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of the plant hormone ethylene, which causes a variety of plant physiological effects, such as

senescence, inhibition of root growth and inhibition of stem growth. Ethylene also acts to
accelerate the process of fruit ripening, flower-opening and leaf abscission. The synthetic
plant growth regulator 1-methylcyclopropene (1-MCP) blocks the effects of ethylene and is
used commercially to delay fruit-ripening in stored fruits and vegetables and maintaining the
freshness of cut flowers, potted flowers, bedding, nursery and foliage plants. The compound
is a gas and must be used in enclosed spaces to be effective. It is approved in the USA and
elsewhere for use in enclosed spaces, such as greenhouses, store rooms, coolers, enclosed
truck trailers, controlled atmosphere food storage facilities, and shipping containers. It is also
being developed as post-emergence spray in efforts to protect field crops during extended
periods of extreme temperatures, drought and other stresses (Farm Industry News, Jan 18,
2008).

[0005] European patent EP 0,220,514 refers to compositions comprising phytohormones
and their use in methods for increasing the quantity and quality of fruits or flowers of plants in

horticulture or agriculture. International patent application WO 2005/018319 refers to the
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plants by drip irrigation or spray application in order to inhibit insect
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havi ng a physiol ogical effect on a plant, in the irrigation water,

I ncreases the tolerance of the plant to environnental stresses resulting in
a pl ant[0@16d I hleesr isna naed iforpaddvt@dakqmatﬁotjy femdbating iwhthatheiamairmdalﬁtmlsdes

[ 0008] e&ﬁgr?en%? g)fﬂanlts[ n%ré thtlnce}g nt aFII‘ Sqlerg%eeﬁg[ettolam/et r#]&%vg V{]L?ﬁl?y a

met hod nVIron erance

conpr i sindgyiddef aplphh @ap sajedfto tiosé stigiseene cycl opropene in the pl ant
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plant to environmental stresses resulting in a plant crop having an improved quality and/or in

an increased yield.

[0008] Accordingly, in a first aspect, the present invention provides a method of increasing
the environmental stress tolerance of a plant comprising the application of at least one
cyclopropene in the plant irrigation water wherein said cyclopropene has a physiological

effect on the plant.

BRIEF DESCRIPTION OF THE DRAWING
[0009] Having thus described the invention in general terms, reference will now be made to

the accompanying drawing wherein:

[0010] FIG. 1 illustrates wheat plants grown in pouches. On the right-hand side plants

treated with 1-MCP and on the left-hand side non treated check plants.

DETAILED DESCRIPTION
[0011] In one embodiment, suitable cyclopropenes are gaseous at ambient temperature and

are selected from a compound of formula I:
(R)n

wherein n is a number from 1 to 4, suitably n is a number from 1 to 2, and most suitably n is

(1)

1. The variable group R is selected from hydrogen, saturated or unsaturated C4 to C,4 alkyl,

hydroxy, halogen, alkoxy, amino and carboxy. In one embodiment, R is methyl.

[0012] In one embodiment, the cyclopropene gas is selected from cyclopropene,

dimethylcyclopropene and 1-methylcyclopropene (1-MCP).
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[0017] In a further aspect, the present invention provides a method of reducing damage to a

plant caused by one or more environmental stress factors, comprising the application of 1-

MCP in the plant irrigation water wherein 1-MCP has a physiological effect on the plant.

[0018] In a further aspect, the present invention provides a method for improving the quality
of a plant crop comprising the application of 1-MCP in the plant irrigation water wherein said

agrochemical has a physiological effect on the plant.

[0019] In a further aspect, the present invention provides a method for improving the yield of
a plant crop comprising the application of 1-MCP in the plant irrigation water wherein said

agrochemical has a physiological effect on the plant.

[0020] In a further aspect, the present invention provides a method of improving plant vigour
comprising the application of 1-MCP in the plant irrigation water wherein said agrochemical

has a physiological effect on the plant.

