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Fmplﬂvbplhaumamofmmnodohmhhm
snd hotticultoral indusiviev. Many different types of fongal phytopsthogens have beca
WMMMMMMmemﬂ
fo0t-sot. maﬂmmwgmmmm-ﬂmm
crop yields.

To minimixs fungal infactions, bedding-plant nusvegios ﬂrwllldlﬂsl' in
steam sterilized or chemically treated goils. However, such trestments slwo remove benaficlsl
microorganisms from the soll, incinding microorganisms that would normaily compets with soil
Mhmmuawmumhmuwwwd

peoduce widespread disease.

In agriculinml, settings, solls infesind with phytopathogesic fimgi mey bs
vasuitsble for growing certsin crops. For exampls, soybesn production in Michigan and in
ofhor soybam growing states i often sevensly Limited by Phytophthora root 0t consed by the
fangus Phytophara megasperma (Filinow and Lockwood, 1985). Species of Pytklum fongl are
widespread i soils in pacts of California, Washington. State and Idsho, Pychlum altimues 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
othar crop plants grown in these soils aad in soils in other states and other coumtriss (Traporo~
Casas et al., 1990; Stanghellind and Hancock, 1970; Kraft and Burke, 1971; Wedtedind et al.,
1989), The ume of chamical ageuts 16 contiol fimgal phiytopathogeas is often not practical dno
to high costs, Inck of efficacy and the emergance of resistant strxins of the fungi. Additomnily,
the use of chemical fungicides is not desirable from an environmentsl viewpoint,

Itnuolﬁeotufmpmmhmﬁmbpmﬂeauohﬁdwmd
mwmmam

SUMMARY OF THE INVENTION

mmmmmmwum&.md
actinoguycets baoteria that are shown to be effective in inhibiting the growth of fungal
phytopathogens. In particular, ons of the isolated actinomycete bacteria, herein named
Strapromycas WYEC 108 (also referred 0 bereln as WYEC 108), is shown to exhibit streng
antagonism towands & wide range of fungal plant patbogens, inclnding pathogens that cmso the
mmm,m«mwmtmmmmmmrhs.m
aspect of fhe prescat invention is  biologically purs calturs of Straptantyces WYEC 108,

---------

'USE OF SIREPTOMYCES WYEC 108 TO CONTROL mm“W
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The present fnvention also sets forth various compositions suitable for freating
Eiﬂ%géggnﬁ.ggﬁﬁagS
reduoe the susceptibility of plants to fungal infection and to enhance the growth of treated
plants. In %ggsﬂiﬁ%-gg%&

5  Strepomyces WYEC 108 and a delivery medium. mo-nﬂ_ﬂnﬂro&!!ﬂ.ﬁo&i .
%ES&I&E?E?H&RE,FEEE.
cornmeal Lo, }égﬂiﬁn FEEEE&
medinm comprises at lesst 10° colony forming wnits per pram of delivery medinm,

Fggﬁoig% alginate gel pellets
containing Strepsomyces WYEC 108. Such pellets can be sdded directly to the roots of growing
_Eﬂsgﬁggsggsgﬂﬁn_ﬂ

. EEESE%B«E?EE%%

15 umgsgﬁg Egggggﬂgg
: WYEC 108 to the roots of 1!.. g%?%éﬁg
. seods ggggéﬁ Sﬁngge

FIG. 1 éggﬁogﬂoﬁ#ﬁgw&ogiﬂ-ﬂ
(top) and the suxfiace of spores (bottom) of Srepromyces WYEC 108.
. FIG. EE&IEE g%%%iﬂ -Planty

The present gg?%&-ﬁ% &Eﬂn!ﬂl

fongal pathogens on ?E&mggﬂguﬂﬂ In particular, the present
30 .invention sets forth the isolation of a strain herein referred to as Streptomyces WYEC 108,
Strain WYEC 108 is shown to exhibit strong sutagonism towards & wide rauge 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

as 2 biocontrol sgent that can ba used to protect plants againgt infection by thess
35  phytopathogens. Thus, Strepromyces WYEC 108 is useful in methods for reducing the
susceptibility of plants to fungal infection. As such, plants treated with Strepeomyces WYEC
108 will show reduced effects of fungal infection. Fungul infection of susceptible uatreated
_ plants affects certsin growth chamcteristics of such plunts. For instance, untreated plants
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exposed to fimgal pathogens may show significant seductions in plant height, plent biomam and
crop yield compared to plants not exposed to the fungsl pathogea. In preferred embodimants
of the present of the invention, plants treated with Sirepomyces WYEC 108 and subsequenty
apoudhthoﬁmplpﬂhnm mﬂﬁowhumndmmphmhugln.pwm
mdcmpylddthmwuud phnbmdbﬁshplm In more preferred
embodiments, plants treuted with Streptomyces WYEC snd exposed to the fimgal puthogen will
mmmm»hm unexposed plsuts. In most prefecred
embodimeats, plents trested with Sereptongyoes WYEC 108 and exposed to the fangal pathogen
will show growth characteristics supeiior to the untreated, nnexposed plants,

-+~ Steainr WYEC 108 colonizes plant xo0ts in the pressnce 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
composition comprising the vegetative calls and spores of WYEC 108 and the delivery modinm
is shown 10 have 2 Jong shelf Hfe and to be suitible for delivedng strain WYEC 108 to plmts.

Materials and Methods
Bacterial Growth Media |

All bacterial growth media were prepared nsing distlled water and sterilimd by
autoclaving prior 1o use. Al bacterial samples were handled using standard ‘aseptic Jabosatory
techniques to maintain puvity.

YGM (yeast extract/ghucose/minersl  salts) medium comprised 0.6% (wifvol)
mmmmmMuMMMIOIW shmudplmphw
minenal salt solution (5.3 § of Na;HPO,, 1.98g of KEL,PO,, 0.25 of MgSO,.7H,0, 0.2g of
NaCl, 0.05 g CaCl,. 25,0, plus 1.0ml of trace clomeats (Pridham snd Gottlish, 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)
oontained yeast exteact (Oxoid, 0.25g/1) 5 the sols carbon and nitrogen source, and agar -
(Oxoid, 18.0g/). The madium was buffered to pi 7.2-7.4with K,HPO 4 (0.5 g/l).

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
Choruical Co.) and 18,0g/1 agar in diatilled water.

