.
~

=

WIPO

WORLD
INTELLECTUAL PROPERTY
ORGANIZATION

DOCUMENT MADE AVAILABLE UNDER THE
PATENT COOPERATION TREATY (PCT)

International application number: PCT/EP2023/069702
International filing date: 14 July 2023 (14.07.2023)
Document type: Certified copy of priority document
Document details: Country/Office: EP

Number: 22186090.1

Filing date: 20 July 2022 (20.07.2022)
Date of receipt at the International Bureau: 31 July 2023 (31.07.2023)

Remark: Priority document submitted or transmitted to the International Bureau in compliance with Rule
17.1(a),(b) or (b-bis)

34, chemin des Colombeties
12171 Geneva 20, Switzerland

WWW.Wipo.int



WIPO

Digital A Servi WORLD
igital Access Service INTELLECTUAL PROPERTY

(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A
DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated
below has been available to the WIPO Digital Access Service since the date of
availability indicated, and that the patent application has been available to the
indicated Office(s) as of the date specified following the relevant Office code:

Document details:  Country/Office: EP
Filing date: 20 Jul 2022 (20.07.2022)
Application number: 22186090

Date of availability of document: 21 Jul 2022 (21.07.2022)

The following Offices can retrieve this document by using the access code:
AR, AT, AU, BE, BR, CA, CL, CN, CO, DK, EA, EE, EP, ES, FI, GB,
GE, IB, IE, IL, IN, JP, KR, LT, LV, MA, MC, MX, NL, NO, NZ, PL, SE,
UsS

Date of issue of this certificate: 31 Jul 2023 (31.07.2023)

34, chemin des Colombettes
1211 Geneva 20, Switzerland




Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

Bescheinigung

Die angehefteten
Unterlagen stimmen mit der
als urspring--lich
eingereicht geltenden
Fassung der auf dem
néchsten Blatt bezeichneten
européischen
Patentanmeldung Uberein.

Certificate

The attached documents are
exact copies of the text in
which the European patent
application described on the
following page is deemed to
have been filed.

Attestation

Les documents joints a la
présente attestation sont
conformes au texte,
considéré comme
initialement déposé, de la
demande de brevet
européen qui est spécifiée a
la page suivante.

Patentanmeldung Nr.

Patent application No.

22186090.1 / EP22186090

Demande de brevet n°.

The organisation code and number of your priority application, to be used for filing abroad under the
Paris Convention, is EP22186090.

EPA/EPO/OEB Form 1014 05.17

Der Prasident des Europdischen Patentamts;
Im Auftrag

For the President of the European Patent Office

Le President de I'Office européen des brevets
p.o.

V. Joseph

Seite/page/page 1 von/of/de 2



Anmeldung Nr: Anmeldetag:

Application no.: 22186090.1 Bg}g gfefgiggét_ 20.07.22
Demande no: ’

Anmelder / Applicant(s) / Demandeur(s):

Université de Liege
Place du 20-Ao(t 7
4000 Liege/BE

Bezeichnung der Erfindung / Title of the invention / Titre de I'invention:

(Falls die Bezeichnung der Erfindung nicht angegeben ist, oder falls die Anmeldung in einer Nicht-Amtssprache des EPA
eingereicht wurde, siehe Beschreibung bezlglich urspringlicher Bezeichnung.

If no title is shown, or if the application has been filed in a non-EPO language, please refer to the description for the original title.

Si aucun titre n'est indiqué, ou si la demande a été déposée dans une langue autre qu'une langue officielle de 'OEB, se référer a la
description pour le titre original.)

Biological control agent

In Anspruch genommene Prioritat(en) / Priority(Priorities) claimed / Priorité(s) revendiquée(s)
Staat/Tag/Aktenzeichen / State/Date/File no. / Pays/Date/Numéro de dépdt:

Am Anmeldetag benannte Vertragstaaten / Contracting States designated at date of filing / Etats contractants désignés lors du
dépot:

ALATBEBGCHCY CZDEDKEEESFIFRGBGRHRHUIEISITLILT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

EPA/EPQO/OEB Form 1014 05.17 Seite/page/page 2 von/of/de 2



Biological control agent

Field of the invention

The present invention relates to methods for treating or preventing a plant disease,
biological control compositions and the use of bacteria as biological control agent. In particular,
the present invention relates to the use of bacteria of the species Sphingobium xenophagum
as a biological control agent, more specifically for treating or preventing a disease in a plant or
seed in need thereof.

Background of the invention

In modern agronomy, the major pest species have been mainly controlled by chemical
agents, i.e. pesticides. Nowadays, many of the new pesticides made available on the market
are more selective and less hazardous than the older compounds. However, even the newest
pesticides present several major problems. These include: the development of resistance in
target pest species, the dwindling supply of useful, registered synthetic pesticides, the
deposition of undesirable residues, the detrimental effect on non-target species resulting is
secondary pest outbreaks, the phytotoxic reactions induced in treated plants. It is therefore
becoming increasingly clear that solely relying on chemical control will not be the solution to
the problem of agricultural pest management. For this reason, many farmers are exploring and
adopting methods to reduce pesticide use.

One alternative to the use of chemical agents is biological control. Biological control is
the intentional manipulation of populations of living beneficial organisms (natural enemies) in
order to limit populations of pests. Indeed, virtually all pests have natural enemies and
appropriate management of such natural enemies can effectively control many pests. The
objective of biological control is not to eradicate pests, but to maintain them at tolerable levels
at which they do not cause appreciable damage. As such, biological control agents can be
effective, economical and safe.

Since many years, biological control agents have been used in order to control pests
in crops. Most of these agents were isolated from soil and are commercially used for the control
of pests in soil (see e.g. Postma et al. (2008) Soilless culture : Theory and practice, Third Edit.
Elsevier, pp. 425-457; Vallance et al. (2010) Agron Sustain. Dev. 31, 191-203; Montagne et al.
(2017) Environ Chem Lett. 15, 537-545). However, until now, no biological control agent has
specifically been developed to control plant root diseases in soilless cultures. Unfortunately,
biological control agents isolated from soil often lack efficacy in protecting plants against
diseases in soilless cultures. The consequence is therefore a poor adaptation of the



commercial biological control agents to soilless conditions, in particular to aquatic conditions,
and parameters found in soilless systems such as greenhouse structures.