[0021] Controlling the amount of 1-MCP a plant receives is very difficult because it is a gas

(b.p. < 5°C), which is commonly applied as a spray application. lIts volatility provides for only



[0019] In a further aspect, the present invention provides a nmethod for
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[0025] Accordingly, in a preferred embodiment, the present invention provides a method of
increasing the environmental stress tolerance of a plant comprising the application of

1-methylcyclopropene in the plant irrigation water.

[0026] In a further preferred embodiment, the present invention provides a method of
reducing damage to a plant caused by one or more environmental stress factors, comprising

the application of 1-methylcyclopropene in the plant irrigation water.

[0027] In a further preferred embodiment, the present invention provides a method for
improving the quality of a plant crop comprising the application of 1-methylcyclopropene in

the plant irrigation water.



WO 2011/ 153445PCT/ US2011/ 039086 [0028] In a further preferred enbodi nent,
the present invention provides a nethod for inproving the yield of a plant
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Accordingly, in a nore preferred enbodi nent, the present invention provides
a method of increasing the environnental stress tol erance of a plant
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2011/ 153445PCT/ US2011/ 039086 [0035] In a further nore preferred enbodi nent,
t he pr d8@a% Accomrlitighoim pmove preseradmmingiméndr the mpesent ingeritioe pyovedes af a pl ant
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stress d%i%%'{,ie?(@&sesﬂ/ei tgmgér%ﬂﬁgto'r frost, or any combination thereof. Most preferably the

stress experienced is drought.

[0033] In a further more preferred embodiment, the present invention provides a method of
reducing damage to a plant caused by one or more environmental stress factors, comprising
the application of 1-methylcyclopropene in the plant irrigation water, wherein the stress
experienced is drought, excessive temperature or frost, or any combination thereof. Most

preferably the stress experienced is drought.

[0034] In a further more preferred embodiment, the present invention provides a method for
improving the quality of a plant crop comprising the application of 1-methylcyclopropene in
the plant irrigation water, wherein the stress experienced is drought, excessive temperature

or frost, or any combination thereof. Most preferably the stress experienced is drought.
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provi des a nethod of inproving plant vigour conprising the application of
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vi nes, bushberries (such as bl ueberries), caneberries, cranberries,
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as Ken Ss (Poa pratensis L.), rough bluegrass (Poa trivialis
L.), Canada bl uegrass (Poa conpressa L.) and annual bl uegrass (Poa annua
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[0044] The methods of the present invention are particularly suitable for the treatment of

crops, such as field crops, fruits, vegetables, nuts (particularly peanuts), berries, tropical



[0050] In a further nore preferred enbodi nent, the present invention
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methods of producing such transgenic plants are generally known to the person skilled in the

art and are described, for example, in the publications mentioned above.
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[ 0063] Exanples 2 - 9 - Tomato Epinasty Test [0064] Bi oassay test material:
5-6 leaf tomato plants (var. Rutgers), 8 reps /treatnent. [0065] The first
col utm ofwoOablie15344pr ovi des a summary of change i n angl ePofi/ush@ 188w8¢ eaf
petiol e at 24hours after application of Cerone (ethephon). There are tmo

sets of chal | r rs

For mul &t Peaflo 05 & D BRATRUh 1Bl BBl PR Th Cor one
at 24 lexperaniced isldrdiihtfaod the plbntos seybebn cratizecottbat \eegatableshkarsanarcages of 8
repli ca#tg I ants WO 2011/ 153445PCT/ US2011/ 039086 Table 1 Average change in
angl e &N d petiole Treatnment Cerone applied 4 HAA 1- MCP Cerone applied
24 HAA 1-MCP (2) Untreated control

[0054] Normally, for control of biotic stress, a grower in the management of a crop would use
one or more other agronomic chemicals in addition to the agrochemicals of the present
invention. Examples of agronomic chemicals include pesticides, such as fungicides,
herbicides, insecticides, bactericides, acaricides and nematicides, plant nutrients and plant

fertilizers.

[0055] Accordingly, the present invention provides the methods according to the present
invention, which includes the simultaneous and/or sequential application of one or more
further agronomic chemicals. Preferably, the one or more further agronomic chemicals are
agrochemical compounds and/or plant nutrients and/or plant fertilizers. Preferably, the
agrochemical compounds are pesticides, such as fungicides, herbicides, insecticides,

bactericides, acaricides and nematicides.

