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UIB OJ'~ WYBC 181 TO CONTROL llANT P~ 

PIBLD OP TRI INVIN'IION 

l'bB,....a--. .... soa .. _..of~.,...-fl 
apih1e of •Wtins a. amwlb ctl.U bDiM pllat rlMa• Mll·•1lr11._. ,._ ...,.... 

· 5 · B4CmllOUMD OP THI lNYBN'110N ,.......,q ............. of ....... 1-........ ... 

..... 1lodicllJlml1 ....... u., .... l;ypel of t\1npl ~ ... ... 

411odbed: _ ,..._ ---......... ....-..- ............... -
moHat. Suda mdll-• Clll Jdll ....... 1 '""'hp. ...... plm vipml ---, .-.:& 

10 .,,,... 

To mfnimi•ffiulpl ....... ~ llllllllii81 .., ..... liap ill 

ltclm. ltelillDd. or....., ..-.i toill. Bowver, ....... .._,. alto.- 1HIH&H 

mloroorpaitml hllD .. mil. kv:lmtiq ~i- dual WGDld BDl'llllllJ' camp.- wida .. 

lm8l- la.-. cllel. Ila t\lapl ,....,._ a IOOlcfeGtal1y ....... it mar...- nipWly _. 

15 ............. .... 

la ................ iaW wldl.~ ,...,,.., • .......... 11r.-.. ........ ,_~ '°"_,..._, ialliahiatndk 

oa. tD1'- .......... ill .... .-..17 Jimia.d bJ PllJirnr'41wa - - ..... ..., ... 
..... ...,.,,.,.... .......... (PililDW 11141.ml.waad. 1115). lpH" I of,,,,,,_ tbaai-

' 
20 wiclaliM• aalODsfapm otC.Utbmm. w.,.._. Stace ad IMo. ~ ._.. ist. 

mD11t ..,.m.., ~ 1p001es ............ _.. 1a 111oa1atec1 w111a,.... ...i pmr ..... .,..,. 

.............. ; ... '11lil ................. of ............ cbialqml .... 

-.. Ol'Gp ,._ .-.• *- IClilla ialllill laoa.o .. a oa. ....m. ~ 
Cmll 11 al., 1990; ... MUol Md ..,,.., 1'10;1Ctd llld Bmb, 19'/1; Wtilldiln4 It IL• 

2S 1911). 'l'la- of irJwmjml .... kt Gaatia1 lbapl pliJ..,,.....,._ Is .. DOI: pw:timt -

co ltlP ... Jact of eftimcy .... tha emaspaca of-'llmd: ... of die ...... ~. 

l:hD - of dllmbl ftm&loldll It aat del1IU1o fmm Ill ~ YilWpDi& 
It ia m a1ioa& of tb.I pmmt iMatiaa IO paovido a bloloalml caalml .- of 

,....... &apl ....... inf'laliaa of plmdl. 

~y OP THB DMDmON 

1b.,..... °'1jl0l Im beea dilve4 'f tbt ilo1etiaa of a....., of 

a;.,.._ -.rJa Iha& aie lbowa eo 1'e oft'eo&lve in W.iNIUl1 Iba pwnla of lmpl 

pla~ to. pld:laulat, .. of ... llol&lld IOdDomJcete 'blatmia. ----
,.,,,._..,_ WYBC 108 <• ......... to ... 11 WYBC 108),. m ._.to ex1Uit ..... 

SS • ....,.,_ .... a wide nD80 of tbapl pllni patllopw, inchvDna iatholm tlmt cw ... 
par diw ..,,mao1y bowll a damplq-off, root late wldta lat mrd brown IQt. nu. mD 

..- ot lat ,....t bmlatioa it• bioJoalimlJypn mltum at,.,,.,,.,,_ wYBc lo&. 
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eaEpOBedo to faapl palboaw may .,.., ..... ,, ..,.w..&m ia pimc beiaht. plmt .... -

cnp yieldcompD*d to pltnls Id~ ID tha fimpl pilbop. ID pndimd ........ ... 

af tba pi-.& of tho~ pllilD tnabld-With~ WYBC 108 a ~ 
GpcMld fD the tUasll pltholell will*- ........ ~ ia p1m beiah&. , ......... 

S l8Cl Clop yWd tbia-~ ~ .... ID Illa 6lll8ll ,..,.... la 11101e prefemll 

......... ,.. llmed with-~ 'WYBC ......... to die filapl,.... will 

... "powda dlma::r.dticl lhnlllr IC> .. ....,...., .....,.,.. plaobr. la mmt; pm&.te4 

emhodimoats. ,_,. lnlldl9d with~ WYBC lOlmcl oxposecl to dtet fanpl ,..,._ 

will s1aow pOM1l ~ aapiiiar &o ........... munpoared ..... 

10 -·--· Slrlia·WYBC 108mmi-. p1ant IOOIS tn tb1S prmmoe of oompedlim rn. 
m•mspere miamflora. Strain WYBC 108 is BhOfna to eahance tba powdl of lettum plmds 

powiDg 1a .._ ar.iUzrd to11 w1 pepper plmds pow1ag 1a .. asn•tua1. field. 

Abo caoompallMI by tbia hwealiaa aio meas of produolag ~ oeUa • 

.,._ of ala WYBC 108 mltablo for~ imo a deUvay medimn. Tito 

15 comi-idoa ~-- Ibo YeaeC.'tlw c:.ellli mul .,._ of WYIC 108 md dio deJivwy ...,..; •• n 

is lhaR ro llave a Iaaa sbAll Ufo aad to lie .Wllhle far cWivedq .am WYEC 108 m plDlt. 

BacMrial Growtb Media 

All blcterial PJWth adia wero pnpred DliDI disdlled wmr ad ICedlim4 b1 . . 
1.o mtac:Javina priot to - All 1*elrill lllDplea -- lllmdled uslq lbmdmd -aseptic bhanllollJ 

tedmiqw fO nwinbin pni&y. 

TOM (Jeut exlrllel/atucoselmimt:ll pita) 1mC1am COZPpriled 0.45'6 (wtfYol) 

ymt 4llCldC& (Difeo Libanilodes. Delmit. Mlcldsia>. 1.0• (Wtivol) paooso. ad pllolpha&e 

Plineal Ille solution (5.3 g of N&iHPO 4, 1~981 of 'KKi'04' 0.2 s of M,S04• mp. D.21 of 

25 NaCl, 0.05 g Cacti~2BA plus 1.0ml of ttD ~ ~ ad Golllieb, 1948) pet liter 

ol cWodiacl H20i pH 7.1 rO 7.2). 'l1ae datiaia of rtw eJemlntw CGdlistec1 of 0.64 a of 

CdO~'HiO. O.l lg of PIS04.7Kp. 0. 7PS of MaCJi.41\0. 0.15 g of %GS04.7Hp ia 100 ml 

of ditldlled water. 
. WYE (waterlyeut m.acclipt) medlma, modiBed from bWi and Bao (1911) 

·- 30- OODfaiae" yeu& mnct (ODid, 0.7.5 all) ta Iba .. cubo4 al Ditmpa ~ - apr 

(Oxoid, 18.0 a/l). 'Die DllK1iUm WU baffend to pll 7.2-7.Awltla itiJOO 4 (0.5 g/1). 

wmc (waterl1e111t mmoc/eol1uloao'apr) was WYB apr to which a dda 

oveday apr Wiii ldded. 'Ihe overlay ..... OOll'8ined 0.7.5 all of celluloao (Solb Floe, Sipla 

Cllomiaal Co.) 8114 11.0a/l •pr mdildllecl..,... 
35 CYD (c:apmim acidtlyeast oxtrlet/dUll;080 apr) medium MJJtairwl capmjgo 

adds (Difeo: 0.5 s/l), )'llJtt utmcr (Oxoicl 0t Difi:o: 0.8 a/I). D-sJw:oao (0.4 g/l), JCiHP0 4 

(2.08'1; pH 7.2-7.4),llld 18.0111 apr in dildlled water. 
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YCBD (cmnrino IOidslJwt. ca.:t/~ ~·&om._.._. '. 
Rm (1971) camw ye111 •trace COxaid. 0.3 afl), ......mo acids (Difeo, o.3 Ill), D-a1wwww 
(0.3 s/l), aad apr (Ozold. 18.0gll). TM uwlium w buft'ercd with~ 4 (2.0 g/l). 

CYPC (celluJa.IJlllllC eztmct/peplODl/oompolt cadmctlapt) ccuataiud C!ll!dnm 

s (Salb Plock, Si.- Qemical Col; 5.0s/l). ,.. em.ct (1.0 g/l), peptoae (om.d. 1.0 all),. 

pboapbato bdW <KiBP04, 0.75111), asu (18.0a/l), mu! OOdlpOld •Ind (100 mlll) r11h1l-. 

100 ml of dlatiW waler ia the medium. It WIS pO'Gtecl dinlctly llld D0t med 18 Ill ovedlJ ..... 
MISC (miwa1 llltsl~apr. T1llbim, 1911) ooatwirwl a mlAMi ... 

10 I01mim maaisliaaofNaa (2.0s/1), U.,SOPRfl (O.OSall), CaCOs (O.mgll). PeSOp&p. 

(0.01 g/l), ad. XNOs (2.0111), plus orgqio ccmtitaeaq iDolMins IOlablo 8flldl (10.0c4) ad 

caeiu (0.3 g/O, plm a.pr (18.0 g/1). Tho. mllldillm was baffind with K,pPO 4 (2.0 gll'J. 

Spoiu1atiaa madium (ATCC Medium 115) c:aabliaed ye.at axtmaa (l.O cJ1). 1-f 

~ (1.0 git). bJptOIO (2.0 gll), FeS04 (0.01 cll), ahacase (10.0 sJI). lad llPI' (15.0 all). 

15 n. mdlam. WU-~ to pH 7.2ptior to BfoclaviDa. (17tb Edidoa. ATCC ,._....., of 

~-~). 

