Office de la Propriete Canadian CA 2476531 A1 2006/02/04

Intellectuelle Intellectual Property
du Canada Office (21) 2 476 531
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2004/08/04 (51) CLInt./Int.Cl. AGTIN 65/02(2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2006/02/04 (71) Demandeur/Applicant:

HER MAJESTY THE QUEEN IN RIGHT OF CANADA,
AS REPRESENTED BY THE MINISTER OF
AGRICULTURE AND AGRI-FOOD CANADA, CA

(72) Inventeurs/Inventors:
HUANG, HUNG CHANG, CA;
BARDIN, SYLVIE D., CA;
ERICKSON, RUSSELL SCOTT, CA

(74) Agent: MCCARTHY TETRAULT LLP

(54) Titre : PROTECTION BIOLOGIQUE DES RECOLTES CONTRE LA POURRITURE PYTHIENNE
(54) Title: BIOLOGICAL CONTROL OF PYTHIUM DISEASE IN CROPS

(57) Abréegée/Abstract:

Strains of Rhizobium leguminosarum biovar viceae have antifungal activity against the pathogen Pythium ultimum. Compositions
and methods for treating or protecting plants susceptible to Pythium ultimum damage, and Pythium sp. "group G" damage In
particular, are provided. Such strains include, for example, the strains deposited in the International Depository Authority of Canada
under accession numbers IDAC 200/704-01, IDAC 200704-02, IDAC 200704-03, and IDAC 200704-04.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02476531 2004-08-04

Abstract

Strains of Rhizobz‘um leguminosarum biovar viceae have antifungal activity against the
pai:ho gen Pythium ultimum. Compositions and methéds for treating or protecting . pl ants
susceptible to Pythium ultimum damage, and Pythium Sp.. group G” damage n partlcular are
- prov 1ded Such strains include, for example the strams deposited in the Intematlonal
Depository Authonty of Canada under accesswn numbers IDAC 200 704-01, IDAC 200 704-
02, IDAC 200704-03 and IDAC 200704-04.
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. BIOLOGICAL CONTRoL OF PYTHIUM DISEASE IN CROPS

Fleld of the Invention
[001] The 1nvent10n relates to control of crop disease caused by the ﬁmgus Pythmm |

and compositions and methods therefore. In particular, the invention relates to the

~ preparation and application of biocontrol agents from novel strams of Rh zzobz um

legummosarum biovar viceae affective in controlhng Pythium dlsease

| Background of the Inventlon
[002] “Damping-off” is the sudden plant death in the seedhng stage due to the attack

of fungal pathogens such as Pythium spp. and Rhizoctonia solani. The pathogens are
soilborne and are stlmulated to grow and mfect the seed or seedhn g of host crops by nutnents
released from a germinating seed. Dammng;-.off dlsease of seedhngs occurs 1n most soils,
temperate and ttopical chimates, and m greenhouses. The disease affects seeds and seedlings
of various crops grown under greenhouse and/or field conditions. The amount of damage the. . '
disease causes to seedlings depends on the fungus, host tolerance/ susceptibility soil moi sture,
‘and temperature. Normally, however, cool Wet soils favor devetopment of the disease caused
by Pythium spp.. Roots may rot, or the hypocotyls ‘(lov'ver' stem) may either collapse or :
become wiry. Seedlings may die before or after they emerge -from the soil (pre-entergence
and post-—emergence dampmg-off respectlvely) Seedlings 1n seedbeds often are oompletely'
'destroyed by dampmg-off or they die after transplanting. Severe loses.of plants due to pre-

and post-emergence damping-off often results in poor stands of many crops.

[003] Pythium spp. are the causal \agents of seed, root, and crown rot diseases of
economically important crops wortdwide - Pj/thium Sp. “group G” a sterile fofm of Pythium
ultimum Trow, is a major plant pathogen of numerous CTops grown in southern Alberta,
including sugar beet (Beta vulgaris 1..) and ﬁeld pea (stum sativum L.). Indoor expemnents
using soil artificially inoculated with Pythmm sp. “group G”, showed that safflower
(Carthamus tinctorius L.), canola (Brasszca rapa L.), ﬁeld-p_ea and sugar beet are highly
susceptible to the pathogen (Huang et al 1992) Field SUTVEYS showed that Pythium spp were
the main cause of poor stands of sugar beet 1 1n southern Alberta (Bardm and Huang 2001).

. Pythzum ultimum Trow and Pythium zrregulare Buisman were the pnnmpal pathogens

causing seed rot and dampmg-off of field pea and reduced seedllng establlshment in the



CA 02476531 2004-08-04

PHIP/384819

| northern Canadlan prairies (Hwang and Chang 1989) Pythium diseases in field crops are
~ usually controlled by seed treatment with funglcldcs such as Thn'arnTM 75 WP and (or)

'Apronm |

[004] Increased health and envn'omnental concerns with the use of chemical

funglcldes have stimulated the search for alternatlve Ways to control the disease using

, 'antagomstlc mlcroorgamsms as b1olog1cal control agents Con81derable research has been

. conducted on biological control of Pythium spe01es usmg antagomstlc bacteria and fung!

(Marl:m and LOper 1999) Satlsfactory blocontrol of Pythmm damping-off has been achieved

usmg seed tre atment with rhizobacteria that are antagomstlc to the patho gen (Bardin et al
2003) '

| [005‘] Rhizobium spp. are soilborne bacteria that can establish a symbiotic

relationship with legumc plants The symblosls takes place in plant root nodules, in which

- the differentiated rhizobia known as bactermds convert atmosphenc nitrogen to a mtrogenous

compound that can be used by the plant Rhtzobzum specxes are ‘host spemﬁc For instance,

" Rhizobium leguminosarum bv. viceae Frank nodulates only plants from the genera Pisum,

Lens, Vicia, and Lathyrus. Inoculanon of legume seeds with Rhizobium pnor to planting 1s

commonly used to nnprove legume crop productlon by 1ncrea sing no dulatlon, thereby

reducmg the need for apphcatlon of mtrogen ferl:lhzer (Brockwell et al. 1995).