[0056] Suitable examples of plant nutrients or plant fertilizers are calcium sulfate CaSOy,
calcium nitrate Ca(NO3),.4H,0, calcium carbonate CaCO,, potassium nitrate KNOj,
magnesium sulfate MgSO,, potassium hydrogen phosphate KH,PO,4, manganese sulfate
MnSQ,, copper sulfate CuSQ,, zinc sulfate ZnSQ,, nickel chloride NiCl,, cobalt sulfate
CoS0O,, potassium hydroxide KOH, sodium chloride NaCl, boric acid H3BO3; and metal salts
thereof, Na,MoQO,. The nutrients may be present in an amount of 5% to 50% by weight,
preferably of 10% to 25% by weight or of 15% to 20% by weight each. Preferred additional
nutrients are urea, melamine, potassium oxide, and inorganic nitrates. The most preferred
additional plant nutrient is potassium oxide. Where the preferred additional nutrient is urea, it
is present in an amount of generally 1% to 20% by weight, preferably 2% to 10% by weight
or of 3% to 7% by weight.

[0057] Examples of herbicides include glyphosate, glufosinate, glyfosinate, imidazilinone,

and STS system (sulfonylurea).

[0058] Examples of pesticides include spinosad, avermectin, such as the natural
avermectins, A1a, A1b, A2a, A2b, B1a, B1b, B2a and B2b, which can be obtained from
Streptomyces avermitilis, and avermectin monosaccharide derivatives, such as abamectin,
doramectin, emamectin, eprinomectin, ivermectin and selamectin, and milbemycin

derivatives, such as milbemectin, milbemycin oxime, moxidectin and S10009.



-10 1 (3) Cerone 80 77 (4) 1g ai/ha chem gation 60 78 (5) 10g ai/ha
chem gation 20 48
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[0059] Examples of nematicides are abamectin, carbamate nematicides (e.g. aldicarb,
carbofuran, carbosulfan, oxamyl, aldoxycarb, ethoprop benomyl, alanycarb),
organophosphorus nematicides (e.g. phenamiphos, fenamiphos, fensulfothion, terbufos,
fosthiazate, phosphocarb, dichlofenthion, isamidofos, fosthietan, isazofos, ethoprophos,
cadusafos, chlorpyrifos, heterophos, isamidofos, mecarphon, phorate, thionazin, triazophos,
diamidafos, phosphamidon), methyl bromide, methyl iodide, carbon disulfide, 1,3
dichloropropene, chloropicrin, cytokinins, dazomet, DCIP, ethylene dibromide, GY-81,
metam, methyl isocyanate, myrothecium verrucaria composition, flupyrazofos, benchlothiaz,
[2-cyanoimino-3-ethylimidazolidin-1-ylJphosphonothioic acid O-ethyl S-propyl ester, and

bacillus firmus.