CYG mduna GODllfaed O•••ac. ICids (Kill~) (5.0 "1), )'eMI: alm:t 

(S.O aJl) m4 11ucolo (10.0 gll) In dlsciDecl water, 14jQDI 11o pB 7.1-7.2. 

Dellftl1 medimn (c:omprilina wd/~wattr or peat IDDlllSllld/cc:nmaml 

20 Ul nli09 U ael btf& below) WU lt8riliDcl by llelllQ st.erilimfoa priaf lo 1l80. hrilialiml .,_ 

tnbDY pedonmd bJ autoclaviu.1 ' times, ..ir. mu "1 90 mimdlll. 

~ofbacbllill.-rb .~ 

F'Of myoeUll pwtb of 8mptonvals WTBc 108, aaa liter Erleamayet Saab 

COQhri•fna 500 ml YGM mecliDm (pH '7.1•7.2),'Mft iaocalar.ed with 201111 of ltock. culmte 

25 (Plepated II ~ in B.umple D) an4 mlJated with sbakius td: 250 :cpDl I& 30°C ftlr 

dum U,.. Myeella wece daea barvestec1 by cctrii\lgatiou 111 5,000rpm. fot 10 mmMt 

A1lemaiively, ~Mm haveafal by permktiaa the cultuto to stand UDlil mJCl)ia -

lpanl aetlled IO the bottom of Iha Bdeaa»yer flask. ~ media WM tiM=a declDMcl 

off and b c:am:eatratecl suspension of 1DJce1ia aad lpOIM ._. usell diractly to hloculate 

. 30 ... deUvoiy medimla. 

Qtlll llld .,. 'MR llso p.«ducm by .cmwda ta did medi1lla (for aample 

spomlltica ·...,. Myoelia aad sporee ,...,. lmmilted ftom spmalaliClll ..- by ICl'apins 8'o 

8Ul'fw of tl.8 agar ia&o clisailled Wiier. 'l'bill lllllpeASioa of ip1Xm llld. m.,ml1a WIS then mixecl 

direody in&o the dmveiy a.diam. 

3S Por lb8 pmdnctlon of &pe>1119 of~ WYEC 108 &wo lit.or Brlmmay.-

ftllka containing l.200111 YGM adiuaa were ll&:b inoculacod with .50 a of lkd: culbn ad 

illcubatec:I with sbmn1 al 250 rpm al 30-C for lZ..18 c1a,._ Spoica woce bllrvalml by 

ceacriftaptian td: 9.0001p111 fm 10 .... 
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BXAMPLB I 
IJ!Jetkm of Actipgmyoelt StplM B1hjldtlg 

Apfapggimq T9Wtn1a J!ugp1 PbytQplthplw · 

.Adinomycete ... WetO i.m.tecl from lout~ .... - ... 

5 ~ soil lllllpla. Tba Slnins were dMs teBtect b 1Jti1ity • jnhfhillaa 
·····-·-·· .. 

offaqd~ !anii;''"· 

1so1atio1a or~ 

~ laola&es WM idated fmm 8 tUffenat di by ISial• 

dilntioal~ leCbnique. ooadoas (lr '° 1a7> .,.. , ...... ado ~arialll ap-

10 isoJllim :IDldia. Tbe oca1lptll{tkm of theae media it aet bda la •Mafldtla ml lifedloddl• 

above. ~ iloJa• _. clesipated acc:onUaa ro die ila1atloll medlam oa which 

they ..,.. iloJaled. Por exnaple., WYBC 108 Wiii ilolatecl on WYBC Jllllldium. llld YCBD 9 

w. ~ ca YCBD medium. Jn paeml1 _.media Q8 poor in orpaic cmt.. wliich 

eftacthely ~~·wt faqal pwtb IDCl aids in isoktins .. alowar ~ 

15 ~ SiDco WYE .- YCED apra Wete putic:uJady c6otiw bol&liGa madla. dmJ 

YMm alec1 prMnmlmlly. Dllaliaa plalea ... lnoubl&al • 25trc: fbr-4 to 10.,. to allow .. 

•fnomJceCel ID.....,., and llm coblies \Wn piebd and lb:mbd Ol1ID WYB or YcaD 

apr plablt ibt parifimtiod. Pure oolaaim wese lnlldmd fiom ttu. pm to YCJm .­

Uua ar CYD ... llaatB, imJheted a1: 25"a or 37"C umil apora1almd. 1124 llDled at 5-C '8dil 

20 ...i. SllDCk Q1llaR8 were tnasfemd w.y 3 to 4 weeb. 

Soils 

(I) NCllHtdwph!l!llHl90Cialed IOils. • 

Samplel (100 ro 2008) otd wa ta'-a &Om dHt .~··7.Sto to cm of the soil 

plOfiie at 4 ailes in .tW. United XID,tdam. iaoJn4i• a ca1dvared mra ptdcn (Soil Sl) la. 

25 lb1lltiqtCd. Wlllt Sallmr.; blbli- mWt ill a what 8el4 (Soil S2) at the Hortic'11&11ie Jlc1mcb 

Jnfellladoml (H.R.I.) 6nl in 1.itt1ebamp1Dn. Welt Sllam:i a Corell soil (Soil S6) ftom die 

Wyad Cliffhatd\WMll fo.c ~ ScNlb Wales; wl a paJaad (Soil S7) llOllldinw .... 

by lheep at ButiDas Hill. South Downs, West Sussex. Theee aoUa wua coasid&r4d 11.QDo 

dlimspllaric. aldlough t1uly did ccmtain plaat ~ la YM1iq amoaacs. 

30 - (ii) Rhiwotphere IUDCilted llOill. 

Rhi•~ soil mnpJea from 4 phliCll wa pnpmcl ts'Wiall:1 hy 

a. medlocl of Millet fA: al. (1990). Soil ' (S3) Ml aaoolare4 with tho IOOCs of • daclcllaa. 

plllll (nm.a. q//fdnllliJ. in a 1me prdm at R.B..L ill West SU&alx, Bnglaad. Soil (SS) wa 

associated Wilk wllllt mar:s and was raka. fmm lho 111111D fte1cl u S2, a wheal field at die 

3S H.ll.L •s&= in ~tdamptoa, West &w. Sail 4 ($4) w alao usooiated with wheat iOOfa, 

bu& Ibo soil WIS flom. field OD Bi.pot Hilt aloog dlo South DOWDS w.,.t W88t Sussex. Soil 8 

(SI) WIS 1ll80Ciated with the lOOtl of lbmed plants aacl WU takm hm. a field acglCellt to b 
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SJ aunpliq 8#o, a.-.. IDDM!ljQll lfllCld by sheep at Baltblp Hiii, Saad& Dowis, w..-
SU-. 

kdaolD)w lsolaltd fmm die soill ~be diYlcled into .. _... .. 

aoJHbizmplan. (SI, S2. S6, aQd S1) or ddmspbere-9nnciarml . (SS, S4, SS, IDCl-88) IDis.. All 

S soils wa. ~ fGr tmir moJabne caatmt by drJial 3 I (wel Vllight) •1.- (dbfle 

teptic:wtw) It 100-C for 58 la .iacl tlMlill l'OWligbia1J tbma. Soil pH WU cfeletmhloll bf 
CboroaPIY miziq a 1: 1 IOil:wa&ct slDny, .uoMaa tba solids to seUle for 2 h, llMI llJdaa &119 

pH of lie IUplllLltalt so111tbl. After mUs:lion. IOill wa llDted at 4 "C Dlllil llle4 (24 ID 41 

h). Tho llOlatll wa oonfjrmMI ID.lie__,.,. ..- bJ visual pmjntjm aw. 
10 l1lowed that the colaniel ~ by at.. smias wens typ1od aotiaomyoete coloraiel (llaat ml 

leldbary widl aa aerial mycelium ooatafnina 'lpDRll)• Fmtlulr ccmfirmdiaD of dMs idmtily of 

dieae acmins U ~ WU D~ by mlcroecopy.-

Del«nni•tiOI! of pH rmp for grawtb. 

-Each ~ isolate \VII IOlted for it& ability to. pow Ill pH 5..5 to LO. 

15 CalmRe W8 spot-iwllllfed omo pJa&. of CYD apr, buBeml to pH 5.5,6.0,6.S, 7.0.ad 

8.0wllb.combimlkm ofKtHP04 ad KH:/04 buffmls at IOOmM coaomlDlica. 'Ilia 6ml 

pH of-* medium ........ &o ill &ml w1ue just Prior to mdaclaviDg. Oi""'" ..._. 
dwhcl b-llvwtb after 5 to 7 daJs iDcubation at 7.5 or Yl'C. PJlbtB ..,. .-....S .-U, 

fix litda or no ot.rvah1e p;wudL ( :i:), so• IJOWlla. ( + or + + )1 ar ....,,.,. amw* ( ++ + ) • 
20 

• 
As shawa ia Tl1t1e I, tba ~aaociMOd soils 8&VO llmost hrloe • my 

isoJat. as 1118 ~atad IOila. llCb isolato WU le8lecl fot lfOWda OD CYJ> 

11F mda nmF1flompH5.Sto pH 8.0. Alllaolps pw from pll to 6.Sto 8.0. Onl;,9 

fililed ID srow at pH 6.0, whila S1 (21 '5) failed to Pow a& pH S.S. Of lholo tlllt ...--.t pH 

5.5,puwtb wded ftvm poor to excellmt &pndina QpGU .. imhd&. Tho abililJ of a. 
25 iso'laa to lpOft1lato ltloDsl1 oa CYD apr wa a1ao deh!mnjnerl by vimal Md ~ 



plaema, to oue sido of w. 1he cultmo w iuoubafed at 2'.4C for about 8cfaJIor1llltil tb8 

cakure lild epondated. A CMA 11pt black (.O.S cm.'1 COPWniq dvelY Powiaa P. ,,,,,__. 

