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COMPOSITION FOR THE TREATMENT AND/OR PREVENTION OF THE BLACK
SIGATOKA FUNGAL DISEASE IN BANANA CROPS

DESCRIPTION

TECHNICAL FIELD OF THE INVENTION
The present invention réfers to the use of cinnamaldehyde for controfling the
diseases that afflict hanana crops. More particularly, the preserit invention also refers (o
& new formulation for contrefling the diseases that afflict banana crops in plantations, and
10 more specifically to the group of fungal diseases caused by the Mycosphaerelia Fiensis
fungus, mare tommonly Known as Bfack Sigatoka. It is therefore an effective alternative
to synthasisad chemical fungicides for treating this type of diseasas, In order to avoid or

reduce the use of said chemicals.

15 BACKGROLUND OF THE INVENTION
Black Sigatoka is caused by the Mvoosphaerslla filensis fungus and is
considered the biggest leaf disease affecting banana and plantain crops all arcund the
world, causing losses of up to 100% of the crop {Alejandra Cugllar Quintero et al., Rev.
Fac. Nal. Agr. Medellin 84(1) 5853-5865. 2G11). Accarding to the authors mentioned
20  above, this disease causes serous issues for the plant's growth, which suffers severe
deterioration in the area of the leaf, affecting the productivity of the crop since it
decreases ils capacily to photosynthesise. Therefore, the plant is not able fo get the
necessary nuliients it neads from the lsaves in order to feed the bunch of bananas. In
consequence, the fruit ripens prematurely, which makes # unsuitable for export. This
25  causes large economic losses.
The same publication also describes how the means used 1 confrol Black
Sigalcka have been traditionally based on using chemicals that, although they are
effective against the disease, they slso have a series of disadvantages resulting from
their damaging effects on the environment In addiion, the pathogen populations
30 develop rasistances 1o certain systemic fungicides used frequently, such as for example,
benzimidazoles, and mora recently, triazoles.
Bennet, R.S, and Arneson P.A. describe in their "Black Sigatoka” publication of
2043 {translated to Spanish by Robert J. Knight, Jr., 2005, "The Plant Health Instrucior”,
DOE10. 1084/PHIM-2005-0217-01) that large banana plantations base most of their
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confrol programs on using protective fungicidas, such as for example mancozeb or

chicrothalonl, In the case of mancozeb, it is usually applied in combination or

alternatively with morpholing, demethylation inhibitors {DMis), or strobilurin fungicides

{Qols), with diseases usually showing resistancas in many areas where bananas ars
5  grown.

in addition, # is also possible to find in patent literature some examples of
inventions related to the use of chemical fungicides for the treatment of Sigatoka.

Far example, patent application US2013286374 describes a new process for
cantroffing Black Sigatoka using agrochemical products, such as for example UK-2A

10 profungicides.

Additionally, application CNi04823881 describes a bactericide composition
comprising sopyrazam and fludioxonil, which can be used to treat and prevent Sigatoka,

The application CN1025781328 also describbes a bactericide composition to control
Sigatoka characterised in that it comprises difencconazole and prochioraz,

15 Finally, applicationn GB22883980 describes & mathod for preventing Black Sigatoka
by using fenpropidin, which belongs to the chemical group of piperidines.

All the aforementioned inventions are based on using chemical agents. However,
in spita of their effectiveness, said compositions have a series of drawbacks that makes
it convenient fo replace them for new alternatives. In this regard, i addition to the

20 financial cost involved in using them, their significant environmental impact should alsa
be taken into account. Moreover, the repeated use of sald compositions with the aim of
getling the best resulls in controlling Black Sigaioka has caused in the last years an
increase in the number of resistanices to certain types of fungicides, which in fumn
significantly reduces their effectivaness in controlling and treating the disease,

25 The present invention is framed therefore within the current existing policles in the
areas of growing bananas, which are aimed at reducing the use of chemical fungicides.
This situation i3 worsened dus fo the fact that the areas and couniries wherg bananas
are grown are usually fropical andior subiropical countrigs, which are noted for being
very sensible scosystems.

30 Up to now, the development of new biological conirol metheds for Black Sigatoka
has been very limited since chemical controls, in addition to being highly effective and
cheap, are widely available to producers.

i is therafore the goal of the invention {o present a-more environmentally friendly

appraach as compared to  commercially available chamical fungicides with the aim of
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controffing the diseases afflicting banana crops i plantations, and more specifically to
the group of fungus diseases caused by the Mycosphaerella fiflensis fungus, commonly
known 3s Sigatoka or Black Sigatoka.