[006] Sevcral reports have mdlcatcd that hazobzum and Brad yrh zzobzum have
'potennal as biocontrol agents of plant pathogens R]:uzobla 1nh1b1ted mycehal growth of |
plant pathogens such as Aphanomyces eutewhes Phoma medicaginis (Dlleep Kumar et al.
2001), Macrophomma phaseolma, hazoctoma solam (Omar and Abd-Alla 1998),
Pkytophthora cactorum (Drapeau et al. 1973), Fusarium spp. (Drapeau et al. 1973; Omar
and Abd-Alla 1998; Dlleep Kumar et al 2001) and P. ultimum (Ozkoc and Deliveli 2001).
In addition to in vitro inhibition, some hazobzum strains reduced disease severity caused by
Pkytophthom clandestina (Slmpfendorfer et al. 1999), as well as Fusarium solani, M
pkaseolma and Rhizoctonia solam (Sldd1qu1 et al. 2000), n greenhouse expenments n
which soil was artificially infested W_lth the patho gen. In other studles, Rhizobium

inoculation effectively suppressed diseases caused by F. solani (Estevez de Jensen et al.
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2002), Fusarzum oxysporum, Rhizoctonia batatzcola and Pythzum Sp. (Nautlyal 1997) m soil
naturally infested with these pathogens '

[007 ] What s needed are blocontrol agents for Pythzum Spp.» partlcularly blocontrol

agents that wil! protect the crops from dlsease caused by Pythium ultzmum

Summar. of the Inventlon

[008] Accordm g to the present 1nvent10n strains of the mtrogen-ﬁxmg bacterla
Rhizobium leguminosarum blovar viceae are utlhzed to control Pythium 1nfect10n on crops
The invention relates in particular to mlcroblal pure cultures of four such strams 1dent1ﬁed '
herein as RS R12, R20 and R21, Wthh were dep031ted on July 20 2004 with the
Internat10na1 Deposrtory Authority of Canada (IDAC), 101 5 Arhngton Street Wmnrpeg, o
Manitoba, R3E 3R2, Canada, under the ausplces of the Budapest Treaty, under the following

IDAC Deposit Accession numbers:
RS: IDAC200704-04;  R20: IDAC 200704-02;
R12: IDAC200704-03;  R21: IDAC 200704-01.

[009] According to one embodiment the invention provides an antiﬁmgal
composmon compnsmg bacteria of at least one isolated Rhizobium Zegummosarum blova:r

viceae strain effective in 1nh1b1t1ng growth of Pythzum ultzmum

[010] According to another embodnnent, the invention is directed to a method for
treating or protecting a susceptible plant from Pythium ultimum. The plant or part thereof, or
s01l surroundmg the plant, is contacted with an effectrve amount of at least one hazobzum

leguminosarum biovar viceae straln Wthh has suppresswe act1v1ty against Pythzum ultzmum

[011] The bactenal strains may be selected on the basis of their ab111ty to 1nh1b1t the
colonization of Pythium ultimum on an agar plate. When a bacterial straln 1s said to “1nh1b1t
the colonization of Pythium ultzmum on an agar plate” means that no mycellal growth of the
fungus occurs on a streak of the bactenal straln laid down four centimeters distant froma
Pythium ultzmum-colomzed potato _dextrose agar plug on the plate, fol_l.owlng mcubatl-on of
the plate at room temperature for five | days., The assay technique 1s described in more detail

below.
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, [01 2] Accordlng to preferred embodrments of the 1nventlon the hazobzum
| legummosarum biovar viceae strain is effectwe n mlnbmng growth of Pythium sp. “‘group
G a sterlle form of Pythium ultzmum and the stralns are selected on the basis of their ability

o mh1b1t the colonization of Pythmm sp “group G” onan agar plate Plants susceptrble to
, Pythmm p. “group G” are treated or protected |

[013] As used 1 in the spe01ﬁcat10n and claims, the singular form a," "an" and "the" '
: mclude plural references unless the context clearly dlctates otherwme For example, the term

"y cell" 1ncludes a plurallty of cells mcludmg nnxtures thereof

[014] “Antlfungal" means the ablllty to 1nh1b1t the growth of or kill fungl It should
be noted that a brolo gical control agent can act in an antlfungal manner by not only exerting a
direct effect on a fungal pathogen, but also in an mdn'ect manner, such as by competmg with _

the pathogen for nutrient. Both such direct and lndrrect actions : are understood to be

o __antlfungal”. |

[01 5] As used herein, “biovar” or “blologlcal variant” (or the abbreV1at10n “bv.”)
means a strain of a bacterlum that i is dlﬂ'erent:lated by biochemical or other non-serolo glcal
means from another straln A “strain” is a subset of bactenal speoles differing from other :

bactena of the same species by some mmor but 1dent1ﬁ able drfference
[’01 6] As used herein, "biological-;control" is defined as control of a pathogen or
insect by the use of a second organism. ' '

[017] As used herein, the term "compnsmg" is mtended to mean that the

compo sm ons and methods mclude the reclted elements but not excluding others.

[018] The term "culturing” refers to thc propagatlon of organisms on or in medla of
various kinds.

[019] A "composition" is intended to mean a combination of active agentand
another compound or composition, i_nert (for exarnple, a detectable agent or label) or active,
such as an adjuvant. | |
[020] An veffective amount” is an amount snfﬁcient to ‘effect-beneﬁcial or desired

results. An effective amount can be applied in one or more applications. In terms of
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treatment and protection, an "effective amoun " is an amount sufficient to amellorate

stabilize, reverse, slow or delay pro gressmn of a fungal 1nfect1 on.
[021] An “isolate” is a pure cnlture derived from a he_terOgeneous, wild ~popnlation :
of microorganisms. o ' ' ' ' '
[022] The term "isolated" is used 1nterchangeab1y w1th "biologically pure" and

means separated from constltuents cellular and otherwise, in whlch the strain or metabohte s

normally ass_oc1ated with in nature.
[023] As used herein, “Pythium uln’mum ” is meant to include all forms o-f.th‘e..‘
species of this name, including bu—t not lilnited to Pythium sp. "‘gmu_p G”. '
[024] By° suppresswe act1v1ty of a biological controllagent against a fungal |

pathogen is meant the ability of the agent to ameliorate, stablhze, reverse, slow or delay _

progression of an mfectlon by the ﬁmgal pathogen

[025] "Whole broth culture” refers to a liquid culture containing both cells and

media.

DetalledDescrl_ tion of the Inventlon'
[026] We have found that Pythzum dlseases may be controlled by strams of the

mtrogen-ﬁxmg bacteria Rhizobium legummosarum bv viceae. In one study, ﬁfty-sut percent
of strains of R. leguminosarum bv. viceae obtained from field pea and lentil nodules were
found to improve emergence of sugar beet seedlmgs in soil artificially infested with the

pathogen Pythzum sp. “group G” in indoor eXperunents Strains tested as seed treatments in

'_ diseased fields effectively controlled dampmg-off of sugar beet and field pea caused by

Pythium spp. The effectiveness of the hazobzum strains 1s similar to that of Pseudomonas
fluorescens Migula LRC 708, a biological control agent agamst Pythmm dampmg-off of
sugar beet, field pea, canola, and saﬁ]ower (Bardln et al. 2003) The blologlcal control
actmty of the Rhizobium strains is not host dependent as they are effective agents for both

legume (pea) and nonlegume (sugar beet) plants

[027] According to the present 1nvent1-on-, R. leguminosarum bv. viceae strains are
utilized to control or alleviate Pythz’u‘m infeCtiOn..on. CTops. Rhizbbz‘um le‘gumz'nosc_zmm bv.

viceae strains are useful for promOting.plant health by protecting inoculated seeds from attack |

AN M 2T A TR UMY rre- wrvirrurer—rrrr i renvas AL LR | 2P ne .
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by Pythmm ultzmum, and Pythium sp. “group G” in partlcular thereby reducmg incidence of

: .dampmg-off drseases

[028] The bacterra hazobmm legumznosamm bv viceae compnsmg the actlve agent
. '.of the mventlon may be isolated from. root nodulcs ¢S host ! legumes such as pea and lental.

