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seedlings in steamsterilized or %@g“ﬁ bgﬁg#f However, such 15
treatments al s& renove benefici al ni soil, including
o Fungal phytopathogens age a cangs of severe economic losses in the agricoltueal
and horticalinral indnsivies, Mamy different types of fungal phytopathogens bave been
dosocibed: these pathogens osuse plant discases auch as dauping-off, white-vot, brown-rot and
toot-rot. maﬂmmwgmmmm-ﬂmm
10 crop yielda
nmwmmmmmmu
steam sterilized or chémically treated soils. However, such treatments alwo remove banaficial
mioroorganisms from the soll, incinding microorganisms that wonld normally compets with soil
Mhmmuawmumhmuwwwd
15 produce widespread disense.

' hWMWMMWth
unsuitsble for growing cortain crops. For example, soybesn production in Michigan end in
other soybem growing stutes s often, seversly imited by Phytophthora root 10t csnsed by the
fangus Phytophara megasperma (Filinow and Lockwood, 1985). Species of Pydhium fongl sre

20  widespread in soils in parts of Californis, Washington. State snd Idsho, Pythlum sltimies is the
most cotnmon pathogenic species encountesed and is associated with pre- and post-emergencs
damyping-off-of seedlings. This species is & swious jathogen of whest, peas and chickpeas and
other crop planis grown in theso soils and ia soils in other states and other countriss (Toapero-

. Casas et al., 1990; Stanghellinl and Hancock, 1970; Kraft and Buske, 1971; Weatediind et al.,

25  1938), The ume of chemical agents i control fungal phiytopathogens is often not practical dos
to high costs, Inck of efficacy and the emergance of resistant strxins of the fungi. Additomnily,
the use of chomical fungicides is not desirable from an environmentsl viewpoint. .

Itnuolﬁeotufmpmmhmﬁmbpmﬂeauohﬁdwmd
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3 SUMMARY OF THE INVENTION

mmmmmmwum&.md
actinoguycets baoteria that are shown to be effective in inhibiting the growth of fungal
phytopathogens. In particulsr, ons of the isolated actinomycete bacteria, herein named
Seraptomyces WYEC 108 (also referred to berein as WYEC 108), i shown to exbibit strong

35  antagonism towards & wide range of fongal plant patbogens, inclnding pathogens that csase the
mmm,m«mwmtmmmmmmrhs.m
aspect of fhe prescat invention is  biologically purs calturs of Straptantyces WYEC 108,




m _croorgani sns _that would normally conpete with soil fungi. In such cases,

i f a fungal pat hogerir Is accidental ly int roducetl- It may spread
araﬂ'hdﬁ ¢ wi despread di sease. In

agri m. ngs, soils infested with phytopathogenic fungi my 20

be u growi ng certain crops. For exanple, soybean production in
M chigan and in other soybean growing st#tes is often severely linited by
Phyt opht hora root rot caused by the fungus Phytophera negasperma (Filinow

and - Lockwood! 1985 [ fungi are. wi despr ad L.n soils
in parts of Callfohﬁﬁa g@%@?m |rrum '
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Kraft and Burke, m%'iﬁnﬁﬁ“ Pﬁgm agents
to 30 cont rol ungal hyt'opa og #s'% ten n(%gcﬁ caf'&gﬁm'@aﬁl gh

costs, lack of 3 flalivarymedium which pompated gesh mosssmpdatods of t he
fungi. Additi onalebmu-i wmmmmhm Shbid@ifmedtS i Qiliv@g Si 1 abl e
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contsining Streproneyces WYEC 108. Such pellets can be sdded directly to fho roots of growing
_mwmmuwmwmwwmmw
- The pressut invention also encompasses methods for reducing the susceptibility of
15 a plant to fungal infection. Inmembodmt.thnm&odconpmudd!mmg&rm
: WYEcms»themuohplm. hmﬂmeﬂoﬂimhhmﬁodwmmmm
seeds i a composition that contains Strapfomyces WYEC 108 and thereafter planting the
coated seeds in a suitable growth medium. In this method, a suitsble composition comprises
alginate gel containing Strepromyces WYEC 108.
20 BRIEF DESCRIPTION OF THE DRAWINGS
mlmmdmmwmmmmm
(top) and the susface of spores (bottom) of Strepromyces WYEC 108.
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DETAILED DESCRIPTION OF THE INVENTION )

The preseat invention describes he isolation of a number of actinomycete stuzins
from soils. A nomber of thess straing are shown to be effective in reducing the effects of
wmmphnﬁ.imludinglm&h&pumdpeppm In particular, the present

30 .invention sets forth the isolation of a strain herein referred to as Streptomyces WYEC 108,

© Stesin WYEC 108 is shown 10 exhibit strong sutagonism towards & wide ssuge of fungal
phytopathogens, inclnding pathogens that cause pre- and post-smergence damping off of
seadlings, root rot, brown rot and whits yot. As such, strain WYEC 108 is particularly suitable
s 2 biocontrol agent that can be used to protect plants againgt infection by these

35  phytopathogens. Thus, Streptonryces WYEC 108 is usoful in methods for reducing the
susceptibility of plants to fungal infection. As such, plants treated with Strepeomyces WYEC
108 will show reduced affects of fungal infection. Fungal {nfection of susceptible uatreated
plants affects certsin growth chamecteristics of such plunts. For instance, untreated plants




- 2- This Sheet Has Been ace&t I's an object of the present invention to provide
a hi ol o | nmeans of reducing fungal gathogen infection of
pl ant s. ,!ML" U" Tf SUMMARY OF THE | NVENTI ON

The fore as been achieved by the isolation of a nuriber 5 of
actinonycete bacteria that are shown to effective in inhibiting the

grow h of fungal phytopathogens. In particular, one of the isolated
actinonycete bacteri a herei n named St reptonyces WYEC 108 (aI so

referred to hereld' f WMWMIW |
ant agoni sm t owar ds_a. e unga pat ho i ng
pat hogens that catre Mﬂg% ﬁ%&ﬁ*ﬂ)wm &WW of f,
root rot, white mmmmmmwmummqusmm
invention is a Digglogeies fb flagd

The present i ventlon also se papth var| ous conpositions suitable for
treating plam sd8eoRyied ?me@m&m

_corrposi tions aremwmm krid teypogeid qguarwm
:apr‘f)ggllt Irrggt 1E)sucﬁl1 mﬂl%'{i'll}ons corrprl se ae%t'%w ca Iy In p cu Iﬁ;;egf
St rept omyces W(Em'- with Srapleppyces TEYEG, 198 mﬁm Wm
embodi nent's, t he wilfihbw Glovh SRithcthiaeidP Yupsiior to the untreated, unexposed plants,

10 -~ Strainy WYEC 108 colonizes plant 10013 in the presence of competition from
dhizospere microflora, Strain WYEC 108 is shown to ephance the growth of letince plmis
growing in steam sterilized soil and pepper plants growing in an agricaltural field.

Also encompassed by this invention are mweans of producing vegetative celis or
spores of strein WYEC 108 suitable for incorporation into & delivery medinm. The

15  composition comprising the vegetative calls and spores of WYEC 108 and the delivery modinm
is shown 10 bave a long shelf Hife and to be suitabls for delivedng strain WYEC 108 to plants.

Mategials and Methods
Bacterial Growth Media _

All bacterial growth media were preparad nsing distilled water and sterilized by

20  antoclaving prior 1o uss. All bacterial samples were handled using standard ‘aseptic lsboratory
techniques to maintain puvity.

YGM (yeast extract/ghucose/mineral  salts) medium comprised 0.6% (wifvol)
mmmmmMuMMMIOIW shmudplmphw
mineral salt solution (5.3 g of Na,HPO,,, l.”gofﬂ!zl’O4,O.ZsofMgSO¢7HzO 0.2g of

25  NaCl, owg&m,znzo,plmmmofmdmmwnmmmcamieb 1948) per Liter
of deionized H,0; pH 7.116 7.2). The solution of tesos eloments consisted of 0.64g of
CuSO SH,,0, 0,11 g of FeS0 4. 7H;0, 0.79 8 of MaCly. 43,0, 0.15 g of 2080 .. 7H,0 in 100 m}
of distilled water.

' WYE (watorfyenst extract/agar) medium, modified from Reddi and Rao (1971)
- 30~ contained yenst exteact (Oxoid, 0.25/1) #5 the sols carbon and mitrogen source, aud agas
(Oxoid, 18.0g/1). The madium was buffared to pi 7.2-7.4with K HPO 4 (0.5 g/1).

WYEC (water/yeast extrsct/cellulose/agar) was WYE agar to which a thin
overlay agar was added. The overiny agar conteined 0.25 g/l of cellulose (Solka Floo, Sigma
Chomical Co.) and 18,0g/1 agar in distilled water.

35 : CYD (cassmino acids/yesst extract/dextrose agas) medium contained casamino
acids (Difco: 0.5g/), yeast extract (Oxoid or Difeo: 0.8g/D), D-glucose (0.4 g/), KHPO,
(2.0 g/l; pH 7.2-7.4),and 18.0g/1 agar in distilled water. |



conprise al gi nate gel, peat nobss, sand or cornneal. In one enbodi nent, the

ps esents BanR agses a delivery medi um whi ¢h conpri ses peat noss,
200 s | together with Streptonmyces WEC 108. I n anot her
enbodi ery medi um conprises at |least 10[err] colony form ng
units per gram of delivery nmedium I n anot her
enbodi nent, the present invention enconpasses al gi nate gel pellets
contai ning Streptonyces W(EC 108 Such peI I ets can be added 25 directly
to the roots of grovmng mmwlsto
reduce damage to caused by ogeni c fun :
The present i nveﬁ?‘? @ﬁ%i MMM ﬁ%&%??ﬂm D-glucase
susceptibility of0.3g/l exdtagir (Odoidy 1R0g/H.n MiCinddier wis buffkred (ngmhl s

met hod conpri ses gngé ﬁmﬁ%ﬁﬁ “&%ﬁh& qﬁgg;
plant. In anaother_ 30 d| ment ’%e nmet corprises 1 rsi ng seeds in
a conposi ti or t h§folka Flock extrach (-0 /) Creptaned (Qxpidy bAPDe

E)Igent ing the caneQﬂﬁl@,ﬂO,.O?Sgﬂ). apr(ls.Ogn).mdoompm_ extragt (100 mlf) tqhng
100 ml of distilled water in the medinm. It was pouced directly aud ot used #s an ovedsy
agar.

' MSSC (mineral salts/starch/casein/agar; Turhan, 1981) contained 2 minessl saits

10  solution contisting of NaCl (2.0 g/), MgSO J7H,0 (0.05 ¢/, CaCO4 (0.02 /1), FeSO IR0
(0.01 g/1), and KNO, (2.0 g/1), plus orgmnic constituents including soluble starch (10.0g/) and
cassin (0.3 g/D), piox agac (18.0g/). The medinm was buffeced with K,EHPO 4 (2.0 g/l

Sporulation medium (ATCC Medinm #5) coutsined yeast extract (1.0 g/l), beaf
extract (1.0 gll), trypiose (2.0 571), FeSO,, (0.01 /D), glucass (10.0g/), and agar (15.0g/D-

1S The mediom was adjusted to pH 7.2 prior to autoclaving. (17th Edition ATCC Cataloges of
Bacteria and Bacteriophages).

CYG medium contsined Cassmino acids (acid hydrolysate) (5.0 g/l), yeast extract
(5.0 g/f) and glucose (10.0 g/ in distilled water, adjusted to pH 7.1-7.2.
Delivery medinm (comprising samd/commeal/water or peat moss/sand/commeal

20  in mtios as set forth below) was sterilized by steam sterilization prior to use, Sterilization was
typically performed byaumchvmganm,mhmbymmm
Harvesting of bacterial growth

Formyuﬂalmthofwmm,mm&lmyn flasks
contajning 500 ml YGM medivm (pH 7.1-7.2),were inoculated with 20 ml of stock culture

25  (prepared 8s described in Example IT) and incubated with shaking st 250 spm at 30°C for
three days. Mycelia wers then harvested by centrifugation at 5,000¢pm for 10 minutes.
Alternatively, mycelia were haxvestsd by permitting the culture to stand until mycelia and
spores settled to the bottom of the Eclenmoyer fiask. Superastant media was then decanted
off and the concenirated suspension of mycelia and spores was used direotly to inoculate

.30 ~ delivery medium, |

Calls and spores were also produced by growth on solid madium (for example
sporulation' agar), Myoelis and spores weee harvested from sporulstion agar by scoaping the
surface of the agar into distilled water. Thin suspension of spores and mycelia was then mixed
divectly into the delivery medinm.

3 For the production of spores of Straptomyces WYEC IOSWoBmEﬂmmeyer
flasks containing l.MleGMmedmmwmuchmoculeﬂhSOmlofﬁockwlmM
incubated with shaking at 250 rpm at 30°C for 12-18 days. SMMMW
ceatrifogation 2t 9,000rpm for 10 rainutes.



stab%e—gmuLLnaMm In this nmethod, a suitable conposition conprises h

a.l g cont al ni ng X rept onyces WYEC 108. ( BRI EF
FRAW NGS FIG 1 tonprises scanning
'eI ect graphs showi ng the 5 chains spirales (top) and the

surf bottom of Streptonyc s WYEC 108.
FIG 2 shows Chl ckpea plants grown in sofl infected with Pythium
species. Plants on the right germ nated from seeds treated with

Streptonyces W Plants shown on the |left germ nated from
untreated seeds. 1 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present invention deBuamjlimgms RaMXL e obtained from:the, el collpstion of the |
actinonycete st ridptuct mﬂm it Haficulfie Resdafch Ihtemaioaiy) t o be

effective inre f QHEP ncl udi ng
| ettuce, - ddg E%ea ang pe% °Ttn pa IC% I:"'rp}lrng'esg’?ﬁ'imﬁv i on
sets forth the iZhonenchane

Streptonyces W Egiddrtgnmyosmt 5&,?&&,,,; ?ﬁﬁw‘ ong
ant agoni smt oward e rapge of fun ph t opat hogens |nc ud| ng
pat hogens t hat ﬂ%@‘e‘"ﬂ?g“’%ﬂgbﬁ'ﬁ 8’5‘@ ﬁ'gﬂ

seedl i ngs, root mMoprMWWMMMMS S

particularly swmgl t"ﬁ@" gﬂﬁg{mﬁpg? §ﬁ§%g§m§§ ot ect
pl ants 20 agai nst ctlon sep yuPat gens rept omyces

WYEC 108 is10

culmneolhehonofbr.WuleyChm.Depum of Plant Soil Batomology Science,
University. of Idabo, Moscow, ID. Fusarium oxysporun: came from the cultore collection of Dr.
Arthur D, Partridgs, Department of Forest Resources, University of Idaho, Moscow, ID. All
cultures wers maintainad on potato dextrase sgar or com mes] agar and grown at 25°C.

IS  Theso sirains were identified as "pathogens” when obisined, but were not retested for their
Bioassay Soil

For use in bicassays, soil naturally infested with Pyhium ultimum was collected

ﬁmm«ﬂdminmmmmgimwm.'ldﬁn. '_rhiuuilmscollectedﬁumdn

20  top 15cm from fields that had been cropped with wheat and pea in the previous two seasons.
The soil population of Pythium species was determined as follows: A soll dilution of 1.0 wic-
dried soil in 50 ml sterilized distilled-water was thoroughly mixed with a Vortex fube mixer. A
0.1ml sample of the well mixed difution was placed as small dmplets cn 3-day-old 2% water
agar plates (Stanghellini end Hascock, 1970). Plates: were incubated 2 25°C and read

25 pumdmllymgalnwpowu(xm)mmmpemﬂm illumination to
determine the identity and numbers of Pythfum species present. Colonies on each plats were
cheoked after 12,48 and 72 hours of incubation, before the final population was estimated.
Identification was based vpon the morphological characteristios of fungal mycelinm of Pyrhium
species under microscope and the growth pattem on 2% (w/v) water agar plates. Fungal

30 ~ colonies of a pure culture growing on 2% (w/v) water agar served as a control for visual
ideatification purposcs (Stanghallini and Hanoock, 1970; Staxz et al., 1980,

Examination of this soil indicated that the population densitics of P. ultimsmn and

P. irregularewere 354 + 15 snd 194 + 11 cfu/g of air-dried scil at the tims of seeding (Spring,
1992), respectively. Population deasity of other Pythium species was 57 19 cfu/g of alr-deied

35  soll. P. ultimum and P. irregularewere the most prevalent species isolated from the collscied
soil. '



usefot—Tmmmethods for T1educi ng the susceptibility of plants to fungal

Lnf el lac§dJCh (pl ants treated with Streptgrryces WYEC 108 wil |

show'r fungal infection. Fungal infection of

'susce ﬁf [ d pI tants affects certain growt h characteristics

of su I nstance, untreated plants exposed to 25 f ungal

pat hogens may show significant reductiormd in plant height, plant bionass

and crop yield conpared to plants not exposed to the fungal pathogen. In

preferred enbodi nents of the present of antion plants treated with

Streptonyces WEC 108 and subsequently expose o the fungal pathogen will
piog ohA ind BRI s and crop yield

t han 30 untreated pl ants exp AnGgOnISH. 0N PR, I n nore
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fope el +!

exposed to t un at ho n W II shaw growt h %ﬂlhlﬁﬁ
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Isolation of Actinomycetes
Acﬂmmmmm“nm&msmmww
dilntion/spread-plste techmique. Dilutions (105 to 10™7) were plated onto various agar

10 jsolation media. The composition of these media is set forth n "Matesials and Methods®
above. Actinomycstn isolates were designated according to the isolation medium on which
they were isolated. For example, WYEC 108 was isolated on WYEC medium and YCED 9
was isolated on YCED medium. In general, such media are poor in organic carbon, which
effectively controls eubacteris] “and fangal growth and aids in isolating the slower growing

15  actinomyostes. Since WYE and YCED agars were pasticulardy effective isolation media, ticy
were used predowiosntly. Dilution plates were incubsted st 25°C for 4 to 10 duys to allow the
actinomycetes to sporulate, and then coloies were picked and stresked onto WYE or YCED
agar platey for purification. Pure colonies were transferred from these plates to YCED agar
slants or CYD agar slants, incubated at 25% or 37°C until sporulated, and stored at 5°C until

20  used. Stock coltures were transferred overy 3 to 4 wedks,

Soils

(@) Noo-rhizosphere-associated soils.
Smﬂu(lmmmadwﬂmm&omhw15hmcmofﬁanﬂ

proﬁleat4mmﬂmﬂmhdxhgdmincludmglmlmmguden(80dsnin

25 mmwum,mmhaMﬂddmsz)umwqu
Wm.nl.)mmmmwam;amnn(sonss)mm
WM@EWWMMWMM:MMS?)MMM
by sheep at Hastings Hill, South Downs, West Sussex. Thess soils were considered non-
mwmmmﬂmmmmm

30 _ (ii) Rhizosphers-sssociated soila.

' Rhizosphere-gssociated sndnnmhﬁom4plmwmpnwedwlll¥by
the method of Miller et al. (1990). Soil 3 (S3) was associated with the roots of a dandelion
plant (Taracum officinalé) in s rose garden at H.R.L in West Sussex, Bugland. Soil (S5) was
mwmmwunmmmmemmunamwum

3s H.R.1.’sfarm in Littlehampton, West Sussex. Soil 4 (§4) was also associsted with wheat roots,
but the soil was from a field on Biguor Hill along the South Downs Way, West Sussex. Soil 8
(M)wamdaﬂm&ﬁemﬁdlhmdplm&audwhhmfmmaﬁddadjmwtbs



preferred enbodi nent s, pIa ts treated with Streptonycgs WEC 108 and

expo Sheet Has B ungal pathogen will show growth, characteristics
superi|c Hlﬂ"‘ u eat ed, unexposed pl ants. Strain
WYEC | ant roots in the presence of conpetition 5 from

rhi zospere mcroflora. Strain WEC 108 i s?shown to enhance the growth

of lettuce plants growing in steamsterilized soil and pepper plants
growing in an agricultural field. Al so enconpassed
by this inventiorﬁmm%wwmmgbrm\nemm HilcSon Dawas; Weste s
of strain WYEC 10&mati t able for incorporation into a deli very 10 medi um

The conposition conpri si t he vegetative ce WEC

108 and the delivery mdr‘%ﬂﬁmm é‘dﬂ%@% ﬁ'f’?‘ﬁﬁ&‘t”&'be
sui tabl e f ovonshizorpbae-i (38 321 36ind STIGE Chizh@Bere-waociated) (83, $4, 85, and -88) solls. AN
Materi al s andsMet idfwe chamcterind %'gﬂw*rﬁn muuglu (huréa) |
bacterial growth nedi a vvereﬁprg:gg%g usin st %;’e\gter

sterilized by aut" s %Mr"! handl ed
usi ng st andmmhmmim ﬁpdammcuw.t wtwmrmmw

Lot von yeast oo o il ey, My Phesiio, il urp St 78 e "1‘90/“'“

(wt/vol) 20 gl mommmmmwmmmwmmm

Na[ err] HPO eng] , (hasd snd
Bl EU b aemod kel gl Gt oL
pH 7.1 these strains as actinomyostes was obtained by microscopy.
Determination of pH range for growth. _ )
~ Each actinomycets isolate was tested for its ability to grow st pH 5.5t0 8.0.

15  Cultores were spot-inoculated onto plates of CYD agar, buffered to pH 5.5,6.0,6.5,7.0,:nd
8.0with combinations of K,HPO , and KH,PO, buffers at 100 mM conceatration. The final
pH of cach mediom was adjusted to its final value just prior to autoclzving. Cultures were
checked fior growth after 5 to 7 days incubation &t 25 or 37°C. Plates wers evaiuated visually
for littls or no obeervable growth { +), some growth (+ or + +), or excellant growth (++ +).

20 | As shown in Tabls T, the rhizosphere-associated soils gave almost twice as many
isolates 2s the non-rhizosphere-associated sofls. Each isolate was tested for growth on CYD
agar media ranging from pH 5.5tn pi 8.0, All isolates grew from pH 10 6.5 0 8.0. Only 9
fuiled to grow at pH 6.0, whils 57 (21%) failed to grow at pH 5.5. Of thoso that grew =t pH

_ 5.5,growth vatied from poor to excelleat depeuding upon the isolste. The ability of the

25  isolates to sporulate sirongly on CYD agar was also determined by visnal snd microscopic
cbsexvation of colonies after S-10 days of incubation.




to 7.2).. The solution of trace elenments consisted of 0.64 g of

CuSCierr]SH[err of FeSCIerr]?H[err]() 0.79 g of '
MhC [err] 4H['ﬂfsrs]thH£§ f ZznSerr]7H err]Oin 100 mM of 25 distilled
wat er . (water/yeast extract/agar) medium nodified
from Reddi "J mtm) 1971) containegl yeast extract (Oxoid, 0.25 g/l)
as the sole c nitrogen source, and agar (Oxoid, 18.0 g/l).
The medi um was buffered to pH 7.2- 7.4 with K[err]HPqerr] (0.5
g/l). 30 ~ WYEC (water/yeast TARUEAct / cel | ul ose/ agar) was WE
agar to which a ~=—————t-tR—Oveitay=—agar~—neS—eattet—tRe—eyv-Ctitry—tgtrf—
contained 0.25 g/l of cellul ose  ( SSiltctiveispediom Si gra Chem cal Co.) and
18,0 g/l agar in d| st l] ed wate
-5 . YD, { k=¥l - 7 k)
nedi-.um cont ai ned Nm-rnmmmm (D| fcor 0.5 g/ I) yeast ext'nact
(Oxoi d. or leéto. 0? g‘_l), D 5 8 16 24
2 5.4 s 6 u
7 74 13 1 14
Rhizosphere-associated solls 140
10 3 70 17 y ] 39
4 76 32 3 65
5 6.5 11 26
8 7.3 8 2 10
Total isolates 114 108 217
15 T -
Eighty-two isolates ware choptn on the basis of their ability to grow well and
sportiate strongly on CYD agar,

To test the ahility of thess isolates to inhibit the growth of P. itlmus, an in vitro

20  plats assay was used. Each sctinomycets way streak-inocalated on com. meal agar (CMA)

plates, to one side of center. The culbire was incubated at 25.°C for about 8 days or until the

cultre had sporulated. A CMA agar block (0.5 cm?) containing actively growing P. itk

naycelinm was then asepticaily placed in fis ceater of the plate. Tncubation was continned for

96h. Aﬂarﬂmd%hﬂwphtewmmimdforinhiﬁﬁminﬂwzmwﬂlofnm.
23 Iphibition was indicated when P. ultimumn mycelixl growth in the direction of the actinomycete

colony was retarded or preventsd. Tha results of this test are shown in Tabls I

TABLE XI

30
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0
»
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+*



gl ucose—t6-4gt), Klerr]HPJerr] (2.0 g/l; pH 7.2-7.4), and 18.0 g/| agar

in disti £ water. 5 : YCED (casfam no aci ds/ yeast
extract/ = eplavedli fi ed from Reddi and Rao (1971) contai ned
yeast extq Eﬁﬁmﬁ 3 g/l), casam no acids (Difco, 0.3 g/l),

D- gl ucose 1) s agar (Oxoid, 1890 g/l). The medi um was

buffered with Klerr]HPQ err] (209/I) CYPC

(cel I ul ose/ yeast ext ract/pept one/ corrpost ext ract/agar) cont ai ned 10
cel lul ose (Sol ka~gTEaeT = P : N—

: A°) % acrvadt
all), pept one (O(Ol d, X p Q%ﬁﬂafe buffer B &l baski errj,
0.75 g/l), agar W\eEs% O/ 1), arg COMPOST—EXtTact 10—t +)—peptaci ng
100 m of distillwskaater in tHe medium Lt ' was poured di re.pt |y and
not used as an owwdmy agar. t + MSSC. ( janer al ++

sal ts/starch/ caseryesagar; Turhen, 1981) centained a 15+ mneral galts:
sol-ution con8istiwwgsef NaCl (260 g/1);” Mgy err]17H ens}O (0. 05 g4),

CaCJ err] : WEN?2 g/1), ReSJerr] 18Herr] O (0. Ol+g#l ), and NeB (2.0
g/l), plus organiW¥¥e®Bnstituentk i nél udi ng sol ubt4e starch @*0.0 g/l)
and casein (0.3 g/l), plus agar (18.0 g/I) The medi um was buf f er ed
with K[err]HPCIer‘H“-‘(Z 0gll).2 - Spor &l ati on nedtum (ATCC
Medi um #5) dBnt aiM®R2yeast ext¥act (1.0 20 g/l), beet extract (4.0 g/l),

tryptose (2.0 g/ W?@"Ol g/1), glucose (10.0 g/l1), and agar
(15.0 g/l). The f%m was adjhsted to pH*7.2 prifor to"'aut ocl avi ny. :
(17th Edition AT t al ogue. Bact.eri a §nd Bacteri ophages) "
CYG nedi um ggnt ai Casani no acids (aci d+hydrol ysat e)*(5 0gl/l),”
yeast extract (5. ) and gl jucose (10. 0,9/1) indistilled water
to pH 7.1- - WYE 20 "
: WYE B
WYE 27

adj ust ed

WYR
WYE 34
WYE 35
WYE 38

WYR 44
WYE 48
WYE 47
WYER 53

WYE 36
WYE d8
WYE &
WYR 3

 WYBT7
WYE 84
WYE 85
WYE 93

-~ WYEI120
WYE 121

4
+
-
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-io--n_»nuon’uuuahuauauuau-';u
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YCED 11

45 YCED 18
' YCED 16
YCOED 17

YCED 25
YCED 28

YCED 30
YCED 31
YCED 32
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25 Del i very nmedi um (conpri sing

sand/ Gor'ﬁmwm% noss/ sand/ cornneal in ratios as set
forth beI zed by steam sterlllzé‘f‘lon prior to use.
Sterlllza | l'y perforned by autoclaving 3 times, each
time by 90 m nut es Harvesting of bacterial grow'h
For nycelial growh of Streptonyces WEGgEL08, one liter Erl enneyer
flasks containing 500 M YGM nedium (pH 7.1-7.2), were inocul ated
- 6- with 20, M of stock culture (prepared as descrl bed in Exarrple
1) and incubat eCcypms = W LT Somb ! 10 oo g s =SS Ferre—or=tianae=e) S
Mycelia were then har vest ed bm - CceNtgh b Sy for, 10
m nutes. Alternalyamely, NycelT# Were nmarvgsred Dy - pernTttrrg-tie
culture to stand wmbis rrycel | a4 and sporesessettled to the bottomaof . -
YCED 54 4 + - -
YCED 58 4 + - v
5 YCED 62 K B - -
YCED 64 s . - -
YCED 7t s + - -
YCED 13 ] + - -
YCED 85 6 - - -
10 YCED 88 s + . -
YCED 93 7 + - -
. YCED 9% 7 + - -
YCED 98 ] + - -
YCED 105 7 + - .
15 .
WYEC 101 4 + - -
WYBC 104 8 + - -
WYEC 107 7 - * -
WYEC f11 8 + - -
20 WYEC 113 3 + + +
WYEC 118 3 + - _
WYEC 118 7 + . .
cyre2 8 * . .
25 Y 5 6 + - -

s hﬁluﬁmof?uﬁmdeﬁnaduhyphﬂmwﬁluabmﬁmndwﬂl
retarded slightly on area of plate to the sids whege the actinomycete had boen
grown.