The only previous irvention found 1o dale based on using essential oils for
treating Black Sigatcka is the intemnational patent WO 2414/153042. However, unlike the

[45]

prasent invention, the composition described in said document is based on a mixture of
sssentiat oils, alf of which are used in very low concentrations (lower than 5% by weight).
I addition, the fungicide composition uses a vegstable oil {preferably palm oil) as
solvent, in a proportion that can account for up to 80% by weight of the compasition, As

10 aresult of the high concentration of ails, which are characterised for axidising easily, the
composition requires using antioxidants. In addition, it alsc requires using a thickener
{(Xanthan gum) and an emulsifying agent {wetling agent} in a proportion below 20% by
weight. Moreover, the product is used dirsctly for treating the crops, applying it in doses
between 2 and 4 litres per hectare. More specifically, cinnamon oil is used in a proportion

15 of 0.5% to 2.5% of the weight of the composition, so that the gquantity of said compound
is minimal’in comparisan with the gquantily used according to the presant invantion or in
the formulation described in the present invention. in addition, unlike the composition
descriied in WO 2014/153042, the composition dascribed in the present invention has
the advaniage that it does not use any antioxidants.

20 WO'042 primarily discloses a mathod of treating Biack Sigatoka fungus in crops
of the Musaceae family using 2 concoction of essential ocils consisting of garlic oil,
rosemary ofl, thyme off and cinnamon cil. The specification of WO'042 further stipulates
that the cinnamon oil used is distiled from the cinnamon bark of Cinamomum
zevianicum. Paragraph [0011] of WO'042 discloses the concentration, by percentage

25  weight, of the composition before dilution {or application as comprising only about 8.5% -
2.5% of cinnamon oil, and prefarably only about 0.5% of cinnamon oil. This disclosure
does not envisage any bengficial property of cinnamon oil alone, free of other essential

afls, for the use as snvisaged by the present invention.

30  DESCRIPTION OF THE INVENTION
The term 'disease control’ as used herein denotes control and prevention of a
disease. The term ‘cinnamon aldehyde’ can be used interchangeably with
cinnamaldehyde. Controlling effects include all deviation from natural development, for

example: killing, retardation, dacrease of the fugal disease. The term ‘plants’ refers 1o aft
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physical pants of a plant, including seeds, seedlings, saplings. roots, tubers, stems,
stalks, foliage and fruits. The locus’ is intendad 10 include soll, seads, and seedlings as
well as established vegetation. Banana planis may be of any variety of the spscies Musa
¥ paradisiaca. “Plant extracts” maybs any natural product obtained from a plant with the

5  aim of treating plant diseases, among other uses that are not mentioned herein for not
being the ohjsct of the present invention. In ganeral, the exiract may be obtained from
the plant by means of any known method of extraction, and occasionally of purification,
of sssential offs, such as for example, distillation {preferably straight steam distiiation},
filtration, precipitation, drying, ete.

10 The term “consisting essenfially of" is meant to include the main elements,
namely, cinnamaldehyde which may form at least 5% of the lotal weight of the
composition, and the tenmn “subslantially free of' i3 meant to indicate a composition or
combination or formulation that contains less than 0.1% of other essential oils. it will be
apparant to those skiled in the art that embodimants of the invention, cther than those

15 specifically described for Hlustrative purposas, may be evolved and that modifications in
these specific embodiments may be made without departing from the spirit and scope of
the invention as expressed above and as defined in the appended claims.

Therefore, one object of the present invention fs to provide the use of
cinnamaldehyde for the reatment and/or pravention of the Black Sigatoka fungal disease

20 in 2 banana crop infecied by said disease or potentially infectad by it. Preferably, in this
use, cinnamaldehyde s used along as the active ingradient in the absence of any other
essential ol

Ancther object of the invention is a composition for the treatment andior
prevantion of the Black Sigatcka fungal disease in a banana crop infected by said

25  dismase or potentially infecied by it, characterised in that it comprises at lsast one active
ingredient consisting of cinnamaldehyde. Praferably, this composition comprises at feast
about 5% of cinnamaldehyde by weight of the composition, and is totally fres of gther
essential oils,

It this aspect, the presant invention presents a compgsition for controfling andfor

30  preventing Black Sigaicka in banana, characlerised in that # consists sssentially of
cinnamaidehyde as the active ingredient.

in another ambodiment, the composition of the invention comprises:
a first active ingredient congisting essentially of cinnamaldehyde;

af least one surfactant; and
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at least one minaral ol

in an embodiment, the composition of the invention comprises cinnamaldehyde in

an amount of from abowt 5% to asbeut 80% by weight, preferably from about 10% to
5  about 25% of the total composition by weight.

