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The present invention relates to the treatment of plants andior seeds againstin
gase of an affection by a pathogen of the class of Peronosporomyscstes, namely Phy
fophihora sp.

Peranosporanyceates, formery designated as Comyoola or Comycetes, belong o
the pathogans causing several redoubtalde plant diseasss. Phylophiora infestans, one of
the mast important species, can a.g. induce the leaf or lale blight in the fomalo or the lgal
and tuber Might in the potate, In potatoss the affection resulls in signficant losses of
yiglds in parbioular in damp sunumsrs but i parts 2lso in spring, where the pathogen finds
aptimum conditions for the profiferation, which usually can excsed 20 % of the aversge
yvisld. In cutdoor tomatoss the disease can aven vesull in a compliste oss the harvest,

The first symploms of these dissases become visible on the leaves and stipes:
starting from the sdges of the leaves dark brown spols appear. They inorease in size
rapidly during humid weather o sfrong dew Tormation snd formt on the botlom of the
lsaves a white Tungold turf which reminds of mold. At the ends of the fungoid flaments
spores containgr do develop, so-called sporangia. The spores are released st wet condi-
fions and actively penelrale the plant tissus by the aid of 8 germ tube. Af temperatures
beyond 10 °0 the sporangia also directly germinats.

Especially in scplogical but also in corwentional polatos agriculturs the primary af
fection, the so-called stipe affection, poses a significant problem since # can rapidiy result
in an early outbreak of 3 sscondary affection. The pathogen reaches the fubsrs gven
during the growing pericd or al the harvest! vig wounds, natural intraceliular openings, so-
called lenticels, and germingl demsnts. Affected ubers comprise grevish blus discolpred
spots and Drown tuber tssue without a sharp delimilation o healthy tissue, They as
uneatable. The pathogen aslso sverwinters in the tubers. Even one infected rotten lubsy
can bs sufficient {o induce an epidemic in a potato population.

Exiensive research work performed al the Bavarian Slale instiiute for Agriculturs
{Bayerische Landesanstall fy Landwirischalt) in the Jast years shows, that at high soll
moisture an infection ocours via the soil. Under such conditions spores form on the
diseased plant twber which are distribuled by the soif water. By this manner neighbouring
plants or stipes of the own plant can aresdy become nfected in the soll which Bikewise
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grow up sick. This resulls in the typical Phylophtore infestive nests. The plants show
already very early a stipe affaction.

Qther authors also come {o the conclusion that after abundant rainfalls and high
soll moisture Phytophihora infestans sither grow from the infected plant fubsr to the top in
the stipe or sporutate on the surface of the mother tuber; see Radtke ef al. 2000, Adler
{3001), Zeliner (2004},

Se far controliing the leaf and tubsrfate blights has not been solved in & satisfying
manner. This s mainly because of ey Phviophthora sp. show resislances o golive
agents belonging to the group of phenvlamides and carbamates a5 well as the active
agent dimethomorph,

For a protection against an affection by Phyicphthora o the potalo plants o the
seads, Lo the seed potatoes, therefore are offen trested with copper solutions. Mowever it
has tuned out that with copper sprayings the primary or stipe affection, in particudar in the
arganic but also in the conventional potalo growing, éé hard fo control. in addition, the uss
of copper results in significart environmental poliutions so that the European Comenunity
has aspivations {o minimize the use of copper.

Pytiipm sp. s another impodant species bebnging (o the Peronosporamycstes
which in several seedlings causes the so-called damping off dissage, referred v in the
English language as "damping off". Also the treatment of this plant disease has not besn
solved 2 salisfactory manner.

Against this background the object underiying the invention is fo provide an aifer-
native 1o the curently used preparations for the treatment of plants andior seeds against
an gffection by the pathogen of the class of Peronogporomyeetes, namely Phylophthors
sp., by means of which the use of copper can be referably avolded or at least reduced.

This chiect is met by the use of the bacteriun Pseudomonas gp. Proradiy {(DEME
131341

The Pseudomonas strain Provadix which was deposited on 3 November 1898 un-
der the deposition number DEM 13134 af the DSMZ, 38124 Braunschwelg, Germany,
accarding to the Budapest Trealy, & a new species within the RNA group | of the
Pseudomonadaceas. A fingl allocation of Proraaix has not faken place so far since only a



redatively fow sequance similarily exists to species of the genus Feeudomonag which ars

gdesortbed up fo now.