In addition, the pathogens associated with the particular conditions of soilless cultures
can differ widely from those typically encountered in classical soil-based agricultural systems.
Indeed, some root pathogens particularly adapted to water can rapidly spread diseases in
soilless cultures. This is particularly true for Oomycete pathogens which produce flagellated
spores, such as Pythium aphanidermatum (Edson) Fitzp.. This pathogen causes root rot
disease on lettuce (Sutton et al. (2006) Summa Phytopathol. 32, 3017-321). This problem can
occur in hydroponics and aquaponics. In the aquaponic system, chemical pesticides are
unadvisable because of the presence of fish in the same water loop as plants (Stouvenakers
et al. (2019) Aquaponics Food Production Systems. Springer, Cham. 353-378).

There is therefore a growing interest for the identification of novel biological control
agents adapted to soilless culture environments, in particular hydroponics and aquaponics,
which are efficient but also safe for the plants to be treated, for the human operators, as well
as for the environment.

Identifying new microorganisms for use as biological control agent, which are at the
same time efficient and safe, remains a challenge. Until now, isolation campaigns aiming at
identifying beneficial microorganisms adapted to soilless cultures failed to move to
commercialization, for example because they were not able to reduce disease incidence and
symptoms, had a negative impact on the treated plant, or were not user-friendly (harmful to
humans or the environment).

In view of the above, there is a continuing need to obtain efficacious biological control
agents for treating or preventing plant diseases, in particular in soilless cultures, for
compositions comprising such adapted for commercial uses and for better pest control, in

particular in soilless cultures.

Summary of the invention

The inventors have surprisingly found that the use of bacteria from the species
Sphingobium xenophagum as biological control agent overcomes the problems of the prior art.

Therefore, the present invention provides for the use of Sphingobium xenophagum as
a biological control agent.

In another aspect of the present invention there is further provided a method for treating
or preventing a plant disease, comprising supplying to a plant or a seed in need thereof an
effective amount of Sphingobium xenophagum, and a biological control composition
comprising Sphingobium xenophagum, wherein the composition is selected from the group

consisting of a substrate composition, a nutrient composition and a plant control composition.



Detailed description of the invention

As used herein and in the claims, the terms « comprising » and « including » are
inclusive and open-ended and do not exclude additional unrecited elements, compositional
components or method steps. Accordingly, the terms « comprising » and «including »
encompass the more restrictive terms « consisting essentially of » and « consisting of ».

As described herein before, the present invention concerns the use of Sphingobium
xenophagum as a biological control agent.

By the term « biological control agent », is meant in the sense of the present invention,
an organism that is effective in controlling a pest population. It is appreciated that by doing so,
the biological control agent is environmentally safe, that is, it is detrimental to the target pest
population, but does not damage other species in a non-specific manner.

Within the context of the present invention, the terms « pest » and « pathogen » can
be used interchangeably to refer to an organism that may invade or colonize a plant host and
reduce the health, growth, vigor and/or yield of the plant. Various examples of such pests are
provided herein below.

The terms « controlling » and « protecting » in relation to a pest, refer to one or more
of reducing the growth, germination, reproduction and/or proliferation of a pest of interest, as
well as to killing, removing, destroying or otherwise diminishing the occurrence and/or activity
of a pest of interest.

The species Sphingobium xenophagum has a wide distribution and can be readily
isolated from nature for use in the present invention. This species is also known as
Sphingomonas xenophaga or Sphingobium hydrophobicum.

A preferred strain is Sphingobium xenophagum with accession number LMG No. P-
32737, described herein and deposited in accordance with the Budapest Treaty on June 30,
2022 with the Belgian Coordinated Collections of Microorganisms (BCCM, K.L.
Ledeganckstraat 35, B-9000 Gent, Belgium) under number LMG No. P-32737.

This strain can for example be grown in the well-known Reasoner’s 2A (R2A) medium
or in a liquid rich medium (R medium) that contains for 1 liter of distilled water: 10 g peptone,
5 g yeast extract, 5 g malt extract, 5 g bacto-casamino acids, 2 g beef extract, 2 g glycerol and
1 g MgSO4 as described previously (Hamana et al. (2015) Int. J. Syst. Evol. Microbiol. 51,
1405-1417). Sphingobium xenophagum with accession number LMG No. P-32737 can be
incubated at 28°C with 100 rpm shaking for 3 days in R medium. Bacterial pellets can be
recovered by culture medium centrifugation at 4000G for 10 min. Pellets can rinsed with 0.05M
Kalium Phosphate Buffer plus 0.05% Tween 80 (KPBT), centrifuged again and then



resuspended in KPBT. Concentration of the suspensions can be determined by
spectrophotometer set at 600 nm and adjusted to 1x10° cfu/ml in KPBT. The strains can be
stored at -80°C in 0.85% NaCl sterile water plus 25% glycerol.

Inventors surprisingly observed that the use of Sphingobium xenophagum as a
biological control agent according to the invention shows improved results in terms of efficacy,
in particular in soilless cultures. It was observed that bacteria of the species Sphingobium
xenophagum in particular Sphingobium xenophagum with accession number LMG No. P-
32737, are more efficient for protecting plants against pests by reducing disease incidence
and symptoms as compared to conventionally used biological control agents, as well as
compared to chemical fungicides.

It should be highlighted that although numerous research groups have demonstrated
growth inhibition of plant pests by various rhizosphere isolates in vitro, these results are not
predictive of actual biological control activity in vivo, i.e. for treating or preventing a disease
caused by the pest in a plant. Among the in vitro screening methods commonly used to screen
antagonist activity of a candidate isolate against a pathogen, one can cite the dual plate culture
system (Raymaekers et al. (2020) Bio/ Control. 144, 104240) or the two-clamp VOCs assay,
TCVA (Cernava et al. (2015) Front Microbiol. 6, 398). They are commonly used because they
allow screening of many isolates at the same time with minimum space needed. However, the
skilled person knows that these results are not predictive of the complexity of an in vivo
biological control activity for treating or preventing a disease caused by the pest in a plant.
Indeed, there are many factors which can influence the biological control activity of a microbial
agent in planta including the surrounding environment, the plant itself (its microbiome or its
genome for example), the variability of the pest aggressiveness over time, the timing and
conditions of the treatment. For example, the temperature and humidity at which an in vitro
antagonistic assays is performed can be drastically different from those at which a given plant
can grow or a seed can germinate. These differences alone would explain why positive
antagonism in vitro cannot as such predict antagonistic activity in more complex systems
including plant hosts.

Furthermore, Sphingomonas, and in particular Sphingobium xenophagum, are present
in the root microbiota of several crop species, in particular the lettuce root microbiota. Given
its natural presence in the root microbiota, Sphingobium xenophagum can be safely utilized
without the risk of introducing non-native, invasive species. In addition, in contrast to several
bacterial species that have been used in the prior art for preventing plant diseases,
Sphingobium xenophagum does not pose a potential risk for the environment and the end
users. The biological control agent of the invention therefore also provides a safer solution for
the treatment or prevention of diseases in plants or seeds.