30 +++ very strong inhibition with zone of inhibition = 2.0cm .

++ mnhihhonwlﬂ:moﬁnhium 2 1.0cm

+ growth definitely retarded, with obvious zane of inhibition near colony

+ minor inhibition of P. wirimum (hyphal growth less abundant nndgmw:hzmud

35- - oo inhibition

After 96 hr, five isolates (WYEC108, YCED9, YWED1, WYES0, and'chmoa) showed very
strong antagonism towards P, utimem , four (YCED1, YCED106, WYES?7, and WYESE)
showed strong antsgonism, and ten others showed weak antagonism, The remaining isolates
_ Wers either not antagonistic, or only very weakly 0. The cultures that clearly inhibited growth
40 of P. ultimum wese sbout equally divided between those isolated from rhizosphere-associated
soils and non-rhizosphere-assocated soils. |
Seventy of the izolates that grew at pH 5.5 were also tested for their in vitro
sutagonism agaiust the white-rot fongus Phanerochaete chrysosporium on commesl agar
(CMA). Thirteen of the isolates showed some degres of sntagonism of the white-rot fungus as
45  shown in Table II. The degres of antagonism varied from vexy strong (+ + ++) to relafively
weak (+) as defined by the size of the inhibition zone. Fiveof the cultures that showed
antagonism against P. chrysasportum (WYEC108, WYETS, 2YES0, YCEDS, and MSSC2) were
further testsd on CMA against an additional white-rot fungus (Coriolus versicolos) and two



5 t he Erihgrsqpeyﬁgsgeen 1 upernat ant nedia was then decanted off and the

concent rat e rrycel ia and spores was used directly to
i nocul ate wm rredl um Cell s and spores were

al so produc n solid medium(for exanpl e sporul ation
agar). Mycelia and spores were harvestedygtrom sporul ati on 10 agar by
scraping the surface of the agar into distilled water. This suspension of
spores and nycelia was then mxed directly into the delivery nmedium

For the producti mdbmmhﬁimmw% w&ﬁmﬁrmm

Erl enneyer f1l ask ;W ‘Wi th
50 m of stock cﬁ tur'e and | ncu%g vmt E H at 5@% rpm at: gszi err]C

for 12-18 15  (%kite- and bywaot figgh e hm
for 10 mnutes. twowhite-fotifkggl Pat hogens Pyt h| um ul tinum
PuMXL was obtsai ned fromthe culture coll m of t he Departnent of
M cr obi ol ogy "and_Crop Prot ectlon at Horti e Resear ch

| nt ernati onal , V\OT { Alile RO UTT sl wpls S.Y€5T  Ariagntn etietved®- ni t ed
20 Ki ngdom i te rot fungl(,,ﬁﬁaner och.ﬁa;.g chr ysospju,um agsd,,Oorl oI us
~versicol or; s AT T P e eIt e Bago,

and G oeophyl | um s rabeun& soi I born - fungal pat hogens Rhl zoctoni a

sol ani, Fusari umYXﬁﬁut ¥ nct um Geoffri chum caﬁ'd"'élum and¥&rticillium
dahliae cane fromthe culture collection of professor Don L.
Crawford, -Delart nWXE 2f Bact erfol ogy, Unfversity of*tdaho, 25%+* Moscow, |D.
Pht hi um i rr egul arWYE t opht hoka capsi ci + Phyt opht hdr a +i nnanbm ,
Phyt opht hor a par aWNEi%%, Scler®tinia cep'r!-vo,r_ um and+3el er ot i rit-ad
WYE 97 1 + ++ ++
15  YCED 9 2 + -t e+
YCED 29 3 + + +
YCED 41 4 + + +
YCED 48 4 + + +
YCED $5 7 + ++ +
20
CYPC 2 6 + ++ ++
CYPC 3 6 + i + +
” Mssc 2 2 + +4+ ++

‘Inhlhhmof?.cbmnﬂmdeﬁmduhmnlmwﬂ:lmnbmdm mdswwthuu:ded
slightly on ares of plate to the side where the sctinomycete had beea grown.
*+ + -+verystrong inhibition with zone of inhibition 22.0cm
++ strong inhibition with zons of inhibition »1.00m
30 + growth definitely retandad, whhobwmmoﬂnhihmmoohny
- mmmhihﬂonof? chrysasporium (hyphal growth less shxmdant and growth retarded
« no iphibition
brubibition of Corlolus versicolor, Postia placena and Gloeophyllum trabeum in eddition to P.

chrysasporium. _
35 ‘Inhibition of Postia placenta avd Gloeophyllum srabeum in addition to P. chrysosporivm.

Tbnbioeonholmyproeedxm oﬂ.yncboul (1991, lBD?-)wuuaedtonsuylz
40 of the isolstes for their affect on the germination and outgrowth of Jetmice (Laruca sativd)
sscds.

For control plants, 9-cm-diameter plastic pots wers filled with lattuce potting mix
and tamped down with a petri dish. Ten lettuce seeds were placed on top, lightly pressed into
the potting mix, and lightly coversd with loose mix. The pots wers then placed on trays in &

45  bed of water, and incubated in the dark at 20 to 22°C until germination was evident



scl erotl’ﬂrsLm@ﬁggqseI; the culture collection of Dr. Wesley Chun,

Depart men t {Soi | Entonol ogy Science, Ufiversity of | daho,
Moscow, I oxysporum came fromthe culture collection of
Dr. Art hur , Depart nent of Forest Resources, University' of
| daho, Moscow, I D AI I cuI tures werg. mai ntai ned on potato dextrose
agar. or corn meal agar and grown at 25C.

-7- These strains were identified as "pathogens"” when obtai ned, but

were not ret estedmmmﬂmmlmpﬂshmmﬁﬁund mawmn&)m
Eglrl gzse:jnf ?B%azzml'{ es %%use re |on near Wéhl S
soi | was colemlipobwere roynted pesiodically fos aprior18damws i el ds t hat - had been
cropped with wheat @W&mwwmmémmﬂm%
population of fyt h"“u%ﬂﬁﬁ'wni spores of 2 specific actinomyoets. = Potting mix was inoculated with
thmcmmckﬂm.hmwmplwdofm'bm’cﬁdg (dry weight) of potting
mix. Cfu/g of poiting mix was dstermined by vixbls counts on CYD agar plates at the time of
inoculation. Lettuce seeds werw then planted ax bove, covered with & smill amouat of
Wmmmmmmmm
10 Fupmmmlwﬁemmmymﬂﬁndamphroffﬁuw
: Mﬂmuhhm(mmmud l”l),mmmalnmomlmdvnﬂnb
fangal pathogen uea.ZOOlpomgWg (dry weight) of mix. 'l'bpmeednm of Lynch et al.
(1991, 1992) was used to produce the pathogen sporangia and inoculate the potting mix.
. Sporanglal counts were made with a hasmocytometer, and the pathogenicity of the P. sithmmon
15  strain was confirmed before use by passage through letince.
In all treatments, pots wexe prepared in replicatas of five. In the glasshouss, pots
were set in & random block acsangement surcounded by "guard plauis”; guard plants served 1o
provide uniformity of conditions and to act a8 a buffer. Eighteen days afier planting, the plants
were barvested, the emergence of the final stand was measured, snd wet and dry weights
20  (sboveground leaves and stem) wero detecmined. Plant wet and dry weights were recordad ax
Wn:gbiémperpot.mdasavmmbiomwm Values were reported as
averages of the five replicaten = standard devistion, Thus, each value was based upon 50
seeds planted pex treatment (five replicate pots planed with 10 seeds each). Percent seed



det er mmAR GhdSyL Bl

sterili '
m xer . ”MU
dr opl et

ws: ASoil dilution of 1.0 g air-dried soil in 50 m
lage d-\e/ater was thoroughly m xed with a Vortex tube )
f the well m xed dllutlon(vvas placed as snall

2% wat er agar plates (Stanghellini and Hancock,
1970). Plates were incubated at 25[err]C and read peri-odically using
a |l ow power (xlI O dissecting mcroscope weish fl uorescent I1lum nation

to determine the identity and nunbers of Pythium species present.
Col oni es on each plate were checked after 12, 48 and 72 hours of
incubation, 15 before the final popul at |M§V estl mat ed. | dent i f i cat i on

was based upon tt ”"'ciillwllﬁﬂi e nmogerm

of Pyt hi um speci eﬁwnder g m&},gscopem de lo

(wv) water -agar plates. Fungal - . col oni es of a

2% (W v) wat er 5agar served as a control TeH e SUﬂI FORC T T O )
pur poses (St anghwnﬂ‘ HanCoCK, ™ I970; el aSZ 8§ o 184 1906ds 2000/ o4
Exam nati on of tHesdsoi| indicated that the popul ation densities of P.
ultimumand P. i r¥®# are were 894 15 an!?-°194 &t cf oMy of 098 r - dodsed siose

at - t he él B seeding. (Egrl ng, 1999 %ect el y. %Hopul 8#Pon  o.me
density of otH@r YCER & pui piynd peC| es wad 57 fu/ §4f aPdL dri 8o IW
P. ultimmand P“ﬁ’r‘@gul are Were Phe pre%ﬂfent °-§pe0|'t'§"

i solated fromt hwoliect ed soi f 100 0.087 °-°"'
EXAVPLE | voaD 1 ;'_:: Isol at 1%n of ’ t| né cét &"St ram °-°'°
Exhi biting 1S wyEes ' L4 Ant agOfli sm TO ung

Phyt opat hogens 1 2.n,‘Actl nonyg¢et e sttai ns r I atgﬂ’f ror’r‘f“’“
four rhizosphere-ggspci at ed oss and fon non: izo ere ssoc ed ﬁ
sanpl es. These St‘{ﬁlsﬂs were thegofested 50

_ 7” ., 0 X -'IJD om : g_o”

P1* P. ultimum : 200 sporsngia g ! dry potting mix.

zvohuen-ﬂnavmmbwofhdﬂ:yﬂuhperpmmw:moﬂnplmmd

* Significantly different from the corresponding control valua at the P = 0.05 level.
25  Degrees of freedom w 100
Tn the abeence of pathogens (denoted as *-P1"in Table IV) there were 00 signifioant
differences between actinomycete-lnooulated and control pots (without actinamycets) in the
peroentape of sseds geminating and producing healthy plants. Seed genmination and cutgrowth
30 averaged 298% in all cases. However, the presence’ of the actinomycsts somstimes delayed
seed outgrowth by 110 3 days (datx not shown). Similarly, in.the absence of pathogens these
were generally 0o significant differences between actinomycete-inocnlated and control pots in’
plant shoot weight, messured either ag fresh or dry welght. The exception was for pots '
inoculated with WYEC 107, where the preseace of the actinomrycete significantly enhanced the
35  plant blomass yleld. ' .
In the prescace of pathogen (+P1), the murber of heaithy plauts per pot 20 deys
~  aftér planting averaged 3.6 of 10.0in the control pots, as comparsd to 9.8 of 10,0 for control
pots without pathogen. In the pressnoe of specific actinomycetes, however, some significant
improvements in the mumber of healthy plants were: seen in pathogen-inoculated pots. Seven
40  of the 12 actinomycetes (YCED 85, YCED 64, WYEC 107, YCED 106, YCED 71, WYE 88,
AND WYE 21) significantly improved the yield of healthy plsnts. Of thesa, YCED 85, YCED
- 64, and WYE 21 also significantly improved plant dry weight yiclds relafive to pathogen-only
controls. ' WYE 21 alto significantly improved fresh weight yields relative to pathogen-ouly
controls. One strain that did not significantly improve the yield of healthy plants (MSSC 1) did
45 lmprove both fresh and dry weight plant shoot yields (Table IV, columms S and 7). Thus,



for J lity as inhi b| tors of fungal phytopathogens. | sol ation
of Act i, no aSBeenR Actinonycete isolafes were isolated from

8 different H"Fm “dilution/spread-plate technique.
D|Iut|ons ( err]) were plated onto various

agar isolation media. The corig_om tion of these nedia is set
fort h in "Materials and Met hods" above. Actinomycete isolates were
designated according to the i sol ati on medi um on which they were

i sol at ed. For ex s mltfséve bt Wetowotiag piais plicdl 1ebeUbeod YR i ol YCED

9 was isolated on YCED nedium In 5 'general, such nedia are poor in
organi ¢ carbon, h effectively controls - eubacterial and fungal

growt h and ai ds in isolati ng the sl ower - gxmrmn ~actinonycetes. -Since
WYE and YCED agars were particul arjy.. X h@an .. nedia, they

were used predom nantly. D| | uti on Prar ee-slEHoN A Ao at 25[err] C for
train WYEC 108 the basis of

mMﬁanmﬁn
mmwwaumw.uwwnmsmu
Systematic Bacteriology (1986). WYEC 108 is a filamentous bacterium: that produces chains of
spores in an derial mycelinm. As desceibed above, Streptomyces WYEC 108 was isolated as
_ ous of u number of actinomycets sirsins isolated from soil taken from eight differcat sites in
10  Great Britain. Along with ofher actinomycetes, Strepfomyces WYEC 108 was isolsted by the
serial-dilution/spread-plate - technique from rhizospheve soil associsted with the roots of linseed
plants in a field on Hastings Fill, South Downs, West Sussex, England: Dilutions (10 o 10
of this soil were plated onto isolation agar medinm WYE. Dilution plates were incubated st
25°C for 4 to 10 days to allow actinomycete colonies to grow and sporulats. Then the coloaics
1S were picked and streaked onto WYEC agar plates for purification, Pure colonies of WYEC
' 108 were transferred from thess plates to CYD agar slants, incubated at 25°C until sporulated,
aod stored at 4°C untl vsed. Stock cultures were transferred evuyhod.wadu.

As deseribed above, ummmmmmd for their
20  sbility to grow well and sporulats strongly on CYD sgar. Subsequently, a number of isolates
were tested for ability to iubibit the in vivo growth of the phytopathogen Pythium ultimatuns .

) The isolates wers alyo tested for in vitro antegonism. against the white rot fungl Phanerochaets
chrysasporium and Corlols versicolorss well as-the brown rot fungi Postia placenta snd -
Gloeophyllum trabeum, As s result of these tests, one-of thess strains, herein reforred (o a3

25  Streptomyces WYEC 108 was seleciod based on its favorable characteristics.
Colonies of Streptomyces WYEC 108 grown on Casamino Acid/Yeast
Exiract/Dextrose (CYD) plates wers examined by scanning electron microscopy. The sample
preparation was as follows:
(1) colomies of Streptomyces WYEC IMMCYDphmmmmﬁlISSHMmof
-~ 30~ glutasaldehyde in 0.2 M sodium cacodylate buffer and fixed for at least two hours; (2) the
whnhmcmplmlywuhed(k)vﬁmo.zuwdlummodyhhmwupinﬁngm
previous liquid with a pipetts and replacing it with the buffer solution. Cars was takea to
insure that the samplo did not dry out; (3) the colonies were then removed by taking “plugs”of
sgar, contsining the colonies; (4) the “plugs”were placed into individual mesh containecs and
35  camied through dehydration in 100% ethanot (2x) (J.T. Baker Inc., Phillipsherg, NJ);
(5) the samples were then dried in a critical poiat drying “bomb" and mounted on individwal
specimen stubs vsing colloidal silver conducting paint. They wers then coated with 60\40 gold-
paliadinm and observed with 2 scanning electron microscope. FIG. 1 is soanning elestron



—_— _
4 to 10 da .to allow the actinomycetes to sporul ate, and then col onies
were 10, eenReakded ont o WE or YCED agar mat es for

purrfrcatro ’ I olonres were transferred fromthese plates to

YCED agar sI sl ants, incubated at 25[err]c or
37[err]C until sporul at and stored at _glerr]C until used. - St ock
cul tures vveretransferred every 3 to 4 S. Soils 15 (1)

Non-r hi zospher e- associ ated soil s. Sanmpl es (100 to 200 Q)

of soil were takwwm&w (top) and (6 wotfl3 oF Sotes RicBiey| &F 21 4
sites in the United Kin i nclud acultrvated rose . garden ( Soi |
SI) in Rusti ngtoW 108. iTha of 0rs 134 cbsecypd A9 bo refatively guigothy

S2) at the Horticulture MWWMMW 108wiie il detenminnd:.
Littl ehanpt on, 20 WASHC PNBOE ﬁﬁ%u §8h| g;' ok

Ciff hardwood forest reserve &%d and§a ras%ﬁ EE I‘|i| S?)
someti mes gra?ed %MM@%&M

These soi.ls were waRgde mmb&mmkv& uﬁtntdwua xsﬁd

ggln][ gr n pI ant roois I n v%d;&garm%gw i! E Rhi éﬁhemﬁgl at,e

were pr epar ed MM&GM&V} WMIW be rBON bSor I

3 (S3) was assocrgtﬁ%ﬂ,@ ﬂ,srp tﬁ,@‘@,%&ﬂ,&% E‘i,f AT acum
officinale) in aros garden at HR @ ussex, England. Soil
(S5) was assd@i at¥ePemprs Wi 108 r%ﬂl’m t&ken from t he sarre
field as S2, a wheat field at the H.Wrttleharrpton Vst

Sussex. Soil 4 (S4) was aﬂio as&ggi al ed Wlwwe.auo E ut t&&w
Treaty with the American Type Cultute Collection (ATCC), Rockville, MD on
Juns 29, 1593, MMMMWAMMND.M.

F«MMMWWYECIOSWMwCYD@w
sporulation agar slant st 25°C natil sporulated and stored at 4°C until used. For long-fexm -
starage of cultures, 10 ml spore suspensions were prepared by suspeading spores from & singlo
wdutorphtnmlmmmmﬁm nhwmdmwnmwb
20 WmdMMmldeGMWMMM
salts) mediwmn. The flasks wers then incubated with sheking at 250 rpm for 32-36 bours st
30°C to provide = standard inoculum. v

Stples from the YGM grown standard inoculum wers also used for meking
glycerol coljtures suitshls for long-term storage at -70°C and for lyophilization.

The ability of Strepromyces WYEC 108 to inhibit the growth of & mumber of
solected fungal phytopathogens was measured in terms of colony growth inhibition.

_ 30~  Streptomyces WYEC 108 was streak-inoculated to one side of tha center of com meal agar
(CMA) (Difco Lab., Detroit, Michigan) plates. Inoculsted plates were incubated at 25°C for
about 8-12 days uatit the cultures had sporolated. Sporulstion was detectable as a mass of grey
acrial mycelivm and spores by observation with the naked eye. Sporulation was cbaerved by
phase contrast microscopy {x 1,000). A S-umn-diametar CMA agar disc contsining actively

35  growing mycelium of a specific fungal phytopathogen was taken from the leading edge of a
fungal culture and aseptically placad in the center -of the agar plate. The plates wers incubated
a 25°C mntil the test fungus reached the edge of a control plate not containing Streprormyces
WYEC 108. Ishibition of fungal growth was quantified by datermining the ratio of radial



froma field on Bignor H Ll along the South Downs Wy, West Sussex. Soi I 8

(S8) wfi h'the roots of linseed pl ants( and was taken froma
field
sonet i " ’ ‘mw

adjacent to the S7 sanpling site, a grassland

eep at Hastings H |1, South Downs, Wst Sussex.
Acti nonycetes 1sola
i sol ated from non-rhi zosphere- (S1, S2, S6, and S7) or

d fromthe soils cqgld be divided into those
r hi zospher e-associ,ated (S3, 5 S4, S5, and S8) soi I S. Al soils were

characterized fmmeMw 108 sl \Bbwitkaloddt )
sanples (three rg t% ?cg? bﬂ% 58 Iﬁ and t he re |gh| ng
them Soil pH vvasm&f' ter ned horou ﬂ{&% 'T"'?"Qm‘%vaf

slurry, allow nde ﬁml.am liahmngastw wffivehe

super nat ant

Merr]c

ntil d 4tplm?1'8 h The, 10 r nf r d:E E
;ct: ndﬁiget faszstrgl ns bi%?ﬁ&%ﬁsﬁ%ﬁ% 3 CO  Tabla dats shows
that Streptomyces WYEC lOSuhNnmskmgmbgodeaﬂdompofMﬂ
MMMMM(WMM).MMMWUEM
Rhizoctonia solani, Fusarium solani, snd Phytoplthora cinnamomi), whbm(thmdim
chrysosporium and Coriolis versicolas), mm(mpmwwmm)
10 and leaf and stam rot (Sclerotinia sp.) fimgl.
. TARLEV

Percent inhibition t standard deviation'

Fungal Antagonism observed®
15 pathogens 48 hr . 96 hr
i .
Pythium irrequlare 200 + 0.0 100 £ 0.0
Pythium uitimum 100 £ 0.0 100 £ 0.0
20 Rbisoctonia solani | 100 0.0 84 * 0.0
Fusarium oxysporum S 26 * 2.5 26 £ 3.6
Fusarium sambucinctum 44. % 2.4 35 £ 2.4
. Pusarium solani 36 + 2.5 19 & 2.5
25
Phytophthora capsici 100 * 0.0 100 0.0
Phytophthora cinnamomi 100 + 0.0 100 * 0.0
Phytophthora parasitica . - 100 *+ 0.0 100 £ 0.0
30 Sclerotinia cepivorum 100 * 0.0 95 t 1.5
Sclerotinia sclerotiorum 100 * 0.0 100 £ 0.0
Phanerochaete chrysosporium 100 % 0.0 100 * 0.0
.5 Coriolus versicolor 100 % 0.0 100 £ 0.0
Postia placenta 100 & 0.0° 100 * o.04
Caldariomyces fumago 100 + 0.0° 100 + 0.0¢
Gloeophyllum trabeum 100 * 0.0° 100 * 0,0
40 Geotrichum candidum 47t 2.1 45 + 2.1
Verticillium dahliae - 73 ¢ 2.0° 59 + 2.0°

'Vﬂuuhudupmmnguofmdmdmmdﬁwupwm Indmdualvslunwm
bdmbymmymmsﬁemyedmmfmmuchpm

45 Ihibiton of fimgal pathogens defined as hyphal growth of pathogens vnder the influeoce of
Streptomyces WYEC 108 versus growth alone on the control CMA. plates.
°and‘%ﬁ'lhibmonu96hrmd192hrmcnbnnon respectively.



showed t halhis Steet¢iab Beh Repidcef Med by these strains were typical actinonycete
M rains as

col oni es (h y wth an aerial nycelium c?nt ai ni ng spores).
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of the identity of these s
range for grow h. Each ggctinonycete isolate was tested
for its ability to grow at pH 5.5 t0 8.0. Cultures were
spot-inocul ated onto plates of CYD agar, buffered to pH 5.5, 6.0,
6.5, 7.0, and 8.0 with conbinations of KlgierigQerr]- and KH err] P err]
buffers at 100 mM concentratlon The f| nal pH of each nmedi um was
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checked for grovvth after WM“WWWWWWWC Pl at es

were eval uated v a ro one
growh (+ or ++); excel ewﬁ%#m"m%\bw%ﬁ
Table |, the @hi MM wwwmrmmmw

i sol ates as the i zospher e- associ ated soi | s Each isolate was 25
| S0l ates grow 1om pH t o s gmpbiii pige b WBS sbfn e 49 i | ¢
57 (21% f exilthusslby eheg extvaction. wmwmmmwmww ,
Ty ot The | Siedlslihile e i alliBBl O, S°PONC) 10 UPOT ThE [ SOLAtE, The
det er mi ned by%i Sreth of Rrenemgres 18 30 observation of colonies after
5-10 days of incubati on. Far growth of strain WYEC 108 calls, ona liter Erlenmeyer flasks contsining 500 sl
YGM(pH?l-?.z)mmouﬂmdmmmofstO&mlmmdmhud with shaking =t 250
mmumtﬁrsmmmmohdlm For production of antifungal metabolites,
one liter Edenmeyer flasks containing 500 il CYD (pH 7.1-7.2)wers inoculated with 20 ml of
15  stock culture and inoubated with shaking st 250 pm at 30°C for 7 dayn.
Treatrent of Seeds with Strepsomycer WYEC108 and Antifungal Metabolites
A mycelisl suspension of Strepromyces WYEC 108 was harvested by centrifugation at
5,0001pm for 10 miputes from x 500 mi 3-day-old YGM liquid culturs. The barvested mycelia wess
resuspendded in 200-300mk of stedlizad 3% (w/v) sodimn alginete solution to & cultare demsity of
20  1.0-1.2x 10* cfw/ml. Chickpen seeds wers then added to the well mixed cell-alginate suspeasion
and the seods were transferred ons by ons into sterilizad 0.25M CaCl, ia distilled water. These
seods Were used in the biocontrol amsay described below.
. Antifongal metabolites produced by Sireprontycer WYEC 108 wers obtsined in
pucified form 2s follows. A 7~day-old 500 mt culture was filtered to rmove cells snd subsequently
25 extrmcted with 150 mi ether using en extraction finmel. The ethier was then removed by vacuum
evapomtion and the resulting extracts were redissolved in 1.5mi distilled water. This solution was
then filter sterilized through & stecile 0.45 xm filter and was added into 10 ml 3% (wi) sodiom
alginate solution. The purified antifingal metsholites may be used to protect plants from fungal
infection, Preferably, the antifongal metabolites will be purified so as to be substantially free from
30 WYEC 108 cells. Howaver, & preparation of WYEC 108 cells and/or spores together with
sutifungal metabolites is also expected $o be effective against fungal phytopathogens. The sntifungsl
metsbolite-alginate suspension was applied as described above to chickpea seeds for use in the
In Vivo Blocontrol Assxy
35 Soil natugally infested with P. ultimum and P. lrragulareis described in “Materials and
Methods®, above, ‘This agricultural soil was used in this vivobiocoatrol assays. Soil pH was
determined (o be pH 5.6 by thoroughly mizing a sofl:watex slurry (1:1), allowing the solids to settle




-10- TABLE |

Sel ecti vg‘ Been Soi | Soil pH ( YCED
Non rh| zospher e- associ at ed soils
77 5 8 16 24

4 6 11 6
2 28 7
4 13 , 1 14
i zospher e- assfoe 28} @d wking ki pH of the supematant solution. The il was chopped, mised thorblighly and
. 7§%ﬂmhuﬂmﬂn§émmmucm%é.m. 39 4
The in vivo biocontrol assay was cartied out by planting vngerminated chickpes
voeds treated with either Strepromyces WYEC 108 or the antifungal metabolites in fhe infosted soil.
5 Untreated sceds planted in the samo soil wers-uised as & control,. This procedure involved the -
following stepe:
~ 1) One cm of peat moss was placed jin the hottam of each pot to prevent Joss of soil
while still providing for sccation and desinage.
2) Soedling pots were filled with the infested soil.