[0060] Further suitable examples of pesticides that can be used include acephate,
acetamiprid, acetoprole, aldicarb, alpha-cypermethrin, azinphos-methyl, azoxystrobin,
benalaxyl, benalaxyl-M, benclothiaz, bendicoarb, benfuracarb, benomyl, bensultap,
bifenthrin, bitertanol, boscalid, captan, carbendazim, carbaryl, carbofuran, carbosulfan,
carboxin, carbpropamid, chlorothalonil, chlorpyrifos, chlorpyrifos-methyl, clothianidin, copper
salts (such as copper sulfate, cuprous oxide, Bordeaux mixture, copper hydroxide, copper
sulfate (tribasic), copper oxychloride and copper octanoate), cymoxanil, cypermethrin,
cyproconazole, cyprodinil, cyromazine, dazomet, deltamethrin, diazinon, difenoconazole,
dimethoate, dimoxystrobin, diniconazole, dinotefuran, Emamectin, endosulfan, ethaboxam,
ethirimol, ethiprole, ethoprophos, famoxadone, fenamidone, fenamiphos, fenhexamid,
fenpiclonil, fipronil, flonicamid, fluoxastrobin, fluazinam, fludioxonil, fluguinconazole, flutolanil,
flutriafol, fonophos, fosetyl-aluminium, fuberidazole, furathiocarb, gamma-cyhalothrin,
gamma-HCH, guazatine, heptenophos, hexaconazole, hymexazol, imazalil, imidacloprid,
ipconazole, iprodione, isofenphos, lambda-cyhalothrin, mancozeb, maneb, metalaxyl,
metalaxyl-M, metconazole, methiocarb, methyl-bromide, methyl-iodide, myclobutanil,
nuarimol, omethoate, oxamyl, oxadixyl, oxine-copper, oxolinic acid, pencycuron, pefurazoate,
phosmet, picoxystrobin, pirimicarb, prochloraz, procymidone, propamocarb, propiconazole,
prothioconazole, pymetrozine, pyraclostrobin, pyrimethanil, pyroquilon, quintozene,
silthiofam, spinosad, tebuconazole, tefluthrin, tetraconazole, thiabendazole, thiacloprid,
thiamethoxam, thiodicarb, thiophanate-methyl, thiram, tolylfluanid, triadimenol, triazamate,
triazophos, triazoxide, triticonazole, trifloxystrobin, 3 lodo-N*2*-(2-methanesulfonyl-1,1-
dimethyl-ethyl)-N*1*-[2-methyl-4-(1,2,2,2-tetrafluoro-1-trifluoromethyl-ethyl)-phenyl]-
phthalamide (code NNI-0001), and a compound of 2-Pyridin-2-yl-2H-pyrazole-3-carboxylic
acid (2-methylcarbamoyl-phenyl)-amide (code DKI-0001), such as 2-(3-Chloro-pyridin-2-yl)-

5-trifluoromethyl-2H-pyrazole-3-carboxylic acid (4-chloro-2-isopropylcarbamoyl-6-methyl-



(6) 20g ai/ha chemgation -9 41 (7) >20g ai/ha chemgation -4 18 (8) 10g
ai/ha spray 71 82 (9) 20g ai/ha spray 40
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phenyl)-amide, 2-(3-Chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazole-3-carboxylic acid (4-
chloro-2-methyl-6-methylcarbamoyl-phenyl)-amide, 5 bromo-2-(3-chloro-pyridin-2-yl)-2H-
pyrazole-3-carboxylic acid (4-chloro-2-isopropyl-carbamoyl-6-methyl-phenyl)-amide, 5-
Bromo-2-(3-chloro-pyridin-2-yl)-2H-pyrazole-3-carboxylic acid (4-chloro-2-methyl-6-
methylcarbamoyl-phenyl)-amide, and 3-difluoromethyl-1-methyl-1Hpyrazole-4-carboxylic acid

(2-bicyclopropyl-2-yl-phenyl)-amide.

EXAMPLES

[0061] The following examples illustrate further some of the aspects of the invention but are
not intended to limit its scope. Where not otherwise specified throughout this specification

and claims, percentages are by weight (% w/w).

Example 1 - Effect of 1-MCP on stressed wheat plants

[0062] 10 mL of the mixture are added per pouch with a pipette.

20 to 25 Wheat kernels from the variety ARINA were sown in a plastic bag (pouch) with an
absorbent paper, watered and grown under optimal conditions in a climate chamber for 8
days. At day 8 the 1-MCP in the form of an a-cyclodextrin molecularly encapsulated powder
was applied at a 200 ppm rate to the water in the pouch. After application the plants were
not watered anymore, but placed in a warm environment at 26°C. After 5 days without
watering the differences of treated vs. untreated were evaluated visually (Fig.1). Treated
plants show greater drought tolerance than control plants when grown under drought stress

(5 days without watering).

[0063] Examples 2 — 9 — Tomato Epinasty Test

[0064] Bioassay test material: 5-6 leaf tomato plants (var. Rutgers), 8 reps /treatment.