The effectiveness of the Pssudomonas sirain Proradix against an affection of
plants andfor seeds by a pathogen of the class of Peronosporamycetes, such as Phy-
fophthors gp., was surprising and not to be axpectad.

The deposited Pssudomonas strain Proradix s extensively described in the WO
01540441 {0 which herewith reference is made. There an effect of Proradix against black
ot in salad and late blight in polato tubers s described. Both plant diseases are caused
by Rhizoctonia solani,

Rhizostonie soland is part of the real fungl, thersfore belangs 1o the fungus king-
dom Fungl). Rhizoctonia is the assxual form of Thanatephorus cucumernis and is 3 Rind of
fungus that belongs to the group of basidia fungl and can be found worldwide. The basidia
fungt include weibkioown edible mushrooms such as the porcing and the bulten mushe

foRm.

# 1o further said i Rerature that the Pssudomonas slraly Proradix can be used
against an affection of planis or seeds by the genus Fusarium gp. Fusarium 8 a fving
being alse belonging fo the kingdom of reat fungl, which can cause a variely of plant
diseases which are referred to fusaricses.

Based on the expariments desoribad in the WO 0140441 and the remaining pricr
art 2 skillsd person may therefore assume that the Pssudomonas strain Proradix can alse

be used for the reatment of plants and sesds against an affection by other fungl.

it was however complstely surprising that Proradid has & posttive effect on plants
or seads being affected by Phviouhthors sp. These, howsver, do not belong 1o the reat
fungt {Fungi} but to the Chromalvesiata.

The Chromalveolaty are completely differently organized than the meal fungl In
contrast fo the fungt the Chromalveciata have plastids which originate from a secondary
endosymbiosis with a represantative of the schasplastida. That means in the course of is
svolufionary development they have Incorporated a profozoan with plastids from
endosymbionts and reduced the primary host to such a degree that only the plastid was
aft,




The Peronosporomycetes are thersfore much doser related. With brown sigas,
gold algae, and digtoms than with the regl fungt see Adt ot al (2005 The
Peronosporomycetes five in the water, in waler animals, in the soll or iy ferresinial planis
a5 saprophytes or parasites.

Against this background one could have assumed that a substance which s effec-
tive against fungt 8 neffective against an affection of plants or sesds by
Peronosporomyceies.

Farticutarily surprising is the good effect of Proradix against an affection of plants
or seeds by a pathogen of the class of Peronosporomycstes for the regeon that the
ventars have so far undisclosed results of a sclentific sxamination which supposedly
prove that Proradix should have no positive effect against FPythium aphanidermalum, a
represeniative of the Peronosporomycetes, Hameslink and Paternotle (2008), "Efficacy of
Proradix against Pythium ephanidermatum in cucumber”, The inventors, howsver, wers
abls to reproduce the posilive effect of Provadix against this very pathogen in many casss
angd suspect that the opposite resulls may be caused by a methodical mistake of the

sxperimentors.
The invention s fully solved with the gravision of the Pssudomonas sirain Provadix,

With the Peaudomonas strain Proradix for the first ime an active agent is provided
which is a real altermative to copper. The inventors could demonstrate by experiments in
potato fubers and sesds of cucumbers in an impressive manner that in comparison {o
untreated plants the affection of the stipes i plants frealed with the Psaudomonas srain
Proradix as the only active agent {monotherapy) could be significantly reduced. As a
conesguence, by means of Proradix the leal and fuberiale blight a3 well as the "damiping
off disease” can be treated or prevanted in an effective manner. These positive sffects of
Proradix oan be compared with those which can be achieved by the treatment with
COPPET,

As the inventors were able to realize the Pseudomonas strain Proradix can signifi-
cantly reduce an affection of not yet infected plants or tubsrs by Phyvlophthora sp. and in
this way protect the harvest yields by a growing at the root.

it s therefore 3 parlicular advantage that the Pseudomonas strain Proradix can be
prophylactically used i non-affected plantsiseads.
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in fact, in the prior art so far no other bacterium is described which provides com-
parabde posiive results against an affection of plants or sestds by Peronosporomycetes.