10 3) The soil way then watard to saturation from the bottom. After ssturstion of the
soil surfuce, watreated and treatsd ehickpea seeds wero placad on the soil and covered 1.5-2.0cm
deep with tho ssme soil. The topping was allowed 10 become wet by capillary action from the
column of wet soil beneath. Tenseedsmphnhdmmhoﬂhmrwﬂuhmdlmgpoﬂ. No
fextilizer wag added (o the soil. Tomﬂndﬁuudwmnummcpwmmd

15 with clean plastio until seedling emergence. Additional water waw sprayed on the top of the pots as
umhmlndmmuaﬁluuﬂhaunnpnm'Emuhmﬂswuepuﬁmuﬂinamuﬂnmualﬁb
30°C with & 12 br light and 12 br dmk oyole photoperiod (16,000Tux).

Emuymueumncﬁdmtunnmmquulmdbpubﬂumnanhﬁumnpun
counts were taken after 20 days. Emergence data wero reported a3 the sversge for each treatment.

20  The sbility of Strepeomyces WYEC 108 to act a5 & biocontrol agent was based on total emergence,
plant haight, and plant fresh weight, as compered to the control plants grown from unireated sceds
with the biocontrol ageat. The resuls of this biocontrol assay are shown in Table VL
| TABLEVI

7
7.
Rhi
3
7.

35  *Means so marked within column were not significantly
diffevent at the P = 0.05level..

BthqumuasVHﬂK!Kmumhumlﬁeumﬂhuﬂ:uwwdmulmﬂhudby
these cells reduced Pythium damping-off of the chickpeas,
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10

pladil/ YE
Aithratly sofledad’ Al B Dttt a0l P egiutiare T contrast, t hi s ectaieSoe! Fatads ar e ghown

with Streptomyces WYEC 108 cclls before seeding was 63.3%. Mm with alginste
alone did not show increased emergence, Sympitoms typical of Pydilim xoot rot, including oot
hair Joss and root discoloration, were evident in harvested chickpes roots germinated fom
control seeds, but these symptoms were absent from plants grown from, seeds treated with

Streptomyces WYEC 108 cells. In the controls, damage to chickpsa was mainly in the form of

seed decay, and preemergence damping-off. Chickpea seedlings that did emergs and grow
were stunted, and their roots wers severely infected with P, ulrimum. FIG. 2 shows & side by
side comparison of chickpea plants taken from the biocontrol asssy. The control plant, shown
on the left, which was germinated from untrested seeds showed exteasive root jnfection and
lack of secondary roots and root hairs wherees the plants emerging from seeds coated with
Streptomyces WYEC 108, shown oa the right, showed good growth and normal formation of
secondary roots and root hairs, '

Emergence of chickpea seeds treated with antifungal metsbolites i the form of
ether soluble metsbolite Was higher (33.3%) than that of control sesds (6.7%), but lower than
that of seeds coated with Strepiomyces WYEC 108 gells (63.3%). Plants that emecged from
secds breated with antifengal metsbolites showed vigorous growth, longer root, and & highee
denntyofmothaitdmelopmmascompnd to control plants, ~

Chickpes seedlings grown as described inEnmphIVinaoiluhmllyinw

~ with Pythium sltimuom and with and without pretreatment with WYEC 108 were examined to

determine the effects of strain WYEC 108 on P. wiiimum infection.

|  Root infection by P. ultimum was studied with control (untreated) chickpea
scedlings harvested after 20-days of growth. P. ultlmum causing root 7ot was also isolated from
the rotted roots of these control plants. Isclation of F. ultimum was accomplished by first
washing soil from the chickpea roots (rootlets and root hairs) with tap water and rinsing them
twice with sterile distillad-water. Decolorized and rotted roots were cut out aseptically with a
manr blade and placed on 3-day-old 2% water agar plates, Tho plates wers incubated for 24-
48 hrs at room tempecature and obsecved under phase contrast microscope (x40). P. ultimuns

8

yss gctremaly ‘reducpd (671§ emerzenee); beraupeoof spmdlorot gnd cat ed when



TABLE | |Th1sSheetHas Source Gowh at pH 5.5

Ant agonl s Réplac Iaced (soil) (+ or-)
48 hr Wﬂ'lﬂ" om stic (at 96 hr) wrEc 108 g

+ +++ 5 . YCED 1 1

+ ++ YCED 9 2

+ +++ +++ -20- YCED 35 : 4

+ + + YCED 48

+ + 10

N MMMMMMngMZEWMM
+ identified as described previousiy(fogram and Cook, 1990).

Seed rot by P. ultimam was stadied with rotted control seeds harvested afier 20-
msma.mudwmuuypwmmmzxmmmmi

S Wwa.wmmhmm»mw The plates were

" oxamined ss descdbod sbove.

Pythium was observed to infict the roots of untredted chickpen plauts growing in
the naturally-infested soll. P. aitimum was the most prevalent species isolated from rotted
seeds and roots. P. irregularewss less commonly observed.

10 Root cologization by Streptamyces WYEC 108 was examined in xoots of 20-day-
old chickpes plats (hat germinaied from seods treated with the Sireptomyces WYEC 108 cell-
slginate suspension described fn Exsmpls I These plints wers grown in soil naturaily infested
ﬁmammawmamwinwmmpmmm
from the seedling pots and gently washed with tap water to remove adbering rhizosphere soil.

1S  Then they were rinsed with aterils distillad~water. Root samples wera prepared for microscopy
by placing a portion of roots on a glass slide, adding a drop of methyleas blus, and then
covering this with a coverslip. Prepared samples wers then observed with & phass contrast
microscape (x1000).

. Streptomyces WYEC 108 present on seeds czme into contact with the emerging

2 roots. As tho roots eloogated, the Sereptomyces was carvied slong with the elongatag oot
hairs aud tips. Strepromeycer WYEC 108 was cbserved (o have extensively cofonized the main
root, seaondary roots, root buirs and tips. Plants thet emergad from sceds costed with
WWIMMHN«.MWMMWWWM&
greater density than in control plants émerged from seeds not coted with the WYEC 108.

25  This difference was clearly associated with colonization of the roots by the biocontrol agent.
Roots colonized by the blocontrol ageut did not show any syumptoms of raot diseases.
Streptomycey WYEC 108 ehowed excallent 100t colonization in the presence of competition
Anﬁ!ungalaeﬂvity '

- 30 had&ﬁonwmmqof&mmwaYECIOShmlomumofﬂm
and to produce sntifongal metabolites, WYEC 108 has also been observed to lyse fungal cell
walls and fungal cospoces. Using scanning eleciron microscopy, it has been shown that the
hyplue of Streptomyces WYEC 108 colonize the susfacs of fungal hyphse or cospores,
inaluding hyphas and cospores of Pychium ultimum. The colonized hyphas snd ccsporces sre

35 w_wwmlm.mEMyn:mdtomecuﬁmd&muﬂﬂn
enzymes by WYEC 108, such as chitinases and cellulsses. Streptomyces WYEC 108 has boen
shown to produce both of these enzymes. 1t is likely that Streprompess WYEC 108 also
produces a range of other extraceliular degradative enzymes.
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+ flnheqhgﬂg mmmﬁm(pH?.o-?.l)mgn%dmmddmél
WYE 20 cultnre abd incubsted with shaking at 250 rn a¢ 30°C Wy Erecdays. Afer incobstion ghe
* WE %www&mﬁmu&mmﬁrmm Thie MifestaSmaterial

walnmlpended in 1600 ml of 10% YGM and mixed with stevilized 8 g NH,C] dimolved in

10 400mi distilled water, ‘The two liters of cell and NH,CI mixtare were then jnoculated into &
plastic coutsiner containing 4 kg sterilined delivery medinm consisting of x snd-water-
commmeal mixture in a 9-2-1 (w/w) mtio. The delivecy medinm wag starilized twice (3 br at
121°C) befiare incubstion of the cultwrs. ‘This mixmre was then inonbated for 10-14 days at
25°C to maximize the number of spoces present in the mixtore, Sireptomyces WYEC 108

15 meumnmmm&;mwm@am
mdinm(nmmgelmlofm'mo’wnfdawwm(dsywdm This mixture
wasﬂu:mndu“cmm

Alterpatively, instead of YGM medinm, cells and spores can be produced in

CYG mediunm. As an sltemative to harvesting cells by centrifagation, culture flasks may also

20  be allowed to stand so that the bacterial mycelia md spores seitfe. Thereafter, the clear
supemnatant is decantsd and the concentrated mycalia/spore smpsnnm:smocuhhddimcﬂy
into the delivery medinm. Whmtlﬂsharvedmgpmeed\m i#0tlizad, it is not necessary to add
NH@IMMWWMMMMM(YGMMCYGMHMM'
of nitrogen. .

To determine ﬁeeﬁectofwwmc lmm&egromhofm
lettuce zoeds were grown either in the delivery medium containing Strepromyces WYEC 108 as
30 desoribed in Example VI above, of in steam stexilized soil. A total of 30 seeds was planted for
" each growth medium (ous seed per 4 % 13.5¢m pot) and emergence wax recorded afer 21
days of growth, Ppesh weight was deteymined by harvesting above ground plsat growth after
35 days of growth. Fresh weight was reconlad as a mean value. ‘The results are shown in
Table VII below. '
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Treatmemt  Humber of !mgad Plant nm.m' co
T-day __ 9-day  21-day (3) {g/plant)

Starils R * ] 17 21 (21/30) 70 0.81

Delivery I 2 (29/30) 97 1.42

Mnmluhdmumm ofmundmﬁ&rqmmmwm 108 enhances
boﬂnheemugm Mmmdmwgmofﬁnueﬂmgs.

In vivobiocontrol assays were carried out to determine the effectivencas of
Wmlosuabmmdwmm ineothdlhverymedim
described sbove. -

Streptomyces WYEC 108 was produced and inoorporated mmcdmy
medium, as descxibed mmvnmuuwwmc 108 grown for thres
days in YOM medium. The initial population of Strepromyces WYEC 108 in the delivery
medium was determined to be approximately 1.0-1.2x 10° cfe/g of soil by plate conats on
CYD plates immediately prior to planting seedlings in the pots. This treated soil was thea
used to fill seedling pots (4 cm by 13.5cm). : |

- thdplmbmmmpmmgmmmlmmn
100°C for 60 minnutes): -

mww.mwm)mmm-hhwmw

contxining either steam sterilized soil only or & mixture of steam sterilized soil inoculated with
thia delivecy mediiim containing Streptomycss WYEC 108. Afier six weeks of growd: in &
greanhonise, thess plants were transpianted 10 an agricultuzal field. In some instances, 100 g of
thndeﬂvwmdmmmﬁmng@tl?cﬁlsofﬂmopmmmpmwuwmdmm
the planting hole prior to transplantation. .

Plant height was determinad 55 duys after transplantation and yecorded as a
mesn value, Plant biomagy was detsrmined by barvesting aod measuring fresh weight of the
plants after 110 days of cultivation post transplantation. At that timne, the number of peppers
formed and the weight of peppers per plant wers recorded as & mwesn valus. The results of
thia field trial axe shown in Table VI,
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Cul ture Sour ce Gowh at pH 5.5
Ant agoni.sm observed’ (soil) (+ or)
48 hr 96 NiThis Sheet Has K R 6 ' WE 75
2 W(E 77 . 2 _ +
wese | HHIIIIIIIIIIII 5T e os :
+ + WYE 94 1
+ WYE 120 23+ WYE 121 7
+ 10 YCED 11 1 + YCED 15
+ YCED 16 ' 4 <+ YCED 17 3
+15°  YCED 25 4 'rmvm YCED 28 4

10

15

Bi.omn o Yield of pepper

Plant

Haight fresh weight pear plant fresh weight
Aow) ____ (g/plaat) —{g/plant)

bcontrol:
Untreated =~ 22.4% 274,18 19,.1¥ T 158.8K
‘Proated ' ' '
with WZEC
108 29.1m 353.3m 36.5m 279.6m
bUntreated ' ' ' '
+ P- . . o .
parvasiticat 20.3k 238.5k 13.8% 151.2k
Spraated
with WYEC
108 + Pp.
parqs.ﬂ:.icg‘ 28.6m '~ 266.6K 22.7% 221.6k

'reppuplmgmmmumns.sm)mmmmmnm-oum
wwummmmt*mofmmmmumm
including Streptomyces WYEC 108.

90ne hamdred g of delivery medium contsining Phyophthora parasitioa was inoculated into
individnal hole before transplantation (450 i+ 17 ofa/g of the delivery madium).
Mmmammmmwhmmmmmﬁmmmump-om

As shiown in Table VI, treatment of pepper seedlings with WYEC 1081n the
absence of P. parasiticaproduoced statistically significant incresses in plant height, bioumss,
number of peppers and yield of peppers compared to control planty that did not receive
WYEC 108. A comparison of horizontal rows 3 angd 4 of Teble V shows that strain WYEC
108 protected peppers against the deleterious effacts of P. parasitica Additionally, thers was a
significant enhancement of the growth of plauts treated with strain WYEC 108 in the shaence
of P, parasitica compared to untreated plants without P. parasizica. :

In addition to the experirnents described in this example, WYEC 108 has been
shown to be effective in protecting lmgeofphmswprlinﬁdm Plants tested
include those shown in Table IX below.



YCED 29

\ YCED 30 3
/ YCED 31 3 +
YCED ///”l// + -
YCED 4 / / + (YCED 44 4
YCED 54 4 - + YCED
| + 25 YCED 62 5
YCED 64 YCED 71 5 +
| 5 + 224 YCED 85 _ 6 30 YCED
5 . ED - - . ’ - e q
7‘
- 4
) \I\Y/I:(" 1 n7 7
5 Plant - Fiald: Tasg: - Graenhousalnah Taat
: (/=) " - (+/~)
Lettuce - B
10 chickpea - +
Gresn Pea - +
Pepper + -
Cotton + +
Turf Grass + +
15 Onion + +
Potato + +

* Tests were performed either in & greenbouss or in the field, or both, ax indicated. The tests
compared WYEC 108-treated planis with univeated conirol plants snd/or mﬁphhmnd
with WYEC 108 and a specific fungal pathogen (Pyshinm, Aphanomyces, Rhizoctonia,
Pusarivn, Phytophthora, or Plytomatotrichum), In each of these cases WYEC 108 protected
the plants against fangal diseases.

Mmm%ha@dmamwmdﬂm
needs and the fiming patterns of sgricultural uses. mmdmdmm 108
rather than vegetative cells in puticulsr biocoutrol formulstions eobances the shalf-life of the
pesiods of Gme.

Typically, spores of Strepromyces species sre cnly produced on salid media.

. However, as st forth balow, ths following msthod was found suitable for producing spores in

liquid culture,

Two liter Erlenmeyer Mmhmlmoﬂ?mmﬁm@ﬂms)m
cach inoculated with 50 ml of stack culture (produced as described in Exsmpls IN) and
incubated with shaking xt 250 spm at 30°C for 12-18 days. Spore production in the oultnre was
monitored by observing with phase-contrast micrascops {x 1,000,and stained with methylens
blue). Spores were harvestad by centrifugation at 9,000 spm for 10 mimstes.

Thereafter, the spores were resuspended in 1,600mi of sterilized 10% YGM
lquﬂmeﬁmmd@mlof:ﬁ:ihwluﬂmmmpdﬂngSsNH‘dehdmw
added (to produce a final spove density of 1.0-1.2x 107 cfu/ml). This mixturs was then directly
fnoculated into 4 kg of sterilized delivery medivm consisting of sand, water and corumeal in 2
9:2:1(w/w) matio. The delivery medium was sterilized twice in an autocleva (3 hours at 121°C)
prior to inoculation with the spores.
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- 13- | nhi bition of P. ultinmmdefined as hyphal growth
| ess abundant and growt h retarded slightly on area of

plate to the side where tTi prdinkiono6ifds iyl in 16 ogifups/in the described mamer avoids
thenndforlmmhumofﬂumm 'I‘lwdelwuymdmmeonmningmm

then stored at 4°C until used.
Spores produced by the liquid calture method described wero tested for viability

5 after four months of storage at 4°C. mmamwmwmm
mmlwm«mmsmmmmm@msmdmwmmg
ust:pmAtSO'C.GemMuofapomwobuvedbyphmm wicroscopy (x
1,000,stained with methylene blue). swummphmygmmdm:mmimdyz
mmmkmmmmmMmmbmqmmnmamp.

10 - Streptomyces WYBC 108 incorporated into the delivery medium (sand, water,
commeal; 9:2:1)was tested farMﬂnyutbﬂm AlOgmb ofth delivery medinm
mmgwmmmmc l%wmﬂydilﬂmdphledmﬁbawphh Plates
were incubated at 25°C uatil colonies were formed. Anavmgelevaoﬂo'wm’cfn/gof
delmqmedxnm(dryweight)mmm:dwithmplummmdm

15 Alternatively, ths spores from an agar plate of sporulation agar were resuspendad

B in 10-20 ml of sterile distilled water or YGM broth and mixed into 10-100 grams of delivecy
medinm, o obtain a visble count of 10'2 to 10™ ofu/g of medium. This mixture was then xir-
dried, mixed thoroughly and stored at 4°C uptil used, This formuintion is a concentrated
p:udlmthnmbadilﬂtedm&dmomldﬂivuynqdmm to any desired lower cfu/g final

20  viable commt.

Myeeﬁ:of&wwmc loawmhﬂemdbycmhﬂhpﬂon at 5,000
rpm for 10 minutes from a $00 ml 3-day-old YGM liquid culture. The harvested mycelis were
25  resuspended in 125 ml of 10% YGM and added 125 ml of sterilized 5% (w/v) sodivm alginate
solution to & culture density of 1.0-1.2x10* cfu/mi. Alginate pellets coptaining mycelia of
Streptomyces WYEC 108 were formed by adding call-algipate suspension drop by drop into
sterilized 0.23M CaCl, in distilled water.
To determine the viability of the alginate pellats formed by this wethod, alginste
30  pellets containing the culture wers subsequently spread on a stevilized plastis petri dish (10 cm
% 10 cm) and dried for one hour in a laminar flow sterils air hood. The pelietized
Streptomyces WYEC 108 sporulated readily following storage at 25°C for 6 to 8 months (to am
aversge level of 10% to 10° cfu/g dried alginate beads). These spores were readily perminated
when they were incubated in sterilized water at 25°C. Germination of the spores were
35  observed by phass-contrast microscopy (X 1,000 magnification, stained with methylens blue).
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20°C apd 30°C, at pHs beiween 5.5md 7.5,a0d at fermenter mﬁﬁonspudsbﬂwumm
rpm and 300 pm.  Serepromyces WYEBC 108 ypically achisves maximal cell mass yields of
15  about 5.3 dry weight grams of biomuss/liter in YGM liquid medium with culture conditions of
30°C, pH 6.5,and shaking at 200 tpm for 72 br (to the end of log phase). Douhling time
during logarithmio growth phass is spproximsisly 10 howrs. Tho 72 it incubation time may be
significantly reduced by using higher inocuin levels of log phase cells. -
Alternatively, spores may be produced mwﬁdmmﬂhuﬂumﬂm
20  agar, These spores may be directly barvested by scraping into s suitable liquid medium such
| as JO% YGM and then directly introduced into the delivery medium. This approacs avoids the
aeed for Hiquid growth of the culturs and thereby shortens the production process. .
Preferved and Alternative Delivery Media )
Streptomyces WYEC 108 may bs incorpomated into a delivery madium for use in
25  borticultimal and agricultursl settings. . muwmmmm«mwm
medium which comprises sand-water-commeal in 2 9-2-1 (w/w) ratio. It will bo understood by
ons skilled in the art that the formulption of the delivery medium will be dictated by the '
pasticular application for which the biocontrol agent is intended. For example, various organic
and inorganic fillers such as clay, vermiculils, wheat bran, com cobs ar chitin can be added to
%0  the delivery modium. The ratio of componeats of a delivery medivm will be detesmined oa
the basis of texture and physical propesties required. For example, properties such as moisture
holding sbility, light weight for easy handling and transportation, porosity to provides space for
mycelial and plant root growth and spread may be important. Altematively, vegetative myoslia
umdwmwmc 108dnb_e'addad to an alginate suspension to produce
35  alginate-entrapped pellets on this strin. Methods of producing alginate pellets are known in
the art and are desoribed further in U.S. Patent No. 4,668,512t0 Lowis et al. Otber
ingredients, such as fertilizers, may also be incorporated into thess pellets.



25, ., Four isolates (MSSC2, YCED9, WE90, WEC108) showed very strong

ant-agonism tovm{s@ﬁeemﬁ @enti oned white- and bro -rot fungi. One
i sol ate,. W(EC78 g antagoni smonly again the two white-rot
fungi. -14-

TABLE |11

Sour ce Gowth at pH

Ant agoni sm obser ved| err] 27- _ (soil) 5.5

48 hr 96 hr

. Ant agoni stic
Lot

- 10

(+ or-)
*  WYEC 108b : 8 +

+++ 5  inapreferred ambodiment, the present inventors have determined that u delvery

medium comprising peat moss-sand-commeal in & 1:3.5: 1weight/weight ratio is partioularly
suitable, This ratio provides an sppropriate density and water holding capacity for the wse of
this product in agricultural and horticultural applications. However, as stated above, other
ratioy. of thess compoaents and of other components are also acceptable as delivery media
For example, memcﬁeﬂm“bhmymﬂmmpmm(mg-m
(3380 g) - commeal (270 g) - chitin (10 g). -

In oue embodiment, approximately 1.6 liters of harvested culture broth (log-phase
cells: e.g..about 72 hr culture) containing Sirepromyces WYEC 108 mycelinm grown in YGM
broth as described above is supplemented with 400ml of & sterils solution of NH,Cl (containivg
8 g of NH,Cl in 400 mi distilied water) and inoculated into plastic containers containing 4 kg
sterilized Delivery Medium consisting of peat moss, sand, and commeal. The Delivery
Medium is sterilized twice (3 hours at 121 °C) before inoculation of Strepiomyces WYEC 108.
Incculated contsiners are incobated at 30°C for 10 to 14 days to maximize spors formation,
Containers sre then stored at 4°C until used. .

The use of NH,Cl in the delivery medium provides a sitrogen source of
germinating spores of Screpromyces WYEC los.ltwillhuppam honeskilledmﬂuut
Mo&ummuwmbddum‘dmhuudbrmm For example, snd as
described hereln, whennpmmmdd in bacterial growth medium (such as 10%
YGM) prior to incorporation in the delivery madivm, the addjtion of this nitrogen source is
umnecessary. In preferved embodimeats of the present invention, the delivery medium
comprises a sufficient amount of & mitrogen Source.- It will be apparent 0 ons skilled in the art
fhat the determivation of what comprises *xmfficient amount® of & nitrogen sonsos can be
made by detarmining the effects on geemination frequency of increasing or decreasing the
amount of a particular uitrogen source or the effects of changing the nitrogen source. A
sufficient amount ofnniﬂbgensameil'thatmunt of a particular nitrogen source which
facilitates gecmination of the spores or Sireptomyces WYEC 108. '

In an alternative embodiment, as described in Example XI, spores of
Streptontyces WYEC 108 are produced. in liquid medium and directly incorporated into the

_ preferred delivery medium which is then stored at 4°C.

In a preferred embodiment of the present inveation, Streptomyces WYEC 108 is
added to the delivery medium to & final conceatration of at least 1 x 10° cfu/g. In more
preferzed embodiments, the final concentration of Strepromyces WYEC 108mthednn\my B
medium is batween 1 x 10° efi/g and 1 x 10® cfu/g.
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[err]Inhibition of P. chrysg's‘gg“l &M‘@ﬂﬂ‘e‘h“é‘%"‘ﬂ’w mwm&nt
and growt h ret ardemwmmmmwmmmmaammwgﬂmmm t he

actinonycete had DQgEHEN O¥Performed using o téiIquis 16} %E'W‘W
|nh|b|t|on[err]23mcm25 ++ stron |nh t|on vmrtt ' zgne of i nhibition
[err]1.0 cm HO SEPMeps; bags;ape, ibp feal PR of

i nhibition near om&)ebonoﬂ:dk m nor i nh| b| tion of P. chrysospori um ( hyphal

growh |ess abundant and gfouflad Bh Hol§ Som a CYD stios BPsuelbinlis WrPEL: 108 in 10 mt of
10 stacils YGM or CYG broth (pH 6.%). This jeoculum suspension is vged to fnoculate the fask
'2) Tnoculats six 250 ml flasks containing 100 ml YGM (pH. 6.5). Use 10 mi of
spore suspension per flask as inocolum. After inoculation, flasks are incubated with shaking at
200 spen. and at 30°C for sbout 36 bes. -

15 S)MmazﬂliurﬂubemhmmlluuonGMbm&(pHSS)
with the mycelial inoculum preparad above (100 ml of inoculum per flask). After inoculstion,
flasks are incubsted with shaking st 200 rpm end at 30°C for sbout 24 to 48 hrs or loager (ap
to 4 days). This beoomes the inoounlum for the fenmenter.

 Fermentation _

20 Approximarely 7.21iter of the stock culture prepared sbove is inoculated into »
fermenter containing 40 liter of sterile YGM broth (pH 6.5) (= & 15% inoculum by volmme;

. the spproach hhhmﬂ:hwi&uhighnduﬁtygfaﬂnspnﬁmupmﬁd). The
fermenter is oporated with agitation (200 rpm) at 30°C for shout 72 hours (fo nesr the end of
Iog phase).
25 Feamenter Harvest .
' 1) The formeatation culturs broth containing the WYEC 108 cells (after about
72 firs incubation) is aseptically harvested in sterile 20 Liter plastic bottles.
| 2) Sterile NH,Cl solution is sdded to the hagvested culture broth, which still
coataing the WYEC 108 calls (Use 16 g NH,C1 dissolved in 800 ml distilled water per 3.2 liter
~ 30 of harvested cultore broth: pre-sterilized by sutoclaving). The resulting 1.2 liter volume of
NH Cl-containing cell suspeasion is thea mized well by shaking the bottls before it is
Preparation of the Delivery Medium
_ 1) Each companent of the Delivery Medium is measured separately and added

35  into a large size sterilizable pan or other suitble container. The combined mixture is defined
a8 the delivery medivm, It consists of pest moss, ssud, snd commeal (5408:2700g:540g; 1:3.5:1
wiw ratic).



[err}Inhibi'tion of Coriolus versicolor, Postia placenta and d oeophyl | um

trabeumin addition to P. 3§ chrysosporium [érr]Inhibition of
Postia placenta and G oeophyl |l um t:rabeumin addition to P. chrysosporium
In Vivo Bioassay to Determ ne Activity of
Actinonycete |solates on Lettuce Seedlings,a5 "The

bi ocontrol assay procedure of Lynch et al. {1991, 1992) was used to
assay 12 of the isolates for their effect on the germ nati on and out grow h

of -~ lettuce (Latuca wwﬂ&ﬁ?ﬂd&m is thoroughly mixed and covered Wit sty Minfnm
plants, 9-cmdi ametggy |Ile with |etfuce ttlng
m x and tanped down win g bpeflé%gh" i Mé‘eﬂ%ﬂ@’ﬁlﬂé@
top, lightly presséﬁ"ﬁnﬂﬂﬂﬂﬂmqiﬂwﬁ%g m x, and lightly covered with Ioose
mx. The 3) The dalivery medium is cooled to room temperstirs ” aRa¢ the second
5 ﬂ] - :cﬁ‘- ﬂ"-: -I o ofm . . .m“ . . . . l“
aad NH,C1 solntion (prepared sbove).

wwwmlmmmummﬁmm&mdmm-
of Peat Moss, Sand, Water, Cormneal, and NBCl -

LD masm«wmmmmwm .
10 108-NB,Cl solution (propared . sbove). is thomoughly incorporated. into each of a5 many 85
needed. prestenilizad plastic contginers contuining. of 3.78 kg of delivery madium.
2) The inoculated contsinecs are thea incubsted st 30°C for 10 -14 days (up to
20 days incubation may be optimal) after which they can be stored st 4°C until uyed (the
foramlation is stshls. for mopths). :
15 Handling and Transpoctation
1) The completed formulation contwining Strepeomyces WYBC 108 is aseptically
tromsfecced into stesils triple-layer plastic bags using a somll sterilized shovel or aquivalent tool,
preferably in & UV-staxilized laminar flow hood. '
2% mmwmmmmmmwn’mmmm
20  Each box is then sealed with strong tape,

mmmﬁnmmmmmmmcwwmmmm
25 AdhuyunmmnasanﬁhdinEnmwaxnnumuﬂHMhammuwhuﬂmguﬂurwmmg
mix to & final Streptomycer conceatration of 2 1.0-1.2x 10° or more cfu/g-soil). Tha seedling
procedurs is a8 follows. '
1) About 1.0¢m of peat moss is placed in the bottom of each pot (or bed) to
proveat loss of soil (or potting mix) whils still providing for acration and drainage.

c I 2) Seedling pots ure then filled with the agricultural (musery or potting mix) soll
up to abont 3.0cm below from the top of the pots (or becls). The pots (beds) are then
 watered to saturation. -

3) About 1.5cm of the formulation contsining Streptomyces WYEC 108 and
delivery medium is fien added to the top of cach pot (bed). If desired, the formulation can
35  slso pre-mixed with nussery bedding soil or potting 90il $0 increass the volume and adjust the
ofu/g covat. Hcmverforbpﬁmefﬁﬂ@.ﬂnomlsmuhmmmmdnuhmm’
cfu/g in the final mix.