In a preferred embodiment of the invention, the Sphingobium xenophagum used as a
biological control agent is a Sphingobium xenophagum with accession number LMG No. P-
32737.

Preferably, the Sphingobium xenophagum according to the invention does not cause a
plant disease. The skilled person is well aware how to select Sphingobium xenophagum
bacteria that do not cause a plant disease. In addition, the absence of causing any significant
plant disease is easily determined, e.g. by incubating a plant with the Sphingobium
xenophagum of choice and determining if a disease arises after a few days.

Advantageously, the Sphingobium xenophagum according to the invention is used as
a biological control agent for treating or preventing a disease in a plant or seed in need thereof.

The term «plant », in the sense of the present invention, is to be understood as
including wild-type plants and plants which have been modified by either conventional
breeding, mutagenesis, genetic engineering or by a combination thereof. It is also understood
that, within the context of the present invention, the term « plant » includes both the whole
plant as well as a plant part. Non-limiting examples of plant parts include roots, leaves, stems
and fruits.

The term « seed », in the sense of the present invention, is to be understood as
including seeds and plant propagules of all kinds. Non-limiting examples include true seeds,
seed pieces, suckers, corms, bulbs, tubers, grains, cuttings and the like.

The term « plant or seed in need thereof », in the sense of the present invention, is to
be understood as any plant or seed which is healthy or which has been diagnosed with a
disease or symptoms thereof, or which is susceptible to a disease, or which may be exposed
to a disease or mediator thereof.

An important observation is that the biological control action of Sphingobium
xenophagum can be observed at different plant development stages, namely during seed
germination and during plant growth. This advantage is beneficial for the culture of plants in
rotation, where plants of various developmental stage can be present in the same culture
environment.

Advantageously, the plant disease to be treated or prevented is a root disease. It was
observed that the protective effect of Sphingobium xenophagum against root diseases could
not only reduce plant mortality, but also reduce the symptoms of the root disease at different
levels, i.e. decrease root rot symptoms as well as limit foliar fresh mass decrease.

The disease to be treated or prevented according to the invention can be mediated by
any type of pest. Preferably, the pest is selected from the group consisting of fungi, oomycetes,
bacteria, viruses, viroids, virus-like organisms, protists, protozoa, nematodes, insects and

parasitic plants. In a preferred embodiment, said pest is selected from the group consisting of



oomycetes, ascomycetes, basidiomycetes, myxomycetes, zygomycetes and bacteria. In a

further embodiment, said pest is selected from:

- Oomycetes, such as

)

Downy mildew such as from the genus Phytophthora, e.g. Phytophthora
infestans, Phytophthora cinnamomi, Phytophthora fragariae, from the
genus Peronospora, e.qg. Peronospora parasitica, Peronospora pisi,
Peronospora belbahrii, from the genus Pseudoperonospora, e.g.
Pseudoperonospora cubensis, from the genus Bremia, e.q. Bremia lactuae,
or from the genus Plasmopara, e.g. Plasmopara viticola;

from the genus Pythium, e.g. Pythium aphanidermatum, Pythium ultimum,
Pythium oligandrum, Pythium irregulare, Pythium dissotocum, Pythium

graminicola, Pythium spinosum;

- Ascomycetes, such as

)

ii)

vi)

Powdery mildew such as from the genus Podosphaera, e.g. Podosphaera
xanthii, Podosphaera fusca, Podosphaera macularis, from the genus
Blumeria, e.q. Blumeria graminis, from the genus Erysiphe;

Molds such as from the genus Botrytis, e.q. Botrytis cinerea, from the genus
Penicilium, e.g. Penicilium expansum, Penicilium italicum, Penicilium
digitatum, Penicilium citrinum, from the genus Aspergillus, e.g. Aspergillus
falvus, Aspergillus fumigatus, Aspergillusoryzae, from the genus
Cladosporium, e.g. Cladosporium cucmerinum, Cladosporium elegans;
from the genus Sepforia, e.g. Septoria apiicola, Septoria tritici, Septoria
lycopersici;

from the genus Alternaria, e.g. Alternaria brassicicola, Alternaria solani,
Alternaria alternata;

from the genus Colletotrichum, e.g. Colletotrichum gloeosporioides,
Colletotrichum  capsici, Colletotrichum  graminicola,  Colletotrichum
coccodes, Colletotrichum musae, Colletotrichum fragariae;

from the genus Sclerotinia, e.q. Sclerotinia sclerotiorium, Sclerotinia minor,

Sclerotinia major;

vii) from the genus Fusarium, e.g. Fusarium oxysporum, Fusarium solani,

Fusarium graminearum;

viii) from the genus Verticillium, e.q. Verticillium dahlia;

iX)

X)

from the genus Rhizoctonia, e.g. Rhizoctonia solani, Rhizoctonia cerealis;
from the genus Thielaviopsis, e.q. Thielaviopsis basicola;

xi) from the genus Cercospora, e.g. Cercospora beticola, Cercospora

arachidicola;



xii) from genus Didymella, e.q. Didymella lycopersici;
xiii) from the genus Venturia, e.q. Venturia inaequalis, Venturia pyrina;
xiv)from the genus Phoma, e.g. Phoma lingam;
xv) From the genus Pleospora, e.qg. Pleospora betae;
- Basidiomycetes, such as
i)y Blight such as from the genus Uromyces, e.g. Uromyces beticola, Uromyces
phaseoli, from the genus Puccinia, e.g. Puccinia recondite, Puccinia
striiformis, Puccinia porri, Puccinia alli or from the genus Tranzschelia, e.qg.
Tranzschelia pruni, Tranzschelia discolor;
- Myxomycetes, such as
i) from the genus Plasmodiophora, e.q. Plasmodiophora brassicae;
- Zygomycetes, such as
i) from the genus Mucor, e.g. Mucor circinelloides;
iy from the genus Rhizopus, e.g. Rhizopus stolonifera;
- Bacteria, such as
i) from the genus Ralstonia, e.g. Ralstonia solanacearum;
i) from the genus Xanthomonas, e.g. Xanthomonas campestris,
Xanthomonas citri, Xanthomonas oryzae;
iy from the genus Clavibacter, e.g. Clavibacter michiganensis;
iv) from the genus Erwinia, e.g. Erwinia amylovora;
v) from the genus Pseudomonas, e.g. Pseudomonas syringae;
vi) from the genus Xylella, e.g. Xylella fastidiosa.