The pathogen is Phvioephihors s,

This measure has the advantage that the most imporant phylopathogenic species
within the Peronosporanwesdes i treated in a targsted manner. As the inveniors wers
able fo demonstrate the Fseudomonas sivain Proradix shows especially for this spedies
an aptimum effsct,

it is preferrad if the use of the bacterium Psewdomonas sp. Proradix socording to
the invention is divected against a primary affection or stipe affection by Phviophthora 59,
preferably Phytophthara infestans.

This measure has the advantage that a large proldem, which especially appear in
arganic polate production, i treated, which can poorly be controlied with copper spravings
and can rapidly result in an early cutbresk of a secondary affeckion.

In a preferred vanation according fo the mnwvention potste plants {Solenum
fubsrosunty andfor fubsrs hereaf or the sesds of the cucumber {Cucumis safivus) are
fraated.

This measure has the advantage that two of the most important culfivated plants
with large economic significance, which are very often affected by Peronosporomycstes or
Ehylophthora infestans, respectively, can be effectively profecied or treated. A&s the
inventors could demonstrate espsecially hers Proradix provides particulanily good results.

The Pseudomonas strain Provadiz can be used in the context of a monotherapy as
the only aclve agent bud alsoin combination with other active agents. This way resull in
synergistic effects.

The Pseudomonas strain Proradiy according to the iwention can be provided in
any formulation, such 88 & solution but alse 8s a powder. Formulations of theseé kinds are
known to the skilled person. Examples of formulalions are given iy the WO 0140441 o
which reference is explicitly made. Also suitable are formulations which are proviged by
the company Sourcon-Padena GmbH & Co. KG, Tibingen, Genmany.

Also disciosed is a methad for the production of a compuosition for the treatment of
plants  andior seeds againgt an  affection by a pathogen of the class of



Peronosporomycetes, comprising the following steps: {8) provision of the baclerium
Feeudomonas gp. Proradix {DEMZ 13134} in a phytotherapeutically effective amount, {1}

formulation of the hacterium,

The invention alsc relates 10 a mathod for the production of a composition for the
treatment of plants andfor seeds agaihst an affection by & pathogen of the class of
Peroncsporomycetes, namely Fhydophthors sp. comprising the following steps: {8}
provision of plants andfor seeds, {Ib) incubation of the plants/sseds with a soludion contain-
ing the bacterium Pregdomonas s Proadic ({OBME 13134, whersin the solution is

preferably administered by mordanting, spraying or immersion of the plants/seeds.

The features, advantages and characteristios of the use according to the invention
apply lkewise to the methods according fo the inventien.

The invention is now explained in more detail by means of embodiments resulting
in further characleristics, features and advantages. The embodiments are for Hlustrative
purposes and do not §mit the scope of the nvention.

Example 1 Sclentific classification of the Peroncsporomyostes Fiydophthora

irfestans and Pyihin witimum or Pythium aphanidesmsium

Fhytophthora infesfans is scientifically classified as follows:

Classification Living being

Domain Eucaryota

Phiyluns Chromalveolata
Subphylum: Stramenopile

Class Peronosporamyosies
Ordern Pgronosporales
Family: Peronosporaceas
Benus: Phytaphthora

Species: Phytophthora ifestans

Pyihipm ulimuam and Pyihjum aphanidermatum are scientifically classified as fol-
fows:

Classification: Living bsing

Domain: Eucaryota
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Phylume Chromalvsolata

Class: Pgronosporomycstes

Crder Pythiales

Famity: Pythiaceae

Genus: Pythium

Species: Pythium wiimum or Pythium aphanidsrmatum

Fhytophihors infeslans, Pythivre ulimem and Pyibium aphanidermalum therefors
belong to the kingdom of Chromalveoiata, however not o the kingdom of real fungt
{Fungi.