DiyceUum W.. .._ aeptindlr p11m4 m tJJe center tJt a pJate. ~tiaa wa coa.thu*' for . . 
96 b. AfttJt 48 and 96 h die plate w muimW for lnbibidaa in Ibo poMh of P • ..,,,_,,. 

2S Ja:daibili.OA WU iadlcatM wJm P. ldflnua .,-.i PJWch bl th9 dJastioa of Ibo ~ 

oo'lma)t waa imrded or~ '1'1111 results of tbis test are ahowa in TMle n. 
TABLED 

CUJlgs .... ~-pB5.S 
.AnJtamti• ---· (lalQ (+ •i 41br 9'1'r 

.... , ";' (II • ..., 

30 WYEe IOI I + +++ +++ 

YCIDl l + ++ ++ 
YCIDt 2 + +++ +++ 
YCSDU 4 + + + 

35 Yaa>41 .. + + + 
YCED9J 7 + + + 
YCID 106 1 + ++ +++ 

WYB2l 4 + + + 
WYE22 4 .... + + 
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Callln SOUlw a..da npBS.5 -Aala,gollila ....,.., 

(1111) (+ari . 41111' Nk 
WYBSO 4 + + 
WYBSI 4 + + + 
WYB'll t + ++ ++ 
wnaa I + + + 
WYB90 ., + +++ +++ 
WYBtl a + +++ +++ 
WYB'7 l + ++ ++ 

Mm:l z - -;+ + + 
10 MSSC:2 1 + + + 

•• •• "lia-(liHh$ 
WYB6 1 + ·i·:;· •. + 
WYIU 3 + 
WYB 11 3 + + 

15 WYBIZ 4 + "" WYBl3 4 + 
WYB2D 4 + 
WYB23 3 + 
WYB'D 4 

20 WYB21 3 + wn• 4 + + :I: 
WYBM 3 + 
WYB3$ 3 + 
WYBSI 4 + 

25 'WYBG. 3 + 
WYl!.4 4 + 
WYB45 3 + 
wYB47 3 + 
WR.SS 4 + 

30 WYB.54 s + 
WYBSI s + -
WYBA s + - ~ : ... .. ·• 
WYBGP ' + 
WYB11 6 + 

S5 'WYB '7S 2. + 
WYBTI 2 + :I: :I: 
WYE84 2. + 
WYBU 2. + 
wmm I + 

40 WYBM I + 
W'YB IZO • + 
WYE 12.1 7 + 

YC'BD 11 I + 
4S YCl!D 1$ 4 + 

YCBD 16 4 + 
YCBD 17 ' + 
YC8D 25 4 + 
YCID 28 4 + 

50 Yelm 29 s + 
YCBD 30 s + 
YCBDH 3 + 
YCBD 32 ' + 
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l1Pf8 of biowa10t fimai (Por.rla pltuoto lllld ~ ,,._,.). Paar ...,_ (MSSCZ 

YCJD», WYESIO, WYEC108) .,_ VeJYtlrml ...... tawds au. ~...-. . 
wldfe. aml bmwJHot fbql. Oae --WYEC78. lboWM ..... ~ ............ 
l'Wo ...... fUqi. 

TABLBm 

~ Soaaat Gmwfb at pH 5.5 ' Anllamripn oti.n.s• 
(soil) (+ Ot•) 48111' 96Jlr 

AntilpuiMie 
WYBC iOJ/' 8 + +++ +++ 

'WYB22 4 + ++ ,++ 
WYB7~ l + + + 
WYB 9d' 6 + +++ +++ 
W\'897 l + ++ ++ 

YCED tJ' 2 + +++ +++ 
Yam 2' s + + + 
YCBD 41 4 + + ·+ 
YCBI> 48 .... + + + 
YCltD9' 7 + ++ + 

CYPC2 6 + ++ ++ 
CYl'C 5 6 + + + 

MSSC 'i' 2 + +++ ++ 

•rohlbitioil of P. c:hr)1rolrporllon defiDed 11 b1JJ)aa1 ~ 1- lhuadant aacl JtOwlb. Pltlldod 
diahdyoa uea of pi.to to the side white dl8 ~ lull beea powa. 
+ + +Ye111itma1 PibiWdoa witb 10118 of lnhpritiM . il:Z.O om 
++ ... b"dbllibDwitb.- ofiDlu"bitioa itl.Oom 
·+ llowth ~ ........ witllabvious .. of iabibieioa ... coloa.)' 
:I: minot iDWdaa of P. ~ (bnJlll powtb. la •mdlllt and powlh t*ldod 

• DO iablbiliaa . 
brn&ibitim of Corlallfl wr.rkolar.Pmdtl ,,,._,,. lllCl GIMop1ryll#n! ~ m addi«iorl to P. 
~ran. . 
°ID1ultirima of 1'Mllllplilt:tllw qc1· ~ .._ ia aidittoD &o P. ~ 

In Hwa Bi=m m Detmmi• AcPib' 
of Actincm(Yc* M• Sil Lettp Wjpp 

1be bioccm.tml uay procedule of Lynch et al. (1991 • 1997.) WU use4 to aa&fAJ 12 

40 of Iba DoJa&es for lheir effect on lb9 aenabl&1ioa and outpiwth Df Jotmce (Ltmlal .rarl'Wi) ..... 
for CODb01 pJaam. 9~ plasdc pats weawa filled with letmce paalas mis. 

ancl tamped dawa wi1b a petri dilh. Tea JllUICo ll8eds were placed Oil top, liabtlY p.- mo 
tbD pattina mix. ad liah47 oovend with 10010 mis. Tho pots wete t1IOD pbcod ma trap in a 

4S bod orwaw. mut mcubated 1n the dark at 20 to 22-c UllQ1 gcrmhmlioa was .videal: 



HiifUlr ( ( 

~ 3 daJs). 1'llD l1ayl were dllll trlllsfemd IO a c:apiUlry IDlu;"I ma ....... -
....,...., • 15 to 2'-c am1 wam. ~. ~ . 'l'ho ..... ot.prmiuled ........ . 

ad pat '111818 couatad periodicllly for ap tD 18 daJI. 
Por plllafl tnslted wldl tJ.e ~ i1o111e1.. poll 'Mt19·filled widl ,_.. .....• 

5 mix.iaaoaltM wf.tb ilia lpOC9' of a tpeQUio_~ .... am W in.Gmletwl wilb. 

...... from Cm ~ ..... &o - ~ level of 1<1 fD tel alb/1 (cky wwiabO olpocciaic 

miL Cfil/g of poUiDr mix~ dlitmaimil- by viable~ aa CYD apr plates I& 6D: tiaD of 

inacnlMiQp. :r...uuc. ... want tbm pJmmd .. .-.. covered with·• ....u ......, of 

inncol_, paltiua mix. a ~ ldlled aimiJm, to ccm&roJa. 
. . ···~-

10 For pllDll trllM4 wida • apecific ~ ml tho dampina-ofr t\maU8 
~ """"""' (&Dia PaMXL. Lysh et il .• 1991), tho ...... allo jgomMecl with .. 

faa,pl padloa- M CL 200 lpOnmgia/I (dty 9o'liabt) of adL TJie p.cvceda"9 of LJllda et 4 

(1991. 1992) WIS used to prod'1co tho padqea IPOllDafa ad iDocullte dm poUiua mix. 

Spoamalal couata ,.,_ mldo wllb. a ba~. mcl Ibo pUboamic:ity of Cho P. ,,,,,,,,_ 

15 .. - confinmd befole - by,... .. lblo\1P 1oCiuce. 
In aD ueatmad'I, pocs-wwe ,.- ill rop.Hcatal of five. Ia. tlae at• .... -. poll 

W8N set in. llDdom b1oct maqeamt IUftUlllClecl by •parc1 ,......; pad pJaats smved • 

prvvido 1lDlfomtky of condltlODI a to ace a a buft'er. Btpteea da,,. der pJantina. IM pJlllll 

'WM hlmltecl. tho ...... Of dlo flail &llDd WU llllllUfOd. -1 'Mlt llld. dl)'---

20 (abovepound leaves acl .., WO. cJotemdaDd. Pimt ·..,. - ds7 wei.shls ~ roocxdml -

toCal me biomua per pot. and • &vonllD 1111 biomal par pi.at. Vllluu \'11919 mpode4 a 
-avoraaea of rbe &vo Rplicalos ± ..._.. claviatba.: Thu. each value was bue4 UpoA 50 

• 
reeds planred ~ .~ (fivo replicuo poll plae4 :wkb 10 llMdl each). P«ceat seed 

gemdmtiaa md ~ plmt MaD4 wiaea wn ea1culared limillrly. 

-
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TABI.lt lV 

.Mtiac:-- Mumbcrof • .., ---.... ,....,..JCll (a) .... Dl7 
5 •Pl +Pl• ..Jiil +Pl -1'1 +ft ..... I• I , .. 3.6 1.u·· 0.75 U'14 o.aM c..... 

YCID 15 5..lt 10.0 . ... 1.44 0.91 G.Ol7 fU1llf-
WYB%'1 3.o2 10.0 .5.0 1$4 o.n o.a. o.a 

10 YCBl>M ,.21 t.I s.# IM o.tl OJll4 OAJdl. 
WYBC 107 111 9.1 s~ t.fl!t UI oJ1114A 0.811 
'WYS41 I.II 10.0 4.2 I.AS O.T.J o.Gl7 CLOl7 

l.30 10.0 s.A" , ... ~ CUJD 8.M 
$.2$ 10.0 &.29- l.G O.IS o.an o.-a 

&:/A 
,; 

l.t&4 10.G 1.42 0.7S o.oa o.oa 

Ymm IOI 
YCED 71 

15 WYBll 
MSICl 2.IS 9.8 4.4 1.31 l.16" O.G7P o.Mlfa 
WYB2l 9.51 10.0 ·a.69 1.G I.Oh OJ»I 

,.,,. 
wuao 11.90 10.0 s.o l.D 0.16 o.Oll8 0.046 
wYB.21 0.11 10.0 . S.6 ...... 0.90 OJJ19 OJHll 

20 
Pl• P. ltltltam: 200 .... 1-t·d:IJ poniua mix. 
Wheie ll - tb9 ...... 1mUlber of bea1tby p1anlt l* pat oat of. tolml of 5 nplicD paCI of 
lOpJaatt. 
• Sipifiamtlydiffezmt tiom die OCMa"--aading CODUa1 v*8 at tbo P - 0.0518wl. 