' The bactena are collected from root nodules Wthh are removed from the plants and crushed.
R The nodule contents are plated on an appropnate medrum to support the growth of the
' bactena The bacteria are cultured under condrtrons favormg the growth thereof. Conditions
for cultutmg hazobzum legummosarum strams are known to those skllled in the art, and are

. xemplrﬁed in the Examples whlch follow Colomes are isolated from the culture

[029] The antagomstlc act1v1ty of 1solates agamst Pythzum ultimum may be

' determmed using the dual-culture technlque Each bacterral strain is streaked on a medium

~ which will support the growth of Pythzum ultzmum e.g., Tryptone Yeast Extract agar near the

 edge ofa Petri dish (9 cm drameter) After mcub ation for one day at room temperature, a

- mycelral plug (0.6 mm dlameter) of Pythmm ultzmum from a 48-hour culture grown on potato |

dextrose agar 1s placed in the center of each drsh contamlng the bactenal streaks. The plates

' are mcubated for five days at room temperature (20 + 2 °C) and the mhlbrtory effect of each

~ bacterial strain is determined by rneasurmg the inhibition zone of mycelral growth. The '
'ﬁmhlbltory effect is scored as positive where the Pythzum growth stops on or before the

bacterlal streak line.

[030] The bacteria may be‘ utili'-zed* in the form of -culturcs of bacteria, such as a
suspensron in a whole broth culture, to prepare appropnate composrtrons for ground

treatment, plant tre atment, soil and/ or growmg medra treatment or seed treatment.

[03 1] The composrtrons contammg the bactena as the sole active mgredrent Or as a
combination with one or more other actrve mgredl ents are prepared in known manner, such
as by using standard fermentation methods processes. and equipment, followed by
homogeneously mixing and/or gnndmg the actrve 1ngred1ents with extenders, growth media
-ingredients (for example such as nutrients, stabrlrzers buffermg systems plant growth
honnones and pH adjustment mgredrents) and liquid or dry orgamc or morgamc carriers.
Suitable carriers include stenhzed and samtrzed liquid camers; pre-stenhzed (1rrad1ated or

stcam sterilized) and non-stenhzed peat powders; granulated, spheromzed or pelletrzedpeat,
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clay; and other extenders, filler pi gments or minerals. Other carriers for gr_anul.ar- fonnation .
includetalc gypsum, kaolin, attapulgite mo'ntmorillonite "bentonite' wood ﬂour ground corn a
cob grts, starch, cellulose, and bran. The formulatlons can also contain additives such as K '
adhesives, stickers, binders, polymers and other ad} uvants apphc able to a gri cultural or -
horticultural applications. Stickers or bmders may compnse for example, ethylene glyc ol
mineral oil, polypropylene glyc ol polyvmyl acetate, ligno sulfonate polyvmyl alcohol
polyvmylpyn'oh done, graphite, gum Arablc methyl cellulose, and SUCTose.

[032] The composmons of this 1nventlon can be formulated In powder or granular
form by mixing together all the components 1nclud1ng any carrier and/ or other addltwe (s)
which may be utilized until a homo gencous mixture is formed A stlckcr, if employed may
then be added and the entire mass mlxed agaln until 1t has become essentially umfonn m |
composition. The composition may or may not be formulated i 1-n a pre-stenhzed camer

system.

[033] The optimum concentration of Rhizobium leguminosamm bv. 'vz"c‘eae ,
employed in the compositions of the 1nventlon for a partlcul ar apphcatlon can be readlly
determined by those skilled 1n the art. In general the concentranon of bactena can range

from about 0.001 to about 1%, preferab ly from about 0. 01 to about 0.5%, more preferably
- from about 0.05 to about 0.1%, by welght. | '

[034] In the case of a liquid forinulaﬁtion,- an aqueous liquidnutrient medium may be .

utihized, optionally comprising adjuvants such as stickers;,. stabilizers and colorants; |

[035] The composition of the mventlon may contam as addztlonal act1ve agents
cells, spores or propagules of other blologlcal control agents one or more chemical
fungmdes, or one or more other pesticidal matenals such as insecticides. The chemlcal
fungicide may be selected on the ba31s of its act1v1ty agamst Pythmm spp Or may be selected
on the basis of activity against other fungal pathogens

[036] The method of the 1nvent1on comprises applying to plants an antiﬁingal
effective amount of a composition containing Rhizcbz'um Zeguminosarum bv. viceae. The
composition is most advantageously apphed to roots or seeds. The compos1t10n may also be
utilized as ground treatments 1n fields or greenhouses They may be applied to soil

surrounding plants, or applied to soil mto Wthh seeds or seedlings are planted.
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[037 ] The composmons are apphed by methods whrch mclude for exanmle seed

tre atments spray apphcatlons m-ﬁmow apphcattons sorl and growmg media inocul ation,

apphcatlon through 1mgat10n system, and the like. The composmons can be apphed as stand
' .alone or wrth the standard chemlcal treatm.e,nts tocontrolethzum, *

[038] When employed as a seed drcssmg, the amount of composition 1s applied such '

that the seed is coated with a concenu'atlon of bactena adequate to provide protection against

Pyrhmm spp. The actual amount to utilize depends on the nature and size of the seed, the
-‘ amount of the protectlon desired, the loca] soxl condltlons and- other factors which may be

-taken into account in selecting the apprOpnate dosage of bactena Approprlate application

rates of bacterla in terms of colony formmg units (cfu) per seed are as follows: large seeded

_crops - from about 10° to about 10° for legumes and from about 10° to about 10" for non-

legumes medium srze-seeded crops - from about 10° to about 107 for legumes, and from

“about 10° to about 10° for non-legumes small seeded crops - - from about 10? to about 10° for

| 'legumes and from about 10* to about 105 for non-legumes Greater concentrations of

bacterla may be apphed

~[039]- Seeds may be bacterized according to the present invention by steeping the
seeds in a suspensxon of bacteria for an appropnate time, e.g. one hour. According to one
such techmque bacterial slurries are prepared by addmg 3 ml of 1% methyl cellulose to

tryptone yeast medium plates on Wthh the culture 15 grown and gently scraping the culture

| off the plate For seed treat:ment seeds are soaked for e.g., 20 mmutes in the bacterial slurry

The bacterial concentration in the slurry may be detennlned by platmg serial dllutlons on
tryptone yeast medium (Bermger, 1974)