\

T



pots were then placed on trays in a bed of .water, and incubated in the dark

at *20°
days) .

The trays were then transferred to a

to 22[err]C{unt|I germ nation was evi d?\t (approxi mately 3
apillary matting in a

greenhouse nmai ntained at 15 to 25[err]C and watered as required. The
nunbers of germ nated seedlings in each pot were 5 counted periodically
" for up to 18 days. For-30pl ants treated with the

. actinonycete isolates, pots Were fiIIed W th potting m X inocul at ed
. with the spores of asp‘j% orrycete Potting m X

. inocul ated with spores f

the syrfcy of wmmmw

10[err] to *ﬂlwwwdﬁm«wmf offaadry Belldiilk %oil drf
potting mx was &@a@y. M ned by 10 vi abl e counts on CYD agar plates at t he

ctinme of

i nocul ation. Lettuce seeds were t hen pl anted as above,

covered with a small antﬁlrﬁ’ﬂﬂﬁ%ﬂf%@%tmywmmﬂmdmd thereafter
treated simPBarly to cord)r'rduﬁmm with a

specific actino ing -off fun us= Py utlrmm
(strain PuMXL, Lynch ?'ml E@MM (This may g‘ﬁ%‘ﬁ“"l’ fled with

t he fungal pat hcgetreled). ca. 200 sporang1 a/g (dry wei ght) of mx The

procedure of Lynch et alp S
spor angi a and moEHI ate the potting-mx. Sporar gl
haenocyt onet er,

hogeni ity of.the P. ulfifyadstrain was

- confirmed 10  before mewwumn@.mm I'n

- all treatnents, wgvﬂ[
gl asshouse, potshwere set .1 grandom

"guard

G gatesenf fUvel | n fhe .
el sl b ot oy

mmvmdmmmbmlduupeeu. We thevefors
wmwmwmmmwmmwmmmmhm
qiﬂtmdsnpsnfthepmm"' e 4 LR T

5

s
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plants”; guard plants served to provide uniformty of conditions and to act,

as a +  buffer. Eighteep days after planting, the plants were harvested
t he emergence of the final stand was neasured,(gnd wet and dry

wei ghts (aboveground | eaves and 25 sten) were determned. Plant wet and
dry weights were recorded as total ng bi omass per pot, and as average
ng bi omass per plant. Values were reportesgi.as averages of the five
replicates standard deviation. Thus, each val ue was based upon 50

seeds planted per treatnent (five replicate pots planed with 10 seeds
each). Percent seed germ nation and fi naRERBRENCESst and val ues were

calculated 30 sim | arlYxroe Catslogus of Backris ani Bacteriophaggs, 17t Edition, 1989. Amtecioan
Type Culmre Colleotion, Rockville, MD.
Locci, R. 1989, “Streplomyces and Relsted Geneca," lnmlsy'sllmmaqu
S5  Systematic Bacveriology, Willlams and Wilkens, Baltimore, MD. 4:2451-2492.
Filnow, A. B. and 7.L Lockwood. 1985, Evaluation of several sctinomyceins ssd
mmmeMuwwammmmmwm
Flant Disesss 69:1033-1036.
Tngram, D.M. and R. J. Cook. 1990. Pahogenicity of four Pythimm species to
10 wheat, barley, peas, and lentils. Plant Pathology 39:110-117. |
Reaft, J.M. and D.W. Burke, 1971, Pychium ultimum ss  pathogen of besns snd
peas in Washington. Plant Dis. Rep. 55:1056-1060.
Lynch, J. M., R. D. Lumsden, P. T. Atkay, sud M. A. Ousley. 1992. Pmm
foremuulomedmmm-oﬂofkummﬁmdmdmm thocladhm m«!m
15  spp. Biol Fenll. Soils 12:95-59. '
Lyach, J. M., K. L. Wilson, M. A. Ouslay, and J. M. Whipps. 1991, Respanse of
Iettuce to THchoderma treatment. Lett, Appl. Microbiol. 12:59-61.
Miler, J. J. E. Liljeroth, G. Honken, and J. A. van Veen,~ 1990. Finctustions in
the finorescent psendomonad nd:chmmympopnhﬁmofﬂnmsphue -udthimphnc
20  during the growth of spring wheat. Can. J. Micxobiol. 36:254-258.
Pridhem, T.G. snd D. Gottlieb. 1948, The utilizatica of carbon compounds by
some actinomycetales 48 s aid for species determination. J. Bacteriol. 56:107-114.
Reddi, G. &.mdA.s Rao. IWI.Anngqnmofwﬂacﬂnomym 0 stans

25 StanghﬂmM.E and J1.G. Hancook. ~ IMAQHMWOMMR;'M
Tsolation of Pythium ultimum from Soil. Phytopathology. 60:551-552.
Stasz, T.E., G.E. Hanman and G.A. Marx. 1980. Time and site of infection of
resistant and susceptible germinating pea soeds by Pychiion ultimum . Phytopathology. 70-130—

. - 7133

30 Trapero-Casas, A., W.J. Kaiser snd D.M. Ingram. 1990, Control of Pythium
seed ot and preemergence dmpmmﬂ’ofchekpumdnUS pacific northwest and Spain.
Plant Dis, 74:563-569.

Westerlund, F.V..Jr., R.N Campbell and X.A. Kimble. 1974, Fuagal 100t 1O!S
and wilt of chickpea in California. Phytopathology 64:432-436
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Nunmber of Heal t hy

Acting-nycete Concentration x 10[err] Shoot
wei ght strain cfu g[err] dry conpost pl ants per pot (n)
Fresh - - Pl

i eyl ""“WJ 1~ 1 Uninocu-lated .

9.8 0.75  0.074 0.034 Cont r ol YCED
85 5.19 10.0 .43 6.6[err] 1.44 0.98 0. 087
0.054[err] WYE 27 3.02 10. 0 5.0

1.54 0.72 ‘0. 090- 0.039 10 - YCED 64 3.21 . ...

9.8 5. 6[err] 1 44 0.91 0. 084LAIMS O. 057[err] WYEC 107

2.88 . ) ngﬁir 96 1

WE 41 o i iing he “l“‘]“'lﬁ‘g;'? Mw%ﬁ%ﬁ?i&% 73

0. 087 0. 047 having the jdentifying Ghamcteristios of ATCC 554450 - ©10.0
5.4[err]1.49 0. 69 z.'ﬁu oﬂdﬂnlwhmd% c.g.ugof 5.25
10.0 6 2[err L. .42 0. 2, ~\WYE

1. 44 5 “Zﬁgmﬂfgfg‘” 'U““?%‘Q‘ o 082 . 0.042

MBSC 1 Zﬁﬁww 4.6 . 1.38

1. 16[ err] 0.079 0. 06Q[ﬁ &,wmmwm 10 andg 56

10.0 6.6[err] 1.49 };g 0.091". 0. 059[err] WYE 30

18. 90 10.0 % delivey ~ 1.53 ~ .0.86__ _ 0.088 0. 046

WYE 28 041&hmumofdﬂﬁ3@hdnﬁedﬂhﬁyudmm at G0
0..079 04449 W;Ihﬁm“ EPO r] dry potting
m X. V\heroépﬁf bple a erage nu 1%’912 ﬁ‘]&f‘ants p pot out of a

total of 5 replicate potss T
wﬁdulmntofanitogum

6. Thocomposmofelum4whmdndehmymdmcompﬁsupm
mmmwnnﬁmmdummgmm
15 7. mmmﬁmofchinéwhqunhuummiummnim

chiorids.

'8. The composition of claim 3 whesein the biologically pure culture of
Streptomyces WYEC 108 comprises spores of Strepiomycas WYEC 108.
9. Amﬂl&rmgpmwm;ﬂmm
20 amhbk&rupmm:pmumdudahv«ymhammm

mcms'
11. Aeompollhmeomprmng‘

0. The composition of claim 9 wherein the Strepromyces species is Streptomycss

apudﬂadpzepamm ofmﬁmplwboﬂmmnmdbywmc

25 108;204
a delivery medium,

RS

12. mmmofchimllwwmhwmmnMcommmm

MWMWWYEC 108.

Lo~ 13. A mefhod for reducing tha suscsptibility of a plant to fungal infection
30  wherein the method comprises delivering Strepromyces WYEC 108 to the roots of the plant.
14. A method forre&xﬁnghmh’biﬁtyofplmumﬁmglhfecﬁonwﬁuﬁn

thematinduompmthashplof

immersing seeds in a composition comprising WWYEC 108; and
phuhghsndsmlwmblzmm
35 15. The method of claim 14 wherein the composition further comprises alginate

gel
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[err} Significantly different fromthe corresponding control value at the P
0.05 | ev freedom = 100 t he absence of

pat hogens (d n Table 1V) there were n significant
di fferences Fﬂ @Hm @m ete-inocul ated and control pots (w thout

acti nonycete ge of seeds 831 m nating and produci ng heal t hy
pl ant s. Seed germ nati on and outgr h averaged [err]98% in all
cases. However_ t he , presence of the actinonycete sonetines del ayed
seed outgrowth by 1 to 3 y t he
absence of pathogens thergeméwen&%MWM| gni W&%

di fferences betwe®f acti norrycete |nocul ated and control pots in plant -

shoot wei ght, neasured ei The exceptlon was for
pots 35 i nocul ated with C ere the presence. t he N
actinomycete significantl %%M@M ss yield.

5

delivering sald dalivery mediom to plants. ' '
17. A wethod duhmdngﬁemw&dpmmﬁingmvﬁhgﬁ‘iﬂw
_ m’-wﬁmmmaumm@mmuwmm sulected -
from the group cousisting of: Streptomyces WYEC 108 cells; Streptomyces WYBC 108 spores;
and sotifingal metsbolites produced by Strepromyces WYEC 108. :

\
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In the presence of pathogen (+P1), the number of healthy plants per— — —« —— ——
pot, 0 "days after planting averaged 3.6 of 10.0 in the control potst as

conpared to 9.8 of 10.0 for control "pots w thoyt pathogen. In the
presence of specific 40 acti nonycetes, however, s@nme significant
| nprovenents in the nunber of healthy pl ants were seen in
pat hogen-i nocul ated pots. Seven of the 12 actinonycetes
-17- (YCED 85, YCED 64, WEC 107, gCED 106, YCED 71, WE 88, AND
WYE . 21) significantly inproved the.yield of healthy plants. - these,
YCED 85, . _ _ _ R

' ~ ABSTRACT )

Thhiw-iﬁnnﬁ;nu»abhquiuﬁnnﬂnhnlduﬂpﬁutdhdﬂlﬁﬂ

luuyﬁﬁmwofﬂhdlInﬂu'dphmmﬂhuns In ons aspect of the inveation, & newly
hnhhdluin¢£Shquamn:m8mqnuugulnﬂk:Kudhhnupmuulhnn;-ﬂuﬂ.dnnug

§  mediom snd applied to plant seeds or plant mots.

?
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YCED,64, and WYE 21 also significantly inproved plant dry weight yields
relatlve t o pat hogen- ozly controls. WYE 21 al so s(gnlflcantly | mpr oved
fresh 5 weight yields relatjve to pathogen-only-controls. One strain

_ that did not significantly inprove the yield of healthy plants (MSSC
.1) did inprove both fresh and dry wei ght plant shoot yields (Table
IV, colums 5 and 7). Thus, MSSC 1 may prove useful in-protecting
pl ants agai nst | ower doses of P. ultimumthan used ': + " here. 10
EXAMPLE 1 | . solg@tion of Streptonyces WYEC 108
Strain WEC 108 was identified as SFIG es species on the basis

of the norphol ogi cal characteristics of the genus Streptonyces, as defined
by Bergey's Manual of Systenmatic Bacteriology (1986). WYEC 108 is a
filanmentous 15 bacterium that produces chains of spores in an aerial
nycelium As descri bed 8 was isol ated as

- one of a nunber of actinolNbaiss romsoil taken from
~eight different sites in (& ot her
actinomycetes, Streptonycqrg serial -
di lution/spread-plate tec rﬂ‘g Ny - afgsoci ated with the

roots of 20 Ilnseed-pla_@, | PR TR - .6 g Sout h Downs, West
Sussex, Engl and. Di PR SRS S Ff this soil were

pl ated onto isolation agar R 4 : L EPeEht es wer e i ncubat ed
at 25[err]C for 4 to 10 dags col oni.es to grow

.....
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25, fromthese plates to CYD agar slants, incubated at 25[err] C until

sposulabed and sto&:d at 4[err]C untiI used. ock cultures were
~transferred every 3 to 4 eks. . - I dentity of
. Streytonyces WEC 108 t As described afove, the
" actinonmycete strains isolated were exam ned for their ability to grow

wel I and sporul ate strongly on CYD agar. Subsequently, 30 a nunber of

i solates were tested for ability to inhibit the in vivo growh of the

phyt opat hogen Pythi'umultimatum The isolates were also tested for in vitro

. antagoni sm agai nst the white rot fungi Phanerochaete chrysospori um and

~ Coriolus . - -18- .

versicolor as well assthe brown rot fungi Postla pl acenta and d beophyl | um

trabeum As a result of these tests, one of these strains, herein referred

‘'to as Streptonyces WEC 108 was sel ected based on its favorable

‘ characteristics. - Col onies of Streptonyces WEC 108 grown
on Casam no Aci d/ Yeast

FIG. 2°
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-5 «Extract/Dextrose{E¥B)y- pl ates were exam ned by scaaning electron

" m er oscopy.

at least t

| e preparation was as fo

(REBLACEMENT( SYEEP] oni es

Th a
of - St r eptld} on CYD pl-ates were cover ed{wrtir= —
solution o de in 0.2 M sodium cacodyl afje bg}z$ fiked for
he col onies were conpletely pa E(F% 6yvith 0.2 M

10 sodi um cacodyl ate buffer

pi pette and
i nsure that

renoved by taki
"pl ugs" were placed into individual

replacing it with the Buffer solu
not drysee'i; (3) tl

the sanple did

by aspirating the preyi
ion. Care was taken t

—L4) the

Meselective mediug ONt @i Nners and carri ed

t hr ough dehydrattomn_tm T00% er nanor ( 2X

Phi | | i psberg, 1) ;Seil (5ol
poi nt drying " ingndhi

col I oi dal _silver cqnducting
gol d- pal | adi um and Yobser ved

Hgsarrplp

—BakRer Inc.,
re then™¥8 ed in Tolsitical

15

t&sofld)

I ndi vi dual
\pl)\i%nt. They were then
‘th a scanni

speci men gyubs using

coated with 60\40

ng el ect roff

oscope. FI G

1 is scanning el ecteron phot ons.ar ogr aphs show ng t heeéchai ns of 120 spiral es
(top) and the surf%ce of sporgs (botton)zé)f Streptorgyces W(ECZJOB.

The surface of spores was obsérved to be“rel atively snooth.

Various physiol ogi @al charact®#istics ofistrain WEC 108 wereldl so

det er m ned:

WYEC .

15

20

30

35

St pai N

TS ORTY} not produce melanin or H2S onygept one-
Yeast-lron Agar and Peptone-lron Agar (Difco Lab. Detroit, -M cﬁi gan), 25
respecti Vi@ y. The &olor of th&0spore mas¥ produced # StreptoAfces WEC 108
oh CYD plates was gray. This ggrain did gpt grow atgfdi5[err] C gt reptonyces

5 65
8 13
Total isolates

15
2
103

26
10
217

In Vim. Anmgonis@ Assay

Eighty-two isolates were chosen on the basis of their ability to grow well and
sporulate stmﬁglyon CYD agar. .

To test the ability of these isolatés o inhibit the growth of P. ultimum , an in vitro
plate assay was used. Each actinomycete was su-eak-inocl;lated on corn meal agar (CMA)
plates, to one side of center. The culture was incubated at 25°C for about 8 days or until the
culture had sporulated. A CMA agar block (0.5 cm?) containing actively growing P. ultimum
mycelium was then aseptically placed in the center of the plate. Incubation was continued for
96 h. After 48 and 96 h the plate was examined for inhibition in the growth of P. ultimum .
Inhibition was indicated when P. ultimum mycelial growth’in the direction of the actinomycete

colony was retarded or prevented. The results of this test are shown in Table II.

TABLE 1II
Culture Source Growth at pH 5.5 Antagonism observed®
(soil) (+or-) 48hr 96 br
Antagonistic (at 96 hr) .

- WYEC 108 8 + +++ C ot
YCED 1 1 + ++ ++
YCED 9 2 + ++4 +++
YCED 35 4 + + +
YCED 48 4 + + +
YCED 95 7 + + +
YCED 106 7 + ++ +++
WYE 21 4 + + +



'108 nay‘757ﬁﬁTTTrfhe—speCLes Streptonyces |ydicus

Mamual - of Thegr, q}n t|ve Bacterlology (1986). Accor ngI Pt

be- referre ces | ydi cus WYEC 108. For breV|t égﬁ @ﬁga i 4m
is 30 ‘re as Streptonyces WYEC 108, or| sj né-’y .
ATCC/mces 4

A deposi t of Streptonyces WYEC 108 was mage under the terns of. t he’

Budapest Treaty with the Aneri can Type cu ture Cbllectl - (ATCC}
Rockvil | e, . ; i

Accessi on No.
Streptonyces

+++ + 4+
+++ +++
++ ++

)
+
+
4

10 MSSC 1 .
MSSC 2 2
Nonantagonistic (at 96 hr)
WYE 6
WYE 9

15 WYE 11
WYE 12
WYE 13
WYE 20
WYE 23

20 WYE 27
WYE 28
WYE 29
WYE 34
WYE 35

25 WYE 38
WYE 42
WYE 43

, WYE 45
e WYE 47

30 WYE 53
WYE 54
WYE 56
WYE 68
WYE 69

35 WYE 73
WYE 75
WYE 77
WYE 84
WYE 85

40 WYE 93
WYE 94
WYE 120
WYE 121

+
+ o+
o+

+ 4+ + + 4+ +
1}
\
+ +
L}

N 00 = o NN N OO W WA WW R W R W W R W B W R PR W W

I I A R R T T T T S iy
[ ]
]

ok

+
)
1

45  YCED 11
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-agar or sporuIa gar slant at 25[err]C until s oruIa__ ¢l
4[ernhjssht19 us d For | ong-term storage of{ cul tufep=

suspe pared by suspending spores fropn r

s| ant m sterile YGVM 10 = nedium This spofe SLfszgg?r a%%

t hen used to |nocul ate 250 m Erl enneyer flasks co | M
(yeast extract/glucose/ mneral salts) mggium The ' I asks were then

i ncubated with shaking at 250 rpm for 32-36 hours at 30 Tt

provide a sté& FTTOC Ul Growth at oH 5.5 gr own
standard i nocul'um were al sg,,lysed for (.,’LQ,.) maki ng gl yceze! 96w t ures suitable
for 1ong- termmwc at—=7prer T Camd for ryopnrTTZatTon.

EXAMPLE 111 YCED 17 3 In Vitro Antagonism of Fungal

Phyt opat hogens by Streptonyces_ WEC 108 20
The ability of Y& tonyces WYEC 108 td inhibit the growth of a

number of sel % ungal phyt opat hogels was measuréd in terns of col ony
growt h i nfi bi tYGP 2%t r ept ord/ces WEC 108 was streak-inocul ated”to one side

of t he CEGRRRBO of corr® neal agar (fCMA) (Difco Lab., Detroft, M chigan)
pl at es. YCRIxal at ed plates were ircubated at 25[ err] Cfor- about 8-12
days until theYcED 82ires 25 4 had sporuHlated. Sporul ati on was detectabl e as
a mass of greyyeep anl nyceld4 um and + spores by ebservation-with the
naked eyeggo Sporedmiu4 on was pbserved by+phase a@ontrast m eroscopy (x
1,000). A 5-mye¢kmBeept er CMAg agar di sc qontaining - acti-vel y grow ng
r‘ryc_el ium of a ¢@garkéi c fungpl phytopat ogen was taken fromthe.-
‘ YCED 62 5 . + - -
YCED 64 5 - e T -
15 YCED 71 5 + - - -
YCED 73 5 + - s
YCED 85 6 - - -
YCED 88 5 + - -
YCED 93 7 + - -
20 YCED 96 7 - + - - -
YCED 98 8 + - - -
YCED 105 7 +. - -
WYEC 101 4 + - -
25 WYEC 104 8 + - -
WYEC 107 7 - i * -
WYEC 111 8 + - -
WYEC 113 8 + + +
WYEC 116 8 + - -
30 ~WYEC 118 7 + . - -
CYPC 2 6 + - -
CYPC 5 6 _ + - -
35 a Inhibition of P. ultimum defined as hyphal growth less abundant and growth
retarded slightly on area of plate to the side where the actinomycete had been
+++ sj:ywnstrong inhibition with zone of inhibition = 2.0cm
+ -+ strong inhibition with zone of inhibition = 1.0cm
40 + . grawth definitely retarded, with obvious zone of inhibition near colony
+ minor inhibition of P. ultimum (hyphal growth less abundant and growth retarded

- no inhibition

After 96 hr, five isolates (WYEC108, YCED9, YWE91, WYE90, and YCED106) showed very
45 strong antagonism towards P. ultimum , four (YCED1, YCED106, WYE97, and WYE98)

showed strong antagonism, and ten others showed weak antagonism. The remaining isolates

were either not antagonistic, or only very weakly so. The cultures that clearly inhibited growth



'Iea"UT‘n'g—edge of a fun -culture and aseptically pfaced i R%%ﬁwﬁ? T SﬁEET

the 3Qatheddias B&hR pI ates were incubated at 25[err] ntil the test
fungu dge of a control plate not cont | Y7 SEP 199

St rep"[iHm | nhi bition of fungal grow h quantifie
det er ra |o of radial growth of fungal patfh

i nfluence of Streptonyces WEC 108 ver sug,growt h al one on

- 20- the control plates. Percent.inhibition of fungal growth was

recorded aft eof Pl@lim@f were about equally digided fbetwien Ghdsaisolated id@pém:phge-@mfeti ect ed

pat hogeni ¢ f URGIKSea n‘gpﬂnmmﬂed soils. WS replicated on five plates,
I nhi bition was rreasured se&%%lre ﬁwgibaand re n average

standard devi ation. 5°¢ved e ptek g} gg’"ﬁ)fs‘}'ﬁ‘é"geﬁﬁ PUPETS bi oassays
are shown in Mgb:ﬂsxﬂ/agaiﬁktltb white-rot fihguscPhanepeimert Waysosperiveyrncopoest a2 EC 108

exhibits wery cﬁh@ SR Visidlls LIRS Bsine degree ofntiliofiEm oRRE Snitirol fBERLs P! ant
pat hogens, incC | n_lg anpi ng off t( ht hi um
able III. The degree o
weak (+) as defined by the size of the inhibition zone. Five of the cultures that showed
antagonism against P. chrysosporium (WYEC108, WYET78, 2YE90, YCED9, and MSSC2) were

further tested on CMA against an additional white-rot fungus (Coriolus versicolo) and two

gonism varied from very strong (+ + +) to relatively
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uttinun), root\ret (Pyt hi um ul timum Rhi zoct oni‘a ﬁ%@cnﬂf’é‘a rRagRY tétgrﬁaged%?

and - Phyt ophqhora ci nnanoni ), white rot (Phah uvION CHAEed S0P i naged f‘)‘
and"rlél us 1§ “\yersicolor), brown rot (Postia hlddémwingifd wigeda Jﬂ?lﬂaﬁ -----

~ trabeun) and | ‘af \ﬂnd stem pot (S@I erotinia #ﬁ"}bsﬂaiﬂigl. paged £:7to paged .=
-21- - TABLE V

- Per-cent- i nhi bi t‘ori Eerr] standard devi ation[err] DAFENO# RECEIPT] ) MAR 1997

hr

- 100 0.0

10

15

20

25

30

L
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100 0. CONTROL PLANT PATHOGENS
FIELD OF THE INVENTION _ _

The present invention relates to a new strain of Streptomyces bacteria
that is capable of inhibiting the growth of soil borne plant pathogens and
enhancing plant growth. '

BACKGROUND OF THE INVENTION -

Fungal phytopathogens are a cause of severe economic losses in the
agricultural and horticultural industries. Many different types of fungal |
phytopathogens have been described: these pathogens cause plant diseases such as
damping-off, white-rot, brown-rot and root-rot. Such diseases can kill emerging |
seedlings, reduce plant vigor and adversely affect crop yields. -

To minimize fungal infections, bedding-plant nurseries may grow
seedlirigs in steam sterilized or chemically treated soils. However, such
treatments also remove beneficial microorganisms from the soil, including

microorganisms that would normally compete with soil fungi. In such cases, if a

~ fungal pathogen is accidentally mtroduced it may spread rap1d1y and produce

widespread disease.

In agricultural S~ags, soils infested with phytopathogenic fungi may
be unsuitable for growing certain crops. For example, soybean production in
Michigan and in other soybean growing states is often severely limited by
Phytophthora root rot caused by the fungus Phytophera megasperma (Filinow and
Lockwood, 1985). Species of Pythium fungi are widespread in soils in parts of
California, Washington State and Idaho. Pythium ultimum is the most common
pathogenic species encountered and is associated with pre-'and post-emergence
damping-off of seedlings. This species is a serious pathogen of wheat, peas and
chickpeas and other crop plants grown in these soils and in soils in other states
and other countries (Trapero-Casas et al., 1990; Stanghellini and Hancock, 1970;
Kraft and Burke, 1971; Westerlund et al., 1988). The use of chemical agents to
control fungal phytopathogens is often not practical due to high costs, lack of
efficacy and the emergence of resistant strains of the fungi. Additionally, the use

of chemical fungicides is not desirable from an environmental viewpoint.
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'Pythiumultirrum , 100 0.0 100 0.0 10

Rhi zoct oni a sol ani 100 0.0 84 0.0
Fusar i urh oxysporum 26 2.5 26 3.6
Fusari um sanbuci nct um 44 ferr] 2.4 - 35 [err] 2.4
Fusarium solani 36 [err] 2.5 19 2.5 15
gh%t opht hI(:))La CaﬁSIhCI 100 [err] 0.0 100 [err]

: yt opht hor a .¢i nnanpmi S . . .
100 [err] 0.0 Phyt Spfit %23?%{ 9f £bs, Brespnt juvention to bfia% o Giat control
100 [err] 0.0 mafis oBebdiichigl fihgal GREHOgeN Wifection of plants. 100 [err] 0.0
95 [err] 1.5 Sclerotinia sclerotiorum 100 0.0

%88 [0. 0] Phaner ochaet e SHVMARY OFFHE INVENHON 0. 0

err] 0.0 Cor,0l vVersj . . .
100 [err] 0.0 25 %Sff%goﬁ%é@%g{as been achieved by the lmlauon]&q‘f%%hﬁerr ?] 0
0.0[err] 5 10QflRtindmPcetd Bidtdria that areashdwnito e effectiverimpinhibiting the growth of

100 [err] O.0[err 100 [err] 0.0
100 [er r% 0. O%fvngq]l phytqu@x[og@s]g[lgrpa[fuegurlgr, one of geqlgcﬁgtgg lal:tlilnrgn%yrc%lt:)eegargteria,

‘herein named Streptomyces WYEC 108 (also referred to herein as WYEC 108), is
shown to exhibit strong antagonism towards a wide range of fungal plant

pathogens, including pathogens that cause the plant diseases commonly known as
10 damping-off, root rot, white rot and brown rot. Thus, one aspect of the present
invention is a biologically pure culture of Streptomyces WYEC 108.