ZS 0...- of a.tom • 100 

Iii tlle --of~ (cleaGrfd a ·-Pt•m Tablo IV) thn ..... :ao ..... . . 
.... belww. ~ and cxmt.m1 pals (widlaat actiaamJmla) ill tlMI 

pemenllflll of wdl puiutNg md pioc:bJclDa hcltlhy plad&a. Seed ~ m4 auf8mMli 
SO averqcd :dSS in aD CU& ~. Gao ,..._· of tho aclllODl)'Clle soO!llj+OM dl1ayed 

wd. ...,... bJ l ID 3 clql (data mot Rowa). SlmUarly, adlo atmco of pdoaens lhero 

.,... ..-.111 ao Qlihmt di._ belwem ldinom~ and ooatroJ pots ia' 

plmt Bot weisht. IDl8SllL'l4 tibir Q {mil ot dry wolght. 1bD ewptioll WIS ibr fats 
"1ocniJ1bld with WYBC 107. whn rho presem:e of the llCtiaomyclte tipifi.caatly enlwmwf the 

35 pla ...... yWd. 

Jn tJle ...... of pathoaea (+Pl). tbe IPU81- ofllelltlaJ pJIUI per pat 20 cla)ts 

aft8r pknti"I awnapl !.CS of JO.Ola Ille coa1101 poll, • aompmd to 9.8of 10.0b CCdtl'01 
para witt..t pdaopa. ID tbe P"*GOO of spocifio aotiaomyoetet, llawav«, eoJDe sianit1omt 

~ 

imprCMllllllll m the ....- of 1ae11tbJ p1a1a weie -. 1a. plthoaeu-iDGcalalecl po&a. Seven 

40 of the 12 lcti~ (YCED IS. YCSD 64. WYBC 107, YCBD 106, YCBD 71, WYB 88, 

AND WYB 21) sianificmdy impcMd tha )'ielcl of laultby )Uatl. Of tllell. Yem> U, YCBD 
'4, wl wYB 21 also slplflcantty illlplOVed plaat dry woiPt ,.. Rlativo to ~' 

coatmll. · WYB 21 also aipif:iamtly impmvecl &.la weipt Jields telatiw to patbosea-m17 

ooatm11. 0. ania .tlml clid QDt sipificaDtly bnptOVe t1Ms 'lelcl of helldlJ pllntl (MSSC 1) diet 
4S lmplovo bocb fresh a4 my weight plant sbOOC yields (Table IV. columas S aod 7). Thu. 
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I • .-da of .faapl pmlllo&ea .- Ille batlm o,f ~ WYEC 108 vm lfOWlb .._ 
OD Ille oaafm1 plllfeL ~ ilddbiliaa of &mpl growda. 1W1 NOClded 18- 48, N.1111 192 
hr iDcu1Mtioa cltpndhag GD ..... pdhoric ·ra..ps. The biomay WIS replioaltd - five 

iUtes, inhlb11laa was -.uted ....... ad recc.derl 11 • .-... ± Slllndad davilliiaa. 
5 The nl8lll of ... ill vllm b1omaJa Id thowa ill~ v. 'Drill dart. .... 

tbat ....,,_ WYBC 108 ahlbbwqatmaa ..,.,.iim ..,W.. a wide 1111189 of .... 

pJ8llt ,.,..,.... ilacluding ~ off(,,,,,,,.,. rdllnmn), mat IQ&: (P;ylhlftlll ......... 

Rhlzot:tcmla IOltml.,,.,.,.,. --? .... ~ ~. wiwo m& (PlunrmtAW' 

~and Corlolu. Wl'lloolm). biOMl .. (Portltlp,.,.,,. 81111 GlolopliylllOn ---··> 
10 aacl leaf ad 8ba :me (&:llnninla IP·) ftmsl. 

TABLE V' 

Percent inhibition ± standa~d deviation• 
PuncJal Antagon.isa ohservad19 

15 pathogens 48 hJ:' 96 hr 
. ' . 

.Pytll.iwa J.rregu.lare 100 :I: o.o 100 :I: o.o 

.Pyt:lll.wa u.1 t.hmm 100 :t o.o 100 :t o.o 
20 Rb:Lsooton.:!a so.Zani 100 :t o.o 84 :I: o.o 

FUsar.tmr oxy•,POrWD 26 ± 2.5 26 :t 3.5 
J'Usu-.:Lwa sambua.inatwn 44 • .t 2.4 35 ± 2.4 
J'Usar.i.wa solani 36 ± 2.5 19 ;t 2.s 

25 
.Pbytop.htbora aapsici 100 ± o.o 100 ~ o.o 
.Phytopb'tbora c.inna.momi 10.0 :I: o.o 100 :t o.o 
.Phytopbtllora paras:l:t:Lca · .. . 100 ± o.o 100 % o.o 

30 So.larot:Lzda c:ap.tvo.rwn 100 :!: o.o 95 ± 1.s 
Sc.Zerot.1JUa salerotiorum 100 :t o.o 100 ± o.o 
Phanaroabae'te ahrys.ospor.tum 100 :I: o.o 100 ± o.o 
coriolus vers1c:olor 100 :!: o.o 100 :I: o.o 

35 
.Pos't.ia placenta 100 ~ o.o• 100 :t o.o• 
Ca.ldaricmyces .twnago 100 :1: o. o• 100 :I: o.o• 
Gloeo,PhyllWil trabeum ·100 t o • 0° 100 :I: o.o• 

... 
4Ct Gaotr.1.ahu oa.ndidml 47 :t ·2.1 4S :I: 2 .1 

Vert1oilliwn dahliae 73 ± 2.0• 59 :I; 2.0• 

• Va11111 baaed upon P'tlmpl of indivic.lual 'lmlllCll of five teplic8led phdes. Individwd VllUM .,,... 
deamdDoc1 by .,._.iy lllOISUrlnl tho .m.JGllill erowth flolb. each. plato. 

45 11 JahibJdoa. of tvq.i patboa- defimd u b)pllld 8fOWda of~ oncler die illfblla.ce of 
~ WYBC 108 venua Jmw1b lloae m tlte emdlVl OfA plaml. 
0 and ii S ffthibitioa al 96 hf and 19211t incaba!ioa, IOlpl!Cdvoly. ·. 
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11» ..._,.of~ WYBC lOlcellsto plGCeOt pr.. l,llimt 

phyfiopdlloaw w delenaillld by applyiaa am WYBC 108 IO ... 11d••ec1 cbietpn wds ..a 
$ lbM ~ ............... la mil iDW wida Ibo fimp1 ~ P. .,,,,,.,_ - P. 

-~. 
Bxtalcella1s metlbolittl podace4 by ltmia WYBC IOI..,.. oxtra:lild haa 

cnlh!..a . .,,.._. «tmlio&. 'l'1le dice of lw ~ oa ....... inf.odaa of ..... 

cmcrq. wd!lap -• .,.m'ned 
10 Gnwtlaof .. qpMr'WYBClOI 

Far powtk of attlia WYBC 108 c:aUs. om lilCt Emamoyet fJab oca-i"8 500 .. 

YGM (pH 7.l•7.2)WllO iaoculatd wiih 20_ml of ltack qal"-~ ~ with 111.tfna It 2SD 

lpal at 30~ fbr 3 days for the ptOdncticm of cell milss. Far prodm:tiaa of tuditaapl ......., 

Ollll lilot ~ &ski oonr.inint 500 ml cYJ:> (pH 7.1-7.2)-.. imcullred 'Will& 20 ml fl 

15 .. caltm9 - blnbmN w1tb mtbia - ~ ... 30-C for 7 era,.. 
TnaCmenl of Seeds with.,,...,.. WtBClOl ad AatifuDpl MitaWittl 

A qa1W _, Miil of..,,,.,,,,.,. WYBC 108 wu Jmvatad by OCDlrilapdla • 

5Jl0Chpm tbr 10 llllDiml ha a 5001111 Wq-o1cl YGM liquid oollun. 'fte Jilmlllld :avw1ia ._. 
,_,....., iD 200-300ml of-Ulied s• (wlv) ltldl11111 al.,_. toladcm to a ou1bllO dBmi9 of 

~ 

20 l.~1.2x to4 c6tl& adolqw wds W11tre em added to die Wiell mnd oen..tp.ta ,,......_ 

llld. ti. &eOdl ~ trwfeuecl ou by oao iuro sterilim4 0.2.S M eaa2 ht distilled 'Mllllt. n­
leedl wece u.t m • hiooonfrol ._, dm:ribe4 WO.. 

. Au&ifaap1 DllllboUtas ptOCIDciid b)' ~ WYBC 108..,.. obtained Ill 

padled lbim a ~ A 7-daf"Old 500 ml oull\lftt WU filtmtd to ftllllOYO c:e1Js m sabllqaeatlf 

'5 Ol'l:md.ecl widi 150 ml ._ Usma l:IL almCicia fimml.. The .... ·was dam iemowd bf 'VW 

~ and lbe ~ •tlBctl'W- ddiaaolved ia l.Sml dlatilled _.... This sol1diml .. 
thlm fiJler sterilim4 duouP & sterile 0.4S I' Sil filter ml WU llCWecl into 10 ml .JS (W/v) BOdinm 

... ,.. .. t0l\t1lon: na pulified lldifimpl OIBClbolicel may be 11114 to JI'°*' pwa frma ftmsd 
iDfiiolioa. Pnfcrabl7, lhe lldihpl lllllllbo1irel will bo pliliW 10 llS to be ...,.,_tially free fimD ... 