[040] According to one embodlment an moculant composition may be prepared for

application to seeds, using ground peat Methods for the preparat:lon of moculant

composmons of Rhizobium sp. for moculatron of crops €.g., legumes to mncrease mtro gen

fixation are known. See, e.g., U. S. Pat. 5,484,464, the entlre drsclosure of which is

incorporated herem by reference. One such moculant composmon is prepared from sterilized

powdered peat w1th a moisture content of 6-20%, with or wrthout a sticker. Using aseptic
techniques, a suspensron of Rhizobium legumznosarum bv. viceae 1s added to the peat at a

rate of from about 10° to about 10° colony formmg umts of bactena per gram of peat.
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[041] The composition may be utlhzed to protect any crop which is susceptlble to
infection and damage by Pythmm ultzmum and Pyth:um sp. “group G” 1 in partlcular Such

Ccrop specres include, for example, sugar beet (Beta vulgarzs L. ), ﬁeld pea (stum satzvum L. ), -

lentil (Lens spp.), safflower (Carthamus tznctorzus L.), canola (Brasszca rapa L and Brasszca - |
napus L.), chickpea (Cicer Spp )s sunﬂower (Helzanthus Spp. ) alfalfa (Medicago spp ),
‘soybean (Glycme spp.), and field bean (V"cza faba)

: Exa-mp.les-

[042] In the following Examples the viable counts of bactenal agents in slurrtes and
on seeds were expressed as mean cfu + SE Shoot dry mass and emergence data of both
mdoor and field expenments were: analyzed statlsttcally using the Statistic Analy51s Soﬁware
package Version 6.0.9 (Examples 1-6) or Versmn 8 2 (Example 7) (SAS lnst1tute Inc., Cary,
N.C.). Analysrs of variance was done usmg the general linear model procedure Differences

between treatments were analyzed using Flsher s least srgmﬁcant dlfference (LSD) test All

analyses were performed at the P = 0.05 level

Example 1
Isolation of Rhtzobmm Strams

- [043] Strains of R. legummosarum bv viceae were 1solated from root nodules of
ﬁeld pea and lentil grown in southemn Alberta Canada, as follows. Roots from two plants per !
crop were washed in water to remove soil partlcles The nodules were exclsed surface
sterilized in 2% sodium hypochlomte forl min, washed elght times in sterile dlStllled water,
and crushed with a sterile spatula in 200 pL stetile water. The nodule contents were plated

on tryptone — yeast extract medrurn (TY; Bermger 1974) contammg 1.5% agar (Difco, -
' Detroit, MlCh ). Following 1ncubat10n for 3—4 days at room temperature (202 °C) a
colony frorn each plate was purlhed by three successive single colony 1solat1ons Etghteen
strains of R. legwmno.sarum bv. viceae were isolated in thls manner Ten strams were
isolated from field pea root nodules and elght from lentil root nodules Of these strains, 8.
showed no potential for control of .Pythmm damping-off of sugar beet i in preliminary indoor
experiments and were not tested further. The identities of the 10 remaining strains, 8 from
pea and 2 from lentil (Table 1), were c.onﬁrmcd'~ by performing plant n_odulation _eXperiments

(see below) and by streaking the bacteria on Luri-a-fBertani (L\B.,.\é Miller 1972) agar. The
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strams did not grow on LB, which i is conswtent w1th the fact that R. legum inosarum is

- sensrtlve to the h1 gh salt concentranon contalned in thrs medta

Example 2 .
Plant Nodulation by hazobmm Strams

[044] The ablhty of the ten Pythzum-antagonmng hazobzum 1solates to form

o ';mtrogen-ﬁxmg nodules on pea and lentll plants was determmed in a nitro gen-ﬁ'ee medium.

- Seeds were surface stenhzed for 5 min in 50% aqueous sodrum hypochlorlte washed 8-10

~ times with stenle distilled water, and genmnated for 2 days in the dark on water agar (1.5%)

'm Petr1 dlshes Six seeds were planted in eaeh sterile Leonard ]ar assembly (Leonard 1943),

o contalmng a mixture of quartz sand and venmcullte (l 1; v/v) saturated W1th n1tro gen-free

] ensen s nutrient solution (Vmcent 1970) Two days after plantmg the seeds each jar was

moculated with 10 mL of an aqueous bactenal suspensmn (10’-10° ctu/10 mL) of Rhizobium

L ‘or with 10 mL water for the umnoculated control Each treatment was performed in

duphcate The experiment. was repeated once The plants were kept in a growth cabinet in a

B 16 h lrght (20 °C) S8hdark (15 °C) cyele They were watered w1th sterile distilled water as

o requrred Lentll and pea plants were collected 26 and 27 days aﬁer moculatlon respectlvely

The shoots of the plants were excxsed drled m a 60°C oven for 5 days, and weighed to

' determme nodulatlon efficacy.

[045] Plants moculated w1th each of the ten Pyth ium -antagomzm g Rhizobium strains
were green and healthy cornpared w1th the brown and stunted plants of the umnoculated
. control. There were pinkish nodules formed on the roots of plants moculated with the strains,
while no nodules developed on the roots of unmoculated plants In addition, the dry shoot
| - masses of the inoculated plants were srgmﬁcantly (P< 0. 05) greater than those of
‘uninoculated plants (Table 1). Strain R1 2 was effectlve in estabhshmg a beneficial symblotlc |
interaction with both lentil and pea -plants (Table 1).

-10-
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Table 1: Source of Rhizobium Iegammosamm bv. viceae strams and their nodulatlon efﬁcacy on
field pea and lentil. ' |

Rhizobium R | - Shoot dry mass
leguminosarum (% control )
bv. viceae* Plant sourcet ~ Pea Lentil
R3 | Pisum sativum . 245a} nd

R4 ' Pisum sativum ~ 243a§ nd

RS Pisum sativum - 295a} nd
R7 - Pisumsativum  288ai nd

R8 Pisum sativum - 263af nd

RO Pisum sativum ~ 294at nd
R12 Lens culinaris ~ 273a} 306af
R19 Lens culinaris . nd ~ 327af
R20 Pisum sativum  2352§ nd
R21 Pisum sativum '224a§ nd

Uninoculated control | I 100b  100b

Note: Nodulation efficacy is expressed as percent increase in shoot dry mass of a pea or lentll plant inoculated
with a R. leguminosarum bv. viceae strain compared with the uninoculated control (100%). The values - ]
represent the means of 12 plants (two pots of 6 plants each) from two independent experiments. Means within
the same column followed by the same letter are not: 51gn1ﬁcantly dlfferent at P =0.05 level (Flsher S LSD test). |
nd, not determined.

*Strains of R. leguminosarum bv. viceae isolated from the root nodules of pea or lentll plants col lected m
southern Alberta. | -

+Plant nodules where the bacteria were isolated.

1Dry shoot mass of the uninoculated control was 202.3 mg/plant

§Dry shoot mass of the uninoculated control was 271.0 mg/plant.