In a preferred embodiment, the pest belongs to the Oomycetes. In a particular
embodiment, the pest is selected from the genera Pythium, Phytophthora, Peronospora,
Pseudoperonospora, Bremia and Plasmopara; more in particular, the pest is selected from the
group consisting of Pythium aphanidermatum, Pythium ultimum, Pythium oligandrum, Pythium
irregulare, Pythium dissotocum, Pythium graminicola, Pythium spinosum, Phytophthora
infestans, Phytophthora cinnamomi, Phytophthora fragariae, Peronospora parasitica,
Peronospora pisi, Peronospora belbahrii, Pseudoperonospora cubensis, Bremia lactuae and
Plasmopara viticola. In a more particular embodiment, the pest is Pythium aphanidermatum.

The Sphingobium xenophagum according to the invention can be used as a biological
control agent for treating or preventing a disease in a plant which can be an ornamental plant
or in a crop plant. Advantageously, said plant is a crop plant. Preferably, the crop plant is
selected from the Solanaceae, e.g. tomato, potato, eggplant or pepper, the Asteraceae, e.g.
lettuce, chicory or sunflower, the Brassicaceae, e.g. rapeseed or cabbage, the
Chenopodiaceae, e.g. beet or spinach, the Apiaceae, e.g. carrot, fennel, parsley, celery or



coriander, the Rosaceae, e.g. strawberry, apple, the Poaceae, e.g. wheat, barley or corn, the
Cucurbitaceae, e.g. cucumber, zucchini, pumpkin or melon, the Fabaceae, e.g. beans or pea,
the Alliaceae, e.g. onion, leek or garlic or the Lamiaceae, e.g. mint or basil. In a preferred
embodiment, the crop plant belongs to the Asteraceae. More in particular, the crop plant is
lettuce.

The aforementioned properties of Sphingobium xenophagum make this microorganism
an excellent choice as a biological control agent in a wide range of culture systems, including
soil-based culture systems and soilless culture systems.

Inventors have surprisingly observed that Sphingobium xenophagum is particularity
suited for use as a biological control agent in a soilless culture system, such as hydroponics
or aquaponics, in contrast with commercially available biological control agents which have
been isolated from soil and show poor adaptation and efficacy to the specific aquatic conditions
of soilless culture systems.

By the term « soilless culture », is meant in the sense of the present invention, a
method of growing plants in any medium other than soil which is suitable for growing plants.

By the term « soilless culture system », is meant in the sense of the present invention,
any artificial means of providing plants with water and nutrients. Soilless culture systems can
further comprise a substrate to provide physical support for the plants. Examples of soilless
culture systems include hydroponics and aquaponics. While hydroponics generally refers to
systems for growing plants by using water-based mineral nutrient solutions, aquaponics refers
to an integrated system that combines aquaculture (fish production) and hydroponic plant
production in the same recirculated water loop.

Advantageously, as explained above, within the context of the invention Sphingobium
xenophagum is used as a biological control agent in a soilless culture system, preferably in
hydroponics or aguaponics. Sphingobium xenophagum has been found to be particularity
suitable for protecting plants grown in soilless culture systems against pests, even more potent
than the EPA registered biological control agent Pseudomonas chlororaphis Tx-1. In fact,
Sphingobium xenophagum has been identified in the root zone of plants grown in soilless
culture systems.

Although not wishing to be bound by theory, it appears that Sphingobium xenophagum
is capable of protecting plants against root diseases in soilless systems by another means
than through the emission of volatile organic compounds (VOCs). Indeed, whereas VOCs are
of great importance in their capacity to act as plant pest suppressors in the phyllosphere or in
soil-based agricultural systems, these compounds are generally poorly water-soluble and
cannot efficiently diffuse in water-based soilless culture systems such as hydroponics or
aquaponics. This may cause Sphingobium xenophagum to be particularity well-suited for use
as a biological control agent for treating or preventing root diseases in soilless culture systems.



It is believed that Sphingobium xenophagum confers protection to plants through a
variety of mechanisms, including plant pathogen parasitism, antibiosis, plant defense
elicitation, and through competitive exclusion of pathogens.

In a particular embodiment of the invention, Sphingobium xenophagum is supplied
directly to a plant or seed in need thereof, meaning that the Sphingobium xenophagum is
applied directly to a seed, a whole plant or a plant part, typically the foliage, stem or roots.

In another particular embodiment, Sphingobium xenophagum is supplied indirectly to
the plant or seed in need thereof, meaning that Sphingobium xenophagum is applied to the
locus on which the plant or seed is growing or may grow such that the supplied bacteria can
preferably come into contact with said plant or seed. Non-limiting examples of such locus
include the soil, the substrate surrounding the plant or seed, and the nutrient solution.
Preferably Sphingobium xenophagum is applied to the soilless substrate composition
surrounding the plant or seed or to the soilless substrate composition on which the plant or
seed will be grown. Non-limiting examples of soilless substrate compositions include rockwool,
perlite, and cocos.

In another preferred embodiment, Sphingobium xenophagum is supplied to the nutrient
solution, preferably the hydroponic or aquaponic nutrient solution in which the plants are grown
or will be grown.

Among the suitable manners for supplying Sphingobium xenophagum to the plant or
seed, mention can notably be made of spraying (such as aerial spraying or ground spraying),
atomizing, vaporizing, drenching, watering, squirting, pouring, fumigating, injecting, painting,
seed treating, coating, immersing, soaking and the like by conventional equipment such as a
handpump, a backpack sprayer, a boom sprayer, and the like.

Within the context of the present invention, Sphingobium xenophagum can be supplied
in a solid form or in a liquid form.

In a particular embodiment, Sphingobium xenophagum is supplied in a solid form. Non-
limiting examples of suitable solid forms include: powders, dusts, tablets, pellets or granular
forms such as granules, microcrumbs and regular crumbs or mixtures thereof. Desired solid
forms include granular forms.

According to a preferred embodiment of the present invention, Sphingobium
xenophagum is supplied in a liquid form. Non-limiting examples of liquid forms include:
solutions, dispersions such as emulsions and suspensions, and foams.

The concentrations, volumes, and durations for the supply of Sphingobium
xenophagum may vary depending on the type of plant or seed and can be determined by one
skilled in the art. However, preferably, Sphingobium xenophagum, as detailed above, is
supplied at least at a concentration of between 102 and 102 CFU, preferably between 108 and
10'° CFU per plant or seed.
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In another particular embodiment of the invention, the Sphingobium xenophagum is
supplied to a plant or seed in need thereof in combination with at least one further biological
control agent. In a particular embodiment, the at least one further biological control agent is a
bacteria or a fungus.