90 WYBC 108cella. Jbinwer, a~ ofWYEC 108cellamd/0t spores togelher \Vltll 

ai.tapl llllllboUflll is also llKpeored to .. eftiacti'fO ... tbnpl ~ Tllo ........ 

..abollte..ip.te _,_.. Ml applie4 .. dllscn'bod above to chidr:paa ... for .. ta the 

triacaatd ...,. 

la Vho Bloconlrol....., 

3S Soil llltulally Welted wilh P. 11llintwn mcl P. Inwglllanis deacn'becl ill "MdO.ti!IW aa4 

Medrodl•. above. 'Ibia Jpiculeutal soil wu 1llld in this vivo biocoet&vl assays. Soil pH W11S 

detenafmd co be pB'. S..6111 thoR>UsblY ·mlmag a aoll:waeer llUll)' (1: 1),. allowins che ~lkk to llOltle 
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. 
for 2h.1&111 aitfD& dae pH of tile lllpllllldmlt IOhdiaa. 'lbe .ml WM obopped, mlMlt.........., m 
thea plwd JD leecl'lal pa (10 cm deep x 10 cm • .......,.. 

Tllo la vivo biacmdlul _.,.,.. CllliW oat by phmdq ........,,.. c:bidqN 

_.. &nldfld. widt elk ,,,..,,.,.. WYEC 108ar th& atifuapl llllllbolitel ill ... ;.w d. 

5 lJDIRllled .. planted ia lb 111118 IOil ~ ... ooanl.. TJdl pnwtmw ---... . 

followiPal ... : . 
. . 1) om •of peac mca wa1 l'llad in tJJe 'batlcrm of eacll poc to ~ io. of .di 

wbile llliD pmmbsa lot .... - ........ . 
Z) 9.e.ecl1fnt pots ...,.. aw with am iD&ll8d IOiL 

10 3) 'lhe IOil ._.. .. walmllll IO llllmldaa. fmm Illa baamn.; Aftet Rmadoa of llm 

. sail audim. \1ldRllfed .......... ddctpel aeeda ..... plwd CID Iba sail 1114 CGWl8Ci J.1-2.0cm. 

deep wilh tbe ..- .,a. ·n.. toppiaa was allowed to becolM wet by apillaly.,... fmm Iha 

ooluma. of 'Md IOil beaatb. Tea soecls were planW bl .m of chreo zepllcate .,.,,mag poll. No .. . 

f«dllm w .mlad to die soil. To minimbe .tbyiq llld pavmt cnstma die ,_ ._. aw.d 

IS wilh oam pllsdo 1llltil .-Uirw.......,.. Additicml water_ wa· llpJ8)'t4 Giil Ibo top of t11e pa1a u 

_...., beafn111na uw """'°" tlllllfgea:e. Expedmlllats .... perbuMld ia a _-. • is. 
30-C with a 12 bl' &pt 11111 12 br dlllk oyole pbotoperiod. (US,OOOlux) • 

........ 001ldlS of chktpea -'linp ......... porioclic:llU7, ...... emqeM" 

C01lllts V1We fUm after 20daya.. ~ data Mm mpXiecl IS dl8 a-.. fbt .. lnl._.... .. 
20 The abi1if¥ of~ WYBC 108 IO• u a bloccmtlo1 !IFI*. w based on totd ..,.....,, 

plant heisJat, ad pJaat fre* wgld. as c:0mpm4 ro tho. OClllQul pi.ma. arowa haa lmtrllldlcl seecl8 

witl& ... biaoaarao1 .... The reiulta of this biocaatpl W)' .. slrawa in Tablo VI. 

TABLl!VI 

.. ... ·.·.~ -~ '· ... 
....._olf(S). ... Ill .... .. ....... T-

..... 111'11•11 fllall • 111a11 <"> (cm) W.-0 

~ tf.7 

~WYIC 36.7 

39' A1liaat9 cl au 

Alldfaed 6'3.S 
m111111..._' 

8Jn 5'5 • ....,., coated OD -11. 
4Not eon•nw WYBC 108. 

'"' o.a 

10.0 

3.3 

35 l\feau IO aaabd. witbfa column W8r8 D0t lipi&oantlf 
di~ at die P - o.os1owi1.. 

&.7 UC 

61.S 11.S 

6.1 4.1JC 

SU 1.9 

Balh Smrptomyca WYBC 101 cells and lbe Mtifba.pl mtabolitm pmduoed 'by 

Chtse - ftduced P)th• clampina-oft' of ... cbickpe& 

o.34"' 

1.as 

o:d 
OM 



.• 

-19-

r 
\ 

PJlats ~ vlSol'* prwdl. wbm llllld8 .... cmred with...,_,_. 
WYBC 108 .U.. 'l'hem wa a lf&Difimat mluelima U. boiafat ad ftelb 'M1iPt of 1U ,_. 

tlw ..... fi:om ... comro1 (mallated) daiCkpcl. ...... oompmid to *- of die,... 
&w"Diined ftam..m. ooatod wiat.~WYBC 108CeUL.'Emetpua of'lldlllM 

$ daiotpel. _. w ClllemBlJ . .._. (6.7'5 8lllBlpllCIO) bamn• of IClllCI rot ancl 

pawpaco ~ cr-. CIUled ht P. ,,,,,,,_, wben .m Yl8'0 p1.-c1 m d 
aabnlly ....,_. wilb I'. "'1ntrn aGd P. ling,.,., ID c:omrur, e&IAifiWO of wda lmllad 

wltll ~ 'WYEC 108 cells Wa ....uns W18 63.!S. Seodl lnDI wi11a 11ab* 
llcm did DOI lllow ill:rmsecl ea&qwe. SJlllllfw typiml of Pyddlft ICIOt 1Ut. .......... IOat 

10 hair loss lad mot~ wa eviclmt in bta41111f&l c1da1qa maai .,.;. •m Imm 
caalrol ... 'bat .. S)'IDptmM wea-. ... ftom piaml ll'O\'VJl m. .... ~ .... 
~ WYEC 108 celJI. In tho CClllllvlt,, cfama&e to dlickpea WU lllliD1)' in Iba bm of 
seed decay, md ~ ~ Qiclrpea seodliqs that did-.. ... .,,,. 

we mrracl. llld lhlir IOOtl w 8llVCll'Oly infe&:tecl with P. llldlntn. PIO. 211aan a akle by 

l5 Iida compldlala af daDpm plmlil takm ~tho biocmdd lll&Y• TJm COAaal plaid, illOwa 
Oil tba loft. wbicb. ............. !nm un&reaml .... 8bawed aceaaivs mot bafeodoD -
1aot of "'CODdlry raa1s mu1 ~ hain ,...._ ta p1aara ..... aiDB flvm aooc11 omt.i will 

~ WYBC 108. lhawn. Oil the rilht, .sliDwm load 8fOWlla .-1 DOtJ1111. bmdioa. of 

---~mots .. IGal ..... • 20 ....... of ddctpea ... tnared with.,...,.. mebtldites ia Iba ,_.of 
edler soluble Jlllltabolll8 ..._ bighet (33.!S) dm dlll of camral _. (6.7S), but 1ow81' tllaa 

dlllt of_. camd with~ WYBC 108 9iUs (63.!5). P1aalS dlllt ......-l 8'm 
'8edl ~ with ar.itGapl m.eblbollNI llhoVilCI viaamu lfOllL'lb, lcager _,t. wl a Jliahlr. 
demi.ty of IClot hair developma IS CODllJl!l'llCi to ccatrol plmta. . c't&"· 

BXAMPLB V 

·Bffegll of lrnrpMww W\'BC JOI m BoQc Ipfil;tjgn 
11¥1 w Bot by PwhlJnn Hltlmn 

aDc:lpea seedhp acowa 1t delCnW m Hvmple 1V IA 80i1 mbmll1y iDfemld 

with Pylldllm ,,,,,,,,_ - widl. uul without preltcllmmt with~ 108 waae. epminecl co 
30 -.. dClliOlllliaa tbe o.fl'eotl of lllnia. 'WYBC 108 OD I'. llklnllllll infeodon. 

Raot infeodoA by P. 11"""1ln1 WU ltUdled wich caatml (UAlleated) ~ 

••lllnp harv-.1 aft« 20-da)tm of growcb. P. ulllmllm cauins root l'X was al&o isolalld fm8'. 
tho rolled raot8 of these cxmtml plaall. JsoJaticm of P. uldnuun w a:compHlhed 'by &at 

wasbing IDi1 6om the c1Jidcpea ·rooCI (n>otlels - toO& hidn) wllh lap ..... aad rimina them 
35 &wlce -Mtb sterile distilled.iwater. Decolorim ad iotted fOOtl wore cue out aeptic:dy witll a 

mm bWo llld pJued on 3~d 2'6 water apr plates. Tho platea "MR .,...ed for 24-

48 1u8 at 100m ~ ad 01-cved under ~ c:oa.tail mic:IOIC:ope (x40). P. lllllntlu# 
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BXAMPLB VI 
I1ICQllJ9Dlian ,,,,,,..., WDC JOI·-· 

m Detiwry Medium .. 

A compa.ilia-lllilllbm Ir tho lma W ltOrmp of viib1o .....-,_ WYEC 

S 108 lpO&Wll and ._ fa apiaullUDI pn&:ticm 'Wll tbtmalated -•. follawL. One Hrir BdcmaDJw 

fJMb o-Jeinina 500 ml YGM JllldimD (pH 7.CJ.1.l)wem inoc:aJ8led ~ 20 ml Ot lllJC:k 

culblnt .... illcublted with mm, • 250 rpm • 30-C fmo ... daya. ,.., fnmhlliaa., .. 

cala.. W haneltmi by~ at 5e000lpal far 10 minPM. ThO ~ .mitedll 

w .. ..,..w ha 1600ml of JDS YGM and mixed wida ttm1iw4· aa·Nllp ...._ill 
10 400 ml ditd.Ued ..... 1'be two um or oell lllCI NB.ta mmaro we .&ea iimcahhld imo a 

pla9tic cantliaer ~ ~kt llldliml dolivery Jl'ldima cxmafltiD1 of .......... 