The surfactant may be selected from known surfactants that are added o such
formulations according to the practices in the art. The surfaciant may be selected from
anionic, non-ionic, fohic or amphoteric surfactants. The concentration of the surfactant
may be 0.01 to 1%, preferably betwean $.01 to 0.03% of the total weight of the

10 composition.

in an embcdimant, the composition of the invention may additionally include
mineral off, The minaral ol of the prasent invention, may be tha-ongs commonly used in
combination with synthesised chemical fungicides available in the siate of the art. Said
minaral oifs are characterised for being effactive by themseles in treatmenty against

15  Sigatoka, since they produce the physical effect of covering the leaves. Inn addition, the
physical and chemical properties of vegetable extracts, generally lipophilic oils, make
them sultably compatible with mineral cils. For this reason, using mineral off in the
composition achieves a special synargy for the treatment against Sigatoka. Although the
mineral oil selected can be any of the ones commonly used in the field, the preferred

20  embodiment uses at least one mineral oll based on distiled hydrocarbons and light
paraffinic oils {such as for example, mineral ofl CAS No. B4742-56-8). The mineral oil
may be added preferably in the concentration of 10 to 75% of the {oial weight of the
compasition, most preferably 30 to 50 % of the total weight of the composition.

In some of the embodiments of the invention and with the goal of reducing costs,

25 the active ingredients derived from plant extracts may also be obtained through a
process of synthesis. In the specific case of cinnamaldehyde, said active ingredient may
consist of a natural exiract derived from cinnamon ar # may consist of synthesised
cinnamaldehyde, used in industrial quaniities as a perfume o flavouring agent.
gsynthesised cinnamaldehyde is used, it will have all the advaniages of the claimed

30 composition at a lower cost, similar to that of currently available synthesised fungicides,
making it more accessible to the final user.

in short, the main advantages of the invention are the following:

1. Firstly, it is new and environmentally safe solution that is not based on

synthesised chamical fungicides, which is espacially efficient for controlling Black
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Sigatoka in hapapa corops, showing accepiabie effectiveness levels, no
phytotoxicity and high biodegradability,
2. The present invention may eliminate or at least reducs in large quantities the
massive use of synthesised chemical fungicides, which incur & large financial
5 cost, and above all have a significant environmental impact. Said environmental
impact is worsened by the fact that the areas affectad by Black Sigatcka ars
muastly tropical areas with very precious yet also fragile ecosystems. This policy to
reducs the usa of synthesised chemical fungicides is baing promoted with the aim
of protacting the environment in countries that grow bananas, since these
10 compositions are especially polluting. The present invention gives the possibilily
of using it alternatively with said chemical treatments, replacing thent or at lzast
reducing thelr usage. In addition, the new use of cinnamaldehyde and the
compesition  comprising  cinamaldehyde can  be used alongside said
conventional chemical treatments, preferably in lower dosas;
15 3. Finally, the composition of the invention is a stable formulation that is
compatible with the use of mingral oifs commeonly used in treatments for

controlling banana diseases, which is free from antioxidants.

Additionally, using cinnamaldehyde and its composition according to the present

20 invention for treating andior praventing the Black Sigatoka fungal disease is also the
object of the invention, which consists of applying cinnamaldebyde, or allernately the
composition described above, an a banana crop infected by said disease. The
compositfon can be applied using the same conventional system for applying treatments
based an synthesised chemical fungicides on banana crops ({plantation} during

25  preharvest, preferably by means of spraying or fumigating the field {land or gerial).

DETAILED DESCRIPTION OF THE INVENTION
Therefore, in one aspect, the present invention provides the use of
cinnamaldehyde for the treatment and/or prevention of the Black Sigatoka fungal disease
30 in & banana crop infected by said dissass or potentially infected by #. Preferably, in this
use, cinnamaldehyde is used alone as the active ingredient in the absence of any gther

aessantial oil.
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in a non-imiting embodiment, cisnamaldehyde is administered in the form of a
composition.