¥Dry shoot mass of the uninoculated control was 83 0 mg/plant |

Example 3 -
Control of Pythium Damping-off of Sugar Beet by hazobmm Strams
(dual culture expenments) '

[046] The antagomstlc actmty of the ten remammg R. legummosamm bv. viceae
strains against Pythium sp. “group G” strain -LRC 2 105 -(Huang et al. 1992) was determmed .
by streaking a Rhizobium stram 4 cm away from a potato dextrose agar (PDA) plug colonized
by Pythium on TY agar plates (dual culture techm que). After mcubatlon at room temperature
for 5 days, the inhibitory activity of the Rh zzobzum stram was determmed by measuring the '
zone of mycelial growth mhlbltlon around the bacterlal streak. Three ratings were used: —, no
‘inhibition zone and growth of Pythzum over the bactenal streak; + no mh1b1t10n zone but no

erowth of Pythium on the bacteria streak; and ++, 1-5 mm mhlbmon zone. There Wer_e three
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N repllcates for each treatment and the expenment was repeated once. Straln R5 was rated as
-+ It was the only stram showmg antagomstlc effects to Pythmm sp. “group G”, wrth

i -formatlon of a small zone of inhibition 2 mm in srze The other 9 strains did not exhlbrt

“ zones of inhibition but were able to prevent colomzataon of the bactenal streak by the

: :patho gen and were therefore rated as + (shght lnhrbltlon)

- Example 4
~Test for Protease Productlon by Rhtzobmm Strams

[04 7] Protease productlon was determmed by mcubatmg colonies of R.
: | Iegummosarum bv. viceae on skim mllk agar plates (Dunne et al. 1997) for 5 days at room
' temperature (20 + 2 °C) Protease actlvrty was compared with the protease posrtrve strain,
| :-_Pseudomonas ﬂuorescens Mlgula LRC 708 wlnch degrades casern and causes clearing of the g
-, sklm mllk agar plate (Bardln et al. 2003) There were three rephcates for each treatment and
'\ the experlment was repeated once. Unhke stram P ﬂuorescens 708, none of the Rhizobium
- strains tested showed protease activity, as they falled to produce clearmg zones around the
. co]omes when plated on the skim milk agar plates Thus, productron of extracellular

proteases is not the mechamsm of actlon of the Rh zzobmm strams

- Example S
~ Seed Treatment by hazobmm Strams (mdoor experlments)

[048] The strams of R. legummosarum bv. viceae were further tested as seed
treatments for control of Pythium dampmg-off of sugar beet in nonsterlle soil. Bactenal
cultures were grown on TY agar 1 Petni di shes (5.5 crn in drameter) for 48 hours at room
temperature The bacterial culture was resuspended in3 mL of 1% methyl cellulose (MC)
(Aldrich Chemical, Milwaukee, Wrs ) by scraplng the agar surface gently with a spatula.

. ThlS resulted in bacterial slurries with a concentratlon averagmg 3.9 x10°+£0.5 x 109 (mean
+ SE) cfu/mL ‘Sugar beet (Beta vulgarzs HM Bergen ) (Novartis Seeds — Hilleshog,
Longmont, Colo.) seeds were soaked for 20 mmutes in the MC—bacterlal slurry and were
seeded directly into soil artificially infested w1th Pythzum Sp. “group G” strain LRC 2105.
The soil consisted of 3 parts topscll (Bzdell 8011 Service, Lethbrrdge Alberta.), 1 part sand
(Tollestrup Constructlon Lethbrrdge Albcrta), and 1 part peat MOsS (Premier Hortrculture
Red Hill, PA.). The Pythium moculant was prepared in pans contammg a sterile mixture of
150 g wheat bran (Elhson Milling, -Lethbndge,' Alberta), 150 g corn meal (McCormick,
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London, Ontario), and 300 mL drsttlled water T wenty plugs (8 mm in dlameter) of a 48-
hour-old PDA culture of Pythzum Sp. “group G” were placed In each pan. Aﬁer 1ncubat10n -
for 2 weeks at room temperature in the dark, the wheat bran corn meal mix Was completely
colonized by the pathogen. The Pythzum 1noculum was anr-drled at room temperature ford
days and ground using a Thomas-Wlley model 4 laboratory mill (Thomas Scientific,
Philadelphia, Pa.) equipped with a 1-mm mesh screen. The sorl art1ﬁ01ally infested wrth
Pythium sp. “group G” at a concentratlon of 2 g inoculum/kg soil, was used to fill root
trainers (Spencer-Lemalre Industries, Bdmonton Alta.), each containing 17 books of six cells

per book. One sugar beet seed was planted per root trainer cell at a depth of 1.5 cm.

Uninoculated seeds were also planted in non-mfested soil. The root trainers were soaked ina

water-tilled tray until the soil was saturated by caplllary action, and were then placed in
propagator trays (The Stewart Company, Croydon, Surrey, UK) to create a hrgh—mmsture
environment. The propagator trays were kept in a growth chamber in a 1 6 hour light (20 °C):
8 hour dark (15 °C) cycle. In each experimet_rt ._-there were three replicates 'per treatment and
18 seeds per replicate The treatments' were arranged in a completely randOniized design'
Seedling emergence was recorded 14 days after plantlng, and data from bacterlal seed
treatments were compared with the umnoculated control. Each set of experlments was
repeated twice. Non- germmated seeds were collected washed wzth sterile water, surface '
sterilized in 70% ethanol for 2 min, and plated on PDA in Petri dtshes The fungi tsolated
from the seeds were purified on PDA,. and the.._ genus of each fungus 1solated was deterrmned

‘based on morphological characteristics.

[049] Emergence of uncoated sugar beet seeds planted in the Pythzum-mfested sorl
used in the mdoor experiment was reduced by 37% (21% emergence) compared with seeds
- planted in non-mfested soil (5 8% emergcnce) Pythium was relsolated from 65% of the non-
germinated seeds tested. DeSprte the lack of clear antagomsm against Pythmm Sp. group G” :
in the in vitro assays, seed treatment W1th the hazobzum strains significantly (P< 0. 05) '
ncreased emergence of sugar beet in soil artlﬁc:}ally infested with Pythium sp. “group G '
compared with the untreated control (Table 2). The most effective strains for biological
control of damping-off of sugar beet were R3, R4, R5, R7, R12, R20, and R21 (Table 2).
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‘Table 2: Control of Pythmm damping-off of sugar beet (Beta vulgarzs) by seed treatment with
-~ R. Iegummosamm bv. viceae (mdoor experxments) g

‘ﬂ-"-—“—'t‘—.:_.