[0065] The first column of table 1 provides a summary of change in angle of the 3™ leaf
petiole at 24hours after application of Cerone (ethephon). There are two sets of data, one for
those challenged with Cerone at 4 hours after 1-MCP formulation application and a second
set for plants challenged with Cerone at 24 hrs after 1-MCP formulation application. Data are

the averages of 8 replicate plants



86 [0066] Notable differences in performance in chem gated vs. spray
application were observed. Procedures used for epinasty test: [0067] 1-MCP
fornul at iwo 2andissases: 1-MCP in the form of an a-cycl odextrriseoimmob®sal ar | y
encapsul at ed powder di spersed in an aqueous MgSO sol ution [0068] Overhead
chem gati on.r| a tal 0.57 inches irrigation at 1,10 and 20g ai/ha and
wher ei n >20g |/ a chemgation applied in one treatnent ( incorrect
calibration of chemgation punp resulted in >20g ai/ha rate being applied
and reservoir running dry prio ‘feﬁagﬁﬁ?ﬁﬂg%’r”@(ﬁﬁ'eﬁ?th rF'P?WH?l on) [0069]
Standard foliar pray at 200 I{ha and 0.035% v/v kinetic silicon adj uvant
0, 10 |and 20g ai/ha [0070] Ethepdrome bgpiad ment : Apptéread bgglied at e 5009 aj / ha
at 400 1idaaaeappl i cati on vol unme| AppALeadp on at 4 apsh @4a Hixapof | nvi nsa
[0071] (gmﬁmgﬁggcgrﬁ&assrrent /-\ng e of 3rd petiore 1p pl ants stem measur ed

prior vicE—appricatton antdragain at8044 HATFhal—dat=a C)\’JI essed—as
aver ag

(4) 1g ai/ha chemigation 60 78

(5) 10g ai/ha chemigation 20 48

(6) 20g ai/ha chemigation -9 41

(7) >20g ai/ha chemigation -4 18

(8) 10g ai/ha spray 71 82

(9) 20g ai/ha spray 40 86

[0066] Notable differences in performance in chemigated vs. spray application were

observed.

Procedures used for epinasty test:
[0067] 1-MCP formulation and rates: 1-MCP in the form of an a-cyclodextrin molecularly

encapsulated powder dispersed in an aqueous MgSO4 solution

[0068] Overhead chemigation in total 0.57 inches irrigation at 1,10 and 20g ai/ha and
wherein >20g ai/ha chemigation applied in one treatment ( incorrect calibration of
chemigation pump resulted in >20g ai/ha rate being applied and reservoir running dry prior to

completion of irrigation)

[0069] Standard foliar spray at 200 I/ha and 0.035% v/v kinetic silicon adjuvant 0, 10 and
20g ai/ha

[0070] Ethephon treatment:
Application rate 500g ai/ha at 400 I/ha application volume
Application at 4 and 24 HAA of Invinsa

[0071] Epinasty assessment
Angle of 3rd petiole to plants stem measured prior to 1-MCP application and again at 24 HAT

Final data expressed as average change in 3rd petiole angle

[0072] Although only a few exemplary embodiments of this invention have been described in
detail above, those skilled in the art will readily appreciate that many modifications are

possible in the exemplary embodiments without materially departing from the novel teachings



[0072] Although only a few exenpl ary enbodi nents of this invention have
been described in detail above, those skilled in the art will readily
appr eci atwothat15sa8y nodi fications are possible in the exemskanyp3ose
enbodi ments without materially departing fromthe novel teachings and