CYD (cassmino acids/yeast extract/dextross ager) medium cantmined casumino
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. |
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YCED (casumino acids/yeast extract/dextrose/agar; modified from Reddi aod -
Rao (1971) contained yeast extract (Oxoid, 0.3 g/l), casamino acids (Difco, 0.3 g/f), D-glocoss
(0.3 g/, and agar (Oxoid, 18.0g/1). The medium was buffered with K,HPO , (2.0 g/).

CYPC (cellulose/yeast extract/peplone/compost  extract/agar) coatsined ceffuioss
(Solka Flock, Sigwa Chemical Col; 5.0g/1), yeast extract (1.0 /1), peptone (Oxoid, 1.0/,
phosphto bufer (K,HPO ,, 0.752/), agar (18.0g/1), and compost extract (100 mi/l) replacimg
100 ml of distilled water in the medium. It was povred directly and Dot used as an averksy

MSSC (mineral salts/starch/casein/agar; Turhan, 1981) contained 2 minessl saits
solution consisting of NaCl (2.0 g/, MgSOJTH,0 (0,05 g/f), CaCOy (0.02 g/l), FeSOJSE0
(0.01 g/t), and KNO, (2.0 /1), plus organic constituents including soluble starch (10.0g/M) and
casein (0.3 g/l), pius agar (18.0g/1). The medivm was buffered with K,HPO 4 (2.0 g/I).

Sporulation medinm (ATCC Medinm #5) coutsined yeast extract (1.0 g/l), beaf
extract (1.0 g/l), trypiose (2.0 g/T), FeSO,, (0.01 /), glncose (10.0 /), and agar (15.0g/M.
The medivm 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/l) 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
in ratios as set forth below) was sterilized by steam sterilization prior to use, Stevilization was
typically performed byaumchvmganm,mhmbymmm
Harvesting of bacterial growth

meywﬂdmﬁofwmms,mm&lmynm
contajning 500 ml YGM medivm (pH 7.1-7.2),were inoculated with 20 ml of stock culture
(prepared s described in Example IT) and incubated with shaking at 250 tpm at 30°C for
three days. Mycelia wers then harvested by centrifugation st 5,000tpm 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
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. This suspension of spores and mycelia wag then mixed
divectly into the delivery medinm.

For the production of spores of Streptomycesr WYEC IOSWoBmEﬂmmeyer
flasks containing l.MOleGMmdmmwmmhmoculenhSOmlofﬁockwlﬂnud
incubated with shaking at 250 rpm at 30°C for 12-18 days. SMMMW
centrifagation =t 9,000rpm for 10 minutes.
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Worthing Road, Littiehampton, West Sussex BN17 SLP, United Kingdom. White-rot fungi
5  Phanerochaee chrysosporium snd Coriolus versicolor; brown-rot fungi Postia placenta,
Caldariontyces fumago, and Glosophylium trabeum:; soil born fungal pathogens Rhigoctonia
solani, Fusariwn sambucinctum , Geoerleium candidum , and Verticillium dahllae came froe the
cultums collection of professor Don L. Crawford, Departmant of Bacteriology, University of
| | Kaho, Moscow, ID. Phihium irregulare Phytophthora capaicl, Piwophthora dinnamomi,
. 10 Phyeophthora parasitica, Sclerotinia cepivorum, aod Sclerotinia sclerotiorum cama from the
culture collaction of Dr. Wesley Ctum, Department of Plant Soil Ratomology Science,
University. of Idabo, Moscow, ID. Fusarium oxysporun: came from the cultore collection of Dr.
Arthur D, Pariridgs, 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 Sofl
For use in bioassays, soil naturally infested with Pythium ultimum was collected
from sovernl sites in the Palouse region nsar Moscow, Idsho. This soil was collected from the
20 gﬁﬂ?ﬂm&&&%iiﬁigﬁeﬁ&nmﬁinﬂ%g%
The soil population of Pychium species was determined as follows: A soil dilution of 1.0 g wix-
EEESE%&E&E%E&E Vortex tube mixer. A
0.1 ml sample o ?e&i%&ﬁ.i soxll droplets on 3-day-old 2% water
i%ﬁ%ﬁﬁng 33 ﬂpsnsuc_ﬁ_._lﬁ_ 25°C and read

25  periodically using a low power (x1 0) dissecting microscope with fiucrescant illumination to
gﬁogﬂnnﬁuﬂ-%gﬁagi Colonies on each plate were

. cheoked after 12,48 and 72 hours of incubation, before the final population was estimated. B

. Identification was based upon the morphological characteristios of fungal mycelinm of Pyrhium
speoies under microscops and the growth pattem on 2% (w/v) water agar plaes. 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 deasitiss of P. ulriman and
P. irregularewere 354 + 15 and 194 11 efu/g of xir-deied scil at the tima 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. .
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Amwmmmmmmmmw and fowr
non-rhizosphere-associated sounmplu 'l‘heaaatmnswmthnumdfonﬂmyumlﬂhm
of fongal phytopathogens, - r_\mc
Isolation of Actinomycetes

Acﬂmmmmm“nm&msmmww
dilntion/spread-plste techmique. Dilutions (105 to 10™7) were plated onto various agar
jsolation media. The composition of these media is set forth n "Matesials and Methods®
above. Actinomycets isolates wers designsted according to the isolation medium ou 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
actinomycetes. SMWEMYCEDWMMMMM.WM&M
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
uved. Stock cultures wers transferred overy 3 to 4 wedks,

Soils
(@) Noo-rhizosphere-associated soils.

Smﬂu(lmmmadwﬂmm&omhw15hmcmofﬁanﬂ
proﬁleat4mmﬂmﬂmhdxhgdmincludmglmlmmguden(80dsnin
mmwum.mmhaMﬂdd@onsz)umwqu
International (H.R.1.) fanm in Littlehampton, West Sussex; & forest soil (Soil S6) from the
Wynd Cliff hardwood forest seserve, South Wales; and & graseland (Soil §7) sometimes grazed
by sheep at Hastings Hill, South Downs, West Sussex. These soils were considered non~
mwmmmﬂmmmmm
(ii) Rhizosphers-sssociated soila.