CQlllDlilll mmme la a 9-2--1 (wlw) dlio. 'l1lo cW1WCJ medmm ""' "8riliDcl twice (3 br • . 
121-c) bebe incubation of the calmie. This mixtma w cbea iDcabatail fi1r 10-14daJe• 

7.s"C CO mm•i• tile Dlllllber of spo.- p...- in the iniz&a&e. ~ WYEC 108 

15 pmdaood .,._ c1miDs s. 10-14dQllDc:aMliaa nsultm, in incr11a1111 cfu/c ofdeliwly 

llllldium (to ID ._.... lavel of lei fO tr/ oftl/1 of deliV8l1 medium (dlt Wli8ht). nda mixlm9 

.. dr,m -- a& 4-C 1l1d 11& 

Akemtdlve1J, bltdmd of YOM _.mm, oells an4 spxwa c:m bo p&adaad in 

CYO m,edimn As aa lltemttive ID 1*vadns oe1ll by '*'tdfbptlm. c:a1IUre a.lb_,. mo_ 
20 bo l1lawlid to 8'llld 80 thlt tba mer.ill .... and ... aetde. "11aedltter. tbe a.. 

aupenudallt is decanted and tM ocmcmnted mycelia/spote pPllllim is ia.ocnla!wd cllmctly 

into the delivery medina When tJds lmveltiDI paced.uro IAJdJfmf, it fs not W Ult'f Co 81 

25 

.. 
NH4a ro the medium a- Iba. hcWial puwtb mech'um (YGM or CYG) fl• saitall1e sau&m · 

ofniczoa-. 
.· EXAMM.B· VII 

Ipflpmco of S«mgrrrvm WDC JOI • Emecant Ind 
frab Wei# czf l.t!lba f'zDinp 

To dlltennina the etre;t of~ WYBC 108 on tbe growth of blaaco, 

I-.. Reds weie pow11 eit1- in Iba dell\WY .mum contllDins Strqronryr:a WYBC 108 • 

30 deacdbed ill °S."mnp1a VI above. or in mam stedlizecl soil. A IOtd of 30 _. w plmecl far -Oll:b growdl mdium (ano seed per 4 x 13.Scm poc) ad 6JM404CO wa ieaoldld afb::t 21 

days of arowch· Pslll1a weipc was detemliaed by~ abovo lfOUlld pllllt JP'QWth at.. 

35 dayt of paw&b. FteSll. waigbc \VIS nconfed u a mem value. Tho -1ts aro lhawa m 
Table Vil Wow. 
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stm::i.l• 
SOll +Seed 

De1J.vezy 
X.CU.am 
+ WDC 108 
+ Seed 

·TABLE VD 

ll\md)8I: of lmez:glld Plant: 
7-day 9-day 21-day 

13 17· 23. 

23 27 29 

( 

(21/30) 70 

(29/30) 97 

·• 

PJ:Mb -~ 
l?/pl.aDt:I 

o.a1 

l.41 

10 -n.. nsulll lll&abs tbat tlellmanl of leUace seed .With~ WYBC 108--­

boda tho Cllllllp"M frequeaq ancl fdmh ~of S.. .,....Uiqt. ... "': . . 

EXAMPLB vm 
U11 of ,,,..,.pr WDC HI In DtUy.y Medium 

In !ht Fl114 
lS ID vivobioooGlrol _,. ware caaied out ID cletetmiM the efl'eotlvw of 

~ WlEC 108 •• biacaalJol ..- whea iacOlpanbld into die dllhlrJ medial 

dea::riW above. 

Srnpl..,,_ WYBC 108 \'fall pmduc9ll ml tnoorpmared bdo tho deliWl;Y 

aatiam· 11 cloloribed ill SDmp1e VII abcmt, ... ,,,.,,.,,.,._ WYBC 108 810WJ1 b'·tlne 

70 dlip ia YOM medium. Tiie JllilW popuJadoa. of~ WYBC 108 la dlt de1ivwJ 

--w dDrmiaied to be approximatmly· 1.0-l.2x 1d c&/1 of aoi1 by pta coaafs Cid. 

CYD p1alea hnall"Date1y prlm to pllnlins seedliqa m the. pots. Thia treas.d mil wu dacn 

'-' to fUhtdins poll (4 cm bJ 13.s-. . 

·Cmdml ··plants w. gsown u. iX* coati••s steam sterillDcl :llOll (stmlize4 at 

2S 100-C for C50 ..... .,~ ·~· 

Peppw ..,m.., (Snm, w peppn) ,.,.. dm. planled· m. s. '*"'Una po11 

cnnbdniDI oir:blt - edUat d only ot a miJdme of- MeliJiml d inocialded with 

Cf8 delivety lllldimn conttmm1 Stnpt.,,.,_ WYBC 101. After m 'Mleb ot ~ m • 
.......--, thtall pbmta were traDi.planted to ID .,.mtural fteld. In aome iasfJmcmw 100 I of 

30 tbB ddiYaJ lllllC1iaal coataioins 450 ± l T oll/J of~ paraldmw iaocuiated hdo 

- tho p1entiq bolo prior to tnmsplulatlon. 

Plaas lllliabt Wit cfetenlliud 55 days .. tnnpleadicm - teCOlded • & 

DlllD value. Plaa& 1Jiomau WIS derenniaad 1>J barvelthz1 aad meaaudq fie6 Wpt of Iba 

pbaCI aftct 110 daJs of calciwaiaa poee cramphmbdioa. At that time, the llUlllbec' of peppen; 

35 f'oaDed and a. 1lllliabC of pepp.. pet pint ..-. ncanlecl a a ...... wt-. Tbe nrsulbl of 

this field lrilll ... llhoi1m. 1a Table vm. 
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TABUt VIII 
-~.:..."--

.. ·:, ~f. p8pp9r Trt11at:ment; •lam: BiCllDaaa Yield of pe,epec 
Rei.gilt fre•h weight pe plant !'a:ell1l · vei.gld: 

~am) li/El•1:! S!lf!-'!t:. l 
Jl>com:ro11 
VA~nat:ed · · ··22.41' ·274,;lk' 19.11' 158.W '. 

5 ~ted 
wJ:th wnc 
108 29.lm 353.311 36 .. 6• 2'>'9.811 

buntraa1:ad 

10 
+ l'. 
i>aZdJ.tJ.t:a« 20-3k 238.&k 13~8le 1S1.2k. 

8'J!'rea:ted 
w.t.~h tmlC 
108 + '· paru.ttJ.c-4 28.6m . 26&.61'' 22.7k 221.Q: 

15 
'Pepper plmtl pm ia. pots (4 cm x 13.5 om) oaatai•baa ._ 8llll'llimc1 IOU aaly. 
'Pepper phmta pwa •pea coac.iain1 · *'1alxtarll of atea . .t.riuad IOil and. cWiveq _.... 
Dp•liq~WYBC 108. . 
do. lamtdnd 8 of deB.WU llllldiwa. c:onminhis ~ JllllWllbWIS Ulom1aeld into 

20 imUYidall hola .... tnmaplan•don (450 ± 17 cfa/1 of .. deli.Wll)' medhlm). 
1Mw ma columa lblloWecl by die w i.. are DDt aialdficndJ difleftat • tho P .. o.os 
Jewil. 

As 1111owa 1o. Table vm. n.rawt of popper ..ainp wldl WYBC ioam lb 
t 

25 •"8Mace of P. ,,_,,,,,.~ -.cisClcid'1 lipiftcaDt lacl'8lw la plat lleishl. hioaml. 

•mdw of pcppel8 aad. yield of poppeia ....... to OCldm1 pl.a dla& did aat lWive 

WY2C 108. A CIOIDpldsaa. of homonlll mwa 3 lll6l 4 ofT&b1D V shawl tbat atrabl WYBC 
108 pmtllleted peppers apiasc lho ~ eft'acis ot P. porOlitica AddidomUy, lhen w a 

aiplfic:ant eabaM:emem of tbD B1ftth of plats trured with stnia. wnc 108 ia die .... 

30 of P. pan#irimcampqed. to muxeatecl plants witbaat P.~ 

Ill ldditiGa to Iha cxpa:imelQ dlllcribed iJI dlil amp1B. WYEC 108 bis befG 

...,.. IO bo efleclivo ill,..... a 111119 of pld& apim& fanpl Wecdcm. PlllDtl lelred. 

iaoluda bJ80 8bowa in nble IX below. 
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TABLBIX 

Cmm PmfmtM fmm ~ lnfectjgg bz WYBC,; IQI 

P.llata Tested with WYBC 10&" 

5 Plant Fiel~_~t 
(+/•) 

G;reenhouse/Lab Teat 
. : .· ' - . : (+/-) . 

Le~tuce 
10 Chickpea 

+ 
+ 
+ Green Pea 

Pepper 
Cotton 
Tm:::f Grass 

+ 
+ 
+ 

.. 
lS onion +· 

+ 
+ 
+ 
+ 

2S 

Potato· + 

Ptqcbpton of Sppw pf lrqqn>w WXBC lCI 
IAIJa14Me4JI 

..... qealS W IUl'VM for__..,. pedada of lilm ID 8*t dbipplDS 

-- ad Iba timiag pattmus of apicu1bmll .... 11111 - of~ of llrlia \VYJ!C 108 

rada- thin. ~11·•• ce111 m l*daalar ~ bamlatlolll ._. a.a l1le1f.life ot ... 
bioocat.ml fanmdetion silm tho tpQl'OI retaiD viabilf'1_ander aclvene caidilioas ad aver kml 
periodt of ti-. 