advant ages ,of .this dnvention. Accordin al | h nodifications are

ot end i ey AR SRR ACREEL A e e TERROEREY Bl Rb0 807 fed i n

t he f olincdwdedgvithirathescopetbidhisenvebtiorfasreefimed ifhel folloveas claigns he abi oti ¢
environmental stress tolerance of a plant conprising the application of at
| east one cycl opropene in the plant irrigation water wherein said
agrochem cal has a physiological effect on the plant. 2. A nethod of
improving the quality and/or yield and or vigour of a plant crop conprising
the application of at |east one cyclopropene_in the plant irrigation water
wherein said agrochem cal has a physiological effect on the plant. 3. A
nmet hod of reduci ng danage to a plant caused by one or nore abiotic
environnmental stress factors, conprising the application of at |east one
cycl opropene in the plant irrigation water wherein said agrochem cal has a
physi ol ogi cal effect on the plant. 4. A nethod according to any one of
clains 1 to 3 wherein the cyclopropene is 1-MCP. 5. A nethod according to
any one of claims 1 to 4 which includes the sinultaneous and/ or sequenti al
application of one or nore further agrochem cal conpounds and/or plant
nutrients and/or plant fertilizers. 6. A nethod according to claimb5
wherein the further agrochem cal conmpound is a pesticide, such as a
fungi ci de, herbicide, insecticide, bactericide, acaricide or nenmaticide.



7. A method according to any one of clains 1 to 6wherein the abiotic stress
I s drought, flood, excessive tenperature, |ow tenperature, frost, excess
sunl i ght ,wonsuffsgsent sunlight, w nd, inadequate soil ROTAISRMS3IIBKCESSI Ve
soil salinity, air pollution, soil pollution or water pollution, or any
conbinqﬂ”ﬁn thereof. 8. A nethod according to any one of clains 1 to 3
wher ei cycl opropene is 1- nethyl cycl opropene and the stress is
drought, flood or excessive tenperature. 9A nethod according to any one of
cl ai nms 11 t o ABmetmet &if mctdainigithd gBibiiOenvirdnmearl $teed tolerang@bi ®planspr ay

irrigation, drip irriqgatiqn, bubbler irrigatiop, mcro-s rinﬁler
| rri garceBwisieg Hieannioston 3t legnt onecypaRoPERe g Hie R EERTOR Rt VRSB on. or
manual saldragyédhiegrical Bas amyiysiclopicalasiicotror theipest.. 10. A net hod accordi ng to any

one of clains 1 to 9 wherein the plants are crops sel ected from soybean,

mai ze, cotton, vegetables, banana, jatropha, ornamentals, and wheat. WO
2011/ 133445PcTehgd @1 mrieyng e quelitx %‘rdé% V}S’I‘%@?j’c@d"gﬁﬁr ﬁba ﬁfaﬁé?rﬁed accordi ng

t o any BRprisihg &l gPiicdtion®f APleast one cyclopropene._ in the plant irrigation water wherein

said agrochemical has a physiological effect on the plant.

3. A method of reducing damage to a plant caused by one or more abiotic
environmental stress factors, comprising the application of at least one cyclopropene in the

plant irrigation water wherein said agrochemical has a physiological effect on the plant.
4. A method according to any one of claims 1 to 3 wherein the cyclopropene is 1-MCP.

5. A method according to any one of claims 1 to 4 which includes the simultaneous
and/or sequential application of one or more further agrochemical compounds and/or plant

nutrients and/or plant fertilizers.

6. A method according to claim 5 wherein the further agrochemical compound is a

pesticide, such as a fungicide, herbicide, insecticide, bactericide, acaricide or nematicide.

7. A method according to any one of claims 1 to 6wherein the abiotic stress is drought,
flood, excessive temperature, low temperature, frost, excess sunlight, insufficient sunlight,
wind, inadequate soil nutrients, excessive soil salinity, air pollution, soil pollution or water

pollution, or any combination thereof.

8. A method according to any one of claims 1 to 3 wherein the cyclopropene is 1-

methylcyclopropene and the stress is drought, flood or excessive temperature.

9 A method according to any one of claims 1 to 8 wherein the irrigation is localised
irrigation, spray irrigation, drip irrigation, bubbler irrigation, micro-sprinkler irrigation, sub-soil
irrigation, seepage irrigation, surface irrigation, or manual irrigation, or any combination

thereof.

10. A method according to any one of claims 1 to 9 wherein the plants are crops
selected from soybean, maize, cotton, vegetables, banana, jatropha, ornamentals, and

wheat.
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11. A crop produced using a method according to any one of claims 1 to 10.