Given the physical and chemical characteristics of plant exiracts and with the aim
of achisving compatizlity between the nomposition that is the object of the invention with

5  at least one mineral oil in the propertions preferred by the invention, the composition may
be an emulsifiable concentrate,

Therefors, in aspect of the presant invention cinnamaldehyde presant in the
composition may be used as part of a liquid sofution that may comprise, as a perceniage
by weight of the totat percerntags of the solution:

10 . from 10% to 70% of the active ingradient;

from 10% to 80% {of at least one emulsifying substance, selected from a noniohic

emulsifier and more praferably an emuisifier selected from a dicleate

polyathylene glycol (PEG) 400 (CGAS 25322-68-3), Pluronic® (copolymsr of

sthylene oxide-prapylens oxide) and polysorbate 80, or combinations thereof;
15 and

from 5% to 20% {and preferably 10%) of at least one solvent, preferably

propylens glycol.

in an embodiment the cinnamaldehyde is 30% of the total weight of the
20 formulation.
In an embodiment, the amulsifying agent is 50 -70% of the total weight of the
farmulation.
In a preferred smbodiments of the invention, this Hgquid sclution of the active
ingrediznt can comprise the following companants as percentages by weight of the total
25  perceniage of the solution;
30% of cinnamaldehyde;
10% of pelysorbate 80;
10% of Pluronic® {copoiymer of athylens oxide-propylene oxide)
AQ% of PEG 400 and
30 . 10% of propylene giycol
in ancther embodiment of the invention, the liguid solution of the active ingradient
can comprise the following components as percentages by weight of the total percentage
of the solution;

¢

30% of cinnamaldehyde;
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20% of polysarbate 80;

40% of PEG 400 and

10% of propylens glycol.

One of the advantages of the composition of the present invention is that it is

5 compatible with synthesised chemical fungicides commonly used for condrolling
Sigatoka. Therefore, in the embodiments of the invention, cinnamaldehyde andfor tha
composition can he used iv combination with synthetic agrochamicals as well organic
actives known to be used in the control of Black Sigatoka, which creates a synergy that
improves the effect achieved by using synthesised chemicatl fungivides, or & can also be

10 used to sontrol the appearance of strands that are resistant to said synthetic fungicides.
This way, in the embodiments of the invention, cinnamaldshyde andior the composition
may be used in combination with at least one synthesised chemical fungicide, or ¥ may
be used alternatively with other treatments, in which cagse a seriss of treatments based
on the composition of the invention would be applied followed by a ssries of reatments

15 hassd on at least one synthesised chemical fungicide. Preferably, the synthesised
chemical fungicide will be selected from among the fungicides authorised for controlling
Black Sigatoka in banana crops such as those fungicides belonging to dithiccarbamates,
carbamates, aromatic fungicides, benzimidazoles, strobilutins, conazoles, amihes,
anifinopyrimidines, succinate dehydrogenass inhibitors and combinations thereaf.

20 in an embodiment, cinnamaldehyde may be uséd in conjunction with, and the
composition of the invention may additionally comprise, a dithiosarbamate fungicide.

The dithiocarbamates may beg selected from amobam, asomate, azithiram,
carbamorph, Cufrangb, disulfiram, cuprobam, ferbam, metam, nabam, tecoram, thiram,
urbacide, ziram, efem, milneb, mancozeb, maneb, metiram, polycarbamate, propineb,

25  zineb and combinations thersof

In an embadiment, cinnamaldebyde may be used in conjunclion with, and the
composition may additionally comprise, a carbamate fungicide.

The carbamates may be selected from benthiavalicarb, furophanats, iodocarb,
iprovalicarb, picarbutrazox, propamocarb and its derivatives, pyribencarb, thisphanate

30 ihiophanate-inethyl  tolprocarb, albendazole, benomyl, carbendazim, cypendazoie,
debararh, mecarbinzid, disthofencarb, triclopyricarb and combinations thereof.

In an embodiment, cinnamaldehyde may bs used in conjunclion with, and the

composition may additionally comprise, an aromatic fungicide.
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In an embodiment, the aromatic fungicide is chiorathalond

in an embodiment, cinnamaldshyde may be used in conjunction with, and the
compasition may additionally comprise, a benzimidazohe fungicide.

The benzimidazole fungicide may be selected from albendazole, banomyl,

5 carbendazim, chlorfenazole, cypendazole, debacarb, fuberidazole, mecarbinzid,
rabenzazols, thiabendazole, furophanate, thiophanate, thiophanale-methyl and
combinations thereof.

In an embodiment, cinnamaldehyde may be used in conjunction with, and the
composition may additionally comprise, a strobilurin fungicide.