Typiollly.llpC>NI of~ .. llftl anl7 ~ - ao.licl llldi1I. 

HoMMlr, D llll forth below, the foUowiDg mathacl WIS fouad auiflble for psocluciq spcll"8 ia 

liquid --. 

Two Utet ideDDJw flatb cantainiq 1.200m1 YOM IDDcll11m (pH f5.5) ..­

ada lmc1dtted wit1i SO ml of stac:t m1tum (pRJdmled as dealdW ID Bnmpl8 ll) aad. 

hmbated with ahitis1 at 750 spm mt 30-C tor 12-lldqs. Spoae procluctiaa in Iba cultm9 w 

maaltollld by ...... with pll111 cmdl1llt micamcope (X 1,000,tm.d ttWaed with~ 
blue). Spoaw 'WID ~ by ClllbifUptioa al 9,000spm for 10 mim11Jet, 

40 'l'b.ereak. the ... wero ICIUlpODded 11.1.CSOOml ollterilizll4 10• YGM 

licplid mo6aaa urJ .-OOml ota .me aotWloa ~a 1 NH4a ia &dllecl waa. w 

added (ta pnlduice & fimd ipCR dea8JC, of 1.0-1.2X 10' cfulml). Thia aUQlle WU tma ditecdy 

WxulUed into 4 Jes of ltarili1Jld dellveiy modiual. ......., of sml, waw wt cam11""'11 Ill a 

9:2:1 (w/w) nlio. Tho deJivoiy medium WM lterilt.d twice iD ID ..utookva (3 baud I& 12J.41C) 
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,,. PRJl'ncdoQ of~ dlftlctly in Uqaid culture bl dl8 UaiW ........ avaid8 

fbe neai for a~ iltcDdoa of the minn. The delivtiy DJdiHJll CCJllbri .. IPGRI WU 
' . . . 

t1- ltmed at 4 ~ mdil .... . -- . 

Spotm pmdaced 111 dlo llquid cvbuN method claiadbed wcro tmired for~ 

5 after four JDOlllba of .... •. 4-C. 0.. ad of ............. - Jaoc:nl•IDIJ ialu ... 

..,.,..ma 100 ml of slwrw1i-' 10• YOM liq'lli4 JMdbam (pH6.S) lild mcublllld: will Mkina 
• 250 Ip.Ill at so'C. a ... ,, ..... .,. o1.,_· .... ..- bJ ,....,,_bl&t. mic:RlecGpJ ~ 

1,000.Slllnlcl wilh mM11Jlma Yue). Spmflil 1"118 completely pnailtlll4 ia. appmdafdy I 

10 ~ WYBC 108 ~ hlto tb8 deUvmy m,dfum (lllnd. waw. 
c:ammal; 9:2:1)w _.. for ~ility~ ~~ A 1.0g IUDpla of tbs deli.vor;r Dmha 

. . . . . 

conmining 8meplonomr WYEC l08wu ~)'_dllUllld and pW C11J1 CYD -au ,...._ Pi-. 

we iMallaM a& 25-C aatil cokmiea weae fonMd. AD avera.ge -.i of 1rJ to 1cl cfa/s of 

cleliw.y meffigm (drJ weishQ WO teOOsdld witb amplee IComd for 30 daJt. 
15 Altuadiwly, .. lpOl'e8 &om. apr plala of apomlaticm ....... ........... 

m 10-20 ml of Mila dialllled .... or YOM .,. lllJd miud into 10.100 ... of dtliveq 

..uum. to obllia a "YWtJe aoam of io'2 10 sot4 ofa/1 of meclimn. 1'h1I miaare w t11.m m­
clried. -- dramaabl1 aad -- .. 4 4C uatil used. 11da fommlntim. •• oaaemlllltell 

pzoduat tbal CID. W dilated. with lddlticml delivery mdiunl IO 111J delked 1awer cfd/g timl • 
20 viable coaar. 

BXAMPLB X 

§Mlilfty of Afsln* <ill EgrmMtigg 

M,oe&a of a,..,,..,.. WYBC 108 weie harvlllllld by cmtritbpdoa Id 5,.000 

1Plll tor 10 minu1e1 &&.. a SOO ml 3-cla,.old YGM liqWd cultme. TJm hatvated myaUa wm1 

2S ~ ia l2S ml of 105 YGM and added 12S ud of slllriliml 51 _(w/Y) sodi1a alp.ta 

dution to & cultme deuily of l.O.l.2x10' ctblml. Alaiueo pellllll CODtainmg mycelia of 

~ WYBC 108 wn formed by mtia&' celklafoate Mp'"sion diap by chap JDja 

eeed1iza4 0.25M CaC.12 iD. distilled war.. 
To c1d8rmidO t118 viUilltyof tho f&ginato pell.as fonmd by dlis metbad, alp"'O 

30- peUm OOP"rinint Iba oallure W.. ~ spmd OD. a SfOdli2lld platio pllli 4ilh (10 an 

J; 10 cm) md dded tor OU ham fn a llJnialt flow 8CeriJe ai:t iload. 1'111 pollef:i~ 

~ WYBC 108 llJX)IUlated nacli1y follawiq lfora8e at 25-C for 6 to I maat'fll (to m 

awnae 1evw1 ot t!J to 1rl cfafs dried aJgimlo beads). 11mae 1p01t1S \1U'8t'e dldily pmdDatod 

w1m dley weie bu:idJltecl a atoriu-1 wator at 2511C.. Oeanin•tion of tbe sperm --

35 obsetvecl by t''baslHmtralt ~ (x. 1,000-.pj&cation~ ltlid8CI with mmtbylme blue). 
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BXAMPLB XI 

Pntfermd Poamddon of P.lMU Nd!!!!! 
Jqggljq ,,,,_,_.\!DC um 

.~ ~.,. -~..: 

Havm, .. b:da ~ .... filr ilD1atin.a ~ ........ .... 
5 ... far atility .. 'biocoalml ..... melbods ... ~ dlMll biaMntrol .... ill 

lllJC8lill &Ill - • llpORI. auitablo doliWI)' -- and. ia • pief'•lld ombodim-t. 
~ WYEC 108, itwilllw IJIPRllt IOme lldlW iD dim m dulc tlae ,...e -. 

cm 'be DPtlW in a· aumber of Wll)'lwidloat ~ from dr.e .,mt of~ iD.w:Ddma. 

Sit b1la bebY ......... of lltaatlve emhorlinlllll ottbi, ,_... 

10 ~ roailCbw widaGelc:dpCioua of~ preftmll ~ 

. OpdalNI& Culture Coadltionl 

Optimal oondltiom far poWlb. of acrlill WYBC 108 inolwle __..... 1ND1Mlli 

2011(: Md 30-C. at pHs berMlca 5.S md 7.S.md at fermaater qit:adoa speeds ...._ Z10 

1p11 mcl 300spm. ~ WYBC 108 fWicallyaiw muigud cell 111111 ,wds of 

15 about S.3dry ""8iaht pms of~ la YGM liqoi4 Dlldinm 'With oaltun "'11dtiou of 

30VC. pH ,.5,1114 dukina • 200 rpm tor n 11r (to a • of 1o1 plmle). J>oub1iq 111m 

... lopai"unio pOWl!l plme ii appmUmaty 10 :taa. no 72 br kacnbUloa tia» _, -

Rpifiomdy dduc:ecl bJ asina laia'* inoClllDP level& of los pblte ceDs. 

A1ternlllvaty, ... ..., ... poxluced ... IOlld.apr ... 8Udl • lpOl'llladma 

20 ... Thmo .... _,.be diteetl)' i.al'\llllled ., ....... in1o • ....,.. liqai4 ........ 

u lO• YON and tkm difllClbr ~ mo Ibo delMr.Y IMCliwa. Tbla .,....,._ __..the 

-- far Jiqaid lftJM1l of Cbe cuUmo - ......,, ..... the pRJCl1letioll ptaem. .. 
1'r6rnd anc1 AltaradTeDeliftl)' Media 
~ WYSC !Olay bs incmpolatOd .Jato a ddivay IWJdimll for w ia 

'5 hodic:ultma1 a ..,multaral eettinaa- . &ample VI cfelcd1lll • foramladoa oflh Mw17 
medham wbicb cmppn.s ~ in a.P..2-1 (wlw) ratio. n willbo ~ 'by 

ona skilW in the art that rile fomllll.wm d. die dellwqr aclium wD1 be di.crat8cl by tire 

paatiaum applicaliall f'or wblch Iba blaooAtmJ .,_ 11 iJdmdod, Por exampk, 'Various oqaaio 

.a lampdo fillema* u.day.,,..tculifl, wheat bnn. mm aobs or ebitislara b9 ldded fD 

j() Iba delivay madiam. 1be rtlio of~ of a cWlvm:y modiuDI will b9 ddOlmiJle4 GA 

the bllds of 1eXtu8 aacl p1lJllcal piapelties nquirod. Par enqM, ptapclltlel 8Uch • ....... 

holdiq abilil)'. up& waiPt for.., handlbs -~ pc>lOlity to~ lplCB tot 
~ and plaD& ,ooa alOWtb m lpl'Mcl _, be impoltlat. Altemaeiwl.J, veaetalive 8IJOlllia 
ar epo. of~ WYEC 108 oaa bO added to a aJainate 1U1pemioa &o ~ 

3S al~ pellels m this atraiD. Medladt of ptodoolna 8tain•te pellets em lmOMI la 

dw art aacl are do&ca"'bed. 6lrtUr ill U.S. Paresat No. 4,6'1,S12to J..owjs ee al. Other 

iApedimCs, liUda - fmdlbM, may - he iacolpmatat inro lbere peUotL 



..L :;. ... .. 
( 

rn • pie&med flbbodiJMOt. tbe ..... iDvelltOIS llaYa ---- ... a dllllwq 

medium comprisiDa pea& a111 ~ iQ a, 1:3.S:lwei&JatlweiPt ralio is~ 

sait.Ja 'l'bia nd.o pnMm ID lppiapdaro deuity and water holding c:apaoiq for tho - of 

thit piadn&:t ill ~ - llDrticalQldl appll.catiou. ~ ..... ..,,,,.,._ Cllbm' 

5 .-..of 11- eompoaelllS llllCI of odmr oompamata are .i.o .. aoceprable .. de1i,,.y IDldiL 

Par emnpl•. • eft'eccWe .immadve delivt111madium compdw ,.c _,. (GO 8) .. _. 