N hazobzum legumi inosarum

jbv viceae | |
Stram, | - o Emergence (%) o
R12 52a
- R20 I - 46ab
R21 o 44ab
Ra 43abc
-~ R3 | 42abc
- RT 42abc
RS ‘41abc
RO o 39bcd
R8 I 36bcd
RI19 - | 32cd

Untreated control 2le

Note Emergence of sugar beet s seedlmgs was detenmned 14 d aﬁer planttng Means are of three replicates from
three independent experiments. All experiments gave sxtmlar results Means followed by the same letter are not
- sngmﬁcantly different at = 0. 05 level (Flsher sLSD test) |

Example 6:
- Control of Pythium Dampmg—off of Sugar Beet and Field
Pea by Rhtzobmm Legummosarum bv. Viceae Strams (field experlments)

[050] The selected strains of R legummosamm bv. viceae (R12, R20, and R21)
effective against Pythzum dampmg-off of sugar beet in indoor experiments were tested for
control of damping-oif of sugar beet and ﬁeld pea in ﬁelds naturally infested with Pythium
spp. at the Lethbridge Research Centre, Alberta “The efﬁcacy of the Rhizobium strams was
compared with the biocontro! agent P. ﬂuorescens 708, Wthh was shown to improve
emergence of sugar beet, field pea, canola, and safflower in soil naturally infested with
Pythium spp. (Bardin et al. 2003). The seeds were coated with the bacterial shurry as
described previously using 2‘4 and 9.5 ‘-mL‘baoterial SIurry/lOO seeds of sugar beet and field
pea, respecnvely The seeds were drxed oV ermght at room temperature on a metallic mesh
which was placed on a paper towel to absorb the excess slurry The number of bacteria
coated onto the seeds Was similar for the four bacterial .stralns, ranging from 1.4 x 10°+ 0.2 x
10°t02.3 x 107 £ 0.2 x 107 cf/seed for-Suigaif, beets and 3.0 % 107 £0.3 x 107 to 1.2 x 10° &
0.4 x 10° cfu/seed for ﬁeldpeas., The coaied seeds were then stored at 4 °C until planting.

- Bacterial counts on the seeds were determined by vortexing five coated seeds in S mL of
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distilled sterile water for 30 seconds, and by platmg serial drlutrons on TY agar medrum in
Petri dishes for Rhizobium strains and on PDA in Petri dishes for P. ﬂuorescens Each
bacter1a1 count was performed in duphcate and bacterial determinations for each treatment
were performed twice. The hazobmm-treated and untreated seeds were rnachme seeded mto
0.9 m wide x 5.0 m long plots made of 4 rows of 100 seeds/row in a field naturally infested
with Pythium spp. The plots were tnmmed to 3.5m after all seedlings emerged. Treatments
were arranged in a randomrzed complete block desrgn, with six replicates per treatment The
field experiments were performed twice, once in May and again in August 2001 i in F arrﬁeld
Farm, Lethbridge, Alberta. Seedling emergence was recorded 4 weeks after planting and was
compared with the uninoculated and fungicide controls.-. The amount of Thirarn'.rM 'for the |

fungicide-treated seeds was 90 g/25 kg sugar' beet seeds and 30 g/25 kg fi eld'pea seeds.

[051] Treatment of pea seeds Wlth R. legummosamm bv. viceae stramn R12 or R20
caused a significant (P < 0.05) i Increase in seedhng emergence compared with the untreated
control in the two field experiments (Table 3). The efﬁcacy of the two Rhizobium strams was | \
‘'similar to that of seed treatments with the rhizobacterium P. ﬂzrorescens 708. Rhtzobzum .
leguminosarum bv. viceae R21 signiﬁcantly increased pea seedling emergence compared
with the untreated control in the second (August 2001) but not in the first (May 2001) field
experiment. The level of seedling emergence in the second field expenment was lower but o
not significantly (£ > 0. 05) dlﬁ’erent from that of R. Iegummosarum bv. viceae R20 and P.
ﬂuorescens 708. None of the bacterial treatments WEre as. effectrve as the fung_icide ‘

Thiram™ for control of dammng-off of ﬁeld peas.

[052] In the sugar beet eXpenments conducted in May and August of 2001, seed |
treatment with R. leguminosarum bv. vicede R1 2, R20, or R21 1ncreased seedlmg emergence
-compared with the untreated control (Table 3). This increase was significant (P < 0_.,05) inthe
 August experiment. In both the May and Augum field experiments, the percent emergence of | |
the ha’zobium—treated seeds was not signiﬁcantly different from that of seeds treated w_ithP_.
fluorescens 708. Rhizobium legunzz’nosamm bv. viceae R12 and R21 were as effective as the |
fungicide treatment for protection of sugar;':beet seedlings against Pythium darnping-off n the - .
August -field experiment, while P. fI uoresc,ens 708 was as effective as the fungicide treatment ?
in the May field experiment (Tabl*‘e 3) ' o '
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Table 3: Effect of bacterial seed treatment on field pea and sugar beet emergence in a field
naturally mfested wnth Pythzum Spp.

Emergence (%)

Pea = S Sugar beet

(Pisum sarzvum)  (Betavulgaris)

_ . | May - August o -'_May | - August

. Treatment-j | 2001 ~2000 2000 2001
- Untreated control | 41.4d 12.3d ~100c  6.5d |

 Fungicide (Thlra.mm)* * 714a - 48.3a 28.6a -~ 27.0a
~ R12 | | 543bc . 34.4b 18.6bc - 24.7abc

R20 | | 51.4c - 30.6bc - 14.3bc 21.9¢
‘R21 | - 37.1d 23.7c | 17.1bc 24.9ab
Pseudomonas fluorescens 708 60.0b .~ 29.6bc o 20.0ab . 23.5bc

* Note: Seedlmg emergence was determined 4 weeks after planting. Values are means of six replicates. Means
‘within each column followed by the same letter are not SIgmﬁcantly dtfferent at P =0. 05 level (Fisher’s LSD
test).

*The concentratnon of Thlramm was 90 g/25 kg sugar beet seeds and 30 g/25 kg field peas

o Example ‘7
Control of Pythium Damping-off of Pea and Lentil by
Rhizobium Strams (ﬁeld experlments)