Rhisnsphere-associated smlnlmluﬁomdlplmwmpnwedesmdlyby
the method of Miller et al. (1990). Soil 3 (S3) was associated with the roots of a dandelion

plant (Taracum officinals) in s rose garden at H.R.L in West Sussex, Bngland. Soil (55) was

associated with wheat roots and was tsken from the same fleld as S2, 3 wheat field at the

H.R.L'sfarm in Littlekampton, West Susoex. Soil 4 (§4) was also associated with wheas oots,
but the soil was from a field on Biguor Hill along the South Downs Way, West Sussex. Soil 8
(SS)wusocimd m&ﬁemdlhmdplmuaudwnkmﬁomaﬁddadjm to the
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$7 sampling sie, & grassland somefimes grazed by sheep at Fastings Hill, South Dowas, West
Actinomyoetes isolated from the soils could be divided into thoss isniated foom
non-shizosphere- (S1, 82, S6, and §7) or thizosphers-associated (S3, $4, 85, and -§8) soils. AR
soils were characterized for their moisture content by drying 3 g (wet weight) samples (v
replicates) at 100°C for 58 h sind then rewsighing them. Soil pH was determined by
thoroughly mixing & 1:1 soil:water slurry, allowing fh solids to settle for 2 b, and taking the
pH of the supernatant solution. After collection, sofls were stored at 4 °C until wsed (24 to 48
b). The isolates were confinmed to be sctivomycete sirains by visual examination which
showed that the colenies formed by thess straing wees typical actinomyoste colonies (hand and
leathery with an serial mycelium containing ‘spores). Further confirmation of the identity of
these strains as actinomycstes 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.
Caltures were spot-inoculated onto plates of CYD agar, buffered to pH 3.5,6.0,6.5,7.0,and
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 for growth afler 5 to 7 days incubation st 25 or 37°C. Plates wers evaluated visually
for littls or no obeervable growth { +), some growth (+ or + +), or excellant growth (++ +).
| As shown in Table 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 varied from poor to excelleat depending tpon the isolats. The ability of the
isolates to sporulate strongly on CYD agar was also determined by visoal mad microscopic
cbsexvation of colonies after S-10 days of incubation.

3
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TABLE 1
O Soll  Soll pH* YCED wWYR Totals
on-rhizosphere-associnted soils 77
5 S 75 16 2
2 5.4 s u
6 7.2 20 | 28
7 7.4 13 1 14
Rhizosphere-associated solls 140
10 3 70 17 2 39
4 1.6 2 13 65
5 6.5 1t 2
8 7.3 8 2 10
Total isolates 114 108 217
15 ~ -
Yo Vitrg Antasoalsm 2
Eighty-two isolates wers chostn o the basis of their ability to grow well and
sparulate 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
cultare bad sporulsted. A CMA agar block (0.5 cm?) containing actively growing P. uishwiurs.
miyoelinm was then aseptically placed in fho couter of the plate. Incubation was contimued for
96 h. Aﬂar“md%hﬂloplﬂewmmhﬂdforinhiﬁﬁminﬂwzmwﬂlofnm.
23 Iphibition was indicated when P. ultbman mycelial growth jn the disrection of the actinomyecete

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

30 WYEC 108 ] + +4++ +4%
YCED 1 1 ) dort e
YCED 9 2 + P 4
YCED 33 4 * +* *

35 YCED 4 4 * * L
YCED 95 7 + + +
YCED 106 ? + o o
WYE 2L 4 * - *
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MSsC 1
10 MSSC2
Nousnizgonistic (¢ 98 he)
WYE 6
WYE §
WYE 11
15 WYE 12
WYE 13
WYE 20
WYE 28
WYE 27

[ ]
+ +
+ +
+ +

A4+
1

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

-io--n_»uuom’uuuahuauauuau-';ua'h;uu.—
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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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Inkibition of P. wilmun defined as hypbal growth less sbundant and growth
retarded slightly on area of plate to the sids whege the actinomycete had boen
growa.

very strong inhibition with zone of inhibition = 2.0cm .

strong inhibition with zone of inhibition > 1.0cm

growth definitely retarded, with obvious zane of inhibition near colony

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

oo inbibition

After 96 br, five isolates (WYECI08, YCEDS, YWES1, WYES0, and YCEDI06) showed very
strong antagonism towaxds P, ultimum , four (YCED1, YCED106, WYE97, and WYE9E)

_ Wers either not antagonistic, or ouly very weskly 90 The cultures that clearly inhibited growth

of P. ultimuem wexe about equally divided between those isolated from rhizosphere-associated
soils and non-rhizosphere-assocated soils. |
Seveaty of the isolates that grew at pH 5.5 weve 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
shown In Table II. The degres of antagonism varied from vexy strong (+ + +) to relatively
wesk (+) as defined by the vize of ths inhibition zons. Pive of the cultures that showed
antagonism agalnst P. crysasporium (WYEC108, WYETS, ZYES0, YCEDS, and MSSC2) were
further tested on CMA against an additional white-ot fingus (Coriolus versicolon) and two

— —— o, e a— .
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types of brown-tot fimgi (Postia placenta snd Glosaphyllum trabeum). Four isolatos (MSSC2,
YCEDS, WYESO, mcxo»mwymmmmmmm
whn-udhm-tuﬁmgi Onnbohb.ms.mmgmpmoﬂywb
two white-rof fimgi. C

CYPC 2 6 + ++ ++
CYPC3 ] + i + +
Mssc 2 2 + +++ ++

*Inhibition of P. chrysosporium defined as hyphal growth less shundant and growth rotarded

slightly on ares of plate to the side where the sctinomycete had beea grown.

*+ + -+verystrong inhibition with zone of inhibition 22.0cm

4+ strong inhibition with zons of inhibition »1.0cm

+ growth definitely retardad, whhobwmmoﬂnhihmmoohny

- mmmhihﬂonof? chrysasporium (hyphal growth less shxmdant and growth retarded
inhibition

- 0o

of Corlolus wersicolor, Postia placensa and Gloeophyllum trabeum in addition to P.
chrysasporium. _
“Inhibiticn of Postia placente aud Gloeophyllum trabeum in addition to P. chrysosporium.

The biocontrol myproeedxm oﬂ.yncboul (1991, lBD?-)wuuaedtonsuylz
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 &
bed of water, and incubated in the dark at 20 to 22°C until germipation was evident
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(lp'pmximdﬂysday:). The trays were then transferred (0 a capillary matting in & greenhouss

. mainiained at 15 to 25°C and watered as requiced, The numbers of germinated seedlings in

Blilpotmwnnudpemdmﬂyforuptol!dayl o
_ Fummmmwmmmmmm

mmﬁummmdawﬁow Potting mix was inoculaind with
spores from CYD stock slmis, to an averge level of 10* to 107 cfafg (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

memm.wﬁewumwﬁm
Mﬂmuhhm(mmmmud l”l),mmmﬂnmomlmdvnﬂnb
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
strain was confirmed before nse by paseage through lettuce.