It is understood that Sphingobium xenophagum, as described herein, can be supplied
to a plant or seed in need thereof as a single dose exposure or in multiple dose exposures at
different times.

In a particular embodiment, Sphingobium xenophagum, as described herein, is
supplied to a plant or seed in need thereof one or more times during the growing cycle of the
target plant. For example, in one embodiment, Sphingobium xenophagum is supplied to a plant
or seed in the spring at the start of the growing season and/or in the fall at the end of the
growing seasons. In one embodiment, Sphingobium xenophagum is supplied to a plant before
harvest of plant parts, such as 1 week, 2 weeks, 3 weeks or 4 weeks before the harvest of the
plant part. In a yet further embodiment Sphingobium xenophagum is supplied to a plant or
seed post-harvest.

The present invention further pertains to a method for treating or preventing a plant
disease, wherein said method comprises supplying to a plant or seed in need thereof an
effective amount of Sphingobium xenophagum, preferably Sphingobium xenophagum with
accession number LMG No. P-32737.

Generally, all aspects of the present invention discussed herein in the context of the
use of Sphingobium xenophagum as a biological control agent apply mutatis mutandis to a
method for treating or preventing plant disease, as defined above, comprising supplying to a
plant or seed in need thereof an effective amount of Sphingobium xenophagum, as defined
above.

The present invention also provides biological control compositions comprising
Sphingobium xenophagum that are suitable for supplying an effective amount of the bacteria
according to the invention to a plant or seed in need thereof.

It is understood that all definitions and preferences, as described above, equally apply
to all further embodiments, as described below.

The inventors have found that biological control compositions comprising Sphingobium
xenophagum, as detailed above, are particularity suitable for treating or preventing a disease
in a plant or seed in need thereof.

Therefore, the present invention further pertains to a substrate composition, a nutrient
composition and a plant control composition comprising Sphingobium xenophagum, preferably
Sphingobium xenophagum with accession number LMG No. P-32737.
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In a particular embodiment, the biological control compaosition is a soilless substrate
composition. Non-limiting examples of soilless substrate compositions include rockwool,
perlite, peat, cocos or a combination thereof.

In another particular embodiment, the biological control composition is a hydroponic
nutrient composition or an aquaponic nutrient composition.

In a further particular embodiment, the biological control composition is a plant control
composition comprising a botanically acceptable carrier, preferably a liquid, aqueous carrier
such as water. The plant control composition can be formulated as an emulsifiable
concentrate, suspension concentrate, dilute emulsion, directly sprayable or dilutable solution,
coatable paste, dilute emulsion, wettable powder, dispersible powder, dust, granule or capsule.
Preferably, the plant control composition is selected from a powdered formulation and an
aqueous formulation.

Advantageously, the plant control composition may further comprise at least one
additional ingredient to enhance the appearance, storage, transport, handling and/or
performance of the plant control composition. Preferably, the additional ingredient is a non-
naturally occurring ingredient.

In some embodiments, the plant control composition comprises one or more of a
stabilizing agent, a moisture absorbing agent, an attracting agent, a carrier, and/or an anti-
caking agent.

In a particular embodiment, the plant control composition comprises a stabilizing agent.
The stabilizing agent serves to prevent or minimize decay, breaking down, or activation of the
bacteria prior to supply to the plant or seed. Examples of stabilizing agents include particulate
calcium silicate.

In another particular embodiment, the plant control composition comprises a moisture
absorption agent. The moisture absorption agent serves to absorb moisture from the
formulation in order to keep the formulation relatively dry and to prevent caking or clumping of
the formulation. Examples of moisturizing agents include dessicants, such as particles or
beads of silica gel, and super absorbent polymers, such as sodium polyacrylate. Further
examples of moisture absorption agents include wood shavings, and clay balls.

In another particular embodiment, the plant control compaosition comprises an attracting
agent. The attracting agent may help to attract the formulation to plants and/or seeds. For
example, the attracting agent may have a net positive electrostatic charge, so that it is
electrostatically attracted to plants and/or seeds, which have a net negative electrostatic
charge. In some examples, the attracting agent may include a mineral, or a mixture of minerals.
In one particular example, the attracting agent may include a mineral mixture which includes
one or more of the following minerals: silicon dioxide, aluminum oxide, calcium, iron,

magnesium, potassium, sodium, phosphorus, titanium, manganese, strontium, zirconium,
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lithium, rubidium, boron, zin¢, vanadium, chromium, copper, yttrium, nickel, cobalt, gallium,
cesium, scandium, tin and molybdenum. In another example, the attracting agent may
comprise calcium limestone.

In another particular embodiment, the plant control compaosition comprises a carrier.
The carrier may be a suitable starch or flour. The carrier may be selected so that it does not
absorb significant amounts of moisture, so that the carrier does not clump. Examples of carriers
which may be suitable include corn flour, and grain flours such as rye, wheat, rice flour, and
spelt flour. In alternate examples, the carrier may be kaolin. In other examples the carrier may
comprise milk powder or talc.

In yet another particular embodiment, the plant control composition comprises an anti-
caking agent. One particular example of an anti-caking agent is magnesium oxide. Other anti-
caking agents known those skilled in the art may also be employed in the formulations
described herein.

In yet another particular embodiment, the biological control composition may further
comprise an additional active ingredient, such as plant defense inducer compounds, biological
control agents, nutritional elements, fertilizers, pesticides and the like. Preferably, the biological
control composition comprises a further biological control agent, more preferably said
biological control agent being a bacteria or a fungus.

The skilled person will appreciate that the concentration of Sphingobium xenophagum
according to the invention in the biological control composition may vary depending on the
conditions in which the composition is to be used (e.g. climate, target plant, environment,
method of supplying the composition to the plant or seed, etc.).

The methods to manufacture the plant control composition are also an aspect of the
present invention. It is further understood that all definitions and preferences, as described
above, equally apply for all further embodiments, as described below.

The plant control composition of the present invention can be prepared by a variety of
methods known in the art.

In one embodiment of the present invention, the method for the manufacture of the
plant control composition, as detailed above, comprises intimate admixing of the Sphingobium
xenophagum as described above and one or more of a stabilizing agent, a moisture absorbing
agent, an attracting agent, a carrier, and/or an anti-caking agent, as detailed above, into a
homogeneous mixture.