10 The strobilurin fungicide may be selectad from fluoxastrobin, mandestrobin,
azoxystrobin, bifujunzhi coumoxystrobin, enoxastrobin, flufenoxystrobin, jlaxiangjunzhi
Jplcoxystrobin  pyraoxystrobin,  pyraclosirobin pyrametostrobine |, inclopyricarb,
dimoxystrobin,  fenaminstrobin,  metominostrobin,  orysastrobin,  kresoxim-methyl,
trifloxystrobin,

15 in an embodimant, cinnamaldehyde may be used in gonjunction with, and the
composition may additionally comprise, a conazole fungicide.

The conazole fungicide may be seleclted from Climbazole, clotrimazole, imazalil,
oxpoconazale, prochloraz, triflumizole, azaconazole,  bromuconazole, cyprotonazole,
diciobutrazol,  difencconazole,  diniconazole,  diniconazole-M,  epoxiconarale,

20  etaconazole, fenbuconazole, fluguinconazole, flusilazole, flutriafol, furconazole,
furconazole-cis, hexaconazole, imibenconazele, ipconazole, ipfentrifiuconazole,
mefantriffuconazole, metconazole, myclobutanil, penconazole, Propiconezole,
prothioconazole,  quinconazole, gimeconazole, tebuconazole, {etraconazols,
{riadimefon, triadimenol, triticonazole, uniconazole, uniconazole-P

28 in an embodiment, cinnamaldehyde may be used in conjunclion with, and the
compaaition may additionally comprise, an amine fungicide.

The amine fungicides may be selected from splroxamine, fenpropimaorph,
fenpropidin and tridemarp.

In an embodiment, cinnamaldehyde may be used in conjunclion with, and the

30 compositicn may additionally comprise, an anilinopyrimidine fungicide.

The anilinopyrimidine fungicide is preferably Pyrimethanil.

fn an embodiment, cinnamaldehyde may be used in conjunction with, and the

composition may additionally comprise, a succinate dehydroganase inhibitor fungicide,
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The suctinale dshydrogenase inhibitors may be selected fram boscalid,
fluopyram, fluxapyroxad and isopyrazanm.

Thus in an embodiment, the present invention may provide & composition of
cinnamaldehyde and an emulsifier and a synthetic fungicide selected from carbamate,

dithiocarbamate, benzene derivatives, benzimidazoles, strobilurins, conazoles, amines,

(&34

anilingpyrimidines, succinate dehydrogenase inhibitors and combinations thereof.

Ugsing cinnamaldehyde, or the composition of the invention comprising
cinnamaldehyde, for the freatment andfor prevention of Black Sigatoka, either by itself or
in combination with at least ong synthesised chemical fungicide suitable for treating said

10 dissase, is therefore an zdditional object of the ihvention. In the case when said
synthesised chemical fungicide is used in the usual dose (as defailed in the technical
data sheet of the product or on its labsel), using the composition that is the chjset of the
invention will reinforce its effsctiveness for the treatment of Sigatoka. H, by contrast, a
fowar dose than usual of the chemical fungicide was used, the main advantage of the

15 invantion in this case would be reducing the amount of said synthesised chemical
fungicide used, achieving synargy with the composition of the invention.

Praferably, applying cinnamaldehyds, or the composition of the invention
comprising cinnamaldehyde, can be done by following the same freguancy of application
used in the case of synthesised chemical fungicides {as for example, mancozeb), which

20 i preferably a dose of 2.5 to 8 $itras/Ha or once the symptoms of the disease reappear.

Preferably, 2ach of the components of the mixture will be applied a3 foliows:

Cinnamaldehyde {(selution), from 1 to 10 fiHg;

Mineral off, from 1 o 5 ¥Ha, preferably 3 Ha;

Surfactant (or mixture of surfactants) in quantities equal to the 1% of the mineral

25 oil selected.

Alternatively, the present invention provides a method for controlfing/ treating
biack sigatoka disease in banana which comprises applying o the folisge of the plants a
fungicidally effective amount of <cinhamaldehyde, or a composilion comprising
cinnamaldehyde.

30 In an embodiment, the composifion may comprise al least cone chemical
fungicide.

In another embodiment, the meathod of the present invention may provide a

composition comprising cinnamaldehyde, and at least ona chemical fungicide.
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in an embodiment, the composition of the present invention can be packaged as
a kit-of-parts. In an embodiment a kit-of-parts may contain various components of the
formuation of the present invention that may can bs mixed as instructed prior to
spraying.

5 Accordingly, one aspect of the present invention can provide a multi-pack
fungicidal product for controlling black sigatoka at a locus comprising compaonents of the
present invention and a manual. The instruction manual includes instructions for
administering the components of the prasent camposition.

in-an embodiment, the instruction manual includes instructions for administaring

10 the fungicidal composition at a locus.