In all treatments, pots wexe prepared in replicatas of five. In the glasshouss, pots

'mutinanndombloctamngemt surcounded by “guard plants”; guard plants sexrved o

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, and wet and dry weights
(sboveground leaves and stem) were doteamined. Plank wet sl dry weights were recorded ax
Wn:gbiémperpot.mdasavmmbiomwm Values were reported as
averages of the five replicaten = standard devistion, Thus, each value was based upon 50
seeds planted per teatment (five replicate pots planed with 10 peeds each). Percent seed
germination and. final plant stand valnes wers calenlated similarly.
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! TARLE IV
Actino-mycsts cm.rm. x10° Numbee uu.m " Shoot weight
Srain s dqm plants per pot () ‘ -

5 -1 +B1* Pl +PL -1 +Fi
[T —r— 93 36 14 075 00% 0.034
Cooteol -

YCED 85 .19 10.0 6 144 0.9% 0.037 0058
WYE 27 - 100 50 1% 072 0050 "~ 0.009

10 YCED 64 a2 : 93 56% 144 (T 0.084 0.057%
WYIC 107 258 %8 58  1ef 081 ooe® 0.08
WYE 41 118 100 42 148 0.3 0.087 0.067
YCED 108 130 o 544 14 - e com 000
YCED TE sas . 100 622 142 05 0082 0080

15 wyEss 1.44 100 62t 142 0m3 0.082 oo
MSSC 1 213 9.8 4.4 138 LR - 00m 0.060%
WYE 21 9.56 100 5.6% 149 1.09a o091 009>
WYR 30 18.90 wo . 59 1.53 0.86 0.088 0.046

7.}

WYB 28 7 0.18 10.0 38 138 0.50

- 0.0

P1* P. ultitmam: 200 sporangia g"dqponm;mx.
Whuen-havmmbwofhdﬂ:yﬂuhperpntounf:moﬂnplmmd
10 planiy.

'&psmﬂymmmmwmgmamumr-omm
25  Deogrees of frecdom = 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. . _
Tn the proscoce of pathogen (+P1), the musber of heaifhy plauts per pot 20 days
~  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) significanly improved tha yisld of healthy plants. Of thess, YCED 85, YCED
64, and WYR 21 also significantly improved plant dry weight yields relafive to pathogen-cnly
controls. ' WYE 21 also significantly improved frash weight yields relative to pathogea-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,
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- EXAMPLE II

‘Strain WYEC 108 was identified as giilaﬁugo—_&.
morphological charac-tegistics of the genus Streptontyces, as defined by Bergey®s Mamaal of
Systematic Bacteriology (1986). WYEC 108is a filamentous bacterium: that produces chains of
spores in an derial mycelinm. As desoribed above, Sireptomycas WYEC 108 was isolated as

. ons of a number of actinomycets strains isolated from soil taken from eight diffevent sites in -
10  Great Britajn. Along with ather actinomycetes, Strepromyces WYEC 108 was isolated by the

serial-dilution/spread-plate - technique from rhizospheve soil associnted with the roots of lingeed

plants in a field on Hastings Fill, South Downs, West Sussex, England: Dilutions (10 o 10

of this soil were plated onto isolstion agar medinm WYE. Dilution plates were incubated at
ﬂﬂﬂﬂﬂﬂﬂ days to allow actinomyosts colonies to grow and sporulats, Then the coloaies

1S were picked and streaked onto WYEC agar plates for pursification, Pure coloniss of WYEC
. 108 were transferred from thess plates to CYD agar slats, incubated at 25°C until sporulsted,
and stored at 4°C untll vsed. Stock cultures were transferred every 3 to 4 weeks,

dentity of Srreptomvces WYEC 108
As deseribed above, the actinomyocete strains isclated weore examined for their
20 bility to grow well and sporulate strongly on CYD agar. Subsequently, a nmmber of isolntes
eaagns.g to inhibit the in vivo growth of the phytopsthogen Pythium uitimatum .
The isolstes wers alyo tasted for i in vitro antegonism. against the white rot fingl Phanerochaste
. _ %Eggli_ﬁ_egigggﬁa -
Gloeophyllum trabeum, As s result of these tests, one-of thess strains, herein reforred (o a3
25  Streptomyces WYEC 108 was selected based on its favorable charactexistics.
Colonies of Streptomyces WYEC 108 grown on Casamino Acid/Yesst
: Exiract/Dextrose (CYD) plates wers examined by scanning electron microscopy. The szple
_ preparation was as follows:
_ C&Eﬂ&?ﬁs@«aeﬁo ssg%sﬁis 1.5% solution of

. - 30~  glutealdehyds in 0.2M sodium cacodylate buffer and fixed for at least two hours; (2) the

colonies were completaly washed (2x) with 0.2 M sodivm cacodylats buffer b y aspirating the
%Eiﬁulw&og%uwiﬁﬁogggn? Cars was taken to

agar, contsining the colonies; (4) the “plugs”were placed into o individual mesh coutainers and
35  camied through dehydration in 100% ethanot (2x) (J.T. Baker Inc., Phillipsberg, NJ);
9?5—81«83&&5-%35%55%85&%
specimen stube vsing colloidal silver conducting paint. They were then costed with 60\40 gold-
palladium and observed with 2 scanning electron microscope. FIG. 1 is scanning electron
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photomiccography showing the chains of spirales (top) and the warfice of spores (bottam) of
%g_ow?%aanlﬁg&sﬁiﬁiug
Various physiologicsl characteristics of strain WYEC 108 were also detenmjpad;
straip WYEC 108 did not produce melanin or H.S on Peptone-Yeast-Iron Agar and Peplone-
5  Iron Agar (Difeo Lab. Detroit, Michigan), respectively. The oolor of the spore mass perodnced
by Streptomyces WYEC 108 on CYD plates was gray. This struin did not grow at 45°C,
Streptomyces WYEC 108 may belong to the species Strepromyces iydicus a3 defined by Becgey's
Manmal of Determinative Bacterology (1986), Accondingly, this organiam miay be refemsed to
a3 Streptomyces Ipdicus WYEC 108, For brevity, the organism is refered to heroin ax
10  Sireptomyces WYEC 108, or ximply WYEC 108, .z,
ATCC Accession Number
A deposit of Streptomyces WYEC 108 was made under the terms of the Budspest
Treaty with the American Type Cultute Collection (ATCC), Rockville, MD on
Juns 29, 1593, This strain has been designated ATCC Aocession No. 55445,