[053] The strains of Rhizobium legummosamm bv. vzceae used for the study were
99Al R12, R20, and R21. Strain 99A1 was originated from the commer01al pea 1noculant
produc ed by Agnum, Inc. Calgary, Alberta Bactenal cultures were grown on tryptone-yeast |
agar (TYA) (Beringer, 1974) in Petn dlshes for 48 h at room temperature (20:l:2°C) The
resultmg colomes were suspended in 5 ml per dish of 1% methyl cellulose (Sigma-Aldrich,
Mleaukee, WI) i in sterile distilled water, and scraped gently with a sp atula to obtain bacterial '
slurries. Seeds of field pea cv. Trapper and lentil cv. Laird were soaked for 20 minutes in the
slurries, spread on a metallic mesh sheet w1th paper towel undemeath to absorb the excess
slurry, and alr-dned overnight under a ﬁlme hood Enumeration of bacteria coated onto seeds '
was done by placmg 5 seeds 1n a test tube W1th 5 ml of sterile distilled water, vortexing for 30

sec, and platmg serial dilutions on TYA, 0 1 ml per 9-cm dlSh After incubation at room

temperature for 3 days, bacterial colonies developed in each dish were counted. There were

two replicates for each treatment.
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[054] Field' experiments utere condut:ted at the Agricul-ture and Agﬁ-Food Canada
Research Centre near Lethbrrdge Alberta Canada ina ﬁeld naturally mfested with Pythzum )
spp (predommantly Pythium sp. group G’ ) For the pea expenment, seeds were planted |
using a plot seeder on 28 May 2004, m 4-row plots with a oW length ofSm,a row spacing -
of 22.5 cm, and a plant spacing of 5 cm (i.e.20 secds/m) Untreated seeds and funglclde- _
treated seeds (Thiram™ at the rate of 30 g/ 25 kg seed) (Gustafson; Calgary, Alberta, Canada) |
- were used as controls. Treatments wWere arranged na randomlzod block design with 6
replicates. For the lentil experiment, seeds were planted on the same date and using the same

parameters as for field pea.

[055] Seedling emergence for each plot was determmed The number of healthy
seedlmgs and the number of wilted seedlmgs were counted 3 in the mrddle 3 m of each row, '
and the percent loss due to pre-emergent and post-—emergent darnprng—off were calculated as
well as the final stand establishment. The causal a gent of scedhng death was deternnned by
collecting 10 non-emerged seedlings and all of the w11ted seedlmgs from each plot washmg
in running water, surface stenlrzmg in 70% ethanol for 90 sec, incubating on potato dextrose
agar (PDA) in Petr drshes at room ternperature for 7 days and exarnmmg the orgamsms '
derived from each sample. Results of relsolatlon of dlseased seedlmgs were used to calculate* .

the incidence of damping-off due to Pythmm spp for each plot.

[056] Seedling height for each plot was detenmned (6-node stage for peas S-node
stage for lentils). For each row, ten seedhngs were: randomly selected and the drstance frorn

the first node to the terrmnal branch of each seedling was measured.

[057] Differences between treatments for 1nc1dence of damping-off, seedllng
emergence and seedlmg height data were analyzed for statistical srgmﬁcance using analysrs
‘of variance (ANOVA) and means of treatments for each set of data were separated using
Duncan’s multiple range test at the P=0.05 Ievel All statlstlcal analyses were done using '

SAS Statistical Analysis Software, Versron 8 2 (SAS Instrtute Inc , Cary, North Carolma
2001). The results are set forth in Tables 4 -7 '

- -17-



CA 02476531 2004-08-04

PHIP/384819

" Table 4: Effect of seed treatment wnth hazobmm legummosarum blovar viceae strains
“on dampmg-oﬂ' of field pea 5

. . . . . Final
_' Treatrnent. . __Pre-emergent Post-emer ent _by Pythium __ Stand (%)’
Control 62.0 a’ 02[ ~ 554a° 37.8 a°
- 99A1 620a @ 03 . 548a 37.7 a
~ R12 552ab 01 ~  47.0ab 44.7 ab
-~ R20 - 58160 07 - 4340 4790
- R21 285¢ 0.8 - 2370 1707 c¢c
, FungiCide-(Thiram)' 203 ¢ 06 167 ¢ 79.1¢c

: Based on 60 seeds planted per 3-meter sectlon of row, 4 rows per plot.
% Means within each column followed by the same letter are not 51g1nﬁcant1y different (Duncan S

- multlple range test; P>0.05).

~ Table 5: Effect of seed treatment with hazobmm Iegummosarum blovar viceae strains
on scedlmg height of field pea ' |

Treatment - _Plant Hex‘
Control . 11.1a%
- R20 . 11.1a
99A1 | | 122 ab.
- R12 ' : - 12.8b
R21 ‘ 12.8b
Fungicide (Thlram) | 14.6

! Distance from the first node to the terminal branch measured at the 6-node stage (4 weeks after
?lantmg) Based on random selection of 10 seedlmgs per row, 4 rows per plot.

Means within each column followed by the same letter are not srgmﬁcantly different (Duncan S
" multiple range test; P>0.05).

Table 6: Effect of seed treatment wrth Rhlzobmm legummosarum blovar viceae strams -
on damping-off of lcntll '

off (%) Final
Treatment | Pre-emer ent Post-emer oent by F thmm _Stand %
00A1 ' 50.6 a° 23 - 38.1a% 471 a°
Control - 46.3 ab 27 35.3 ab 51.0ab
R21 | 441ab 15 - 31.5bc 544 bc
R20 ' , 431b 33 - 30.2 be 53.6 bc
R12 ' 39.9 be 22 - 27.8¢cd 57.9 cd
Fungicide (Thlram) 34,2 c 2.6 228d 63.2d |

! Based on 60 seeds planted per 3-meter section of row, 4 rows per plot.
2 Means within each column followed by the same letter are not significantly different (Duncan S
multlple range test; P>0 05)
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h Table 7 Effect of seed treatment WIth hazobmm Iegummosamm blovar viceae strains
: on seedhng height of lentil. -

| Treatment lant Height (cm
Control - C11.2a%
~ R20  112a
- 99A1 1122
RI2 o  113a
o .Fungrcrde (Thlram) 114a

! Distance from the first node to the terminal branch measured at the 5-node stage (4 weeks after
' plantmg) Based on random selection of 10 seedlmgs per row, 4 rows per plot.

- 2 Means within each column followed by the same letter are not significantly different (Duncan’s

. multlple range test P>0. 05)

[05-8] Enumeratlon of baoteria COated - onto seeds revealed sirnilar numbers of

' -bactena per seed for all four strains of R Zegummosarum bv. viceae, for both field pea and

~ lentil. The number of colony-formmg umts (cfu) per seed ranged from 2. 3 X 10° to 2. 9 X 10°
N ‘for pea, and from 22x 10° to 5. 1 X 10° for lentﬂ '

[059] Relsolatlon of diseased pea seedlrngs revealed that 84% of the seedhngs killed

' by pre- and post-emergent dampmg-off were rnfected w1th Pythzum spp., whereas the

remalnrng seedllngs Were colomzed by F usarzum spp Treatment of pea seeds with R20, R21

or Thrram’l‘M srgmﬁcantly (P<O0. 05) reduced pre-emergent darnpmg-off compared to the

_ ' _ untreated control (Table 4). The incidences of pre-emergent dampmg-off for the treatments of

R20, R21 and ’I"hlrarnTM were 51. 6%, 28 5% and 20. 3%, respectrvely, compared to 62.0% for
the untreated control. There was no srgmﬁoant dlfference n 1nc:1dence of pre-emergent
damplng-off between the treatments of R21 and Thiram™, Dampmg-off losses of pea due to
~ Pythium spp. alone followed a similar trend rangmg from 16.7% in the fungicide treatment
and 23. 7% in the treatment of R21, to 55. 4% in the untreated control (Table 4). The he1ght of
' pea plants arising from seed treated wrth R12 R21 or ThrramTM was srgmﬁoantly (P<O 05)

| greater than for plants arising frorn -untreated seed (Table 5). Seedlmg height for the

' treatments of Rl2 and R21 was 12.8 cm for;l)oth Rhizobium strains,' compared to 14.6 cm for

the treatment of Thiram™, and 11.1 cm for the- untreated o‘ontrolg.