{n another embodiment, the instruction manual includes instructions for admixing
the cinnamaldehyde component with the remaining ingredients of the composition gr with
another chemical fungicide.

in an embodiment, the combination kit is packed in a package or a carton. In

15 another embodiment, the instruction manual may be printed on said package or carton or

may be printed on a booklet that may be included within the package or the carton,

BRIEF DESCRIPCION OF THE FIGURES
The drawings accompanying this description show the resulls of the tests carriad
20 out io analyse the effectiveness of the composition that is the object of the invention, as
dascribed in the example deteiled below:
Figure 1 shows the methodology for counting the lsaves of the banana plant
{Musa spp). As shown in this drawing, counting starts on the top leaves and
continues down to the botiom leaves.
25 . Figure 2 shows the weekly analysis of the youngest leaf infected {YLE in all the
treatments carriad out;
Figurs 3 shows the waekly analysis of the youngest leaf spoited {YLS} in all the
treatments carfied out,
Figure 4 shows the weskly analysis of the fotal numbser of leaves in all tha
30 freatments carried out)
Figure & shows the weekly analysis of the severity of the dissase for the
treatments carried out using Formulation 1
Figure § shows the weskly analysis of the severity of the diseasa for alf the

treatments carmed out.
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Exampte: Comparative test of the effectiveness of the composition that is ths

object of the invention and a synthesised chemical fungicide {more specifically,

the fungicide Mancozeb)

An example is described beluw with the goal of proving the effectiveness of the
5  composition of the invention for the treatment of Black Sigatoka in banana crops. This
example shows the results of a series of effectiveness tests carried out in Rita, Guapilas
{Costa Rica).
Grande Naine Tissue banana plants were used for the test An experimentsal unit
sonsisted of 10 banana plants planted in & ine at 3 distancs of 2.5 meters hetween each
10 plant
The test design was completely random and each teatment was repeated three
times. Musa textilis, a vanety of plant that is resistant to Black Sigatoka, was planted on the
rows separating the treatments.
Every treatment was applied using & mator sprayer for a volume of cinnamaldehyde
15 formulation of 2.5 I/Ha. The volumes of the fested products were mixed in a mineral off
emulsion i a dose of 3 IMa of mineral ot with 0.03/Ha of surfactant (1% of the mineral ol
used).
More specifically, the following formulations wers used iy the reatment:

Table 1. Formulation 1

Percentage (Wéight}

Cinnamaldehyde solution comprised of {percentage by weight |
of the total percantage of the composition):
30% of cinnamaldehyde;
45.28% . 10% of polysurbats 8C;
10% of Pluronic®;
- 40% of PEG 400 and
10% of propylensg giycol,

§.54% ' - imbirex® {midure of nonionic surfactanis)
54 2% Mineral oil (CAS No. 64742-56-9)

20
Table 3 shows the compositions usad for each treatment, and the guantitiss used in

gach of the compositions:
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Table 2. Tregtmenis

Formulation Amount applied {fHa) Active ingredient

1 Formulation 1 | 15 Cinnamaldehyds

2 Fonmulation 1 | 2.5 - Cinnamaldehyde

3 | Formulation 1 ' 8.0 " Cinnamaldehyde

4 Vondozebh® 2.0 Mancozeb T
{Fungicids)
Spraytex® 3D Mineral ol T
Untreatad plant - -

The treatments were first applied on May 20, 2015 {week 21), and on August 5,
2015 (week 32} for the final time. They were applied a total of 14 times.

5 Tha following variables were analysed on a weekly basis: total number of lsaves
per plant, youngest leaf infected {YLI}, youngest leaf spotted (YLS), and the severity of
the diseass. The studies of the disease were carried out once the first leaf treated
reached the position 4, and every 7 days for up to two weeks after the last instance when
the formulations were applied.

10 The Black Bigatoka's response to the treaiment was evaluated using the Sfover
scale modified by Gauhl {Table 4).

Table 3.