For short-term use, Streptomyces WYEC 108 was incubated on. CYD agax or
_ . sporulation agar slant st 25°C until sporulated snd stored at 4°C until used. For long-texm -
storage of cultures, 1 Eggiisiﬁhinﬁ a single
_ iaﬁnonvﬁaﬁ-oa—iué% gggigi
20  inocvlate 250 ml Edenmayer Eooﬂiﬁ!u ooB_ 'GM (yeast extract/glucose/minecsl
_ salts) mediwmn. The flasks wers then incubated with sheking at 250 rpm for 32-36 bours st

_ 30 Straptomyces WYEC 108 was streak-inoculated o 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-mm-diametar CMA agar diso containing sctively

35  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 plate. The plates wers incubated

& 25°C until the test fungus reached the edge of a control plate not containing Strepromyces
WYEC 108, Inhibition of fungal growth was quantified by determining the ratlo of radial
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M«wmmmahnmqfwmcmmmhm
on the cantrol piates. Percent inkibition of fimgal growth was recorded after 48, 96, and 192
br incubstion depeading on selected pathogenic fingus, Tho bioassay was replicated o five
plates, inhibition was messared separately, ndmddnnm :l:shnduddm

MMMMEWMMMNMV.MMM
that Streptomyces WYEC lOSuhNnmskmgmbgodeaﬂdompofw
mmmmmcmm»mmrfmmm
Rhizoctonia solant, Fusartuon solanl, and Phywophthora cinnamomi), Whits tot. (Phanerochaete
chrysosporium and Corlolus versicolas), hownM(Mapmlﬁdwmm)
aud leaf and stems rot (Sclerotinia sp.) fmgl.

. TARLEV

Percent inhibition t standard deviation'

Fungal Antagonism observed®
pathogens 48 hr . 96 hr
i .

Pythium irrequlare 200 + 0.0 100 £ 0.0
Pythium uitimum 100 £ 0.0 100 £ 0.0
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
Fusarium solani 36 * 2.5 19 * 2.5
Phytophthora capsici 100 * 0.0 100 0.0
Phytophthora cinnamomi 100 + 0.0 100 * 0.0
Phytophthora parasitica . - 100 *+ 0.0 100 £ 0.0
Sclaerotinia 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
Postia placenta 100 & 0.0° 100 * o.04
Caldariomyces fumago 100 + 0.0° 100 + 0.0¢
Gloeophyllum trabetm 100 * 0.0° 100 * 0.0¢
Geotrichum candidum 47 % 2.1 45 £ 2.1
Vertz'.ciz.uum dahliae - 73 % 2.0° 59 & 2.0

 Valuss bused upon averages of individual valucs of five replicated plaies. Individual valoes weee

determined. by separately measuring the mycelial growth from each. plate.

b Yohibition of fimgal pathogens defined as hyphal growth of pathogens vader the influsnce of
WYEC 108 versus growth alone on the control CMA plates,

Streptomyces
Send ¢ % hhibmonat%hrmd 192 hr incubation, respectively.
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phylopuhogm was determined by applying strain WYEC 108 to ungemminated chickpea ssods sl
than pisnting these sesds in soil infested with the fiungal phytopathogeas P. ultimarunt snd P.
irregulare

Extracallular metabolites produced by strain WYEC 102 were extraciad from
cultnres by ether extraction. The effect of thess metabolites on fongal infaction of amerging
chickpes seedlings was also detennined.

Growth of Streptomyces WYEC 108

For growth of strain WYEC l.Oiuns.omma'Bdmyar ﬂuhoonhniusm-l
YGM(pH?l-?.z)mmouﬂmdmmmlofmcxﬂMMdmhud with shaking st 250
rpma at 30°C for 3 days for the production of ce)l mass, For production of antifungsl metabolites,
one liter Edenmeyer flasks containing 500 il CYD (pH 7.1-7.2)wers inoculated with 20 ml of
stock culture and incubated with shaking st 250 rpm at 30°C for 7 day.

Trentment of Seeds with Strepronmycer WYEC108 and Antifungal Metubolites

A mycelisl suspension of Strepromyces WYEC 108 was harvested by centrifugation at
5,000 tpm for 10 miputes from a 500 m} 3-dsy-old YGM liquid culturs. The barvested mycelia wers
resuspendded in 200-300mk of stedlizad 3% (w/v) sodimn alginete solution to & cultare demsity of
1.0-1.2x 10% cfa/ml. Chickpea seeds wers then added 0 the well mixed cell-alginats suspeasion
and the seeds were transfecred ons by ons into sterilizad 0.25M CaCl, in distilled water. These
seods were used in the biocontrol asssy 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
extracted with 150 mi ether using an extraction fiummel. The ether was then removed by vacuum
evapomtion and the resulting extracts wese redissolved in 1.5m] 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 metsbolites may be used o protect plants from fungal
infaction, Prefersbly, the antifongal metabolites will be purified 50 as to be substantially free from
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 Vive Blocontrol Assay

Soil naturally infested with P. ultimum and P. irragulareis described in “Matexials 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 soil:watex slurry (1:1), allowing the solids to settle
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for 2 b, snd taking the pH of the supecnatant solution. The soil was chopped, mixed thoroughly and
then placed in seedling pots (10 cm deep x 10 cm diamater).

The in vivo biocontrol assay was cartied out by planting vogerminated chickpes
vouds trested with either Strepeomyces WYEC 108 or the antifungal metabolites in fhe infested 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) Soeedling 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 the ssme soil. The topping was allowed 1o become wet by capillary action from the
column of wet soil beneath. Ten seeds wers plaated in each of three replicatn seedling pots. No
foxtilizor was added to the soil. To minimize drying and prevent crusting the pots wers coversd

15  with clean plastio until seedling emergence. Additicnsl water was sprayed on the top of fhe pots as
mwmmm'wmw in & greephougs at 15-
30°C with & 12 br light and 12 br dark cyole photoperiod (16,000 Tux).