The present invention also sets forth various compositions suitable for

treating plant seeds or plant roots with Streptomyces WYEC 108. Such
. compositions are useful to reduce the susceptibility of plants to ﬁ.mgal infection

15  and to enhance the growth of treated plants. In a preferred embodiment, such

| compositions comprise a biologically pure culture of Streptomyces WYEC 108
and a delivery medium. In p‘articular embodiments, the delivery medium may
comprise alginate gel, peat moss, sand or cornmeal. In one embodiment, the
present invention encompasses a delivery medium which comprises peét moss,

20  sand and cornmeal together with Streptomyces WYEC 108. In another
embodiment, the delivery medium comprises at least 10° colony forming units per
gram of delivery medium.

In another embodiment, the present invention encompasses alginate
gel pellets containing Strepfomyces WYEC 108. Such pellets can be added

25  directly to the roots of growing plants or to horticultural or agricultural soils to
reduce damage to plants caused by phytopathogenic fungi.

The present invention also encompasses methods for reducing the
susceptibility of a plant to fungal infection. In one embodiment, this method
comprises delivering Streptomyces WYEC 108 to the roots of a plant. In another

30 embodiment, the method comprises immersing seeds in a composition that

contains Streptomyces WYEC 108 and thereafter planting the coated seeds in a
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30 Ceotrichum candi dum 47 [err] 2.1 .45

[err] 2.1 Verticiliiumdahliae 73 [err] 2.0[err]
59 ferr]g 2.0[err] [err] Values based upon averages of individual
val ues of five replicated plates. Indivjdual values were det er mi ned by

separately measuring the nycelial growiti fromeach plate. 35 [err] .
I nhi bition of fungal pathogens defined as hyphal growth of pathogens under

the influence of St rept.onyces, WEC 108 ve s grow.h al one. t he
control CvA plssitalde gro ‘[‘é‘i‘ -aﬁ’dﬂ‘[se'inﬁm ?ﬁ?}fa%ret' °5l“°§‘6°°m1”§§% 192 hr
I ncubati on, reﬁ@ﬁ%'éé?h{%t%ir%néosg{elpmmyces WYEC 108 EXAMPLE

IV . eytonyces WYEC 108 as a Seed Treat ment
The efficacy of StreptonycBRIBWBESCRIPIEFONSOF GTHE ARAWINGINt s agai nst

phyt opat hogens was det i.,ned by appl ying,str ai EC 108.t o, unger g nat ed
chi ckpea seeds and theﬁrcg}la?ﬂq‘ _ ﬁ&ﬁ%ﬂ&%ﬂ&% ‘?WW#@&‘P&Bgmﬁ’gh he
fungal 45 sphysapat f}?l?ggtog)r a fHeRir AR 6ﬂ§pd?esv$?'|g&6ﬁ loRISBreptomyces WYEC

Extracel | ul ar nmetab uced by strain C 108 were extracted
fromcul tures 108.ether extraction. The effect of these netabolites on

fungal ‘infection Gle OTELALNG:SHLE PSR 5554181 itfiSiedvith B5hibAT N0

G owm h of Streptonyces
species. Plants on the right germinated from seeds treated with Streptomyces

WYEC 108. Plants shown on the left germinated from untreated seeds.

10 | DETAILED DESCRIPTION OF THE INVENTION

The present invention describes the isolation of a number of

actinomycete strains from soils. A number of these strains are shown to be
effective in reducing the effects of fungal pathogens on plants, including lettuce,
chickpea and pepper. In particular, the present invention sets forth the isolation

15  of a strain herein referred to as Streptomyces WYEC 108. Strain WYEC 108 is
shown to exhibit strong antagonism towards a wide range of fungal
phytopathogens, including pathogens that cause pre- and post-emergence damping
off of seedlings, root rot, brown rot and white rot. As such, strain WYEC 108 is
particularly suitable as a biocontrol agent that can be used to protect plants

20  against infection by these phytopathogens. Thus, Streptomyces WYEC 108 is
useful in niethods for reducing the susceptibility of plants to fungal infection. As
such, plants treated with Streptomyces WYEC 108 will show reduced effects of
fungal infection. Fungal infection of susceptible untreated plants affects certain
growth characteristics of such plants. For instance, untreated plants exposed to

25  fungal pathogens. may show significant reductions in plant height, plant biomass

| and crop yield compared to plé.nts not exposed to the fungal pathogen. In

preferred embodiments of the present of the invention, plants treated with
Streptomyces WYEC 108 and subsequently exposed to the fungal pathogen will
show less severe reductions in plant height, plant biomass and crop yield than

30  untreated plants exposed to the fungal pathogen. In more preferred embodiments,
plants treated with Streptomyces WYEC and exposed to the fungal pathogen will
show growth characteristics similar to the untreated, unexposed plants. In most
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-22- For growth of strain WYEC 108 cells, one liter

Erl ennmeyer fl asks containing 500 mM YGM (pH 7.1-7.2) were inocul ated

wi tdh 20 . of stock culture and i ncubated with shaking at 250 rpm at
30[err]C for 3 days for the production pof cell nass. For production of
antifungal netabolites, one liter Erl e'n‘greyer fl asks containing 500 5 m CYD
(pH 7.1-7.2) were inoculated with 20 ml of stock culture and incubated with

shaking at 250 rpmat 30[err]C for 7 days, Tr eat Seeds _wi t.h
St r ept onyces \NP&E"E@S"’?’HQ‘%?}% p&%ﬁeﬁgg@ﬁh{eg@myces RR7Ec o8 35 cxposed
nycelial susp ' %é?,qu “y%g Waeri gg@ﬁ&ﬁgt@m treated
centrifugati Oﬁ:ﬂj&l@@}ﬂ%&b@% or li%‘%m u&%%om aﬁf%oo m  3- daye-lg)ll1 danGf\/I
l'i qui F 10dcul tunerposéd @lamts. vest ed nycelia were resuspended in 200-300 nm of
sterilized 3% (W y) .sQgi | npat.e sqlution.tg a cultur NS of
1. O-é. 2 f(| 10[err] cf u/#@n%&g?p@gco%mz e@?fi{ rﬁgﬁsénglheeﬂregﬁlgg&?tcgﬁpﬁféé I
m xed ce al g : |

: 5 al 9 OR RSP RidBloRN Sitdif WEEES108i8hown to ehRdIRE Bhé gbwaRe by
one into steri ‘?}?eg"zg. 25 M CaCI0 err] indistilled S\E?er. These sgg)ds

of lettuce plants growing in steam sterilized soil and pepper plants growing in an

agricultural field. -

Also encompassed by this invention are means of producing vegetative
cells or spores of strain WYEC 108 suitable for incorporation into a delivery

10  medium. The composition comprising the vegetative cells and spores of WYEC
108 and the delivery medium is shown to have a long shelf life and to be suitable
for delivering strain WYEC 108 to plants.

Materials and Methods
Bacterial Growth Media
15 Al bacterial growth media were prepared using distilled water and
sterilized by autoclaving prior to use. All bacterial samples were handled using
standard aseptic laboratory techniques to maintain purity.
YGM (yeast extract/glucose/mineral salts) medium comprised 0.6%
(wt/vol) yeast extract (Difco Laboratories, Detroit, Michigan), 1.0% (wt/vol)

20  glucose, and phosphate mineral salt solution (5.3 g of Na,HPO,, 1.98 g of -
KH,PO,, 0.2 g of MgSO,.7H,0, 0.2 g of NaCl, 0.05 g CaCl,.2H,0, plus 1.0 ml
of trace elements (Pridham and Gottlieb, 1948) per liter of deionized H,O; pH 7.1
to 7.2). The solution of trace elements consisted of 0.64 g of CuSO,5H,0, 0.11 g
of FeS0,.7H,0, 0.79 g of MnCl,.4H,0, 0.15 g of ZnSO,.7H,0 in 100 ml of

25  distilled water. _

WYE (water/yeast extract/agar) medium, modified from Reddi and
Rao (1971) contained yeast extract (Oxoid, 0.25 g/l) as the sole carbon and -
nitrogen source, and agar (Oxoid, 18.0 g/l). The medium was buffered to pH 7.2-
7.4 with K,HPO, (0.5 g/l). '

30 WYEC (water/yeast extract/cellulose/agar) was WYE agar to which a
thin overlay agar was added. The overlay agar contained 0.25 g/l of cellulose
(Solka Floc, Sigma Chemical Co.) and 18,0 g/l agar in distilled water.

| ) | This is the replacsment sheet
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were used in the biocontrol assay described bel ow. 15

Antifungal metabolites produced by Streptomyces WEC 108 were obt ai ned
inspurifiied formas follows. A 7-day-old 500 ml culture was filtered to
remove cells and subsequently extractedswith 150 ml ether using an
extraction funnel. The ether was then renoved by vacuum evapor ati on
and the resulting extracts were redissolved in 1.5 mM distilled water.

This solution was then r . s.ter|J ed. t 1 e err m
filter and was added .ﬂwffﬁs Mea}stg%%@]&t?ogl né?@ Sol u cgnéﬁleh ]
purified anti féé@ﬂﬁino%kﬁl(ﬂlfcbeso m),%aﬁsa@aeqomm Gt:Dlmbaril.& gll),dm f ungal
I nfection. Preferably, the antifun netabolites will be purified so as to

be subst aglucase (0. 4 g/Be Ko HBE, W/&(B/ll@ﬁ 22t1-9), ang 1808/l agarip ledi on of
WYEC 108 cells and/or spores together with anti f ungal rret abolites is
al so expected Y&he effective 25 agai nst fungal phytopat hogens. The

anti f ungal smet abol i t e- ¥OHD fdasarhins FRiUs/yesst wRRact/dextrosefagar; dnadifiett from bed
above to Chl ckpea seeds for use in the biocontrol

Bi ocontrol AssBgddi and Rao (1971) contameéquash@m@ ﬁfg&%ocww\cfi Ft i mum

ari oul tur 2?“'5 focnds" BAE PRt 03 g0, M3 =B @%mt s S the e fas ' °
ditirm nlefj to bﬁfﬁbﬂsvllﬁl KHPOo(Ig).y mi xing a soil :water slurry
(1:1), allowng the SOl e teelinlose/yeast ontrast/péptonticompost Sxtiasgaar) Sonthined
10  cellulose (Solka Flock, Sigma Chemical Col; 5.0 g/l), yeast extract (1.0 g/l),
peptone (Oxoid, 1.0 g/l), phosphate buffer (K,HPO,, 0.75 g/l), agar (18.0 g/l), and

compost extract (100 mU/1) replacing 100 ml of distilled water in the medium. It

was poured directly and not used as an overlay agar.
. MSSC (mineral salts/starch/casein/agar; Turhan, 1981) contained a
15 mmeral salts solution consisting of NaCl (2.0 g/1), MgSO,17H,0 (0.05 g/l), CaCO,
(0.02 g/), FeSO,I8H,0 (0.01 g/1), and KNO, (2.0 g/l), plus organic constituents
including soluble starch (10.0 g/) and casein (0.3 g/1), plus agar (18'.0 g/l). The
medium was buffered with K,HPO, (2.0 g/l).
| Sporulation medium (ATCC Medium #5) contained yeast extract (1 0
20  g/l), beef extract (1.0 g/l), tryptose (2.0 g/1), FeSO, (0.01 g/l), glucose (10.0 g/h),
and agar (15.0 g/1). Thé medium was adjusted to pH 7.2 prior to autoclaving.
(17th Edition ATCC Catalogue of Bacteria and Bacteriophages).

CYG medium contained Casamino acids (acid hydrolysate) (5.0 g/l),

yeast extract (5.0 g/l) and glucose (10.0 g/l) in distilled water, adjusted to pH 7.1-
25 7.2 '

Delivery medium (comprising sand/cornmeal/water or peat
moss/sand/cornmeal in ratios as set forth below) was sterilized by steam
sterilization prior to use. Sterilization was typically performed by autoclaving 3
times, each time by 90 minutes.

30  Harvesting of bacterial growth
_ For mycelial growth 'of Streptomyces WYEC 108, one liter
Erlenmeyer flasks containing 500 ml YGM medium (pH 7.1-7.2), were 1nocu1ated

~
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- 23- supernat ant solution. The soil was chopped, m xed thoroughly and
then placed in seedling pots (10 cmdeep x 10 cmdi aneter).

Thes.in vivo biocontrol assay was carried out by pl anti ng unger n nat ed

chi ckpea seeds treated with either Streaotorryces WYEC 108 or the antifungal

5 metabolites in the infested soil. Untreat ed seeds planted in the sane
soil were used as a control. This procedure involved the follow ng
st eps:

. 1) One cm of peat nogs was. placed.in the bottom of
eagI hdpo_t to pathe?@ ml of stqciss%ﬂtw @senarssh s ‘é"'s%‘tlsl?qdl mffr’@mpi‘? f@ aflgrm%'é’fr%fii on
and drai nage. wis spaking at 2 2008560 birB 8R! SMYBAIR el B6h Harvstbd
I nfested soill .WI%S at 250 rpm 2 3(3 é‘?ﬁe sol Idﬁ)’\‘/%vas hen watered to satg}r’ation
fromt ge Eot L @entrifligation at 5,000apn for i @rminfutesh Altepnatively, iayeelia avere barvedtedind
treated chickpea seeds re placed on the . sSqil and covered .l.5-2.0 cm
deep with the_bé’al?%mé‘@%\.{\ﬁw Y1) \%ﬁ& ’QV?matsBmes s?t%ﬁég%ﬁée é%tfor%y?
capillary actQOEHRARLIANAR! WiBerdbtaiPineail WashB8E dbdatolicdir a8e U T &
planted in each of three replicate seedling pots. No fertilizer was added
to the soil. ibncéitratedriuspensiodrofimyrelindng spares was usest dinestlye iporulatoer e
covered with ceﬁan pl agtic until seedling energence. Additional water
was sprayed o H@'thﬁfﬁﬁm'the pots as

Cells and spores were also produced by growth on solid medium (for

example sporulation agar). Mycelia and spores were harvested from sporulation -
10 agar by scraping the surface of the agar into distilled water. This suspension of
spores and mycelia was then mixed directly into the delivery medium.
For the production of spores of Streptomyces WYEC 108 two liter
Erlenmeyer flasks containing 1,200 ml YGM medium were each inoculated with
50 ml of stock culture and incubated with shaking at 250 rpm at 30°C for 12-18
15 days. Spores were harvested by centrifugation at 9,000 rpm for 10 minutes.
Fungal Pathogens
Pythium ultimum PuMXL was obtained from the culture collection of
the Department of Microbiology and Crop Protection at Horticulture Research
International, Worthing Road, Littlehampton, West Sussex BN17 6LP, United
20 Kingdom. White-rot fungi Phanerochaete chrysosporium and Coriolus versicolor;
brown-rot fungi Postia placenta, Caldariomyces fumago, and Gloeophyllum
trabeum; soil born fungal pathogens Rhizoctonia solani, Fusarium sambucinctum,
Geotrichum candidum, and Verticillium dahliae came from the culture collection
of professor Don L. Crawford, Department of Bacteriology, University of Idaho,
25  Moscow, ID. Phthium irregulare, Phytophthora capsici, Phytophthora
cinnamomi, Phytophthora parasitica, Sclerotinia cepivorum, and Sclerotinia
sclerotiorum came from the culture collection of Dr. Wesley Chun, Department of
Plant Soil Entomology Science, University of Idaho, Moscow, ID. Fusarium
oxysporum came from the culture collection of Dr. Arthur D. Partridge,
30  Department of Forest Resources, University of Idaho, Moscow, ID. All cultures |

were maintained on potato dextrose agar or corn meal agar and grown at 25°C.
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needed, begi nning after seedling energence. Experinments were perforned in a
greenhouse at 15-30[err]Cwith a 12 hr light and 12 hr dark cycle '

phot opersi od (16, 000 | ux). 20 Emer gence counts of
chi ckpea seedl i ngs were .nmade periodical)y, and final emergence counts
were taken after 20 days. Energence dai’a were reported as t he average

Lpr each 'ltreat ment. The ability of Streptonyces WEC 108 to act as a

i ocontrol agent was based on total energenge, plant Lght ., an n

fresh weight, These straing Wegs-idgntified ?Shé’g‘é’ﬁg?f?so IWbﬁBéﬁf”é“%fbaﬂwﬂeo?ﬂqJﬁ{e%ét ed

seeds with th?o%flﬁﬁ&fh&ﬁdﬁ'enﬁ gﬁnt. 25 The results of this biocontrol assay
able .

are shown in - 24-
TABLE VI Bioassay Seil

For use in bioassays, soil naturally infested with Pythium ultimum was

5 collected from several sites in the Palouse region near Moscow, Idaho. This soil
was collected from the top 15cm from fields that had been cropped with wheat
and pea in the previous two seasons. The soil population of Pythium speci€s was
determined as follows: A soil dilution of 1.0 g air-dried soil in 50 ml sterilized
distilled-water was thoroughly mixed with a Vortex tube mixer. A 0.1 ml sample

10  of the well mixed dilution was placed as small droplets on 3-day-old 2% water
agar plates (Stanghellini and Hancock, 1970). Plates were incubated at 25°C and
read periodically using a low power (x10) dissecting microscope with fluorescent
illumination to determine the identity and numbers of Pythium species present.
Colonies on each plate were checked after 12, 48 and 72 hours of incubation,

15  before the final population was estimated. Idéntification was based upon the
morphological characteristics of fungal mycelium of Pythium species under
microscope and the growth pattern on 2% (w/v) water agar plates. Fungal

 colonies of a pure culture growing on 2% (w/v) water agar served as a control for
visual identification purposes (Stanghellini and Hancock, 1970; Stasz et al., 1980).

20 Examination of this soil indicated that the population densities of P.
ultimum and P. irregulare were 354 £ 15 and 194 + 11 cfu/g of air-dried soil at
the time of seeding (Spring, 1992), respectively. Population density of other
Pythium species was 57 9 cfu/g of air-dried soil. P. ultimum and P. irregulare
were the most prevalent species isolated from the collected soil.

25 _ EXAMPLE I

Isolation of Actinomycete Strains Exhibiting
Antagonism Towards Fungal Phytopathogens

Actinomycete strains were isolated from four rhizosphere-associated
and four non-rhizosphere-associated soil samples. These strains were then tested
30 for utility as inhibitors of fungal phytopathogens.
Isolation of Actinomycetes
Actinomycete isolates were isolated from 8 different soils by serial-

dilution/spread-plate technique. Dilutions (10 to 107) were plated onto various
This is the replacement sheet
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Fresh Tr eat ment Danpi ng-of f (% Enmer gence

Hei ght wei ght Preenmer gence Post ener gence

(9™ Tt (cm (g/ pl ant) Cont r ol _ 86. 7

6.6 6.7 4. 3[err] 0. BAéler rl] 5 Streptonyces

36.7 0.0 63. 3 11.3 1.05 WYEC 108[ err]
3% Al gi nate[ err] 83.3 10.0 6.7 4. 1] err]
0.32[err] Antj f.ungal , .. 63.3 .. W3, . 33.3
8.9 0. @gar Isolation dhedigo, Tb%s?@mm%of3 these medip iy pet fsnxﬁan gMetgrials coat ed
on seeds. [ t t AlRi Mo : d -Fgﬁé rked

w thin colum a\r/\lgrl\géﬂr%‘#asaibgg{]f {Ag%({ﬁﬁ; %i‘?ﬁrgﬁ at({ %ﬁﬁﬁg—ﬁ%. 5 |l evel.
15 isolation medihmSon ehichnthey sverdyistlateds Forl dxample] WHECaHIE vamgal

metabolites . ro by .1 hese reduced Pyt hj um danpi ng-of f of
the chi ckpeas_.‘sdategonw I%dlwt%?lﬁﬁm W‘ﬁ@%ﬁ&&sh{{% Y niRi“Wne seeds
ver e coat el Wdeferal such ﬂe&ﬁp&gﬁﬁggﬁﬁx Mﬁgﬁ{:%gﬁaoﬁe{vhﬁ:}x eHRfifelyRenfols! 9Ni f1 cant

reduction 1 n height and 20 wei g of the plants that energed from
the control (embacteriad@nd fimigak geowth and aidscindisolating: theyshoveet growitigose of t he

pl ants germ nated from seeds ed . St r ept oyce EC. cells.
Enmer gence of Lﬂ‘iﬁ?‘gﬁ}"?&esc ﬁﬁalﬁ‘fgpm @E‘éjg(é@ agars were patticulatly effective isolation

media, they were used predominantly. Dilution plates were incubated at 25°C for

4 to 10 days to allow the actinomycetes to sporulate, and then colonies were

10  picked and streaked onto WYE or YCED agar plates for purification. Pure
colonies were transferred from these plates to YCED agar slants or CYD agar
slants, incubated at 25°c or 37°C until sporulated, and stored at 5°C until used.
Stock cultures were transferred every 3 to 4 weeks.

Soils

15 (i) Non-rhizosphere-associated soils.

Samples (100 to 200 g) of soil were taken from the top 7.5 to 10 cm
of the soil profile at 4 sites in the United Kingdom, including a cultivated rose
garden (Soil S1) in Rustington, West Sussex; between rows in a wheat field (Soil
S2) at the Horticulture Research International (H.R.I.) farm in Littlehampton,

20  West Sussex; a forest soil (Soil S6) from the Wynd Cliff hardwood forest reserve,
South Wales; and a grassland (Soil S7) sometimes grazed by sheep at Hastings
Hill, South Downs, West Sussex. These soils were considered non-rhizospheric,
although they did contain plant roots in varying amounts.

(ii) Rhizosphere-associated soils.

25 Rhizosphere-associated soil samples from 4 places were prepared
essentially by the method of Miller et al. (1990). Soil 3 (S3) was associated with
the roots of a dandelion plant (Taracum officinale) in a rose garden at H.R.L. in
West Sussex, England. Soil (S5) was associated with wheat roots and was taken
from the same field as S2, a wheat field at the H.R.I.’s farm in Littlehampton,

30 West Sussex. Soil 4 (S4) was also associated with wheat roots, but the soil was
from a field on Bignor Hill along the South Downs Way, West Sussex. Soil 8

(S8) was associated with the roots of linseed plants and was taken from a field

-
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extrenely reduced (6.7% energence) because of seed rot and preenergence
danpi ng- of f di sease caused by P. ultinum when seeds were planted in soil 25
natural ly infested with P. ultinumand P. irregulare. In contrast,

ener gence of seeds treated with Streptonmyces WYEC 108 cells before
seedi ng was 63. 3% Seeds treated-Rith al gi nate alone did not show

I ncreased energence. Synptons typical of Pythiumroot rot, including
root hair loss and root discoloration, were _evident in harvested

chi ckpea r oot adipsenti tadhe §7sampling site, ol grossland, sometimes gsazed by shegmpt ons wer e

absent from pl . fL,om se trgated with Streptonyces WYEC
108 cel I's. |nﬁ%§3%%ﬁm§°§?h ﬁgﬁﬁ‘g’edwteg @Fﬁs%{pga was nainly in the form of
seed decay, and preeneAghioafycoRsNolded from hBis6iiPesuld ®e divides iritd @osei d
energe . and grow were stunted, and their roots were severely infected

with P. ulti misglated from ppwrhizosphesss (31,552 86p gnd SAkoxthignspheremassoriatad Bpea
plant s taken 140! Bk 38 soill OG0 e ibkactcHlfa S8R mtbAN cortlif ¥ O
- 25- drying 3 g (wet weight) samples (three replicates) at 100°C for 58 h and then
| reweighing them. Soil pH was determined by thoroughly mixing a 1:1 soil:water
slurry, allowing the solids to settle for 2 h, and taking the pH of the supernatant
solution. After collection, soils were stored at 4°C until used (24 to 48 h). The
10  isolates were confirmed to be actinomycete strains by visual examination which
showed that the colonies formed by these strains were typical actinorriycete
colonies (hard and leathery with an aerial mycelium containing spores). Further
confirmation of the identity of these strains as actinomycetes was obtained by
microscopy.
15 | Determination of pH range for growth.
Each actinomycete isolate was tested for its ability to grow at pH 5.5
to 8.0. Cultures were spot-inoculated onto plates of CYD agar, buffered to pH
5.5, 6.0, 6.5, 7.0, and 8.0 with combinations of K,HPO, and KH,PO, buffers at
100 mM concentration. The final pH of each medium was adjusted to its final
20  value just prior to autoclaving. Cultures were checked for growth after 5 to 7
days incubation at 25 or 37°C. Plates were evaluated visually for little or no
observable growth (+), some growth (+ or ++), or excellent growth (+++).
As shown in Table I, the rhizosphere-associated soils gave almost
twice as many isolates as the non-rhizosphere-associated soils. Each isolate was
25  tested for growth on CYD agar media ranging from pH 5.5 to pH 8.0. All
isolates grew from pH to 6.5 to 8.0. Only 9 failed to grow at pH 6.0, while 57
(21%) failed to grow at pH 5.5. Of those that grew at pH 5.5, growth varied
from poor to excellent depending upon the isolate. The ability of the isolates to
sporulate strongly on CYD agar was also determined by visual and microscopic

30  observation of colonies after 5-10 days of incubation.
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fromuntreated seeds showed extensive root infection and |ack of secondary

root s ~and root hairs whereas the plants energing fromseeds coated
wi th Striept omyces WYEC 108, shown on the right, showed good growth
and normal formation of secondary roots and root hairs. 5

Ener gence of chickpea seeds treated witf- antifungal netabolites in the
formof ether soluble netabolite was higher (33.3% than that of control

seeds (6.79, but lower than that of seeds coated with Streptonyces
WYEC 108 cells (63.3% . Plants tEABBEedged from seeds treated with
antifungal netabolites showed-vigorous growt-h—-oRger——oot—and a

hi gher density of root hair 10 devel oggrativenedigmpar ed to control plants.
EXAMPLE V Ffect-s—of—Streptonyees—rrEC—+68—ormRoot

| nf ection Soil Soil pH Y¥0EDSeed RotWIXE Pyt hi ufrotalst i num

Chi ckpea seedlTTIgS Qr.OWT_as OeScCriped 11 EXxanple Tv 1n solil nat L%r arty 15
infested with Pyg’ﬁr pherecassegigtedisofls and wi t hout pretreat ment Wi th WEC
108 were egam’ ned tg determ nesihe effectsgof strain JEC 108 oBygP. ultinum

i nfection. Root infection by P. ultimumwas studied with
control (untreated)?2 chi ckpgea seedlin§s harvested after 20d1days of
gromh. P. ultinmumcausing root rot 20 was al so isolated fromthe rotted
roots of these cont fol pl ant s.TRsol ation &0 P. & ti mum wa

acconpl i shed by fi rgt washi ng §_gi I fromttlg chi ckpea roots (rootjets

Rhizosphere-associated soils 140

10 3 7.0 17 22 39
4 7.6 32 33 65

5 6.5 11 15 26

8 7.3 8 2 10

Total isolates 114 103 217

15
In Vitro Antagonism Assa

Eighty-two isolates were chosen on the_ basis of their ability to grow
well and sporulate strongly on CYD agar.
To test the ability of these isolates to inhibit the growth of P.
20  ultimum, an in vitro plate assay was used. Each actinomycete was streak-
inoculated on corn meal agar (CMA) plates, to one side of center. The culture
was incubated at 25°C for about 8 days or until the culture had sporulated. A
CMA agar block (0.5 cm?) containing actively growing P. ultimum mycelium was
then aseptically placed in the center of the plate. Incubation was continued for 96
25  h. After 48 and 96 h the plate was examined for inhibition in the growth of P.
ultimum. Inhibition was indicated when P. ultimum mycelial growth in the
direction of the actinomycete colony was retarded or prevented. The results of

this test are shown in Table II.
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and root hairs) with tap water and rinsing themtwice wth sterile
distilled-water. Decol ori zed and rotted roots were cut out
aseptically with a razor bl ade and placed on 3-day-old 2% wat er agar
pl ates. The plates were incubated for 24-48 25 hrs at room tenperature
and observed under phase contrast m cr‘ék‘cope (x40). P. ul timum
growing fromthe infected chickpea roots was subcultured to fresh 2%
wat er agar and then identified as described previously (Ingramand Cook,
1990) . ' Seed rot by PTABLE illm was studied with rotted
control seeds harvacot ad oft. ar 20 dave A port of o cottod gaadng
aseptical |y pl &ltge on 3-dapowrd0 oW pfér agar pingemismpbsered;
sterilized toothpick. and i®fbated fof*®2-48 hrs 484 96 Bm

t enperat ure. Thatagenistie@t 9ehre exam ned as descri bed above.