Degree ' Description

Absence of symptoms

Praserice of glreaks up to 10 spats

hat -p O

11 spots on up to-8% of the area of the leaf

Bpots on from 8% 1o 15% of the area of the {eaf

Spots on from 16% to 33% of the area of the leaf

Spots on from 34% to 50% of the areaof the leaf

o oeng by

Spots on over 50% of the area of the leaf

15 Statistical analysis was carried out using the INFOSTAT program. using a
multiple comparison test (Tukey) for each parameter (Table 5.1}
The parameters evaluated for the siatistical analysis were ransformed as area

under the cyrve (AUC) AUC Is the mathematical operation repressnting the addition of
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asach of the paramelers analysed betwsen two lesting dates, multiplied by the days
batwesn the two tests (X week 21 + X week 22)2 “{weekdays 21-24}).
Table 5.7 shows the AUC values used anly for statistical analysis:

5 Tabje 4.1
Numiber of
‘ ) YL YLS Severity
Formulation leaves
PrQ.0185 Pr.8030 Pr.0202
Pr 0.9908
Formulation 1 2552 AB I8 5 A 4355A | B873AB
Formulation 1 | 262.0 AB NG T A AB4 5 A 88.5 AB
Formulation 1 2716 AB 313.5 A TTTAGE0A §7.0 AR
Vandozeb® 62 ‘ '
312.0B 3313A | 4880A 354 A
sC
Spraytex® T 24B7A | 2048A 2940 A 5758
Untreated plant 2422 A 31438 A 4930 A R

Tukey: Mear with the same latter is not statistically different (P=0.05}.

Table 5.2 shows the mean result of 10 tests {not transformed to AUC)

10 Tables52.
) “Number of _
) ' YLI YLS Severity
Formuiation leaves
Pr.gies Pr0.8030 , Pr0.0202
Pr4.g808

Formudatian 1 4.2 51 ' 749 1.43
Formutation 1 ) 47 5.2 78 1.15
Formulation 1 44 53 8.0 1.10
Vandozeb® 52 ' ' o

50 586 78 g.82
5C
Spraytex® 40 5.1 1.80
Untreated plant 3.9 5.1 7.9 178

The figures accompanying this description show the results of the tesis carried

out,
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it should be lsken inlo accourd that the first appesrance of gymploms is
corrglated with the severity of the infection. Thevefore, the lower the number is of leaves
on which the symptoms appear, the highsr the infaction lavel,
In all the drawings, axis X represents the week, and axis Y represants YL{, YLS,
the total numibzer of leaves or the severity index of the disease.
Rasuits
The following conclusions can be drawn from the results of the tests:
Firstly, a similar control was observed in all the ragtments when the YL was
analysed (the youngest leaf with sireaks]. In ail the cases,; the values werg in the
range of 3.5-5.0 leaves during maost of the tes! (see figure 2). According to the
statistical analysis, there were no significant differences for YL! between the
differant types of formulations. However, there were differences bstween the
treatment with Vondozeb®, the case of untreated plants and the treatment with a
mineral il {see Table 5.1};
A similar trend was observed for the YLS (youngsst leaf spotted) parameter,
since similar rasults were obiained using Farmulation 1. However, the treatment
with Vondozeb {Mancozeh} had a notably fower impact on the disease (higher
values of YL} in comparison with the rest of the fungicides {see Table 5.2 or
figure 3). In this case, no slatistical analysis was carried out since the probability
that the YLS values reflected any kind of effect was very low (P= 0.80).
As shown in figure 4, the tolal number of leaves ranged between 5.0 and 1.0
during the testing psariod. The behaviour was very similar between all the
treatments tasted, including the tests with Vondozeh® and the mineral oil. Due to
the high number of infections in the case of untreated plants, their graphs had a
slightly lower number of leaves in the last three fests. The statistical treatment
shows that none of the treatmenis had any effect on the number of leaves
{P=0.99);
As for figures § to 7, it should be highlighted that the severity of the disease is the
most reliable parameter io compare the differences betwaen the treatmenis. The
resuits show that the Formulation 1 is aclive against Black Sigatoka since the
medium dose (2.5 {/Ha) and the higher dose (6.0 ¥Ha) were significantly more
effective than the mineral oil (3ee figure 5). Although the mineral ol does not
have in and of itself any fungicidal effect, it helps the fungicide to spread and also
to penetrate the surface of the leaf,
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The previous results show the effectiveness of the composition that is the object of
the invention, which therefore proves to be an effective alternativa for replacing

synthesised chemical fungicidas.
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CLAIMS

1. Use of cinnamaldehyde for the treatment and/or prevention of Black Sigatoka fungal

dissase.

2. Use asclaimed in claim 1 characlerized in that cinnamaldehyde s used totally free of

other essantial oils.