Emummﬁwmmﬂawy.ndwm
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

~18-

'InSﬁ-lm.eomdonueds.
%Not contzining WYBEC 108.

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

Bolh&npmmvmWYBC IOSeallsmdlhemnﬂmgd metabolites produeed by
these cells reduced Pythium damping-off of the chickpeas,
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Plants showed vigorous growth, wixa seeds wers coated with Streprontycar
WYEC 108 cells. There was 2 significant reduction in height and froeh weight of the plants
that emerged from the control (untreated) chickpes seeds as compared to those of the plauts
germinated from sceds costed with Strepromypoes WYEC 108 celli. Emergence of mnteeated
chickpea seeds was extremaly ‘reduiond (6.7% emergence) becmuse of seed rot and
preemergence damping-off discass caused by P. ultimim when seeds wero planted in soil
naturally infested with P. ultimuns and P. irregulare In conteast, emergence of seeds tesated
with Streptomtyces WYEC 108 cells bafore sceding was 63.3%. Seads treated with alginats
alone did not show increased emergence, Sympitoms typical of Pydilim xoot rot, including oot
hair loss and root discoloration, wers evident in harvested chickpea roots germinated from
control seeds, but these symptoms were absent from plants grown from, seeds treated with
Streptomyces WYEC 108 cells. In the coutrols, damsge to chiskpsa was mainly in the form of
seed decay, and preemergence damping-off. Cﬂﬂckpuseedlingsthﬂdidmgemd.guw
were stinted, and their roots wers saverely infected with P. altimum. FI1G. 2 shows & side by
side comparison of chickpea plants taken from the biocontrol assay. 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 seads (6.7%), but lower than
that of seeds coated with Strepromyces WYEC 108 gells (63.3%). Plants that emerged from
soods treated with antifengal metsholites showed vigorous growth, longer root, aad & higher
denntyofmothaitdevelopmm:scompndtounmlpm -

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
seelings harvested after 20-days of growth. P. ultimun 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 hirs at voom tempesature and observed under phase contrast microscope (x40). P. ultimum
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ggﬁggaﬁﬁgsguaﬂﬁﬁai
identified as described previously (ingram and Coak, 1990).
Sead rot by P. %égﬁﬁaﬁggg%s
days. A part of = rotted seed was asoptically pliced on 3-day-old 2% water agar plates with =
S E%Egﬁggsgg The plates were
Pythium was observed to infect the roots of untredted chickpea plants growing in
" the aaturally-infested soil. P. ultimum was the most prevalent species isolated from rotted
seeds and roots. P. irregularewss less commonly observed.
Egagé ﬁig&ﬁgag

-—Eﬁ!ﬂ!ﬂaﬂg& Example .:58 plints were grown in soil naturaily infested
with P. ultimum aud P. irregularealso as aBn:...& Example II. The plants were removed
from the seedling pots and gently washed with tap water to remove adhbering 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
microscope (x1000).
ggusggggggiﬁﬁo%
20 oot ?Egg Egiﬂiﬁgﬁn—?&g}%&
Eﬂ!ﬁnﬁ. Streptomyces WYEC 108 was cbserved to to have extensively colonized the nain
gg;ggiaﬁ.ggi&gs&ngiﬁ
Streptomyces WYEC 1 oainu_.l_.z E%giiggi _

~ 30 In addition to te ability of Streptomyces WYEC 108 to colonize roots of plants
and to produce suiifongal metsbolites, WYEC 108 has also been observed to lyss 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 g_sgg_g.gmﬁului.omgﬁiﬂom%
. enzymes by WYEC 108, such as chitinases and celiulases. Streptomyces WYEC 108 hus beca
shown to produce both of these enzymes. 1t is likely that Strepromyces WYEC 108 also
produces a range of other extraceliular degradative enzymes,
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A composition- suitshle for the long term storage ofwublahmm

' 1mmmammwmmwmwum One Hter Edenmeyer

flasks containing soomvcumsdm(puv.w.nmw.dmmddm
culture and incabated with shaking at 250 yp at 30°C for three days. After incubstion, the
cultare was harvestad by centrifagation at 5,000rpm for 10 minutes. The harvesied material
was resuspended in 1600 ml of 10% YGM and mixed with sterilized 8 g NH,CI dissolved in
400 mi distilied water, The two liters of cell and NH,CI mixtare were then inoculated into &
plastic coutsiner containing 4 kg sterilined delivery medinm consisting of x snd-water-
cormmeal mixture in a 9-2-1 (w/w) mtio. The delivery medinm wag starilized twice (3 hr 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
pmdwedspomdnﬁngﬁum-udayﬂumhﬁmmnﬁnghhﬂeﬂddalgofddm
mdinm(nmmgelmlofm'mo’wnfdawwm(dsywdm This mixture
wasﬂu:mndu“cmm

Alterpatively, instead of YGM medinm, cells and spores can be produced in
CYG medium. As sn sltemative to harvesting cclls by centrifugation, culture flasks may also
be allowed to stand so that the bacterial mycelia and spores settle. Thareafter, 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

._dnetibed in Bxample VI above, or in steam sterilized soil. A totsl of 30 seeds was planted for

each growth medium (one seed per 4 x 13.5¢m pot) and emergence was recorded after 21
days of growth, Ppesh weight was deteymined by harvesting above ground plsat growth after
35 days of growth. Fresh weight was recorded as a mean value. Ths rosults are shown in
Table VI below.
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Treatment ' _ Kunber of !mgnd Plant nm:genca th':wai.ght

T-day _ 9-day  21-day (%) (g/plant)
Staxile - 13 17- 21 21730 .
Soil + Seed _ | | ( ’_’”. 0-81

S  Delivery 23 27 29 (29730) 97 1.41
Medium : . (23/30)

10 Mnmluhdmumm ofmundmﬁ&rqmmmwm 108 enhances
boﬂnheemugm Mmmdmwgmofﬁnueﬂmgs.

15 " In vivobiocontrol assays wers carried out to determine the effectiventss of
Wmlosuabmmdwmm ineothdlhverymedim
described sbove.