[060] For the lentil expernnent results of platmg of drseased seedlings showed that
68% were 1nfected with Pythium Spp. 22% Were mfected with Botrytzs cinerea, and the

remainder was colonized by Fusarium spp. -Treatment of lentil seeds with R20, R12 or
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Thiram™ significantly (£<0.05) reduced incidence of pre-emergent damping-off compared

to the untreated control (Table 6). The diSease, incidences for the treatments of R20,R12 and s

Thiram™ were 43.1%, 39.9% and 34.2%, respectively, compared to 50.6% for the untreated
control. Incidence of damping-off of lentil due to Pythium Spp. alone followed the Same : .
trend, ranging from 22.8% 1 in the fung1c:1de treatment and 27. 8% in the treatment of R12,t0
38.1% in the untreated control (Table 6). No s1 gmﬁcant dtfferences n seedllng helght of
lentil were detected among the treatments (Table 7). '

[061] Among the four strams of R legummosarum bv viceae tested, stralns RZO and '

R21 from pea were most effective for control of dampmg-off of pea (Table 4) whereas the

strain R12 from lentil was most effect:lve for control of damplng-ot'f of lentil (Table 6) The
study on pea also su ggests that the strams may have a growth promoting effect on seedlmgs
as seen in the case of increased helght of pea seedhngs for the treatments of R12 and R21
(Table 5). '

[062] All references dlscussed herem are mcorporated by reference. One skllled n
the art will readily appreciate that the present invention is well adapted to carry out the
objects and obtain the ends and advantages,mentloned,. as well as those inherent therein. The
present invention may be embodied in othet' specific "forrns without departing from the spirit
or essential attributes thereot and, accordingly, referenee should be made to the appended

claims, rather than to the foregoing-speci-ﬁeation,. as indicating the scope of the finVention.
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© We claim: e . .

. . 1. A method for treatilrg or protectmg -a*fplalnt sus_eeptible to Pythium ultimum
| 'cemprising contaeting the plant or part thereOf s or the soil Surreﬁnding the plant, with an

| effectlve amount of at least one hazobmm Zegummosamm blovar viceae strain which has

suppres sive actrvrty agamst Pythzum uItzmum

2. The method according to clalm 1 wherem the at least one hazobmm

Iegum inosarum biovar viceae stram Wthh has suppresswe act1v1ty against Pythium sp

group G”
3 The -_method aceording_ te}-claim: 1 Wherein the plent is in the form of a seed.
4. The method aceording_- ..~t0' claim I_Wherein the-pldnt part contaeted.cemprises
root. - : - B -
5. - B The rnethod accordmg to claim 1 Wherem the plant 1s selected from the group

. conmstmg of sugar beet, field pea, lentll safﬂower, canola, chickpea, sunﬂower alfalfa,

‘soybean and field bean.

_ 6. ~ The method accordmg to clalm 1 wherem the plant 1s treated or protected from

seed rot or damping-off.

7. The compos1t10n ac cordmg to clalm 2 wherem the strain mh1b its the

colomzatron of Pythium sp. “group G” on an agar plate

8. The method according to clann 1 whereln the bacteria compnses the

bactenum deposited under Internatlonal Deposxtory Authorlty of Canada Accession number
IDAC 200704-01. '

9. The method acc ordmg to cl alm 1 wherein the bactena comprises the

bacterium deposited under Internatlonal Dep031tory Authonty of Canada Accession number
IDAC 200704-02. ' '
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10. The method accordmg to. clann 1 wherein the bacteria compnses the

bacterium deposited under Internatlonal Depos1tory Authonty of Canada Accession number |
IDAC 200704-03. ' '

11.  The method acc ordmg to cralm 1 wherem the bactena comprises the

bacterium deposited under International Deposnory Authonty of Canada Accessmn number
IDAC 200704-04. ' '

12.  The 1solated hazobzum legummoSarum blovar viceae strain deposued under
| International Depository Authonty of Canada Accessmn number IDAC 200704-01

13.  The isolated hazobzum legummosarum biovar v vzceae strain deposited under. |

International Deposrtory Authonty of Canada Accession number LDAC 2007 04-02.

14.  The isolated Rhizobium leguminosarum biovar uiceae strain deposited under

International Deposirory Authorityx‘of; Canada Accession number IDAC 200704-03.

15.  The isolated hazobzum legummosarum biovar viceae e strain depos1ted under -

International Depository Authorlty of Canada Accessxon number IDAC 200704 04.

16.  An antifungal composrtlon compnsmg bacteria of at least one 1solated
Rhizobium leguminosarum biovar viceae strain which has suppressive act1v1ty agalnst

Pythium ultimum.

17.  The composmon accordmg to clann 16 wheremn the at least one hazobmm

leguminosarum biovar viceae straln has suppresswe act1v1ty agalnst Pythmm Sp. group G”.

18.  The composmon accordmg to clalm 17 wherein the strain 1nh1b1ts the

colomzauon of Pythium sp. group G” on an agar plate

19. The composrtlon accordmg to clann 16 compnsmg one or more brologlcally

nert components.
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20. The composmon accordmg to claim 19 Whereln the one or more 1nert
B component 1s selected from the group conmstmg of carrier matenals stickers, bmders

adhe swes, exten ders, and mlxtures thereof

21, The composmen aceordmg to clalm 19 compnsmg cells or spores of other

. 'blologlcal control agents, one or more chemlcal funglmdes or one or more pesticides.

22. ' The composmon accordmg to clann 16 wherem the bacteria strain 1s the

-hazobzum legummosarum biovar viceae stram depos:ted under Internanonal Deposnory

- Authonty of Canada Accessmn number IDAC 200704-01

23. The composition accordmg to cla1m 16 wherein the bacteria strain is the

hazobzum legummosarum blovar vzceae stram depos1ted under Internanonal Depository

Authonty of Canada Accesswn number IDAC 200704«-02

24. " The composition accordlng to clalm 16 wherem the bacteria strain is the

. hazobzum legummosamm biovar vzceae straln deposned under International Depository
| Authonty of Canada Accession number IDAC 200704-03 |

25;  The composition accordlng to claim 16 wherem the bacteria stram 1s the
Rh zzobmm leguminosarum biovar viceae strain deposﬁed under International Depository
Authority of Canada Accession number IDAC. 200‘.7-0.4-04. '
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