene, beta-terpinene and gamma-terpinene.

R The method of claim 5, wherein the sequiterpene 15 selected from the group of
farnesene and famesol.

9. The method of claim 3, wherein the diterpene 13 selected from the group
cousisting of cafestol, kabweol, cembrene, and taxadiene.

1L The method of claim 5, wherein the sesterierpene 3 geranylfarmesal

1. The method of clam S, wherain the triterpene is squalene.

12, The method of clamm 5, wherein the ai least one terpene compound 1s g nuaxture of

u-terpinene, p-cymene and Himonene,
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13, The method of any of clatmus § to 7 or elaim 12, wherein the at least ong {apeng
compound is present in a composition comprising a stmuilated blend of an essential oil extract of
Chenopodium ambrosioides near smbrosioides,

14, Themethod of clam or 13, wherein the stmulated blend consists essentially of (1)
substantially pure e-larpmnens, p-cvimens and tmonene, wherein each of the substantially pure o-
terpinene, p-oviene and Hmoneoe is not obtamed from a Chenopodiun extract and (11 a carmer.

15, The method of claiy 13 or 14, wheren the o-terpinene and p-cymens are
synthetically produced and the limonene is obtained from a plant other than Chenopodiun.

6. The method of any of clawms 13 to 15, wherein the carrier 1s a vegelable oil

17 The method of any of clains 13 to 16, wherein the composition is diluted before
application and wherein the simolated blend in sach composition after dilition consists
essentially of about 0.010% to about 0.21% by weight of wterpinene, about 0.004% to about
G.08% by weight of p-cymene, and about 1.003% to about $.063% by weight of imonene.

18, The method of any of claims 13 1o 17, wherein the composition 18 dihuted before
apphieation and wherein the simuolated blend in sach composition after dilution consists
essentially of about 0.62% 1o about 0.08% by weight of o-terpinene, from abouwt D.008% to

eht of

e

about 0.032% by weight of p-cymene, and from about 0.006% 1o abowt 0.026% by wei
Himonene,

19 The methed of any of the preceding claims, wheren the at least one terpene or
terpenoid compound  gffects wp-regulationddown-regulation of wenes involved in defense
response pathways in comparison to plants which are pot treated with the at least one terpene or
terpenoid compound.

20, The method of clain 19, wheremn the at least one terpene orterpenowd compound
effects up-regulation of genes associated with sthylene and jasmonic acid.

21 The method of cham 19, wherein the at least one terpene or terpenoid compound
effects up-regulation of genes encoding Pathogenesis Related Proteins.

22, The method of claim 19, wherein the at feast one teypene or terpenod compound
down-regulates genes associated with photosvuthesis,

23, The method of claim 22, wherein the genes associgted with photosynthesis are

transiengly down regulated.
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24, The method of any of the preceding claims m which the plant i3 selected from the
group consisting of irees, herbs, bushes, grasses, vines, ferng, mosses and green algae,
monocotyledonous plants, and dicotviedonous plants.

35, The method of clain 24, wherein the plant is selected from the group consisting

5 of corn, potatoes, roses, apple trees, sunflowers, wheat, rice, bananay, lomatoes, opo, pumpking,
squash, lettuce, cabbage, oak irees, puzmania, perantums, hibiscus, clematis, poinsstiias,
sugarcane, fare, duck weed, piue trees, Kentucky blue grass, zoysia, covonut irees, brassica
leafy vegetables (e.z., broccoli, broccolt raab, Brussels sprouts, cabbage, Chinese cabbage {Bok
Choy and Napa), cauliflower, cavalo, collards, kale, kohlraby, mustard greens, rape greens, and

10 other brassica leafy vegetable crops), bulb vegetables {e.g., gatlic, leek, onton {dry bulb, green,

and Welch), shallot, and other bulb vegetable crops), citrus fruits {e.g., grapefiuit, lemon, hime,
arange, tangenne, ciirus hybrids, pununelo, and other citrus fruit crops), cucurbit vegetables
{e.g.. cucumber, citron melon, edible gourds, gherkin, muskmelons (including hybrids andior
cultivars of cucanus melons), water-melon, cantaloupe, and other cucurbit vegetable crops).
H frnting vegetables (ncluding egpplant, ground cherry, pepino, pepper, lomato, tonwliflo, and
other frutting vegetable crops), geape, leafy vegetables {e.g.. romamne), root/uber and corm
vegetables (e.g. potato), and tree puts {almond. pecan, pistachio, and walnut), berries (eg.,
tomiatoes,  barberries, currants, elderbemryies, gooseberries, hopeysuckles, mayapples,
nannvherries,  Qregon-grapes,  see-buckthorns,  hackberries,  bearbernes,  hongonbermes,
20 strawberries, sea grapes, blackbernes, cloudberries, loganbarries, raspberies, salmonberties,
thimblebermes, and winebermies), cereal crops {e.g., co, rice, wheat, barley, sorghum, millets,
oats, ryes, iriticales, buckwheats, fonio, and quinoy), pome fruit (2.2, apples, pears), stong {ruits
(.., coffees, jujubes, mangos, olives, coconuts, oil palms, pistachios, almonds, apricots,
cherries, damsons, nectarines, peaches and phuns), vine (e.g., table grapes, wine grapes), fibber

25 crops {e.g., hemp, cotton), and ormamentals,
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