It is understood that the skilled person in the art will carry out said intimate admixing
according to general practice such as notably using optimal times, speeds, weights, volumes
and batch quantities.
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It is further understood that the Sphingobium xenophagum may be introduced in the
form of a suspension, concentrate, emulsion or paste, however, it may also be present in a
solid form such as a powders, pellets or granules to manufacture the plant control composition.

The present invention further pertains to a method for treating or preventing a plant
disease, wherein said method comprises supplying the biological control composition
comprising Sphingobium xenophagum as described herein to a plant or a seed in need thereof.
For example, the biological control composition of the invention can be used as a prophylactic
agent for preventing a disease in a plant or a seed, particularity a disease mediated by a pest
of the genus Pythium.

The present invention further provides a method for treating or preventing a disease in
a plant or seed in need thereof, the method comprising treating a batch of seeds with the plant
control composition described herein and then culturing the treated seeds into plants.

These and other embodiments of the invention are indicated in the appended claims.
The invention will now be further described with reference to the following examples, which
show non-limiting embodiments of different aspects of the invention.

Examples

Example 1: Strain isolation, media and growth conditions

Bacterial strains have been isolated from aquaponic lettuce rhizoplane. Lettuce plants
for fresh rhizoplane isolation were grown in the PAFF box aquaponic system of Gembloux
Agro-Bio Tech, University of Liege (Belgium) as described previously (Stouvenakers et al.
(2020) Microorganisms 8, 1-25). Rhizoplane water was collected by root sonication for 10 min
in a 0.05 M kalium phosphate buffer plus 0.05% Tween 80 (KPBT). Growth rooms were set at
a day/night photoperiod of 18/6h at 23°C or 28°C for all isolation protocols and incubating
periods.

The newly identified Sphingobium xenophagum strain according to the invention has
been deposited with the Belgian Coordinated Collections of Microorganisms (BCCM, K.L.
Ledeganckstraat 35, B-9000 Gent, Belgium) under number LMG No. P-32737.

The identity of each strain was confirmed by sequencing PCR amplified 16S rDNA.
DNA extractions were carried out from bacterial cells resuspended in sterile Milli-Q water. The
FastDNA Spin Kit with TC cell lysis solution (MP Biomedicals, llkirch-Graffenstaden, France)
was used to start with, from 200 pl of suspension. 16S rDNA was amplified using Forward
primer 16S A1 (5- AGAGTTTGATCMTGGCTCAG-3’) and reverse primer 16S B1 (5-
TACGGYTACCTTGTTACGACTT-3’). PCR mixtures were prepared using the MangoTag™
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DNA Polymerase kit (Bioline, London, UK) manual. Thermocyclers were run with an initial
denaturation step at 94°C for 2 min, followed by 30 cycles of 94°C for 1 min, 50°C for 1 min,
70°C for 2 min, and a final extension step at 72°C for 10 min. The PCR products were purified
with QIAquick PCR Purification Kit (QIAGEN Benelux B.V., Antwerp, Belgium) before Sanger
sequencing with the same primers at Macrogen Europe B.V. (Amsterdam, The Netherlands).
Sequences were assembled using CAP3 program (Huang and Madan (1999) Genome Res.
9, 868-877). and quality trimmed using Chromas software
(http://technelysium.com.au/wp/chromas). The edited sequences were annotated by BLASTN
analysis against the rRNA/ITS database using NCBI website (www.ncbi.nim.nih.gov/blast) for
closest identification with 97% identity minimum.

Example 2: Effect of Sphingobium xenophagum on the control of lettuce damping off mediated
by P. aphanidermatum using different seed treatment methods.

In vivo screening

In order to identify isolates capable of controlling lettuce damping off mediated by
Pythium aphanidermatum, an in vivo screening assay was developed. Two different methods
of seed treatment were tested in an experimental design set up using 96-well microplates.

Organic pelleted seeds of lettuce (Lactuca sativa) var. Lucrecia RZ (Rijk Zwaan,
Merksem, Belgium) were used in 96-well microplates (Greiner Bio-One B.V.B.A., Vilvoorde,
Belgium) at a density of one seed by well. One microplate column (8 wells) corresponded to
one replicate. Two methods were tested to treat seeds in relation to P. aphanidermatum
inoculation: pre-inoculation and biopriming (i.e., pre-inoculated seeds whose germination was
stabilized over time). Whatever the method, the seeds were treated with 10 ul of isolate
suspension per seed on day 0 (see next section for the preparation of isolate suspensions).
For the pre-inoculation and biopriming treatments, oospores of the pathogen were added 3
days later. After the pre-inoculation treatment, microplates were directly sealed with self-
adhesive film. For biopriming, the seed pellets were left to dry under a laminar flow hood for
30 min before sealing. Whatever the method, the microplates were sealed after P.
aphanidermatum inoculation with a self-adhesive film that was punctured with a needle above
each well to allow air exchange. The microplates were incubated at 23°C. Dark conditions
were set before pathogen inoculation (i.e., only for the pre-inoculation and biopriming
treatments), and a day/night photoperiod of 18/6h was set afterward. Seven days after P.
aphanidermatum inoculation, seed damping off was binary scored. Dead seeds were scored
0, while healthy seeds with emerged cotyledons were scored 1. At the end of the screening
assay, a strain was considered efficacious when a germination rate threshold of 37.5% or
12.5% was reached in pre-inoculation or biopriming, respectively.
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Sphingobium xenophagum with accession number LMG No. P-32737 (Identification
reference: PB-30) was tested along with four controls in each microplate at a configuration of
1 column (8 seeds) per control. Negative control (C-) seeds were treated with KPBT buffer and
inoculated with the sucrose + Tween solution used for the oospore suspension. Positive control
(C+) seeds were treated with KPBT buffer and inoculated with oospores. Fungicide control (Cf)
seeds were treated with Proplant® (722 g/l propamocarbe) at a concentration of 0.1% in KPBT
buffer and inoculated with oospores. Bio-fungicide control (Cpc) seeds were treated like the
tested isolates with Pseudomonas chlororaphis Tx-1 suspension (ATCC 55670 from the
American Type Culture Collection) and inoculated with oospores.