[0045] The basidiomycete Rhizoctonia soland, which is described in the prior art
as being treatable with Froradix, is, however, sclentifivally classified as follows:

Classification: Living being
Domain: Eucaryola
Phvhur Real fungt (Fungl
Strai Basidiomycoia
Class: Basidiomyostes
Qrder: Polyaporales
Family: Corticiaceae
Genus! Rhizoctonia
Species; Rhizoctonia solani

Rhizovionia sofani belongs therefore o the kingdom of real fung! and to the class
of basidiomyeates to which alse the adible mustrooms such as the bution mushroom of

porcine belong.

im prior art futhermore an effect of Proradix sgainst Fuserium is desoribed,
Fusgrium is stigntifically classified as follows:

Classification: Living balng
Domain: Eucaryota
Phyham Real fungt (Fungl
Sirairy Ascomyenta
Class: Sordariomyceias

Orden Hypooreales



Family: MNectriaceas
Genus: Fusarium

Also Fusarium belongs therefore fo the real fungh.

The inventors were therefore able to demonstrate in a complstely surpising man-
ner that an active agent which s so far only dasoribed with respeot o real fungl can alse
be  used against nonsfungl, namely against pathogens of the cdlass of
Peronosporomycetes.

Exampe 2. isclation of Pravadix.

The isolation of the bacterium Preudomonas sp. Provadix is described in detal In
fhe WO 01/40441, there example 1. Reference is explictly mads therelo and the disclo-
surg there is made the disclosure of the present inverntian.

Example 3¢ Treatment of potatoss with Proradix,

Potato tubers {Sofanum fuborosum) of the variety "Hansg” were artificially infected
by Phytophihors infestans by means of a dosing-syringe. Healthy tubers of the variely
“Fasan” were mordanted with a Proradix solution {Qr@razﬁsixawg, Sourcon-Padena GmbH
& Co. K3, Tibingen, Germany} accarding 1o the manufacturer’s insfructions. The concen-
trations of the aguecus lquid mordant was approximalely 80 g Provadix bacteria per
hectave of approximately 4 x 10 CFU per 2,500 kg potato tubsrs,

As a reference, In paraliel healihy fubers of the varety “Fasan™ were mordanted
with an aguecus copper solution (Cuprozin®, Spless-Urania Chemicals GmbH, Hamburg,
Germany) according to the manufacturer's instructions. The concentration was approxi-
mately 460.8 g copper hydraxide per ler, coresponding fo approximatsly 300 gt of pure
copper. About 0.4 T of this solution were applied per hectare or per approximately 2,500 kg
of polato wbers.

The planting of both varisties was made by hand on a testing area in Sanitz of the
company AGRQO Service Nord GmbM, Wietzendorf, Germany. For this purpose the
planting ocations were exactly marked each 30 om. The subsoll was compacted so that
the rain water was withheld for 5 while and not directly drained off, since a sporulation of
Phytophthora infestans only happens at wet conditions. Then, at first the healthy lubers of
the vanely "Fasan” were planted. Afterwards, the infected tubers of the varely "Hansg”



weare directly placed on the tubsers of the variely "Fasan” o be examined and slightly
garthed up. This creates the preconditions for a potential afection of the healthy non-
infected tubhers of the vardsty "Fasan”. The germinated plants of the variety "Hansa™ were
removed. By doing so, the svaluation only of the germinated mordanted plants of the
varisty Fasan could be realized in 2 {argeled manner.

After a cullivation of approximately fwo months the affection of the varety Fasan
by Phytophthora infestans was evaluated in the respective parcels once 8 week uniit the
harvest after additional approximately fwo months,

This experiment was sxscuted two timss, ong time In the year 2008 and oneg time

in the year 2008. In the following table { the resull is summarized:

Table |
| Treatment Stipe affection Stipe affection
: | First approach (year 2008} Second approach {year 2008)
Untreated tubers 5 % 91.8%
' Tubers trested with 1E% L30%
Proradix |
Tubsrs treated with 0.7 % 1823 %
copper

Thess resulls demonsirate in an impressive manner that a treatment of polato -
hers with the bacterdum Peeudomonas sp. Proradix resuls iy a significant decrease of the
primary or stipe affection by the Peronosparomycst Fhydophihora infesfans, which is
comparatie fo such achieved by a copper reatment.