Streptomyces WYEC 108 was produced and inoorporated mtotbedd:vay
m'ummmwmquwmc 108 grown for thres

20  daysin YGM medium. The initial population of Strepromyces WYEC 108 in the delivery

' medivm was determined to be approximately 1.0-1.2x 10° cfi/g of soil by plats comais on
CYD plates immediately prior to planting seedlings in the pots. This treated soil was thea
used to fill seedling pots (4 cm by 13.5 cm). : |

- thdplmbmmmpmmgmmmlmmn

25 100°C for 60 minntes). =

Pmﬁmﬂhzs(a!m-mmﬂ)mmmhhw“ﬂsm
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

30 thndeﬂvwmdmmmﬁmng@tl?cﬁlsofﬂmopmmmpmwuwmdmm

. = the planting hole prior to transplantation. .

| Plant height was determined 55 days after tnsplantation and recorded as &
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

35 formed and the weight of peppers per plant wers recorded as & mwan valus, The results of
thia field trial axe shown in Table VI,
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Treatment Plant Bi.omn TU# of pepper  Yield of pepper

Haight fresh weight pay plant - fresh weight
Aow) __ (g/plast) —{g/plant)
bcontrol:
Untreated = - 22.4%  274.1 - - 19.1K T 158.8K
5 ‘Proated ' : ' : '
with WYEC
108 29.1m 353.3m 36.5m 279.6m
dUntreated ' ' ' B ' '
+ P » : N . o .
10 parvasiticat 20.3k 238.5k " 13.8% - 151.2k
Spraatad : )
with WYEC
108 + Pp. :
parasitical 28.6m '~ 266.6K 22.7% 221.6k -

15 R

'reppuplmgmmmumns.sm)mmmmmnm-oum
wwummmmt*mofmmmmumm
including Streptomyces WYEC 108. _
90ne hamdred g of delivery medium contsining Phyophthora parasitioa was inoculated into

20  individual hole before transplantation (450 & 17 ofa/g of the delivery madium).
Mmmammmmwhmmmmmﬁmmmump-om

As shiown in Table VI, treatment of pepper seedlings with WYEC 1081n the
25  absence of P. parasiticaproduced sintistically 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
30  of P, pargsiticacompared to umtreated plants without P. perasirica -
In addition to the experirnents described in this example, WYEC 108 has been
mwum«um-moﬁmwmm Plants tested
include those shown in Table IX below.
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Phuu Tested with WYEC 108*

Plant  Fiald Teat . . Greenhouse/Lab Test

(H=)y - (+/-)
Lettuce - )
Chickpea - +
Green Pea - +
Pepper +* -
Cotton + +
Tuxrf Grass 4 +
Oonion + +
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.

EXAMPLE IX

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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mmammhwwxmhmmmedwm
thenndforlmmhumofﬂumm 'I‘lwdelwuymdmmeonmningmm
then stored at 4°C until used.

Spores produced by the liquid calture method described wero tested for viability
after four months of storage at 4°C. mmamwmwmm
mmglwmofmdﬂmmsmmmmm@msmdmwmmg
ust:pmAtSO'C.GemMuofapomwobuvedbyphmm wicroscopy (x
1,000,stained with methylene blue). swummphmygmmdm:mmimdyz
dlyammkobmaﬂumthwudmlumvhbﬂuym&npuhddm

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

Alternatively, thes spores from an agar plate of sporulation agar were resuspendad
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
pmmﬂummwwwwmgm to any desired lower cfu/g final
vishls coumt.

EXAMPLE X

Mycelia of Strepromyces WYEC 108 wese harvested by centrifugation. at 5,000
rpm for 10 minutes from a $00 ml 3-day-old YGM liquid culture. The harvested mycelis were
resuspended in 125 ml of 10% YGM and added 125 ml of sterilized 5% (w/v) sodinm alginats
solution to & culture density of 1.0-1.2x10% cfo/ml. Alginate pellats coptaining myoelia of
Streptomyces WYEC 108 wers formed by adding cell-slgipate suspension drop by drop into
sterilized 0.25M CaCl, in distilled water.

To determine the viability of the alginate pellats formed by this wethod, alginste
pellats containing the culture wers subsequently sprend on a sterilized plastic 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
observed by pbass-contrast microscopy (x 1,000 magnification, stained with methylens blue).
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Hmummmnmwmmm
strains for wtility 23 biocontrol sgeats, methods for producing thess biocontzo] agents in
mycelial fioemn and as sporcs, suitablo delivery media and, in a proforrad ombodiment,
Strepromyces WYEC 108, it will be spparent to one skilled in the art that the present invention
can be modifiad in & mumber of ways withont depactiag from the epirit of the fvestion.

" Set forth below are axamples of sltermative embodiments of the present
inveations, together with descriptions of pasticularly prefesred ambodiments.

Optizmal conditions for growth of strain WYEC 108 include temperatures between
20°C and 30°C, at pHis between 5.5md 7.5,md at farmenter agitation speeds between 200
rpm and 300 pm.  Serepromyces WYEBC 108 ypically achisves 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,sud shaking at 200 rpm for 72}r (to the end of log phuse). Doubling time
during logarithmio growth phass is spproximsisly 10 howrs. Tho 72 it incubation time may be
significantly reduced by using higher inocuinm levels of log phase cells.

Alternatively, spores may be produced mwﬁdmmﬂhuﬂumﬂm

" agar, Theso spores may be directly harvested by scraping into s suitable liquid medium such

as JO% YGM and then directly introduced into the delivery medivm. This approach avoids the
aeed for Hiquid growth of the culturs and thereby shortens the production process. .
Preferved and Alternative Delivery Media )

Streptomyces WYEC 108 may be incorporated into 2 delivery medinm for use in
borticultural and agricultural settings. Exwthmﬂbumtomhﬂmofﬁeddiwy
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
the delivery madium. The ratio of components ofadnlivuymediumwiﬂhdd_emindm
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
ar spores of Serepromyces WYEC 108 can be added to an alginate suspeasion to produce
alginate-cntrapped pellets on this strain. Methods of producing alginate pellets sre 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.
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En & preferred ambodiment, the present inventors have determined that s delivery
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 ml distilied water) and inoculated inio plastio containers contsining 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 are then stored at 4°C until used. .

The use of NH,Cl in the delivery medium provides a sitrogen source of
germinating sporee of Screptomyces WYEC 108, It will be apparont to one skilled in the art
that other nitrogen sources besides NH4C caa be used for this purpose. For example, sad 85
described herein, When: spores are resspended 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

. 2.