Production of P. aphanidermatum inoculum

Sterile 150-ml Erlenmeyer flasks containing 25 ml of clarified V8 CaCOs broth (800 ml
distilled water, 200 ml V8 juice, 3 g CaCOs3) were inoculated with 5-mm PDA culture plugs of
P. aphanidermatum (CBS 132490) grown at 23°C with 18 h/6 h lighting for 3 days. The flasks
were closed with a cotton ball and incubated at 23°C with 18 h/6 h lighting for 9 days. Each
mycelial bulk was recovered and rinsed by vortexing in a 50-ml centrifuge tube filled with 15
ml of sterile distilled water. The operation was repeated at least twice until V8 colour loss. Each
mycelium bulk was cut in 2 pieces, and each half was incubated at 28°C with lighting for 24h
in a 50-ml centrifuge tube filled with 30 ml of sterile distilled water. The mycelium pieces were
recovered and mixed for 3 s 8 times with a hand blender (Braun Minipimer Control Plus, 300w)
in a sterile solution containing 10 mM sucrose and 0.05% Tween 20 in distilled water. A
proportion of at least one mycelium piece for 12.5 ml of solution was used with a minimum
volume of 100 ml. The resulting propagule suspension was filtered through sterile cheesecloth
to harvest the oospores, which were counted on a haemocytometer. The concentration was
set at 1x10* oospores/ml.

Strain culture and suspension

Bacteria were grown on solid R2A medium at 28°C for 3 days. Cultures were harvested
in KPBT buffer by surface scratching. Bacterial suspensions were diluted to reach 0.825 =
0.025 absorbance at 600 nm. An absorbance of 0.800 equaled to 5.107 CFU/ml for P.
chlororaphis Tx-1. When cultures were not concentrated enough, they were centrifuged at
3000 rpm for 10 min and set to the right concentration after discarding the supernatant. In
addition to a first screening at a concentration of 0.825 £ 0.025 absorbance units, Sphingobium
xenophagum with accession number LMG No. P-32737 (PB-30) as well the bio-fungicide
control (Cpc) were tested at a 10-fold concentration (PB-30 10x and Cpc 10x respectively).
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Results

Sphingobium xenophagum was found to be efficacious to control seed damping-off,
both following pre-inoculation and following biopriming as shown in Table 1 below. The suffix
“10x” was used to indicate 10x concentrated treatments. C-, C+, Cf and Cpc/Cpc10 x were the
negative, positive, fungicide and biofungicide controls respectively. The bacterial isolate
according to the invention was Sphingobium xenophagum with accession number LMG No. P-
32737 (PB-30/PB-30 10x) and the strain culture.

Table 1. Germination rate means of treated seeds to control P. aphanidermatum
damping-off depending on pre-inoculation or biopriming method.

Treatment Mean germination rate (%)
Pre-inoculation | Biopriming
C- 60.0 935
C+ 29.1 00
Ci 25.2 6.4
Cpe 12.0 =3
Cpc 10x 15.6 581
PB-30 51.0 18.8
PB-30 10x 50.0 375

Following pre-inoculation S. xenophagum was found efficacious to control seed
damping-off, whereas Cf and Cpc/Cpc10x were not efficacious (germination rate threshold of
37.5%). At a standard concentration (OD = 0.825 + 0.025), Sphingobium xenophagum allowed
for a mean seed germination rate of more than 50%.

Following biopriming, S. xenophagum also proved efficacious with a mean germination
rate of 18.8% at standard concentration (threshold of 12.5%). When a 10x suspension was
used, the mean germination rate increased up to 37.5% following treatment. Once again, the
Cf and Cpc/Cpc10x were not efficacious against seed damping-off.

Example 3: Efficacious use of Sphingobium xenophagum as a biological control agent

Treatment and controls

Sphingobium xenophagum with accession number LMG No. P-32737 (PB-30) was
tested against root rot disease mediated by P. aphanidermatum on lettuce seedlings along
with four controls. Controls used were a negative healthy control without the pathogen (C-), a
positive control (C+), a biopesticide control (Cpc) and a fungicide control (Cf). C+ and C- were
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treated with KPBT. For Cf, Proplant® (722 g/I propamocarbe) fungicide was used at 0.1% in
KPBT buffer. Finally, P. chlororaphis Tx-1 (ATCC 55670, an EPA registered biocontrol agent)
suspension was used for Cpc.

In order to validate the reproducibility of the in vivo screening, two different assays were
performed with bacteria grown on different media and inoculated at different densities. These
are referred to as “Example 3A” and “Example 3B” herein after.

Strain culture and suspension for Example 3A

Bacteria were grown on solid R2A medium at 28°C for 3 days. Cultures were harvested
in KPBT buffer by surface scratching. Bacterial suspensions were measured to reach 0.825 *
0.025 absorbance at 600 nm and then 10-fold concentrated for lettuce inoculation. A 10-fold
concentration of P. chlororaphis Tx-1 equaled to 5.108 CFU/ml. When cultures were not
concentrated enough, they were centrifuged at 3000 rpm for 10 min and set to the right
concentration after discarding the supernatant.

Strain culture and suspension for Example 3B

The bacteria were produced in liquid rich medium (R medium) that contained in 1 | of
distilled water: 10 g peptone, 5 g yeast extract, 5 g malt extract, 5 g bacto-casamino acids, 2
g beef extract, 2 g glycerol and 1 g MgSO.. Bacteria were incubated a 28°C with 100 rpm
shaking for 3 days. Bacterial pellets were recovered by culture medium centrifugation at 4000G
for 10 min. Pellets were rinsed with 0.05M Kalium Phosphate Buffer plus 0.05% Tween 80
(KPBT), centrifuged again and then resuspended in KPBT. Concentration of the suspensions
were determined by spectrophotometer set at 600 nm and adjusted to 1x10° cfu/ml in KPBT.

Pathogen inoculum preparation

As described above for the seed damping-off trials (Example 2), stock mycelial culture
of Pythium aphanidermatum (CBS 132490) was first reactivated on PDA for 3 days at 23°C
with a day/night photoperiod of 18h/6h. Then, mycelial plugs of the active growing fungus were
grown in Erlenmeyer flasks containing 25 ml of clarified V8 CaCO3 broth (800 ml of distilled
water, 200 ml of V8 juice, and 3 g of CaCO3). After 9 days at the same conditions, mycelial
bulk were recovered and rinsed several times in sterile distilled water. Mycelium bulks were
then incubated for 24h at 28°C with lighting in sterile distilled water to initiate oospores
formation and maturation. Mycelium bulks were then mixed with a hand blender (Braun
Minipimer Control Plus, 300w) in a sterile solution containing 10 mM of sucrose and 0.05% of
Tween 20 in distilled water. Oospores in suspension were then separated from other
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propagules by sterile cheesecloth filtration. Oospores found in the filtrate were then set at a
concentration of 1x10* oospores/ml after haemocytometer observation.