- 26- WYEC 108 Pyt h§ um was observed to infeet+the root $+of
untreat ed £hi ckpea pl ants '
' YCED 1

YCED 9
YCED 35
YCED 48
10 YCED 95
YCED 106

+ 4+ + 4+ + +
:t+++$:t

++
+H+
+ -
+
+
++

NN A RN -

WYE 21
WYE 22
15 WYE 30
WYE 31
WYE 78
WYE 88
WYE 90
20 WYE9I
WYE 97

— N N = = B AR
+ +

+ + + + + 4+

MSSC 1 2
MSSC 2 2
25 Nonantagonistic (at 96 hr)
WYE 6 1
WYE 9
WYE 11
WYE 12
30 WYE 13
WYE 20
WYE 23
WYE 27
WYE 28
35 WYE 29
WYE 34
WYE 35
WYE 38
| WYE 42
40 WYE 43
WYE 45
WYE 47
WYE 53
WYE 54
45 WYE 56
WYE 68
WYE 69

+ +
S+ o+
+ +

4+ 4+ 4+ 4+
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growing in the naturally-infested soil. P. ultinmmwas the nost preval ent
speci es isolated fromrotted seeds and roots. P. irregulare was |ess
comonl y- obser ved. Root col oni zation by Streptonmyces WEC
108 was examined in roots 5 of 20-da%-ol d chi ckpea pl ants that

germ nated from seeds treated with t he-12- Streptonyces WYEC 108 ,
cel |l -al gi nate suspensi on described in Exanple Il. These pl ants were
grown in soil naturally infested with P. ultinmumand P. irrequlare

al so as descriGflut N EXaNPIGurbd - | N&Gréwtktipl SBEN € I € MONRegorisnOobkerve® seedl i ng
pot s and gently washegoii th tap waérey to renove adbarigegrrhi zosphere
soil. Then thewp73 Were rigsed W LIT STerite arstiired-water. Root sanples
were prepared f@bm 4 m crgscopy by placing a portiqn of roots _on a glass
sl i de, adding a\X%gp of met hyl ene bl ue, and ther; covering tihi s wth a
coverslip. Prep sanpl es fer e t hen observed wth a phasé contrast
m cr oscope _(x10 34 2 Stréptorryces WYEC 108 present on seeds
came into éont a¥¥E#fth the 18 emergi ngtroots. As thé roots el origated, the

Streptonyces wa%YEB&83ried al ohg with * the el ongati-ng root hairs and
tips. StreptonyW¥E9IMYEC 108 was observed+to have extensivel-y.
col oni'zed the nw¥Bi2000t, sec®éndary roots+ root hairs and tips. - Pl ant s

that energed frwyeageds coated with Streptonmyces WEC-108 were -

heal t hi er johad | onger roots and root hairs were present in greater density
than in 20  copégp}y Pl ants gnerged from.seeds not coated with the WEC
108. This v&d {erence wgs clearly agsociated with col onization of the
roots by the biﬁ Jol agent. Roots col onized by the biocontrol
~agent did not s g%ivy ny synptqQns of root di seases. Streptonmyces WEC
108 shomec}sexceﬁcgﬂég root cofonization in the ) )

YCED 28
YCED 29
YCED 30
: YCED 31
20 YCED 32
YCED 41
YCED 44
YCED 54
YCED 56
25 YCED 62
YCED 64
YCED 71
YCED 73
YCED 85
30 YCED 88
YCED 93
YCED 96
YCED 98
YCED 105
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presence of conpetition fromthe indigenous rhizosphere mcroflora. 25

Antifungal activity In addition to the ability of
Streptonyces WEC 108 to col oni ze roots of plants and to produce
antifungal netabolites, WEC 108 has al g0 been observed to |yse
fungal cell walls and fungal oospores.™5i ng scanning el ectron

m croscopy, it has been shown that t he hyphae of Streptonyces WYEC 108 30
col oni ze the surface of fungal ae or oospores i ncl udi ng hyphae and
00Spor es of Pyth ‘m?lPﬁﬂ FS‘H%@

gc;ae i an s i
degraded by St re?ﬁ'y ong lnhlbmon with zone o inhibition 2 "B the

excretion of e?‘f'racel |

-27- 5 ens zymas b % %l o;%ﬂﬁ;b%gﬁuﬁlbig %(i t’:l ases.
Sﬁé;%gwft S. S i keI %‘rﬁlm:o; “’"’S""'” ki T
After 96 hr, five isolates (WYEC108, YCED9, YWE91, WYE90, and YCED106)-
10  showed very strong antagonism towards P. ultimum, four (YCED1, YCED106,
WYE97, and WYE98) showed strong antagonism, and ten others showed weak
antagonism. The remaining isolates were either not antagonistic, or only very
weakly so. The cultures that clearly inhibited growth of P. ultimum were about
equally divided between those isolated from rhizosphere-associated soils and non-
IS  rhizosphere-associated soils.

Seirenty of the isolates that grew at pH 5.5 were also tested for their
in vitro antagonism against the white-rot fungus Phanerochaete chrysosporium on
cornmeal agar (CMA). Thirteen of the isolates showed some degree of
antagonism of the white-rot fungus as shown in Table III. The degree of

20  antagonism varied from very strong (+++) to relatively weak (+) as defined by the
| size of the inhibition zone. Five of the cultures that showed antagonism against
P. chrysosporium (WYEC108, WYE78, 2YE90, YCED9, and MSSC2) were
further tested on CMA against an additional white-rot fungus (Coriolus versicolor)
and two types of brown-rot fungi (Postia placenta and Gloeophyllum trabeum).
25 Four isolates (MSSC2, YCED9, WYE90, WYEC108) showed very strong
antagonism towards the above-mentioned white- and brown-rot fungi. One

isolate, WYEC78, showed strong antagonism only against the two white-rot fungi.
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Streptonyces WEC 108 al so produces a range of other extracellular

degr adati ve enzynes. 5 EXAVPLE
\Y/l v I ncorporation of Streptonyces WEC 108

into Delivery Medium A conposition suitable for the |ong
term storage of viable St rept omycds WEC 108 spores and use in
agricultural practices was fornulated 10 as follows. One liter Erl enrreyer
fl asks containing 500 M YGM nedi um (pH 7.0-7.1) were inoculated with
20 M of stock culture and incubated WIABIEaHIng at 250 rpm at

30[err]C for three days After incubation. the culture was harvested by
centrifugation atCén@0 rpSote 10 GiowthaspHThe hAntagehismn ohsewed'al was
resuspended in 1600 nl of 1@4IYGM and s.xed with st4ghd i zedd@hg NH err] C
15 dissolved in 400 ni d| st| Il ed wa(..eg,r_)The tvvo Ilters of ceII and

NH err]d m xt k=g =TSN
containing 4 kgAQt%ﬁomsﬁlzed del | very rredl um consi stl ng of a
sand- wat er - cor nWBEECI08t ure 8n a 9-2-1 ¢w w) rati o++fhe +del i very

medi um wascsterilized twice (3 hr at 121[err]C) before incubation of the
culture. This W was th n incubated for 10-14 days at 25 err]Cto
oWYhkd

maxi m ze the 2 por es presént in the ffi'xture. pt omyces
WYEC 108 produc®YE 78° sporés during ttre 10-14 days$ i ncubat i on resulting
in increased cfyrggobbdelivegy megi um (to an+ayerage |lemal of 10[err]
to 10[err] cfu/w 9ellvery1rred|um(dr¥ \/\/elght) -+ This mxture was
then stored at |9] C until “use. Al ternatively, instead
of YGM ned@um cells and spores can be
YCED 9 2 + ++ +++
YCED 29 3 + + +
YCED 41 4 + + +
YCED 48 4 + + +
15 YCED 95 7 + ++ +
CYPC 2 6 + ++ ++
CYPC 5 6 ' + + +
20 MSSC 2° 2 + ++ ++

*Inhibition of P. chrysosporium defined as hyphal growth less abundant and growth retarded

slightly on area of plate to the side where the actinomycete had been grown.

+++very strong inhibition with zone of inhibition >2.0 cm
25  ++ strong inhibition with zone of inhibition >1.0 cm

+ growth definitely retarded, with obvious zone of inhibition near colony

+ minor inhibition of P. chrysosporium (hyphal growth less abundant and growth retarded

- no inhibition

*Inhibition of Coriolus versicolor, Postia placenta and Gloeophyllum trabeum in addition to P.
30  chrysosporium.

“Inhibition of Postia placenta and Gloeophyllum trabeum in addition to P. chrysosporium.

In Vivo Bioassay to Determine Activity .
of Actinomycete Isolates on Lettuce Seedlings

35 The biocontrol assay procedure of Lynch et al. (1991, 1992) was used
to assay 12 of the isolates for their effect on the germination and outgrowth of |
lettuce (Latuca sativa) seeds. |

| For control plants, 9-cm-diameter plastic pots were filled with lettuce
potting mix and tamped down with a petri dish. Ten lettuce seeds were placed on

40  top, lightly pressed into the potting mix, and lightly covered with loose mix. The
' This is the replacement sheet
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25 produced in CYG nedium As an alternative to harvesting cells by
centrifugation, culture flasks nay also be allowed to stand so that the
bact eri at nycelia and spores settle. Thereafter, the clear _
supernatant is decanted and the concentrated mycelia/spore suspension
is inoculated directly into the delivedy- nmedi um Wen this harvesting
procedure is utilized, it is not necessary to add 30 NH err]d to the

medi um since the bacterial growth medium (YGMor CYG is a sui tabl e
source of nit rpegewere then placed on trays in a bed of water, and incubated in the dark ap20

Eﬁygé Ecgl !’ind to 22°C until germinatkorHc %%Q%ﬁeﬁf(é%éwéﬁ%y\éx(%‘?lgg%sgg’%edI i ngs
then transferred to a capillary matting in a greenhouse maintained at 15 to 25°C
and watered as required. The numbers of germinated seedlings in each pot were

5  counted periodicaHy for- up to 18 days. _
For plants treated with the actinomycete isolates, pots were filled with
potting mix inoculated with the spores of a specific actinomycete. Potting mix
was inoculated with spores from CYD stock slants, to an average level of 10® to
10° cfu/g (dry weight) of potting mix. Cfu/g of potting mix was determined by

10 viable counts on CYD agar plates at the time of inoculation. Lettuce seeds were
then planted as above, covered with a small amount of inoculated potting mix,
and thereafter treated similarly to controls.

For plants treated with a specific actinomycete and the damping-off
~ fungus Pythium ultimum (strain PuMXL, Lynch et al., 1991), the mix was also

15  inoculated with the fungal pathogen at ca. 200 sporangia/g (dry weight) of mix.
The procedure of Lynch et al. (1991, 1992) was used to produce the pathogen
sporangia and inoculate the potting mix. Sporangial counts were made with a
haemocytometer, and the pathogenicity of the P. ultimum strain was confirmed -
before use by passage through lettuce.

20 In all treatments, pots were prepared in replicates of five. In the
glasshouse, pots were set in a random block arrangement surrounded by "guard
plants"; guard plants served to provide uniformity of conditions and to act as a
buffer. Eighteen days after planting, the plants were harvested, the emergence of
the final stand was measured, and wet and dry weights (aboveground leaves and

25  stem) were determined. Plant wet and dry weights were recorded as total mg
biomass per pot, and as average mg biomass per plant. Values were reported as
averages of the five replicates + standard deviation. Thus, each value was based'
upon 50 seeds planted per treatment (five replicate pots planed with 10 seeds
each). Percent seed germination and final plant stand values were calculated

30  similarly.
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To determ ne the effect of Streptonyces WYEC 108 on the growth of 5
| ettuce, lettuce seeds were grown either in the delivery nedi um contai ni ng
Streptonmyces WYEC 108 as described in Exanple VI above, or in steam

sterilized soil. Atotal of 30 seeds was planted for each growth nmedi um

(one seed per 4 x 13.5 cm.pot) an%ﬁ‘errergence was recorded after 21

days of growth. Fresh wei ght was determ ned by harvesting above

ground plant growh after 35 days of 10 Erovvth Fresh wei ght was recorded

as a nmean value. The results are shownTABLE IV Table VI| bel ow.

TABLE VI | ———Treatnent Nurber of ~Ersrged—Rlant—

Emer gence F@@gﬁmmg‘e hponcentratlon x 10°  Number of Healthy 7- day Shoot gglgpéy

21- day STaig) ofu@y | gARost  plants pegpet (1)) ¢ 13

17 21 (21/30) 70 0.81 15 Soj | Eresigeeg Dry

Delivery 5 23 27 -P1_ 29+P1*  -R129/ 3681 97 -P1 1+B1

Medi um Unlindbi(dxted1 08 + Seed 90 - 3.6 Ther® resobs s i ndrcat eo.ndaat

treatment of Cefttoice seed with Streptomyces WEC 108 enhances both

t he energencevCemgsiency and siwesh wei ght.oof tlss* seetddd ngso.98 0.087 0.054"

EXAMPLE VI wyE 27 3.02 10.0 50 1.54 0.72 0.090-  0.039

10 YCED 64 3.21 9.8 5.6" 1.44 0.91 0.084 0.057*
WYEC 107 2.88 9.8 5.6° 1.68 0.81 0.096" 0.041
WYE 41 1.18 10.0 42 145 0.73 0.087 0.047
YCED 106 1.30 10.0 54 1.49 0.69 0.088 0.040
YCED 71 5.25 10.0 6.2* 1.42 0.85 0.082 0.050
15 WYE 88 1.44 10.0 6.2 1.42 0.73 0.082 0.042

MSSC 1 2.13 9.8 4.6 138 1.16° 0.079 0.060
WYE 21 9.56 10.0 6.6" 1.49 1.09a 0.091 0.059"
WYE 30 18.90 10.0 5.0 1.53 0.86 0.088 0.046
WYE 28 0.18 10.0 3.6 139 0.90 0.079 0.049

20
* P1* P. ultimum: 200 sporangia g " dry potting mix.
Where n = the average number of healthy plants per pot out of a total of 5 replicate pots of 10
plants.

* Significantly different from the corresponding control value at the P = 0.05 level.
25  Degrees of freedom = 100

In the absence of pathogens (denoted as "-P1" in Table IV) there were no
significant differences between actinomycete-inoculated and control pots- (without
actinomycete) in the percentage of seeds geminating and producing healthy plants.
30  Seed germination and outgrowth averaged >98% in all cases. However, the
presence of the actinomycete sometimes delayed seed outgrowth by 1 to 3 days
(data not shown). Similarly, in the absence of pathogens there were generally no
- significant differences between actinomycete-inoculated and control pots in plant
shoot weight, measured either as fresh or dry weight. The exception was for pots
35  inoculated with WYEC 107, where the presence of the actinomycete significantly
enhanced the plant biomass yield.
In the presence of pathogén (+P1), the number of healthy plants per
pot 20 days after planting averaged 3.6 of 10.0 in the control pots, as compared to
9.8 of 10.0 for control pots without pathbgen. In the presence of specific
40 actinomycetes, however, some significant improvements in the number of healthy

plants. were seen in pathogen-inoculated pots. Seven of the 12 actinomycetes
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Use of Streptonyces WYEC 108 in Delivery Medium 25

in the Field
determ ne the

In vivo biocontrol assays were carried out to
ef fectiveness of Streptomyces WEC 108 as a bi ocontrol

agent when i ncor porated into thedelivery nedi um described above.
Strept onyces WYEC 108 was produced and |ncorporat ed into the 30 delivery
medi um as descri bed in Exanple VII above, using Streptonyces WEC 108

grown for thr
St rept onyces
approxi mately

I mredi ately pri

e, SRR 19716, BB R s, a0 W

3%1§mﬁcahﬂ}q{@i&led%é YIObf ﬁeuldhy Bfarftd. 20F tRRUTYEEPNSYD pl at es

pl anting seed s in thé pots. This treated soil was

then 35 usedYCEDr 64, IandéEEt’IE 2} alsotsignificaptly ippriayed plang dry weight yields

-29-

10

15

20

25

30

relative to pathogen-only controls. WYE 21 also significantly improved fresh
weight yields relative to pathogen-only controls. One strain that did not
significantly improve the j'ield of healthy plants (MSSC 1) did improve both fresh
and dry weight plant shoot yields (Table IV, columns 5 and 7). Thus, MSSC 1
may prove useful in protecting plants against lower doses of P. ultimum than used
here. _
EXAMPLE I
Isolation of Streptomyces WYEC 108

Strain WYEC 108 was identified as Streptomyces species on the basis
of the morphological charac-teristics of the genus Streptomyces, as defined by
Bergey’s Manual of Systematic Bacteriology (1986). WYEC 108 is a filamentous
bacterium that produces chains of spores in an aerial mycelium. As described .
above, Streptomyces WYEC 108 was isolated as one of a number of actinomycete
strains isolated from soil taken from eight different sites in Great Britain. Along
with other actinomycetes, Streptomyces WYEC 108 was isolated by the serial-
dilution/spread-plate technique from rhizosphere soil associated with the roots of
linseed plants in a field on Hastings Hill, South Downs, West Sussex, England.
Dilutions (10° to 107) of this soil were plated onto isolation agar medium WYE.
Dilution platés were incubated at 25°C for 4 to 10 days to allow actinomycete
colonies to grow and sporulate. Then the colonies were picked and streaked onto
WYEC agar plates for purification. Pure colonies of WYEC 108 were transferred
from these plates to CYD agar slants, incubated at 25°C until sporulated, and
stored at 4°C until used. Stock cultures were transferred every 3 to 4 weeks.

Identity of Streptomyces WYEC 108

As described above, the actinomycete strains isolated were examined
for their ability to grow well and sporulate strongly on CYD agar. Subsequently,
a number of isolates were tested for ability to inhibit the in vivo growth of the
phytopathogen Pythium ultimatum. The isolates were also tested for in vitro
antagonism against the white rot fungi Phanerochaete chrysosporium and Coriolus
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Control plants were grown in pots containing steamsterilized soil

(sterilized at 100[err]C for 60 m nutes). Pepper
seedlings (green, hot peppers) were then planted in the seedl i ng
pots containing either steamsterilized,soil only or a m xture of steam 5
sterilized soil inoculated with the der}'ery medi um cont ai ni ng Streptonyces

WYEC 108. After six weeks of growth in a greenhouse, these plants were
LLanepl e {9, it St G abbeh o bR BRI B Bl 1 .
LS kot LBy, Ay bABIATY SOt il Pl framTEbARL S,
as a mean val uStreplosgrtesoWNEG 408aias delectedibased dyyith favorable charantetistiesisur i ng
Colonies of Streptomyces WYEC 108 grown on Casamino Acid/Yeast
5  Extract/Dextrose (CYD) plates were examined by scanning electron microscopy.
The sample preparation was as follows:: '
(1) colonies of Streptomyces WYEC 108 on CYD plates were covered with' a
1.5% solution of glutaraldehyde in 0.2 M sodium cacodylate buffer and fixed for
at least two hours; (2) the colonies were completely washed (2x) with 0.2 M
10 sqdium cacodylate buffer by aspirating the previous liquid with a pipette and
replacing it with the buffer solution. Care was taken to insure that the sample did
not dry out; (3) the colonies were then removed by taking "plugs" of agar,
containing the colonies; (4) the "plugs" were placed into individLial_ mesh
containers and carried through dehydration in 100% ethanol (2x) (J.T. Baker Inc.,
15 Phillipsberg, NJ); '
(5) the samples were then dried in a critical point drying "bomb" and mounted on
individual specimen stubs using colloidal silver conducting paint. Théy were then
coated with 60\40 gold-palladium and observed with a scanning electron
microscope. FIG. 1 is scanning electron photomicrographs showing the chains of
20  spirales (top) and the surface of spores (bottom) of Streptomyces WYEC 108.
The surface of spores was observed to be relatively smooth. |
Various physiological characteristics of strain WYEC 108 were also
determined: strain WYEC 108 did not produce melanin or H,S on Peptone-
Yeast-Iron Agar and Peptone-Iron Agar (Difcb Lab. Detroit, Michigan),
25 respectively. The color of the spore mass produced by Streptomyces WYEC 108
on CYD plates was gray. This strain did not grow at 45°C. Streptomyces WYEC
108 may belong to the species Streptomyces lydicus as defined by Bergey’s
. Manual of Determinative Bacteriology (1986). Accordingly, this organism may
be referred to as Streptomyces lydicus WYEC 108. For brevity, the organism is
30  referred to herein as Streptomyces WYEC 108, or simply WYEC 108.
ATCC Accession Number
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fresh weight of the plants after 110 days of cultivation post

transpl antation. At that time, the nunber of peppers fornmed and the
wei ght of peppers per plant were recorded as a nmean val ue. The
results of this field trial are shown in Table VIII1. 15

TABLE VI 1| . Tr eat nent Rl18nt Bi omass # of pepper
Yi el d of pepper Hei ght fresh wei ght per

pl ant fresh wei ght (cm

(g/ plant) A depOS1t of Streptomydes WYBQ }08 was made nfidertthe kerms of
Untreat ed 22. 4k 274. 1k[err] 19. 1

158. 8k[err]  the Budaw& T repfie Wit theAmericgn T ype\ﬁmereléslrléc]ﬁon (ATCO),

29.1m 3 5 Unt r eat ed
e pglg%cs?ﬁl . MD o n]Jun§%9 @93 This sfygin léa%?b%eﬁﬁbmgnated éﬁ'@{(d ]
151. 2K Aedesdion Dot 66444.t h 25 WEC 108 +

5 _ Preparation of Stock Cultures of Streptomyces WYEC 108
For short-term use, Streptomyces WYEC 108 was incubated on CYD

agar or sporulation agar slant at 25°C until sporulated and stored at 4°C until
used. For long-term storage of cultures, 10 ml spore suspensions were prepared
by suspending spores from a single agar slant or plate in 10ml sterile YGM
10  medium. This spore suspension was then used to inoculate 250 ml Erlenmeyer
flasks containing 100 ml YGM (yeast extract/glucose/mineral saits) medium. The
flasks were then incubated with shaking at 250 rpm for 32-36 hours at 30°C to
provide a standard inoculum. |
_ Samples from the YGM grown standard inoculum were also used for
15  making glycerol cultures suitable for long-term storage at -70°C and for
lyophilization.
EXAMPLE III

In Vitro Antagonism of Fungal Phytopathogens
by Streptomyces WYEC 108

20 The ability of Streptomyces WYEC 108 to inhibit the growth of a
number of selected fungal phytopathogens was measured in terms of colony
growth inhibition. Streptomyces WYEC 108 was streak-inoculated to one side of
the center of corn meal agar (CMA) (Difco Lab., Detroit, Michigan) plates.
Inoculated plates were incubated at 25°C for about 8-12 days until the cultures

25  had sporulated. Sporulation was detectable as a mass of grey aerial mycelium and
spores by observation with the naked eye. Sporulation was observed by phase
contrast rrﬁcroscopy (x 1,000). A 5-mm-diameter CMA agar disc cbntaining
actively growing mycelium of a specific fungal phytopathogen was taken from the
leading edge of a fungal culture and aseptically placed in the center of the agar

30. = plate. The plates were incubated at 25°C until the test fungus reached the edge of
a control plate not containing Streptomyces WYEC 108. Inhibition of fungal
growth was quantified by determining the ratio of radial growth of fungal

pathogen under the influence of Streptomyces WYEC 108 versus growth alone on
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P. parasiticaferr] 28.6m 266. 6k 22. 7k

221. 6k [err] Pepper plants grown in pots (4 cmx 13.5 cm containing
steam sterilized soil only. 30 [err]Pepper plants grown in pots containing
a mxture of steamsterilized soil and_4fglivery nmedium i ncl udi ng
Streptonyces WYEC 108. [err] One hundred g of delivery nedium

cont ai ni ng Phytopht hora parasitica was-inoculated into I ndi vi dual

e A L L B B
different at tggd PoFhp ifkubadon dépRidibg on selected pathogenic fungu§$ ‘BitObiadsay Tabl e

VIII, treatnment of pepper seedlings with W in the absence of

P. parasitica mesaeplisatedtam fiva plotes) iphibition Wﬂ%mﬂﬂ%ﬁ@&%@h gnd recorded ap)| ant
hei ght, bi O”as?mavé'rgg L s?and&eda&%asuo%nd yi el d of peppers conpared to

5 _ The results of these in vitro bioassays are shown in Table V. This
data shows that Streptomyces WYEC 108 exhibits very strong antagonism towards
a wide range of fungal plant pathogens, including damping off (Pyhthium -
ultimum), root rot (Pythium ultimum, Rhizoctonia solani, Fusarium solani, and
Phytophthora cinnamomi), white rot (Phanerochaete chrysosporium and Coriolus
10  versicolor), brown rot (Postia placenta and Gloeophyllum trabeum) and leaf and

stem rot (Sclerotinia sp.) fungi.
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- 30- control plants that did not receive WEC 108. A conparison of
hori zontal rows 3 and 4 of Table V shows that strain WYEC 108
protected peppers against the del eterious effects of P. parasitica.
Additionally, there was a significant enhancenment of the growth of
plants treated with strain WEC 108 i 2lme 5 absence of P. parasitica
conpared to untreated plants wi thout P. parasitica. ' I n
addition to the experinments described in this exanple, WEC 108 has
been shown to be effective in protecti R4BLE g¥ige of plants agai nst fungal
infection. Plants tested include those shown in T

I O

Pl ant 5 pathoé:ér?éd Test 48 hr O eenhouse/dgbhfest
(+/-) (/=) 15 Lettuce

+ .- Pythium irregulare 100 + 0.0 100 + 0.0
Pythium ultimum 100 + 0.0 100 + 0.0
10 Rhizoctonia solani 100 £ 0.0 84 + 0.0
Fusarium oxysporum 26 + 2.5 26 + 3.6
Fusarium sambucinctum . 44 + 2.4 35 + 2.4
Fusarium solani ' 36 + 2.5 19 + 2.5

15
Phytophthora capsici 100 £+ 0.0 100 + 0.0
Phytophthora cinnamomi 100 + 0.0 100 + 0.0
Phytophthora parasitica 100 + 0.0 100 + 0.0
20 Sclerotinia. cepivorum 100 £ 0.0 95 + 1.5
Sclerotinia sclerotiorum 100 + 0.0 100 + 0.0
Phanerochaete chrysosporium 100 + 0.0 100 + 0.0
" Coriolus versicolor 100 + 0.0 100 + 0.0

25
Postia placenta 100 + 0.0° 100 + 0.0¢
Caldariomyces fumago 100 + 0.0°¢ 100 x 0.0¢
Gloeophyllum trabeum 100 + 0.0° 100 & 0.0¢
30 Geotrichum candidum 47 + 2.1 ' 45 + 2.1
Verticillium dahliae 73 £ 2.0° 59 + 2.0¢

* Values based upon averages of individual values of five replicated plates. Individual values were
determined by separately measuring the mycelial growth from each plate.

35 ' Inhibition of fungal pathogens defined as hyphal growth of pathogens under the influence of
Streptomyces WYEC 108 versus growth alone on the control CMA plates.
¢ and ¢ % inhibition at 96 hr and 192 hr incubation, respectively.