Exampled:  Treatment of cucumber seeds with Proradix {not part of the inven-

8 g of Proradix (Proradh®WE, Sourcon-Padena GmbH & Co. KG, Tibingen, Ger-
many} were dissolved in 50 mbwater for 30 to 80 min. In this solution about 80 seeds of
the cucumber (Cuctrnis sativus) were incubated for additional 30 10 80 min, 24 h pre-
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genmingied and then s-seded in soff which was contaminaled with Pylaiun vifimum. in g
paraliel approach as a control the same amounts of secds wers treated i watsr without
Proradix in a similar manner. The cultivation was sifected over 2 weeks, In the following
the number of germinated plants not affected by the damping off dissase was svalualed,
This experiment was in view of the data of Hamelink and Paternotte {foc. cit) perdormedin
a lotal of three fimes. The resull s shown in the ollowing table B

Table §l
Treatment Geanmination rate { Germingtion rate : Garmingtion rate
First approach | Second approach | Third approach
{year 2008} | (year 2008} | {year 2009}
| Untreated seeds 51 % 166 % | 58%
Seeds fraated with T3 % 1 85 % T %
j Proradix

This experiment demonsirates in an impressive manner that Proradiy is alse in the
position to protect cucumber seedlings from the damping off disease caused by Puifdum
ultimum,

The inverdors have conducted the same sxperiment under identical conditions on
a fand with soil with Pythium aphanidermatum and achieved comparable resulte. They
were not able {o confiom the conclusions of Hamelink and Patemotlte {loc. cit.). According
o the findings of the inventors Proradik shows positive effects against all species of the
genus Pythium,

Lonclusion;

The inventors were surprisingly able to demonsirate that the Pseudomonas strain
Proradix, which {s so far only described for the treatment of plant diseases caused by
fungt, can be successiully used for the treatment of plants andior seeds which are aifect
ed by a pathogen of the class of Peronosporomycetes, thus by a pathogen that does not
bejong fo the fungl. This could be exemplarily demonsirated with the genera Fhytophthora
and Pydhium and the polate and cucumber. The Pseudomonas strain Proradix can be
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rovided as a solution. The solution can be directly used for the treatment of the plants
andfor sesds by the way of spraying, mordanting o inynersion. The solution can also ke

vacuum-drisd, and the oblained powsler is dissolved i water before use.



SZABADALMI IGENYPONTOK

. Prewdarronas sp, Provadix {DSMZ 13134) baktériom alkalmazdse nvinyek Ssfvagy vetd-

X

mrag kexelésére Phytophifiora sp. fenbeds ellendalatt.

L Az b ilgSeypord swerinti alkabmazas, azsal jellemewve, bogy s kévokozd Plysophehors

3. Az ellzd igénypontok birmelvike sxerint alkalmasds, avzsl jellemezve, bogy a ndvény bur-

Lo

gonya (Solomen tuberpsum) ésfvagy ennek gamdia.

&

4. A -3, Jgdnypoutok birmelyike sexeintl alkalmazdy, azeal jellemerve, hogy 8 kevelss levdl

&

foltossay & gumdmeétely elivn thntdnik.

Ry

5. Ax 14 igénypontok bdrmwlytke szerinti alkalmards, azwal jellemenve, hogy 2 vetbmag
aborka (Crewpais satives) vetdmagia,

6. Az -3, igénypontok barmelstke seerinti slkalmazds, azzal jellemenve, hogy & névények
ds/vagy @ vetdmag kezelése a palintadbids boregsée (damping off) ellen rténik.

7. Bljards névények Safvagy vetbaag kozeldssre Plyvopdubara sp. fonidzds ellerdalan, az aldbbi
fepesekkel:
ay elbhésaigik a ndvényeket dafvagy o vetdmagm,

S

&) 2 ndvéveketivetmagot Preadosors sp. Proxadix (DEMZ 13134 hakidrhonoot tartalmesd oldat-

tal inkubibuk.

A T igénypont szerintl oljdeds, azesl jellomezve, hogy & (B Bpdst az oldatot a ndvé-

aysidvethmag osdvizdsdval, permeterdsével vagy meriidses kezeléadve! vigsatik fol,
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