Biological control experimental setup

Organic lettuce seeds were sown in 25 x 25 x 40 mm rockwool plugs (Grodan B.V.,
Roermond, Holland) and randomly placed in a phytotron, with a day/night photoperiod of 16
h/8 h, 22 °C/18 °C (day/night), and a relative humidity of 65% for the first 10 days of germination
as described previously (Stouvenakers et al. (2020) Microorganisms 8, 1-25). Plugs were put
in square plant trays of 14 cm side and trays were then randomly placed in a phytotron set at
16h/8h (day/night) photoperiod, a temperature of 22°C/18°C (day/night), and a relative
humidity of 65%. Tap water was used for the first week of germination and then hydroponic
solution was used instead according to manufacturing instruction (Hy-Pro A and B, Hy-Pro
Fertilizers, Bladel, Holland). Ten days after sowing, temperatures and humidity were increased
to 35/25 °C (day/night) and 92%, respectively. Treatments were applied at a rate of 1 ml per
plug on days 0 and 7. For each treatment, 2 plant trays were used containing each 9 rockwool
plugs. On day 10 after sowing, plugs were inoculated by 1 ml of the pathogen suspension,
excepted for C- where sucrose + tween solution was used instead. Lettuce mortality (LM), root
rot symptoms (RRR: root rot rating) and foliar fresh mass (FFM) were recorded on day 31 as
described previously (Stouvenakers et al. (2020) Microorganisms 8, 1-25).

Results

Sphingobium xenophagum was found to efficiently reduce lettuce mortality (see Table
2), but also to decrease root rot symptoms and to limit foliar fresh mass decrease in
comparison with C+ and Cpc controls (Table 3).

Table 2. Lettuce mortality (LM) of treatments applied to control P. aphanidermatum
disease on lettuce seedlings.

LM
Treatment Lettuce mortality (%)
Example 3A Example 3B

C- 0.0 0.0

C+ 33.3 11.1

Cf 0.0 0.0
Cpc 0.0 33.3
PB-30 0.0 0.0
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Table 3. Root rot rating (RRR) and foliar fresh mass (FFM) of treatments applied to
control P. aphanidermatum disease on lettuce seedlings.

Treatment RRR FMM
Root rot rating Foliar fresh mass
(0-7) (mg)
Example 3A Example 3B Example 3A Example 3B
C- 0.22 0.56 1328.8 1844.9
C+ 6.28 6.06 677.2 1100.4
Cf 4.50 2.17 1083.6 1726,2
Cpc 3.72 6.06 1033.7 788.2
PB-30 2.17 4.67 1536.1 1341.0

When using either the culture and suspension conditions of Example 3A or 3B,
Sphingobium xenophagum was found to decrease root rot symptoms and to limit foliar fresh
mass decrease in comparison with C+ and Cpc controls (Table 3).

Under Example 3B conditions, although low lettuce mortality (LM) was observed for
C+, disease was present with a root rot rating (RRR) of 6.06 and foliar fresh mass (FFM) of
1100.4 mg for this positive control. In comparison, RRR and FFM or C- were 0.56 and 1844.9
mg, respectively. Cf control was effective to reduce RRR (2.17) and no substantial FFM
decrease was observed compared with C-. However, Cpc, the biopesticide control, was not
able to control the disease, with a RRR of 6.06 and a FFM mean of 788.2 mg.

On the other hand, Sphingobium xenophagum (PB-30) was found to efficiently reduce
lettuce mortality, but also to decrease root rot symptoms (RRR = 4.67) as well as foliar fresh
mass decrease (FMM = 1341.0 mg) in comparison with C+ and Cpc.

The results were even more positive under Example 3A conditions. Indeed,
Sphingobium xenophagum (PB-30) was found to efficiently reduce lettuce mortality, but also
to decrease root rot symptoms (RRR = 2.17) and limit foliar fresh mass decrease (1536.1 mg)
at a higher extent that the Cf control, thereby demonstrating that this bacterial species is a
robust and potent biological control agent.
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Claims

Use of Sphingobium xenophagum as a biological control agent.

The use according to claim 1, wherein the Sphingobium xenophagum is Sphingobium
xenophagum with accession number LMG No. P-32737.

The use according to claim 1 or claim 2, for treating or preventing a disease in a plant
or seed in need thereof.

The use according to claim 3, wherein the disease in a plant is a root disease.

The use according to claim 3 or claim 4, wherein the disease is mediated by a pest
selected from the group consisting of Oomycetes, Ascomycetes, Basidiomycetes,
Myxomycetes, Zygomycetes and bacteria.

The use according to any one of claims 3 to 5, wherein the disease is mediated by a
pest of the genus Pythium, preferably Pythium aphanidermatum.

The use according to any one of claims 3 to 6, wherein the plant or seed is a crop
plant, preferably a crop plant selected from the group consisting of Solanaceae,
Asteraceae, Brassicaceae, Chenopodiaceae, Apiaceae, Rosaceae, Poaceae,
Cucurbitaceae, Fabaceae, Alliaceae and Lamiaceae, preferably Asteraceae, most
preferably lettuce.

The use according to any one of the preceding claims in a soilless culture system,
preferably a soilless culture system selected from the group consisting of hydroponics
and aguaponics.

The use according to any one of the preceding claims wherein Sphingobium
xenophagum is supplied to a plant or seed in need thereof in combination with at
least one further biological control agent.

A method for treating or preventing a plant disease, wherein said method comprises
supplying to a plant or a seed in need thereof an effective amount of Sphingobium
xenophagum, preferably Sphingobium xenophagum with accession number LMG No.
P-32737.
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The method according to claim 10, wherein Sphingobium xenophagum is supplied to
the plant or seed in need thereof by direct application onto the soil on which plants
are grown, watering, addition to a growth medium, direct application onto the soilless
substrate on which plants are grown, application to a seed, and/or foliar spraying.

The method according to claim 10 or claim 11, wherein the plant or seed is cultured in
a soilless culture system, preferably hydroponics or aquaponics.

A biological control composition comprising Sphingobium xenophagum, preferably
Sphingobium xenophagum with accession number LMG No. P-32737, wherein the
composition is selected from the group consisting of: a substrate composition, a

nutrient composition and a plant control composition.

The biological control composition according to claim 13, wherein the substrate
composition is a soilless substrate composition, preferably a soilless substrate
composition comprising rockwool, peat, perlite, cocos or a combination thereof.

The biological control compaosition according to claim 13, wherein the nutrient
composition is a hydroponic nutrient composition or an aquaponic nutrient

composition.
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Abstract

The present invention relates to methods for treating or preventing a plant disease,
biological control compositions and the use of bacteria as biological control agent. In particular,
the present invention relates to the use of bacteria of the species Sphingobium xenophagum
as a biological control agent, more specifically for treating or preventing a disease in a plant or
seed in need thereof.