40 EXAMPLE IV
Use of Stregtom. ces WYEC 108 as a Seed Treatment
The efficacy of Streptomyces WYEC 108 cells to protect plants against
phytopathogens was determined by applying strain WYEC 108 to ungerminated
chickpea seeds and then planting these seeds in soil infested with the fungal
45 phytopathogens P. ultimatum and P. irregulare.
Extracellular metabolites produced by strain WYEC 108 were extracted
from cultures by ether extraction. The effect of these metabolites on fungal infection
of emerging chickpea seedlings was also determined. '

Growth of Streptomyces WYEC 108
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Chi ckpea +

G een Pea . + 20
Pepper * + - Cotton +

+ Turf Gass + - : +
Oni on + +

Pot at o ' + . + 25

f d either i | .
LD et o e oty BOF o O s AR RO G, o8 e e fog” 1"
unt r eat ed con&gg#n%gasvomwnqr(ﬁw 1_h7%3%f§ ihSRBkEEWHh 120 m] of stodl¥ GElrke%nand

a specific fun t hogen (Pythium hanonyces, Rhizoctonia, Fusarium
Phyt opht hor a, insubdtéd, withesheking @b 369 rphrat 3620 forf 3 dhpsfor dhe prodwition aDeell mass.

protected the_pl ant,s .30 agai nst fun di seases. ..

D AVPLE 1 X For production of aiitfungal ﬂ‘%&ﬁ@ﬁn‘?ﬂ%ﬁ‘?@%&‘?’é@%ﬁf?ﬁﬁﬁ?"&ﬂﬂ’é’ﬁé%m
108 5 ml CYD (pH 7.1-7.2) were inoculated withi20 thi 8f5tdckVBalinite 2Rd incubated with
Bi ocontrol agents nust survive for extended periods of tine to neet

shi ppi ng needshaking ati250trpm atg3Q36t foe7rdaysf agricul tural uses. The use of
2RO O o TreeBbhe Lo WA Sl SPYHEOTOF it i
formul ation since the APRKESial Shspefision of StréproMmyédstWYBTI €08 ady BasRsted by
conditions and over |ong periods of tine.

centrifugation at g,OOO rpm for 10 minutes from a 500 ml 3-day-old YGM liquid

10 culture. The harvested mycelia were resuspended in 200-300 ml of sterilized 3%
(w/v) sodium alginate solution to a culture density of 1.0-1.2 x 10* cfu/ml. Chickpea
seeds were then added to the well mixed cell-alginate suspension and the seeds were
transferred one by one into sterilized 0.25 M CaCl, in distilled water. These seeds
were used in the biocontrol assay described below.

15 Antifungal metabolites producéd by Streptomyces WYEC 108 were
obtained in purified form as follows. A 7-day-old 500 ml culture was filtered to
remove cells and subsequently extracted with 150 ml ether using an extraction funnel.
The ether was then removed by vacuum evaporation and the resulting extracts were
redissolved in 1.5 ml distilled water. This solution was then filter sterilized through a

20 sterile 0.45 p m filter and was added into 10 ml 3% (w/v) sodium alginate solution.
The purified antifungal metabolites may be used to protect plants from fungal
infection. Preferably, the antifungal metabolites will be purified so as to be
suiastantially free from WYEC 108 cells. However, a preparation of WYEC 108 cells

" and/or spores together with antifungal metabolites is also expected to be effective

25 against fungal phytopathogens. The antifungal metabolite-alginate suspension was

applied as described above to chickpea seeds for use in the biocontrol assay.
In Vivo Biocontrol Assay

Soil naturally infested with P. ultimum and P. irregulare is described in
"Materials and Methods", above. This agricultural soil was used in this vivo

30 biocontrol assays. Soil pH was determined to be pH 5.6 by thoroughly mixing a
soil:water slurry (1:1), allowing the solids to settle for 2 h, and taking the pH of the
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- 31- Typical ly, spores of Streptonyces species are only
produced on solid medi a. However, as set forth below, the follow ng
met hod was found suitable for produci ng spores in liquid culture.
Two liter Erlenneyer flasks containingsk 200 m YGM nedium (pH 5 6.5)
were each inoculated with 50 m of stock culture (produced as described in
Exanple 11) and incubated wth shaking at 250 rpmat 30[err]C for 12 18

phase- cont r ackibertanf RESUET THE shil gl hpbed MR TRRIOBAS b Y b B, 1)1

Spores were ﬁ@tslqyo cm deepcxam emfdigmbtef)n at 9,000 rpmfor 10 m nut es.
10 reafter, gpégg_ res were resuspendél in 1,600 m af
sterilized 10% lqucbl ohasiAy Was garmied gut By planting anggrminatg

conprising 8 &iWeg Eédg trdafkd with either Streptomyces WYEC 108 or the antifungal
5 metabolites in the infested soil. Untreated seeds planted in the same soil were used as
a control. This procedure involved the following steps:
1) One cm of peat moss was placed in the bottom of each pot to prevent
loss of soil while still providing for aeration and drainage. |
2) Seedling pots were filled with the infested soil.

10 3) The soil was then watered to saturation from the bottom. After
saturation of the soil surface, untreated and treated chickpea seeds were placed on the
soil and covered 1.5-2.0 cm deep with the same soil. The topping was allowed to
become wet by capillary action from the column of wet soil beneath. Ten seeds were
planted in each of three replicate seedling pots. No fertilizer was added to the soil.

15 To minimize drying and prevent crusting the pots were covered with clean plastic
until seedling emergence. Additional water was sprayed on the top of the pots as
needed, beginning after seedling emergence. Experiments were performed in a
greenhouse at 15-30°C with a 12 hr light and 12 hr dark cycle photoperiod (16,000
lux).

20 Emergence counts of chickpea seedlings were made periodically, and
final emergence counts were taken after 20 days. Emergence data were reported as
the average for each treatment. The ability of Streptomyces WYEC 108 to act as a
biocontrol agent was based on total emergence, plant height, and blant fresh weight, as
compared to the control plénts grown from untreated seeds with the biocontrol agent.

25 The results of this biocontrol assay are shown in Table VI. |
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distilled water was added (to produce a final

10[ err] cfu/m).
of Steriltized delivery
ina9:2:1 (ww) ratio.

spor es.
culture in the described

i ncubation of the m xture.
t hen stored at_4[err

spore density of 1.0-1.2 x
This m xture was then directly inoculated into 4 kg

medi um consi sting of sand, water and cornneal
delivery mediumwas sterilized twice in an

The 15
autoclave (3 hours at 121[err]C) prior -24&

i nocul ati on

with the

The production of spores directly in liquid
manner avoi ds the need for a further

2

The del i veryTABLE VEdi um contai ni ng spores was

liquid cultur esdri bed were tested for viabiljty aftpr fr_og;
nont hs of stoflage at 4[err|]]C. One f re susy .

i nocul at ed i ntfo frﬁ%@icontm&h@gf ko ,geg sterilli zecﬁ%‘b% G\ﬁ;j:ﬁ;‘au g,gl‘f’,::fh‘
medi um etbated—nw—t alamllg at—256 phTa oC_ TC:
Germination o @pmles was o¥¥derved Hy phése{cont $Ast nj cralcopy (934"
1, 000, stai eq S’Metpm net hyllene 25 ,..bl ue). Spo6@s were ganpl ef elyy.gef m naged
i n approxi mat 4l ¥~ Thi s si rrpl e observation test shovved no | 0SS
in viabil Ity Jer—tht-s P f~ot—of~—si-ot &6 quch__Jnyuco
WYEC 108 i ncotf|i33% Alginate’i nto the dei3Bvery medi Ui (8&nd, at4e¥, 0.32%
cornneal ; 9:2]1 altested for vg bility ws. 4,1.0p sg;rpl ® 0.66
of the delive tégmco alnlng trepto Cl was serlall/

di luted 30j) *Ae-ptttt—ar—CHE-—aga—lat8s— l-aies—tare=—NeuEat-at—a
25[err] C unti l eé‘(ﬁrmed An average IeveI of 10[err] to
10[err] cful/g wei ght) were recorded with

sanpl es stored

3%’51 ate, coate
of &
ed w1t}un column were not significantly

different at the P = 0.05 level

. Both Streptomyces WYEC 108 cells and the antifungal metabolites
produced by these cells reduced Pythium damping-off of the chickpeas.

Plants showed vigorous growth, when seeds were coated with

Streptomyces WYEC 108 cells. There was a significant reduction in height and

20

fresh weight of the plants that emerged from the control (untreated) chickpea

seeds as compared to those of the plants germinated from seeds coated with

Streptomyces WYEC 108 cells. Emergence of untreated chickpea seeds was

‘extremely reduced (6.7% emergence) because of seed rot and preemergence

damping-off disease caused by P. ultimum when seeds were planted in soil

25

naturally infested with P. w/timum and P. irregulare. In contrast, emergence of

seeds treated with Streptomyces WYEC 108 cells before seeding was 63_.3%.

Seeds treated with alginate alone did not show increased emergence. Symptoms

typical of Pythium root rot, including root hair loss and root discoloration, were

evident in harvested chickpea roots germinated from control seeds, but these

30

symptoms were absent from plants grown from seeds treated with Streptomyces

WYEC 108 cells. In the controls, damage to chickpea was mainly in the form of
seed decay, and preemergence damping-off. Chickpea seedlings that did emerge

and grow were stunted, and their roots were severely infected with P. ultimum.

- FIG. 2 shows a side by side comparison of chickpea plants taken from the

35

biocontrol assay. The control plant, shown on the left, which was germinated
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- 32- Alternatively, the spores from an agar-pl ate of

sporul ati on agar were resuspended in 10-20 ml of sterile distilled
wat ér or *YGM broth and m xed into 10- 100 granms of delivery nmedium to
obtain a viable count of 10[err] to 10[grr] cfu/g of medium This

m xture was then air-dried, m xed thoroughly and stored at 4[err]C 5 _
until used. This forrmulation is a concentrated product that can be diluted

wi th addi:rsflnolﬂﬁl'eagﬁl Jegc?sr %o%ﬂie%ige ?50t iﬂﬁéﬁ&? gnd %{%W ﬂ%@Jcs

vi abl e count.

Stability of Ahg oot Baicewherastheplaitd emerging from seeds coatedvVingthl Streptimyces
Streptonyces WYEC 108 were harvested hy centrifugation 10 at 5,000 rpm
for 10 m nut es W ¥R 1985shewn om thegighs; shoyed) gaod grewth and aermal frmation of

har vest ed ”yceﬁ#g?%%é@%*"&%&qﬁﬁsi n 125 m of 10% YGM and added 125 mi
% ) sodi I

of sterilized um al ginate solution to a culture density of
1.0-1.2 5 Emergence of chickpea seeds treated with antifungal metabolites in the

form of ether soluble metabolite was higher (33.3%) than that of control seeds
(6.7%), but lower than that of seeds coated with Streptomyces WYEC 108 cells
(63.3%). Plants that emerged from seeds treated with antifungal metabolites
showed vigorous growth, longer root, and a higher density of root hair
10  development as compared to control plants.
EXAMPLE V

Effects of Streptomyces WYEC 108 on Root Infection
and Seed Rot by Pythium ultimum

Chickpea seedlings grown as described in Example IV in soil naturally
15 - infested with Pythium ultimum and with and without pretreatment with WYEC
108 were examined to determine the effects of strain WYEC 108 on P. ultimum
infection.
Root infection by P. ultimum was studied with control (untreated)
chickpea seedlings harvested after 20-days of growth. P. ultimum causing root rot -
20  was also isolated from the rotted roots of these control plants. Isolation of P.
ultimum was accomplished by first washing soil from the chickpea roots (rootlets
and root hairs) with tap water and rinsing them twice with sterile distilled-water.
Decolorized and rotted roots were cut out aseptically with a razor blade and
placed on 3-day-old 2% water agar plates. The plates were incubated for 24-48
25  hrs at room temperature and observed under phase contrast microscope (x40). P.
ultimum growing from the infected chickpea roots was subcultured to fresh 2%
water agar and then identified as described previously (Ingram and Cook, 1990).
Seed rot by P. ultimum was studied with rotted control seeds
harvested after 20-days. A part of a rotted seed was aseptically placed on 3-day-
- 30  old 2% water agar plates with a sterilized toothpick, and incubatgd for 24-48 hrs

at room temperature. The plates were examined as described above.
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x10[err] cfu/m . Alginate pellets containing mycelia of Streptonyces WEC
108 were formed by addi ng cell-al gi nate suspension drop by drop into
sterilized 0.25 15 MCaCl[err] in distilled water. To
determne the viability of the alginate _pellets fornmed by this

met hod, al gi nate pellets containing th 6tul ture were subsequent |y spread on

a sterilized plastic petri dish (10 cmx 10 cn) and dried for one
hour in a | am nar flow sterile air hood. The gel | eti zed Streptomyces
WYEC 108 sporul at ed r 2shivae was observeddaiinfgeisthe roefs of untregted chickpegrplants o 8

ronths (10 o BUGHA0H e Yeb il APLEES doi' op L 9hRHF ws the ik i Slhh Spbces,

al gi nate bead ese spores’were readil'y germ na

i ncubated in skelated ifonsl roveddeseeds antbiodts. | 2. ir%ﬁ[&rﬂﬁab%ks@ﬁ@ﬁtﬁﬂﬁbwe@ﬁedﬂere
observed by phase-contrast mcroscopy (x 1,000 _nmagnification, stained with
met hyl ene blue). 25  Root colonization by Streptomyces C 108 wasexamined i roots

Preferred For ¥ f | ' . . '
I ncl udi ng Str %@%@8@%&%@&&5% an ated from Vi trn%atesdewtpoﬂrlef' h above .
met hods for i sSHdpkorges W YBOMO8aieti-4linalesaspension desoeived i Exbeple Hi I'Hiess f or

utility as biocontrol agents, nethods for producing these 30 . biocontrol
agents in myceants Wegt sroxydinsoilnaturally infested ith B ealfineaum andeBi iregplarei n a

0 1 pried ST e RACRBARRE 1Y Te bl ke dEERPAESBL G
nunber of waysand geintiytwashed wittleap miatergo rémaove ddhering thizosphetehsoill MTksen they .
10  were rinsed with sterile distilled-water. Root samples were prepared for
microscopy by placing a portion of roots on a glass slide, adding a drop of
methylene blue, and then covering this with a coverslip. Prepared samples were
then observed with a phase contrast microscope (x1000).
Streptomyces WYEC 108 present on seeds came into contact with the
15 | emerging roots. As the roots elongated, the Streptomyces was carried along with
the elongating root halrs and tips. Streptomyces WYEC 108 was observed to
have extensively colonized the main root, secondary roots, root hairs and tips.
Plants that emerged from seeds coated with Streptomyces WYEC 108 were
healthier, had longer roots and root hairs were present in greater density than in
20  control plants emerged from seeds not coated with the WYEC 108. This
difference was clearly associated with colonization of the roots by the biocontrol
agent. Roots colonized by the biocontrol agent did not show any symptoms of
root diseases. Streptomyces WYEC 108 showed excellent root colonization in the
presence of competition from the indigenous rhizosphere microflora.
25  Antifungal acﬁvity |
In addition to the ability of Streptomyces WYEC 108 to colonize roots
of plants and to produce antifungal metabolites, WYEC 108 has also been
observed to lyse fuﬁgal cell walls and fungal oospores. Using scanning electron
microscopy, it has been shown that the hyphae of Streptomyces WYEC 108
30  colonize the surface of fungal hyphae or oospores, including hyphae and oospores
of Pythium ultimum. The colonized hyphae and oospores are degraded by
| Stréptomyces WYEC 108, most Iikely as a result of the excretion of extracellular
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- 33- Set forth bel ow are exanples of alternative

enbodi nents of the present inventions, together with descriptions of

particularly preferred enbodi nment s. Opti mum Cul ture Conditions

5 ' Optimal conditions for growmh of strain WYEC 108 incl ude

t enperatures between 20[err]C and 30[ er4/C, at pHs between 5.5 and 7.5, and
- at fermenter agitation speeds between 200 rpm and 300 rpm

Strept onyces WYEC 108 typically achieves maxi mal cell mass yiel ds of

about 5.3 dry ewdygies byr WiYiEE@ 108, such abichitinases land eellilaseyGSreptpniydes W ECH wi t h

| t diti 30 C, 6.5 10 haki t. 200 f 72
e (Lo the endl0h BrshehtSup s igeiibier ot Fhbegi smares. 1 B 1SHARAL nhi ¢ or ovt h
phase is appr ogirEmbmydes YR8 ailh Prodhck a rdlige RFJIRE ekirdllular degfiBNIRE

significantly reduced by using highér 1noculumlevels of |og phaSe cells.
Al ternativel y, engyoress may be produced on solid agar nedia such as

5 EXAMPLE VI

Incorporation of Streptomyces WYEC 108
into Delivery Medium -

A composition suitable for the long term storage of viable

Streptomyces WYEC 108 spores and use in agricultural practices was formulated

10  as follows. One liter Erlenmeyer flasks containing 500 ml YGM medium (pH
7.0-7.1) were inoculated with 20 ml of stock culture and incubated with shaking
at 250 rpm at 30°C for three days. After incubation, the culture was harvested by
centrifugation at 5,000 rpm for 10 minutes. The harvested material was
resuspended in 1600 ml of 10% YGM and mixed with sterilized 8 g NH,Cl

15 dissolved in 400 ml distilled water. The two liters of cell and NH,Cl mixture
were then inoculated into a plastic container containing 4 kg sterilized delivery
medium consisting of a sand-water-cornmeal mixture in a 9-2-1 (w/w) ratio. The
delivery medium was sterilized twice (3 hr at 121°C) before incubation of the
culture. This mixture was then incubated for 10-14 days at 25°C to maximize the

20  number of spores present in the mixture. Streptomyces WYEC 108 produced
spores during the 10-14 days incubation resulting in increased cfu/g of delivery
medium (to an average level of 10° to 10° cfu/g of delivery medium (dry weight).
This mixture was then stored at 4°C until use.

Alternatively, instead of YGM medium, cells and spores can be

25 - produced in CYG medium. As an alternative to harvesting cells by
centrifugation, culture flasks may also be allowed to stand so that the bacterial
myceiia and spores settle. Thereafter, the clear supernatant is decanted and the
concentrated mycelia/spore suspension is inoculated directly into the delivery
medium. When this harvesting procedure is utilized, it is not necessary to add

30 NH(CI to the medium since the bacterial growth medium (YGM or CYG) is a

suitable source of nitrogen.
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sporul ati on agar. These spores may be directly harvested by scraping into a
15 suitable liquid nmedium such as 10% YGM and then diirectly introduced

intdo the delivery medium This approach avoids the need for liquid
grow h of the culture and thereby shortens the production process.
Preferred and Al ternative Delivery Mdra$- Streptonyces

WYEC 108 may be incorporated into a delivery nedium 20 for use in
horticultural and agricultural settings. Exanple VI describes one
formulation of the deli very medi um WwhEXAMBEBVEBes sand-water-cornneal in a
9- 2-1 (wWw) ratio, It : Dy oeskllllnthe art

t hat the f or mul ateHEEE R Sy ; -‘--"’ ey 88t ed by the
parti cul ar appllcatlon - e gent i s intended.

For exanple, various o lg%% W‘?E‘ C
verm culrrlpt e, wheat br a?g%cg%e%r?ﬁ%g%g%gecﬂcﬁ @’Je't) € 108 ‘%‘dﬁ% %}L’%d
gel ivery (rjnﬁdl ule:]maagéemmseedsfwerergnmgithemhtheldeliveryemedtmxﬂmn@mng N will be
et ermi ned on e basis exture _and p ca rties require For
exampl e, propeP¥ mgmweﬁﬁjxﬁ%bé%%¢®°ﬁm£%€x lgRﬁya OVE: M IDS5aht for easy
handl i ng and tganpgha
ng growt%ﬁé QotaPBf 9@%&%s%$lﬁﬁé@ﬁr%ﬂaggrévﬂhﬁé’ &P(ﬁhe@é&

pl ant root 30 spread nay be i‘nportant ternativ
veget ati ve nycpéridxd3.5pmrps) and emengbnﬁwmtwonﬁeéaﬁW(ECdaﬁBoﬁgnm Eth.*.hd to

IEER RIS R E T SN

10  growth. Fresh weight was recorded as a mean value. The results are shown in

Table VII below.
TABLE VII
Treatment Number of Emerged Plant Emergence Fresh weight
7-day 9-day 21-day (%) {g/plant)
: Sterile 13 .17 21 (21/30) 70 0.81
15 Soil + Seed
Delivery 23 27 29 (29/30) 97 1.41
Medium
+ WYEC 108
+ Seed
20
These results indicate that treatment of lettuce seed with Strepromyces WYEC 108
enhances both the emergence frequency and fresh weight of the seedlings.
EXAMPLE VIII
Use of Streptomyces WYEC 108 in Delivery Medium
25 - in the Field

In vivo biocontrol assays were carried out to determine the
effectiveness of Streptomyces WYEC 108 as a biocontrol agent when incorporated
into the delivery medium described above.

' Streptomyces WYEC 108 was produced' and incorporated into the

30  delivery medium as described in Example VII above, using Streptomyces WYEC

108 grown for three days in YGM medium. The initial population of

Streptomyces WYEC 108 in the delivery medium was determined to be

approximately 1.0-1.2 x 10° cfi/g of soil by plate counts on CYD plates

immediately prior to planting seedlings in the pots. This treated soil was then
35 used to fill seedling pots (4 cm by 13.5 cm).
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- 34- known in the art and are described further in U S. Patent No.
4,668,512 to Lewi s et al. Oher ingredients, such as fertilizers, may
al s6 be tncorporated into these pel l.ets. In a
preferred enbodi nent, the present inventors have determned that 5 a
delivery medi um conpri sing peat noss-sanf-cornneal in a 1:3.5:1

wei ght/wei ght ratio is particularly suitable. This ratio provides an
appropriate den5|ty and wat er hol ding capacity for the yse_ of_this
product in agricul t ur alConfgl plants W‘HS@F‘P‘(Y%H pets contaping: stearg sterilizgd goib | as

stated above, conponents and of ot her
conponents are aFm(ﬁ)zeggdttcelg?a(gFe as |very medi a. For 10 exanpl e, an

effective alternative d’tebpet%ydlmgdl(guem,d{mrpepms)mm thersplagted Gn dhe -
sand (3380 g) cornmeal (270 g).- chitin

1
enbodi ment , - apgF &ﬂgpnim@ng.eethsrssteﬁm M%ﬂl ey 1o acmsstererpf steam
I h |1 WYEC
(1 0g-phase scel LiprinBedsoil fi3eHbteAvitl HdINGS) mE@id Jﬁbﬁggéltsg%gmy&es

108 nmycel 1um grown i n bro scrl I'enent ed
wi th 400m WYEC 108. After six weeks of growth in a greenhouse, these plants were

transplanted to an agricultural field. In some instances, 100 g of the delivery

I n one

medium containing 450 + 17 cfu/g of Phytophthora parasitica was inoculated into
the planting hole prior to transplantation.

10 Plant height was determined 55 days after transplantation and recorded
as a mean value. Plant biomass was determined by harvesting and measuring
fresh weight of the plants after 110 days of cultivation post transplantation. At
that time, the number of peppers formed and the weight of peppers per planf were
recorded as a mean value. The results of this field trial are shown in Table VIII.

15 , . TABLE VI
Treatment Plant Biomass # of pepper Yield of pepper
Height fresh weight per plant fresh weight
(cm) (g/plant) (g/plant)
PControl:
Untreated 22.4k¥Y 274.1kY 19.1kY 158.8kY
‘Treated with
20 WYEC 108
29.1m 353.3m 36.5m 279.8m
*Untreated
+ P.
parasitica? 20.3k 238.5k 13.8k 151.2k
°Treated with
25 WYEC 108 +
pP. :
parasitica® 28.6m 266.6k 22.7k 221.6k

*Pepper plants grown in pots (4 cm x 13.5 cm) containing steam sterilized soil only.

30  “Pepper plants grown in pots containing a mixture of steam sterilized soil and delivery medium
including Streptomyces WYEC 108.
‘One hundred g of delivery medium containing Phytophthora parasitica was inoculated into
individual hole before transplantation (450 £ 17 cfu/g of the delivery medium).

YMeans in a column followed by the same letter are not significantly different at the P = 0.05
35 level.

As shown in Table VIII, treatment of pepper seedlings with WYEC
108 in the absence of P. parasitica produced statistically significant increases in
plant height, biomass, number of peppers and yield of peppers compared to

-
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15 of a sterile solution of NHerr]d (containing 8 g of NHerr]Cd in 400
m distilled water) and inoculated into plastic containers containing
4 kg stefilized Del i very Medium consi sting of peat nobss, sand, and
cornmeal . The Delivery Mediumis sterilized twice (3 hours at
121[err]C) before inocul ation of Strept-3yces WEC 108. | nocul at ed
containers are incubated at 30[err]C for 10 to 14 days to naxim ze spore 20
formati on. Containers are then stored at 4[err]C until used.

The use of NH eonfrél plimtslﬂimt cﬁkbhbwmbgiverNdYEm msovAdxam;ﬂn&bﬂ obpearizoneil rows

of germ nating._s ces WEC.108. It will be apparent to one
ski Igl ed in the? a&drfﬁgcpa 'Pi‘f"f &txaia 3 %Bﬁmﬁaﬁm@hwebe

used for this geleteri éﬂgreﬁgéﬁ ofﬁolrgaﬁm eAd&ﬁg q‘%ﬁ %%l%ﬁﬁ when

spores are resuspended In 25 acteri al growt suc 0% YGV)
prior to incor pohaicement of thaggrowth of plets wreated rwithi strameiYEﬁJdtD&nﬂheof this

nitrogen source i s un essar referred empodi nents of, t he
presegft' i nvent |aB§Fn°?H @%37wﬂmﬁ{@W@gé’lﬁ%mﬁPﬁErﬂ“’“mw anount
of a nitrogen source. 'Ih a\&uitiontts tﬁ@@fﬂe?ﬁﬁenisocléagx??eﬁkm'th&de ﬁW?Fb fowt

t he determ nati on of what conprises I cl ent arm
ni t rogen sour cédas beerbshod; to bﬂaeﬁ’emedepmtmtmgragrangeoﬁpfantstagmt fimgal nat i on

frequency of incgeasi ng asing the a particul ar
ni t rogen sourcé‘“%f’tl?’}'ie @P# %?tgdch?‘t‘ﬁ?atﬁ g§erhown in laagff‘eﬁ%“bpfo Sgen source. A
sufficient amount of a nitrogen source TABLRRXanount of a
10 Crops Protected from Fungal Infection by WYEC 108
Plants Tested with WYEC 108*

Plant Field Test Greenhouse/Lab Test
(+/-) (+/-)

15

Lettuce
Chickpea
Green Pea
20 Pepper
Cotton
Turf Grass
Onion
Potato

+++++ 000
+ 4+ + L+ + o+

25
* Tests were performed either in a greenhouse or in the field, or both, as indicated. The tests
compared WYEC 108-treated plants with untreated control plants and/or with plants treated with
WYEC 108 and a specific fungal pathogen (Pythium, Aphanomyces, Rhizoctonia, Fusarium,
Phytophthora, or Phytomatotrichum). In each of these cases WYEC 108 protected the plants

30 against fungal diseases. '

EXAMPLE IX

Production of Spores of Streptomyces WYEC 108
in Liquid Media
35 Biocontrol agents must survive for extended periods of time to meet
shipping needs and the tlmmg patterns of agricultural uses. The use of spores of
strain WYEC 108 rather than vegetative cells in particular biocontrol formulations
enhances the shelf-life of the biocontrol formulation since the spores retain

viability under adverse conditions and over long periods of time.
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- 35- particular nitrogen source which facilitates germ nation of

t he spores or Strept onyces WYEC 108. In an

al térnative enbodi nent, as described in Exanple Xl, spores of

Streptonyces WYEC 108 are produced in gqui d nmedium and directly

I ncorporated 5 into the preferred d li'very medi um which is then stored
at 4[err]C In a preferred enbodi nent of the present

i nvention, Streptonyces WYEC 108 is added to the delivery nediumto a
final concentration of Tapicallwnsipores of Strepfomygesspepics arg oply prodused opsekidy r ed

enbodi nents, t i o | : : H8:1 R/ the
del i very nedi u%ﬂeefd{sa' B%“\’/vvggér%’ %%(e'i? er&r"]%(véfﬂllﬁ 5@13%@31%@1%%2&%1 er F%Qa@éuﬁ)é .
EXAMPLE XI | producing spores in liquid cultdéd.ai | ed Description of Formul ation of
Del i very . Medi um | ncl udj ng, St rept ces WEC_108
A preferred fornul ati of W liteth Erlgameyet; B?W@&g'[’%émﬂifq mediupa(pEh 1y ces
WYEC 108 i pr . : ¥ r%ﬁfgl@ . :
bel ow. All %of ?%z%g#%ggcﬁégﬁgggﬁ%g%ggr e peO?f or nmed S%‘?%éd %’?g%%gpgd élnsept iC
Example II) and incubated with shaking at 250 rpm at 30°C for 12-18 days.