_ 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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A preferred formmulation of the delivery medium conteining Streptamycer WYEC
S  108isproduced om a large scale by the procedure set forth below. All of the procedures
described are performed using standagd  aseptio techniqus (e.g.;in & UV lght-stexifized laminse
anin_i!_.ﬂv gﬁaso%gﬂoons&@mig
_ g%n&- _
1) Suspend the spores from a CYD slant of Streptonyces WYEC 108 in 10 wl of
10 stecile YGM or CYG broth (pH 6.5). This inoculum suspeasion is uged to gﬁuaﬂw
cultures.
sgﬂﬁeaeﬁﬁg_sa YGM (o 6.5). Use 10 ud of
spore suspension per flask as inocolum. After inoculation, flasks are incubated with shaking at
.Boinls_ at 30°C for sbout 36 hrs. .
_ 3) Inaculate six 2.0liter flasks each contsining 1.1 liter of YGM broth (pH 6.5)
with the mycelial inoculum prepatad above (100 ml of inoculum per fask). %EE

flasks sve incubated with shaking at 200 rpm and at 30°C far sbout 24 to 48 hrs or loager (up
to 4 days). This beoomes the inoculum for the fermenter.
 Fermentation
20 Approximately 7 u:ﬁae»ﬁ%a_aaaaaag inocvlated into u
fermenter containing 40 liter of sterile YGM broth (pH 6.5) (= % inoculum by volume;
- the spproach is to inoculats with as high a ull&omnoﬂ!glugﬂc The
: fermenter is oparated with agitation (200 rpm) at 30°C for shout 72 hours (to nesr the end of

25 Feamenter Harvest .
_ 1) The fermeatation culture broth containing the WYEC 108 cells (after about
qn_nu...n&.as& is aseptically harvested in sterile 20 liter plastic boitles.
. 2) Sterile NH,CI solution is added to the harvested cultars broth, which still
containg the WYEC 108 calls (Use 16 g NH 1 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).
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2) mwmwmhmmmwmmmm
Mmmmmmmmmmuammzmﬁmnm
between. sterilization periods).

3) The delivery medium is cooled to room temperstuse after the second
stecilization and bafove inoeulation of the hivested culbive bioth “containing strain WYEC 108
aad NH,C1 solntion (prepared sbove).

Incorporation of Stnaptomyoss WIEC lllﬂlmﬂmdellva'ymadimtoﬁuﬁu!‘omdmm
of Peat Moss, Sand, Water, Cormneal, and NBCl -

S 1) masm«wmmmmwm .
108-NH,C1 solwticn: (prepared . sbove). is thosoughly incorporated . into each of a5 many a5
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). :
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
Esch box is then sealed with strong tape.

mmmmmwmmmcmumdwm

delivery medinm as described in Example XIT is mixed with a mursery bedding soil or potting

mix o & final Sireptomycer concsateation. of = 1.0-1.2x 10° or more cf/g-scil). The seedling
procedurs is a8 follows. '
1) About 1.0cm of peat moss is placed in the bottom of each pot (or bed) to
preveat loss of soil (or potting mix) whils still providing for acrtion and desinage.
_ 2) Seedling pots wre then fifled with the agricultural (aursery or potting mix) soil
up to abont 3.0cm below from the top of the pots (or becls). The pots (beds) are then

' watered to safuration.

3) About 1.Sem of the fornmilation contsining Streptomyces WYEC 108 and
delivery medium is thea added to tho top of cach pot (bed). If desired, the formulation can
also pre-mixed with nursery bedding soil or potting soil to increass the volume and adjust the
ofu/g count. However, foropﬁmemmy.nmwg should be maintained at &t Jeast 10°
cfu/g in the fined mix.

\

T
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4) Seeds are placed on the surface of the prepared. scedling pots or beds and
then covered with an additional 1.5 cm (approximate) o!'nnmuybeddingsoilcrpuﬂ‘ng
soil/mix.

5) Almlllmntofmmuthenldded hwgtthegmlmdueﬁ.

: vdﬂtclmbhckph&cmﬁluedlmgmgm mumynntmnauryxfmmxtn
D meummﬁnmdhm@ruﬁ)uwnﬁ-

10 Hmn;mudednlmpluofm ofhmmﬁonandpuﬁmd
embodiments, it will bs appareat mmmnhh’mmmmm
' be made without depacting &mﬁzmmvm{dmﬂmmﬁpx&. We thexefors
wmwmwmmmwmmwmmmmhm
spirit and scope of the present”inveation.. e

5
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.—.__:Sia!_ﬁ. claim uiuﬁo%%% at least
10 one ﬁoﬂa&a%giu&ggag
.:ssﬁa%a claim 3 sﬁﬁ?&!&i&ﬁ&é:! _
sufficieat amount of nitrogen sowrce, _
6. The composition of ciaim 4 irﬂsﬂeo&org%%uﬂw
ggaaiﬂm-lﬂsﬂng&-!%g
7 g%mosonoﬂ miyl!naﬁ!:uuﬁ-sﬁo is ammonivm

giﬁa 108 comprises spores of Streptomyces WYEC 108,
o.>§§-§§n.u§%?ﬁ-—§§
20 oﬂ%gisa-%agﬁaﬂggﬂ .
0. The composition of claim 9 iiu&nb%g gﬂi
WYEC 108. )
1. >8!ual§8..._=.5un. _
%%%%%%S.gén
25 108; and
.E:.QB&_.E.
2. The composition of claim 1 egﬁoﬂggsgﬂ comprises cella
©  and spores gﬂﬁwn%
13. A method for reducing the suscsptibility of u_-S fangal infection
30 irng..—oas_sn comprises delivering Strepromyces WYEC 108 to the roots of the plant.
%?E?E&s&%u—!ﬁ to fungal infection wherein
_ Eo%%ﬁua@.om

15. The method of claim 14 wherein the composition furthexr comprises alginate
ol _

-l



faction comprising fe steps
method of protecting plants against fungsl in B
16. A
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°F supplying naﬁmdwm‘:.‘“‘ i
| preparing .ddhuymdmmt“'dm
ielivering said dalivery medinm to plants. S <ding 16 seode OC
s . method of eabancing the growth of plants comprising § asleotnd-
WIWWT“" C 108 colls; Strepeomyces WYEC qmu;.
| group cousing of 108.
mwh wetabolites produced by Strepiomgces WYEC
d - s .

\

Thls Sheet H

L /m :ﬂi