(3S80 a:> - conaell (270 I) • obitba (10 &). 

ln au embodimaat, appimimlltely 1.tS litetl of mrv.ted culture ~ (ia91tllllo 

Clllls: 0.1 •• abaat 72 hr oullme) aoallinins s,,..,_,.... WYBC 1oa sayoeliam IP'OWll iR YGM 

· 10 hmtb • dcal:ribed .-V. is qplomtaled witll 400ml of a ~ mlutioa. of NH4a (OClll • nq 

8 a of NH4a in 400 ml d1adlled "*"> and ilaoaJatecl mo plaslio (!IPdaiaett cant.wininc 4 Jrg 

stmililld Delivery Modimn cwllllng af peat moss, sad. and CXtlDlll881. Tba Deli~ 

.MediD111 is Sleriliml lWlce (3 baais at 121 WC) before inoc:uJadoa of SINptorn,)lcu WYEC 108. 

Tnaan••t-d caa._.. me :iacabmed at 30'C fot 10 to 14 days ID mnimlze spom tormatiod. 

1S ~ are chm .im llC 4 'C aadl ~ 

TM w af NH4a in tJm dellway medl\1m. pmvidm a airroata mums of 

geanimting .-. of Sn.,.,,.,_ WYBC .108. It~ be appllmt to one ald1W in t1at1 at. 

t11ac oda- DillOltll 80Umlll belldes m14a caa bl um. fot au palpC*- Por ••mpJe, ..s a 

deacdbed llaeba, wfuia· 8pcxel are 1......-.W m bacfedaJ powtb. mDCli\bll (llJCb as IOii 

20 YOM) prior to incoJporadoa in tins deliW17 madlum, tbe mddld04 of this Ditmpn saun:a is 

,,......_c1ry. ID~ embacHD&lCS aftha piwm inwldto4. the cleliwry medium 

c:omprlsel a llllfllclml llDOmlt of a mllogen -..'It will be appumt to ODO s1cilled in die llt 

tbat. tho ~ of wlud. c=o~ •a91f11cteat mnoaac• of a ai&ropn 801lioo CID '* 
Diido by cletermilaiq the eftilCU Oil l«"•h•tfon ~ ol ..._., or dec:nala1 dao. '' 

25 amaaat of a puticular .ailfo&ell somm ot die eft8cts of ohMeinl tba iairroleG souxce. A 

nf&cid IDlOllllt of a Ulogea. samce qr Ible IDlDUQI: of a particular nitrogen SOUR* wbic:h 

&mlibdes pminallon of the spa• Ot ~ WYBC 108. 

ID Ill alramafive enfiodimeqt, as delcn"hecl ha Example XI, BpOfel of 

... /JlnJpl01f11CG WYEC 101 are pmduced. in liquid medium and directly irAcoiporated into thD 

30 . pdtaed dellveiy medium which is thla SOte4 II 4°C. 

35 

In a pmfBa'aed einbodi_.. of tb9 pmsrat bMn1ioa. Strtplamyc. WYBC 108 is 

added to the deli'lel)' mediuaa to a final ~ af at lease l x ul cfu/g. In on 

ptelenwl ernbodimeaa., Ille final CIOllOmb'atioa of Stnrptamyca wYEC 108 ia the delivery 

llllldi.am. 1s belweea 1 x icl c:ftl/1 anc1 1 x 1d- ci\l/a. 
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2) n. .......,. medi.am ii tlaomasldY mlDcl - ooWNd witb ........... . 
foilw coaoa banm, 1114 llm 8'ldllZDd twice (90 minuret at a ma. ac 121 "C \Vida 12 Jlmla 

3) 'l1ut dl1iWQ IDlllium ii cooled ID IOOdl te1 ....... aft« tbo SGllill 
s sterillzafim·'.i aetmi'lnomtidoi 01't1111 llDWlred caliUre.bmlh.MncaUaini-. WYBC 1os 

am NH4a IGlatiaa (pnlped lhovo). 

rn.paradoa ef .l«n11&c tflOlllf WPBC 108 Into the delhrerJ mdum to Cl'll&e a J'anaalatioa .,._Mom, ..... ····eor-a.-mr.a .· . '"· "· .. ' 
· · · 1) .Aba11 O.Slitms of~ cul""8 lxath ..,_inina Dill WYBC ~ 

10 108-~d. IOl\diaa; (Ja1piaad. ahovo). 11.tllQaouahly incmpolaW.: iDio .- ohs __, 11 

needed. ~_pla6ccm11m. ccmtaQioa!lf 3.78q of &Wivecy·Dlldium.-

1$ 

2) '1'he inocnle!a:I ccmtlinn .. then iacublted. at 30.rc fbr 10•14 clays (ap ta 

20 cfaJS iDcubadoa. D'J&1 W optimal) after which thoy CID he lionld at 4 "C 1JDlil u'91l (the 

l) "1ht OOllll'Wl'i foa811timt ocmtUing ~ WYBC 108 is lltlplicdJ 

Ix••~ into llelile triplo-laytr plutlo blp uaiD& a 1111111 8teri1m4 llaovel or eqaiYlllClll taal,, 

peferahly in a UV ........ Jm:imt ilowhoad. 

2) Tho fiDerl 'blp - lllxt lied. ud pR Ima 1.5 ti' mcMas-- tbr ........ 

20 .. box is dam sealed with --.. 

EXAMPLB XI.II 

~'!;l:::i::r:\. 
TJ:e formul.aim contamina die ~ WYEC 108 b1ocaaw1 agem lllCI 

25 . de1iwry medim11 a clelCliW in Bx•mp!$ XII ia mixed with a ._,, brMina IOil at" patm:s 

mb: to,,; Sul ~ cawrrtratioa of ~ 1.0-1.2:1 toS ar mcms c6Jl,..mt). Tiie soecJU1 
plOCedum is .. follaws. 

1) Aboac 1.ocm of peat mass i1 plmld m the bouo. of elM:h poc (or bed) to 

pnwat km otd (or poatfq mix) wbile ltiU prOvidina for ..aim IDd cfnim&e. 
3Q. 2) Sew'liGI pots ue Chea fiW wi.tb tho .,ncultaral (m&ary or pottms *> toll 

11p co about· 3.0om below from the rop of die pots (or bedta). The pots (bett9) n a­
wal1ad to -..sioa. 

:t) About l.Scm of di& t'ormulllioll cautainlq ~ WYBC 108 m 
daliwity nwliam is tllea died to tho top of oadl pot {bed). If cleMid, die fbmmlatim can 

SS Mo pnHDiucl wiCb DDr181J 5*fdlns soil or poUiaa .tDil IO incraS9 tbe ._ and 8llj1llt die 

oflllg eoun.t. Ho\vover, far optimum efflcacy, the cfalg ahoald be maiutaiaod at at Jeat 1d 
cfu/1 iD. die finai m. 
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4) Smds Id placed CID the IUlfa:e of the pnpued. _.,Hn1 FOii ar .,... • 
th.ma coveiecl with aa lddilioul 1.Som (appmcimlto) of uw.y bock'ing IOil ar paltima 
d/mlx. 

5) A llllll1 .-out ofw8ter hi..._~- to WI cho Pl ad lllda. 
• . . .1 . •. ~- ·. f· .. J: ;-4-i=r;: 

6) To mini""• diJinl 8lld ra prewnt crusdq~'tiie POts aze lypicaDJ CIOVllllll 
with ... blat • .m .. lj..,-...... (1\11 a.y Dal ~ftlll)' jf DDIDae. . ·• :·i • . 

CQlllavlled). 

7) Addi'ioall ----~ ~ Gil ~'-top_of ._? (oir W.) ............ 
-''in•.....,._. .: ' -_ ~·:.. . . : \:.,, -. -:';'if·~:.:?~·'.;~ 

HaviDg piovicW ••iilp!M of,...,.._ ofdii•lmmdoa - pniaal :. ..,.. . . . ' '. . .. . ·: .· . . 1-~- ·.~ . ··~. ··:· ~ :. .... . ""'.'~· ·•i . . :· .: ~ _......;,,...., it will be~ IO tboa lfdlled __ at.;..rt lhat o,,,...-. aad. modificlliam -r 
bo made willlaut deplrdDa b 1bo ~·~"~·~:-~.- We._.. 
&atencl the appended claims to ~all ........... madificidiOQJ, falllns witllia ... fno 
lpitit IDCI ~of tho pasea1··~:':5i!.'.'~'.~, .. .t·s:r,·.~-·""·;-. !'·"~'·· --;~ 

.. ... ~--~~-:-·· : ... 

. .. 

- ii'T .. ..: . ...­
·•: 

·: _,.,. .. 

. . 

· ...... ... 
~-:~.:~J-~ -~i.- ·i;~---

,' .. :.'{ 

,.: t 
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aapplPla a OJlba of &tnpamyar WYBC 108: 

plplliq • dehcy ..... comprilina taicl .... -

5 deUYedq tlicl dlliwry amdialll lo p)mfl. 

wcl'inp • oompiMidoa c:omprlllq a dol~ ~ma tDCl at W am oompe..., llleofed· 

hm. the paap con•sdq of: a.,._,._ WYBC 1oa cells;...,,.,,,_ WYBC 1oa.,._ 

_. lfttifimpl lllilaboliw ~ by~ \VYBC 1oa. 

;t; , . 
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