Spore production in the culture was monitored by observing with phase-contrast

microscope (x 1,000, and stained with methylene blue). Spores were harvested by
centrifugation at 9,000 rpm for 10 minutes. .
10 Thereafter, the spores were resuspended in 1,600 ml of sterilized 10%
- YGM liquid medium and 400 ml of a sterile solution comprising 8 g NH,Cl in
distilled water was added (to produce a final spore density of 1.0-1.2 x 10’
cfu/ml). This mixture was then directly inoculated into 4 kg of sterilized delivery
medium consisting of sand, water and cornmeal in a 9:2:1 (w/w) ratio. The

15 | delivery medium was sterilized twice in an autoclave (3 hours at 121°C) prior to
inoculation with the spores.

The production of spores directly in liquid culture in the described
manner avoids the need for a further incubation of the mixture. The delivery
medium containing spores was then stored at 4°C until used.

20 Spores produced by the liquid culture method described were tested
for viability after four months of storage at 4°C. One ml of spore suspension was
inoculated into flasks containing 100 ml of sterilized 10% YGM liquid medium
(pH6.5) and incubated with shaking at 250 rpm at 30°C. Germination of spores
was observed by phase-contrast microscopy (x 1,000, stained with methylene

25  blue). Spores were completely germinated in approximately 8 days. This simple
observation test showed no loss in viability after this period of storage.

Streptomyces WYEC 108 incorporated into the delivery medium
(sand, water, cornmeal; 9:2:1) was tested for viability as follows. A 1.0 g sample
of the delivery medium containing Streptomyces WYEC 108 was serially diluted

30 and plated on CYD agar plates. Plates were incubatéd at 25°C until colonies
were formed. An average level of 10® to 10° cfu/g of delivery medium (dry
weight) were recorded with samples stored for 30 days.
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technique (e.g., in a W light-sterilized |amnar flow chanber) to assure

asepsi s until the packaged bags are opened by final users.
Producti dn of Cells 20 _ 1) Suspend the spores froma CYD
sl ant of Streptomyces WEC 108 in 10 mM of sterile YGMor CYG broth
(pH 6.5). This inocul um suspension is -32- used to inocul ate the flask
cul tures. 2) Inoculate six 250 m flasks containing 100
- mM YGM (pH 6.5). Use 10 m of spore suspension per flask as inoculum

- After inoculation, fl a%n&ﬁvelyaﬂxe spores fedne dn\agamhplateadfi sporudatichOdgar wvereind at
30[err]C for about 3 e si X Jter

fl asks each coFﬁSH?H?F& p !LO'PQ l, of terijegistilled Wa%ﬁ‘dlr O’%@@%?ﬂm
nycelial i nOCthmoﬁ%as Ra¢ 6f dAIBRYE nfelififin,'fo dbaih ROGABIE Cbunt of 10P80 10! %

After inoculation, ks are |ncubat ed with shaking at 200 rpm and
30[err] C for abboteditun.t a"thhmsreomaslﬂlqgetr-mpl mixed thegouphlyTandsstdred @td®Ct he

octl Um 38, L8y 43, R g s soneRRg B o i e ded it
%ng)cul( ft gd | Nt additibed] MRIOV&Y RQliamitBiang défirdd foWer efu/s Fimal Viabl¥@¥uh ot h (pH
EXAMPLE X
Stability of Alginate Gel Formulation
Mycelia of Streptomyces WYEC 108 were harvested by centrifugation
10  at 5,000 rpm for 10 minutes from a 500 ml 3-day-old YGM liquid culture. The
“harvested mycelia were resuspended in 125 ml of 10% YGM and added 125 ml
of sterilized 5% (w/v) sodium alginate solution to a culture density of 1.0-1.2
x10* cfu/ml. Alginate pellets containing mycelia of Streptomyces WYEC 108
~ were formed by adding cell-alginate suspension drop by drop into sterilized 0.25
15 M Ca(Cl, in distilled water. |
To determine the viability of the alginate pellets formed by this

method, alginate pellets containing the culture were subsequently spread on a
sterilized plastic petri dish (10 cm x 10 cm) and dried for one hour in a laminar
flow sterile air hood. The pelletized Streptomyces WYEC 108 sporulated readily
20  following storage at 25°C for 6 to 8 months (to an average level of 10° to 10°
cfu/g dried alginate beads). These spores were readily germinated when they
- were incubated in sterilized water at 25°C. Germination of the spores were
observed by phase-contrast microscopy (x 1,000 magnification, stained with
methylene blue).
25 EXAMPLE X1

Preferred Formulation of Delivery Medium
Including Streptomyces WYEC 108

_ Having set forth above methods for isolating actinomycete strains,
testing these strains for utility as biocontrol agents, methods for producing these
30  biocontrol agents in mycelial form and as spores, suitable delivery media and, in a
preferred embodiment, Streptomyces WYEC 108, it will be apparent to one skilled
in the art that the present invention can be modified in a number of ways without
departing from the spirit of the invention.
This is the replacement sheet
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- 36- 15% i nocul um by vol une; the approach is to inoculate with as

hi gh a density of cell suspension as practical). The fernenter is
operated*with agitation (200 rpm at 30[err]C for about 72 hours (to
near the end of |og phase). Fernmenter Harvest 5 1)
The fernmentation culture broth contai ni'%‘ the WYEC 108 cells (after
-about 72 hrs incubation) is aseptically harvested in sterile 20 liter
- plastic bottl es. 2) Sterile NHerr]d solution is

- added to the harvest ed Setifarth beloware examples of\hlterhativei émbodiments of thehe WEC

108 cells (Use 16 g .NH err L ssolved in.800 0, .distilled water per
3.2 liter of ha’F‘??S‘g&‘é‘H D&ﬂ"%’fﬂoge ?TQWﬁlj{%ﬁC@PEP'éSr ?%?é‘d‘ﬂfﬂ;y preferre ut ocl avi ng) .
The resulting Embolinkeéts. Vol une of NH err] C -contai ning cell suspension

is then m xed well by shaki n%th.e.bottle before it is inoculated into the
previ ously OptimupuCaltuge Gopditionsedi um Preparation of the

e measur 6@ separ at el y Optimal copditint fox v B REFL W Se B g 07, 7 Do
or other suitahémfiperaiedi ieeween20°C and 30°C) BDpHE BetWerh S Pand73chadad as the
delivery medium It congists of peat noss .

: fermenter agitation speeds between 200 rpm and 300 rpm. Streptomyces WYEC
108 typically achieves maximal cell mass yields of about 5.3 dry weight grams of
biomass/liter in YGM liquid medium with culture conditions of 30°C, pH 6.5, and

10 shaking at 200 rpm for 72 hr (to the end of log phase). Doubling time during
logarithmic growth phase is approximately 10 hours. The 72 hr incubation time
may be significantly reduced by using higher inoculum levels of log phase cells.

Alternatively, spores may be produced on solid agar media such as
~ sporulation agar. These spores may be directly harvésted by scraping into a

15  suitable liquid medium such as 10% YGM and then directly introduced into the
delivery medium. This approach avoids the need for liquid growth of the -culture
and thereby shortens the production process.

Preferred and Alternative Delivery Media
Streptomyces WYEC 108 may be incorporated into a delivery medium

20  for use in horticultural and agricultural settings. Example VI describes one
formulation of the delivery medium which comprises sand-water-cornmeal in a 9-
2-1 (w/w) ratio. It will be understood by one skilled in the art that the
formulation of the delivery medium will be dictated by the particular application

for which the biocontrol agent is intended. For example, various organic and

25 inorganic fillers such as clay, vermiculite, wheat bran, com cobs or chitin can be
added to the delivery medium. The ratio of components of a delivery medium
will be determined on the basis of texture and physical properties required. For
éxample, properties such as moisture holding ability, light weight for easy
handling and transportation, porosity to provide space for mycelial and plant root

30  growth and spread may be important. Alternatively, vegetative mycelia or spores
of Streptomyces WYEC 108 can be added to an alginate suspension to produce
alginate-entrapped pellets on this strain. Methods of producing alginate pellets are
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sand, and cornneal (540g:2700g: 540g; 1:3.5:1 ww ratio).

2) The delivery nediumis thoroughly m xed and covered with sturdy 20

al umi num'foil or cotton batting and then sterilized twice (90 minutes at a
. time at 121[err]C with 12 hours between sterilization periods).

3) The delivery mediumis cooled to roo¥-tenperature after the second
sterilization and before inoculation of the harvested culture broth

- containing strain WEC 108 and NH err]C solution (prepared above). 25

| ncor poration kno‘&lﬁmﬂleomya&amﬂm further inhd.Sdl Patent Np. A68B 15112 tto Lemdst e

a Formul ation of Pe Moss nd WAt Cornneal.,, and NH er

D) About 0. 51 £ 8 <Otset FRHAUSRS Fock o SrebligRes Hese ahte BF ApeRppielfeo these  \yec
108-NH err] d %@ﬂléﬁl on (prepared above) is thoroughly incorporated into
each of as many as needed presterilized plastic containers containing
of 3.78 kg of 30 del Inerprefierrdd embodiment, the present inventors hiave determined thad

containers aret n mcwated at. 30[err]C fo 0 -14 s (up to 20
days i ncubati oft Y MEP Y rra r’e?"{g[e‘? ﬂ\{,\}ﬂoéﬁsﬂqe%?f%ﬁﬂt}g as{ 8&%
4[err] until S@@Wé@gﬁt@éﬁ&isﬁi&r@@ﬂm siitblec THIE répidvides an appropnate

- density and water holding capacity for the use of this product in agricultural and

horticultural applications. However, as stated above, other ratios of these
components and of other components are also acceptable as delivery media. For

10  example, an effective alternative delivery medium comprises peat moss (620 g) -
sand (3380 g) - cornmeal (270 g) - chitin (10 g). _

In one embodiment, approximately 1.6 liters of harvested culture broth
(log-phase cells: e.g., about 72 hr culture) containing Streptomyces WYEC 108

_ mycelium grown in YGM broth as described above is supplemented with 400ml
15 . of a sterile solution of NH,Cl (containing 8 g of NH,Cl in 400 ml distilled water)
and inoculated into plastic containers containing 4 kg sterilized Delivery Medium
consisting of peat moss, sand, and cornmeal. The Delivery Medium is sterilized
twice (3 hours at 121°C) béfore_ inoculation of Streptomyces WYEC 108.
Inoculated containers are incubated at 30°C for 10 to 14 days to maximize spore
20  formation. Containers are then stored at 4°C until used.

The use of NH,Cl in the delivery medium provides a nitrogen source
of germinating spores of Streptomyces WYEC 108. It will be apparent to one '
skilled in the art that other nitrogen sources besides NH*CI can be used for this
purpose. For example, and as described herein, when spores are resuspended in

25  bacterial growth medium (such as 10% YGM) prior to incorporation in the
delivery medium, the addition of this nitrogen source is unnecessary. In preferred
embodiments of the present invention, the delivery medium comprises a sufficient
amount of a nitrogen source. It will be apparent to one skilled in the art that the
determination of what comprises "a sufficient amount” of a nitrogen source can be

30  made by determining the effects on germination frequency of increasing or
decreasing the amount of a particular nitrogen source or the effects of changing

the nitrogen source. A sufficient amount of a nitrogen source is that amount of a
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Handl i ng and Transportation

fornul ation containing Streptonyces WEC 108 is aseptically

“transferfed into sterile triple-Ilayer plastic bags using a small
shovel or equivalent tool, preferably |§ a UV-sterilized | am nar flow hood.

ﬁext tied and put into 1.5 ft[err]
shi ppi ng. Each box is then sealed with strong tape.

5

novi ng boxes for
- EXAMPLE XI | |

Cont ai ni ng
Beds 10
bi ocont r ol

2) The filled bags are

. ] ) | ncor por at.i on of _the Formnul ati on
particular nitrogen s°“"°3t‘?’@ﬁ'ﬂ8‘?@é‘é Q {bS SRR¥AIf ng Nur sery

Stregtomyce.s:rm rigy! ati on cont ai ni ng the Streptonyces WEC 108

gent and delivery medium as described in Exanple XI| is

mxed wWith a nursery In an ditecuitivg enﬂnndmmnt,mstdescrgaemm Bxampld Kiiadpores of

Streptonyces ¢

cfu/g-soil).

‘About 1.0 OSnOfmiBetﬁEpi@E&edaelNe?yCﬁ{idh&WB?chb? QltedRPC POt (Or 15  bed)
to prevent |oss of soil (or potting m Xx) e sti

and : dr ai nage.
the agricul tur
- below fromthe

10

15

20
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30

ettt SEG 108 o predied ffiquid,gmediinn and directly Moorporagsd

x 10° cfu/g. In more preferred embodlments the final concentration of
Streptomyces WYEC 108 in the delivery medium is between 1 x 10° cfu/g and 1
x 10® cfu/g. _

EXAMPLE XII

Detailed Description of Formulation of Delive
Medium Including Streptomyces WYEC 108

A preferred formulation of the delivery medium containing

Streptomyces WYEC 108 is produced on a large scale by the procedure set forth
below. All of the procedures described are performed using standard aseptic
technique (e.g., in a UV light-sterilized laminar flow chamber) to assure asepsis
until the packaged bags are opened by final users.
Productlon of Cells

1) Suspend the spores from a CYD slant of Streptomyces WYEC 108

-in 10 ml of sterile YGM or CYG broth (pH 6.5). This inoculum suspension is

used to inoculate the flask cultures.

2) Inoculate six 250 ml flasks containing 100 ml YGM (pH 6.5).

Use 10 ml of spore suspension per flask as inoculum. After inoculation, flasks
are incubated with shaking at 200 rpm and at 30°C for about 36 hrs.

3) Inoculate six 2.0 liter flasks each containing 1.1 liter of YGM
broth (pH 6.5) with the mycelial inoculum prepared above (100 ml of inoculum
per flask). After inoculation, flasks are incubated with shaking at 200 rpm and at
30°C for about 24 to 48 hrs or longer (up to 4 days). This becomes the inoculum
for the fermenter.

Fermentation

Approximately 7.2 liter of the stock culture prepared above is

~ inoculated into a fermenter contammg 40 liter of sterile YGM broth (pH 6.5) (=a
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The pots (beds) are then watered to saturation. 20 3) About
1.5 cmof the formulation containing Streptonyces WEC 108 and
delivery mediumis then added to the top of each pot (bed). If desired,
the fornul ation can al so pre-m xed wtggnursery beddi ng soil or potting

soil to

i ncrease the vol une and~adj ust the cfu/g count. However, for

opti mum ef fi cacy, the cfu/g shoul d be mai nt ai ned at at least 10[err]
cfu/g in the fin

Seeds are ced aon the
surface of thd p/a ééé’&l‘\“ﬁ‘g the,grpregceh i isho iqsulste with ﬁ)é&ﬁlegl%wooﬂmm

an addi ti onal

soil/ m x.

ckll Juspenkioh A ‘ﬁi‘égﬁ@ﬂ?) T‘B]E fo‘ﬁEei?e”rHs op eratedl%@iﬁfih tﬁﬁ' (&%’g;gﬁ tting

anpunt water 1s t 0 wet

the soil and s#80%C for about 72 hours (to neartthe €nd nfingrplme)dryl ng and to prevent

crusting, the
until seedlin

control | edy

ots typically 30 covered with clean black plastic
JP?H?PS‘? }/‘%ﬁﬂs may not necessary if nmoisture is

1) The fermeﬁatxﬁﬂ@lﬂthf@'ﬁjotﬂ"@tﬁﬁmmg tAPWAYEC 108 delig top of

the pots (or beds) as needed after seedling energence.

10

15

20

25

30

(after about 72 hrs incubation) is aseptlcally harvested in sterile 20 liter plastlc
bottles.

2) Sterile NH,CI solution is added to the harvested culture broth,
which still contains the WYEC 108 cells (Use 16 g NH,Cl dissolved in 800 ml
distilled water per 3.2 liter of harvested culture broth; pre-sterilized by
autoclaving). The resulting 1.2 liter volume of NH,Cl-containing cell suspension
is then mixed well by shaking the bottle before it is inoculated into the previously
prepared delivery medium.

Preparation of the Delivery Medium _

1) Each component of the Delivery Medium is measured separately
and added into a large size sterilizable pan or other suitable container. The
combined mixture is defined as the delivery medium. It consists of peat moss,
sand, and cornmeal (540g:2700g: 540g; 1:3.5:1 w/w ratio). |

2) The delivery medium is thoroughly mixed and covered with sturdy
aluminum foil or cotton batting and then sterilized twice (90 minutes at a time at
121°C with 12 hours between sterilization periods).

3) The delivery medium is cooled to room temperature after the
second sterilization and before inoculation of the harvested culture broth
containing strain WYEC 108 and NH,Cl solution (prepared above).

Incoi'poration of Streptomyces WYEC 108 into the delivery medium to Create
a Formulation of Peat Moss, Sand, Water, Cornmeal, and NH,Cl

1) About 0.5 liters of harvested culture broth containing strain
WYEC 108-NH,CI solution (prepared above) is thoroughly ihcorporated into each
of as many as needed presterilized plastic containers containing of 3.78 kg of
delivery medium.

2) The inoculated containers are then incubated at 30°C for 10 -14
days (up to 20 days incubation may be optimal) after which they can be stored. at ‘

4°C until used (the formulation is stable for months). | -
| This is the replasomen.t ghe
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- 38- Havi ng provi ded exanpl es of enbodi nents of this

i nvention and preferred enbodinents, it will be apparent to those
skil'led i'n the art that changes and nodifications may be nade without
departing fromthe present invention angy. its broader aspects. W

therefore intend the appended clains to cover all such 5 changes and
nodi fications falling within the true spirit and scope of the present

i nvent i on. REFERENCES

ATCC Cat al ogue %afndé‘g&ae“r gr%nsgoggg%“ ophages, 17th Edition, 1989.

Anterican Type Cul ture 1§30Th666mpl&tedﬁaﬁhtﬂahble coﬁ@mnhQS'treptomyces WYEC 10%cisi , R
1989. "Streptonyces and Rel ated Cenera, Manual of

Syst emat i ¢ . Bacteseptisalbyiransferred mﬁ%sﬁﬁb Wlek]@m" lelctl?% uging prsmall sterilized
4: 2451- 2492

Eval uati on 6f s?lé(\)/‘grlgr eqmvalent to o%ygécagpes aﬁ%ﬁ%ﬁdh#ﬁm pocﬁy‘?‘ir?i um
cat enoi des sas bi ocont r @) mmmdcbﬁgsl&e neEhﬁédmm bmmor D6tﬂ3r1ﬁbv1ﬁfg boReOfoRN.

Pl ant Di sease 69; 1033-1036. ram D.M and R J. Cook.
1990. Pat hogenlsbﬁppylgofE%LhoxF*?tthﬁ%ﬁaledmth%@E t"to wheat, barley, peas,
and lentils. Plant Pathol ogy 39:110- 1§% Kraft, J..M- and
D.W Burke. 1971. Pythiumultinum as a pat o en of beans and peas in

Washi ngton. Plant Dis. Rep. Ih€orpOfation @f Ghe Formulatlon Containin
‘ Streptomyces WYEC 108 into Seedling Nursery Beds

10 ' The formulation containing the Streptomyces WYEC 108 biocontrol

“agent and delivery medium as described in Example XII is mixed with a nursery
bedding soil or potting mix to a final Streptomyces concentration of > 1.0-1.2 x
10° or more cfu/g-soil). The seedling procedure is as follows. ,

_ 1) About 1.0 cm of peat moss is placed in the bottom of each pot (or

15- bed) to prevent loss of soil (or potting mix) while still providing for aeration and
drainage. |

2) Seedling pots are then filled with the agricultural (nursery or
potting mix) soil up to about 3.0 cm below from the top of the pots (or beds).
The pots (beds) are then watered to saturation.

20 3) About 1.5 cm of the formulation containing Streptomyces WYEC
108 and delivery medium is then added to the top of each pot (bed). If desired,
the formulation can also pre-mixed with nursery bedding soil or potting soil to
increase the volume and adjust the cfu/g count. However, for optimﬁm efficacy,
the cfu/g should be maintained at at least 10° cfu/g in the final mix.

25 4) Seeds are placed on the surface of the prepared seedling pots or
beds and then covered with an additional 1.5 cm-(approximate) of nursery

bedding soil or potting soil/mix. '

5) A small amount of water is then added to wet the soil and seeds.
6) To minimize drying and to prevent crusting, the pots are typically

30  covered with clean black plastic until seedling emergence (This may not necessary
if moisture is controlled).

7) Additional water is sprayed on the top of the pots (or beds) as -

- needed after seedling emergence. |
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20 Lynch, J. M, R D. Lunsden, P. T. Atkey, and M A

Qusl ey. 1992. Prospects for control of Pythium danping-off of |ettuce
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5  changes and modifications falling within the true spirit and scope of the present
invention.
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4:2451-2492.
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Ingram, D.M. and R. J. Cook. 1990. Pathogenicity of four Pythium
species to wheat, barley, peas, and lentils. Plant Pathology 39:110-117.
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Prospects for control of Pythium damping-off of lettuce with Trichoderma,
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Fluctuations in the fluorescent pseudomonad and actinomycete populations of
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36:254-258.

Pridham, T.G. and D. Gottlieb. 1948. The utilization of carbon

30  compounds by some actinomycetales as an aid for species determination. J.
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CLAI M5 1. A biologically pure culture of a mcroorgani sm
Strept, OM@B, havi ng the identifying characteristics of ATCC

ersor nglllllHlll#mm Iy H&JZ%P‘ conf ef gng b ot et on agai nst 1 ungal

infection*inta susc 3. A conposition

conpri si ng: a biologically pure culture of Streptonyces
WYEC 108; and a deli veré dj_ um _ 4. The
conposi tion of claim3 wherein the deliv Lg‘f di um 10 conprises at |east

one of the follow ng COl”DNIﬁB caﬂif WEEbf a ﬁ omyces and
cor nneal . he conposition o 1 e
. delivery nedi uWYEC lo%dxapmgsths identifjfing chaad:temtmnmfﬁo’ﬂ’C@SGMi ogen sour ce.

t f wherein th elive um 15 Gonpri ses
gea;rhremggnpg;lndl Ofr:]o?n @‘Fdn&f%‘ﬁg#‘]lﬂ?éﬁtc?%hﬂ‘ﬁlg@fll ﬂ‘erfp’c"?‘éﬂjgﬁ“%ﬁ ce.
7. The conmgpsi tohpabwaebﬁbmr@ Ql‘i_fﬂﬁfzﬁbr{'a gdifst Tidda? ot m 3 3&;5 tible gﬁﬁ{m”' um

chl ori de. he conposition o e|n
bi ol ogi cal |y pure cul t d-eA composmbnS'{onmmsmgyces WYEC 108 conpri ses spores

brotect | ng bl ants agai GHORRIFALY B GHEFeAf Sreplomeiok O B 1 abl o
Streptonmyces speci es anddeivef meédih. "eans in a suitable
4. The composition of claim 3 wherein the delivery medium
10 comprises at least one of the following components: alginate gel, peat moss, sand
and cornmeal.
5. The composition of claim 3 wherein the delivery medium
comprises a sufficient amount of a nitrogen source. |
6.. The composition of claim 4 wherein the delivery medium
15 comprises peat moss, sand, cornmeal and a sufficient amount of a nitrogen source.
7. The composition of claim 6 wherein the nitrogen source is
ammonium chloride.
8. The composition of claim 3 wherein the biologically pure culture
of Streptomyces WYEC 108 comprises spores of Streptomyces WYEC 108.
20 9. A composition useful for protecting plants against fungal infection

comprising a suitable Streptomyces species and a delivery means in a suitable

- container.
10. The composition of claim 9 wherein the Streptomyces species is
- Streptomyces WYEC 108.
25 11. A composition comprising:
a purified preparation of antifungal metabolites produced by
Streptomyces WYEC 108; and
a delivery medium.
12. The composition of claim 11 wherein the composition further

30  comprises cells and spores of Streptomyces WYEC 108.
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cont ai ner- 0. The conposition of claim9 wherein the

.1
Strgap'g.p ' ' Streptonyces WYEC 108. 25 11. A
conposi Fﬁ&iﬂﬂ%ﬂj‘ﬂmmﬂm‘ a purified preparation of
anti f ungaly S v oduced by Strept onyces WEC 108; and

a delivery medium 12.'41I=he conposition of claim1l wherein
the conposition further 30 conprises cells and spores of Streptonyces

WYEC 108. : . o s -41-
13. A methad for r educildy 4 %eﬂ%%’sﬁ’éﬁfﬁ‘%ffrﬁ W stceBnlb‘PQ'n?f?Bfal“ﬁﬁ"gg}ngal.
i nfection wher gifactidhewhreiniofie HRTRGd SRBpIERL Id¥RVdriNg SHdpfdiey SEPEMMDE 1608 to
the roots of the plant.
the roots of the plant.
14. A method for reducing the susceptibility of plants to fungal
5  infection wherein the method comprises the steps of:
immersing seeds in a composition comprising Streptomyces WYEC
108; and -
planting the seeds in a suitable growth medium.
15. The method of claim 14 wherein the composition further

10  comprises alginate gel.
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14. A et hod for ﬂ% the susceptibility of plants to fungal 5

: nmfnee(rzg: ﬁg \Mﬂ“ﬁ\‘“l d conprises the steps of:

SI tion conprising St reptonyces WEC 108;

and planting the seedsgpn a suitable growth nedium
. 15. The nmethod of claim 14 wherein the conposition further 10 conpri ses
~al ginate gel. 42-
©16. A nethod of protectjicng cti risin

the Steps of 1679 Bhifie of Bltng Y boenl kgl By
. 108; the steps oforeparing a delivery -medi um conprising said cuI ture;'
tand 5 delivering said delivery nmediumto plants.

supplying a culture of Streptomyces WYEC 108;

preparing a delivery medium comprising said culture; and
5 delivering said delivery medium to plants.

17. A method of enhancing the growth of plants comprising
providing to seeds or seedlings a composition comprising a delivery medium and
at least one component selected from the group consisting of: Streptomyces
WYEC 108 cells; Streptomyces WYEC 108 spores; and antifungal metabolites

10 produced by Stréptomyces WYEC 108.
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17. A nmethod of enhancing-the growth of plants conprising provi-di.ng i
to seeds or seedlings a conposition conpr.ising a delivery nedium and. o
at 1east one conponent selected fromthe group consisting of: Streptonyces
WYEC 108 cells; Streptomyces WYEC 108 spores; and antifungal netabolites 10
produced by Streptonyces WEC 108. 4 .

3-

ABSTRACT

USE OF STREPTOMYCES WYEC 108 TO
CONTROL PLANT PATHOGENS

This invention relates to a biocqntrol formulation suitable for reducing
the susceptibility of plants to fungal phytoﬁfhogens. In one aspect of the
invention, a newly isolated strain of Streptomyces, Streptomyces WYEC 108, is -
incorporated into a suitable delivery medium and applied to plant seeds or plant

roots.

Figure 2
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