3. Use as claimed in claim 1 or claim 2, in combination with a second fungicide.

10
4. Use as claimed in claim 3, wherein sald second fungicida is selected from:

{a} a dithiocarbamate fungicide sslected from amcbam, asomate, azithiram,
carbamorph, CGufraneb, disulfiram, cuprobam, ferbam, metam, nabam. tecoram,
thiram, urbacide, ziram, stem, milnel, mancozeb, mansh, metiram, polycarbamate,

15 propinely, zineb and combinations thereof; or

{k) a carbamate fungicide selected from henthiavalicarh, furophanate, iodocarb,
provalicarb, picarbutrazox, propamocarh and its  derivatives, pyribencarb,
thiophanate, thiophanate-methyl, tolprocarh, albendazole, benomyl, carbendazim,
cypendazole, debacarb, wmacarbinzid, diethofencarb, triclopyricarb  and

20 combinations thersof; or
{c) chlarothalonil; ar

(d) & benzimidazole fungicide selected from albendazole, benomyl, carbendazim,
chiorfenazole, cypendazole, debacarb, fuberidazole, mecarbinzid, rabenzazole,
thiabendazole, furophanate, thicphanats, thicphanate-methyl and combinations

25 tharacf, or

(&) a strobifurin fungicide sslacted from fluoxastrokin, mandestrobin, azoxystrobin,
bifujunzhi, coumoxystrobin, enoxastrobin, fiufenoxystrobin, haxiangjunziy,
picoxystrobin,  pyraoxystrobin, pyraclostrobin  pyrametostrobin,  riclopyricarb,
dimoxystrobin, fenaminstrebin, metominostrobin, orysastrobin, kresoxim-methyd,

30 trifioxystrobin and combinations thereof; or

{H a conazole fungicide selected from Climbazole. clotrimazole, imazalil, mxpoconazole,
prochloraz,  triflumizole,  azaconazole, bromuconazole, cyproconazole,
diclobutrazol, difenoconazole, diniconazole, diniconazole-M, epoxiconazole,
staconazole, fenbuconazole, Huguinconazole, flusilazole, flutriafol, furconazole,

358 furconazole-cis, hexaconazole. imibenconazole, ipoonazole, ipfentrifiuconazole,
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mefentirifiuconazols, metconazale, myclobutandl, penconazole, Propiconarole,
prothicconazole, guincohazole, stimeconazole, tebuconazole, telraconazole,
triadimefon, triadimengl, iriliconazole, uniconazole, uniconazale-P and
combinations thereof; or
5 {g) an amine fungicide selected from spiroxaming, fenpropimorph, fenpropidia,

trilemorp and combinations therzof, or

{h} Pyrimethanif, or

(i} 2 succinate dehydrogenass inhibitor fungicide selected from boscalid, fluopyram,

fluxapyroxad and isopyrazam.

10
5. Use as claimed in any one of the preceding claims comprising freating andior
preventing Black Sigatoka fungal disease in banana,
8, Composition for the treatment andfor prevention of the Black Sigateka fungal disease,
15 characterised in that It comprises at least one active ingredient consisting of
cinnamaldshyde.
7. Composition according to claim 8§, characterizad in that it comprises the following
comnponents as parcentages by weight of the total percentage of the composition:
2¢ (&) from 1% to 80% of cinnamaldehyds;
{b) from 0.01% to 5% of at least one surfactant substance; and
(¢} from 10% to 75% of at least ona mineral oil.
8. Composition according to claim 7, wherein the cinnamaldshyde is contained in a
25 solution comprising the following components as percentages by weight of the fotal
percantage of the solation:
{a) from 10% fo 70% cinnamaidehyde,
{ixy from 10% to 80% of al least one emulsifying substance,
{c) from 5% fo 20% of at least one solvent
30

g Composition according to claim 8, wherein the smulsifier is selected from a group
consisting of dioleats polysthylene glycol (PEG) 400, a copolymer of ethylane oxide-

propylensg oxide, polysarbate B0, and any combination thereni,
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10. Composition according o claims 8 or 8, wherein the solvent consists of propylens

glyzol.

11. Compeosition agcarding to claim 8, comprising @ second active ingradient of synthstic

5 origin,

12. Composition sccording to claim 11 whersin the propartion of the second active
ingrediant rangss between 0.5% and 70% by weight of the fotal percentage of the

composition,

10
13. Composition according to claim 11, wharein the second aclive ingrediant is a
fungicide of the family dithiccarbamates, carbamates, aromatic fungicides,
benzimidazoles, strobiluring, conazoles, amines, aniinopyrimidings, succinate
dehydrogenase inhibitors or a combination therent,
15

14. Method for treating the fungal disease Black Sigatoks, characterized in that #
consists of administering a composition comprising at least cinnamaldehiyde on a

banana crop infected by said dissase.

20
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