
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




~~ 1/11/2.S 2.5 
111111.0 

32If,;,;. lill1 

:: 1~'I1.6d~ 
I.:.. "1 
:: (!i~ 2.01.1 

111111.8 

111111.25 111111.4 111111.6 

MI::ROCOPY RESOLUTION TEST CHARl 
NATIONAL BUREAU Of <;TANDARDS·l%lA 

2 5I.0 ;~ IIIPS 11111 . 

!~ 11111 
32 

~' 2.2 
a: III~~ 

II 1.1 L§~ II~::I ~: 

1I1I11.2~ 111111.4 111111.6 

MICROCOPY RESOLUTION TES1 CHART 
NATIONAL llUR[Ali (If ,1ANlJAIIDS 1961 ~ 

http:111111.25


__ 

U;;'J$. , 

l'echnicul Bulletin No. 8.'J5 • October .Z9,j·2 

~Experinlents Toward the Control of the 

~ Take-All Disease of Wheat and the , Phyma'~otrichuIll Root Rot of Cotton 1 
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Root dj:-;~·as('l:; en lise ""H\',\' lossl's of Illall,l' illlpndallt erop:5. ~o s('!'l
ous al'e thel-iP lossl's 0\'<'1' a half ('(,lIflll'Y Illat Tl'xns alollc has at tilJll'fi 
cst.lJnated the allllllal retilletion ill \"lllll<' of tll(' cotton CI'Op at lIIallY 
millions, Alt hOllgh (hp redlldion ill tlw vallie of the wlteal erop by 
take-all call1lot lJ~' est inlaled. it lifts been l!J'eat ellClIIgh to ::;tillllllate 
research in lIIuny lands and frOJII many allgles, Thes<' at'l'. only two of 
a long list of parasitcs that operah> belo", gl'ollnd, In the last few 
yel~l'S, recognition that tlll-se root-rot ol'gallisllIs art' a part of an ex
('e~wng]y ('omplt,x :-;oil popillation hal' led. to :-;tuciips of theil' relation 
to~e normal soil tlora~ as another line of attack that offers hope of 
practical rpsults, 

~.~ 

•. 1 H~IHnltll'd J'or plliJli<':ltioll :lull(, In·I:!,
';:J.\ 2 'riH;" inv(!.tiglltions 11'('1'" l'Ollihll'll'ti ulllh.'r nn nllotlll"nt fr(J1II tllp 8pl'Cllll H"H('llrch ~'und 
.~-nulho~d by Till" [ ,)i' Iii" Bunkhl'IHI"luneR Act of ,IUIIl' :W, W3r.. 'I'h" lIlIthor IlCkIlUwll'{!g,'" 
Ijhis IndChtcdm'Hs 10 Rol:llld B. ~Ii 1,,1"'1i f",' IIsslRl.tlll('p with slndies Oil 1h... pilYIII" t"II'ichulII 
,,l;oot: 1'6't--or cotton; to Churll'S It. filnlHho f"" 1111 "II 1("IIil "(':':<'n lind 111'1111""11.' phospilol'lls d,•• 
!~rll1ill!t,lOJ1H; to II. '"', ,"'f)r<i:ul rQI' slIJ!(lI"\'isill.lI of HOcl H:.:sislulIC'l' wilh uWll.\'si:-: of dutll 011 

..ciill1ituUiiJll of viable Ilnd l'ilIN! sclcroti,,; lind to Dalton R, Hooton fur ~OOPCI'lltion III work 
,,~.t Gre't!,~,l!le, 'J:,'x, Opel' "pp,'pellllion I, ('xPI'cHH,'d to ('hal'lp~ 'l'hom, "rlneiplll mycologist • 
.and to !!!~ny otb('I'~, for \,Illtlllble SUS!;CStiOllS durin!; the course of this wOI'k. 
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~:[icl'ohiologisb:; have' kno\\'n for IrIall)' y('ars thai Inicl'o-organisllls 
m!t)' procLnee Hn t flgon istic stillsta nees in ('lilt nrc. CC'rtai n 0 f' thmiP t.oxic 
or inhibitory suhsiallcPs havc l't'CClltly been isolatpd and c1eseribed, 
and they arc believed to otrpr pI'omisp in tilt' control 0'[ various diseases 
of mall, lower animals. and plants, In soil. ho\\·C'\,('t'. some of tl1(' para
sitic fungi c'lpuble o:f destructive attacks upon plant roots are dis
tributed through l'ollsideralll{' dppths. () /dlioIJollls fll'(Ilililli8 Saec.. the 
fungns causing tal\"ll-aU eIis('asp of wheal. and 1)1IYJl1fdot I'idnun O'lnlli/,

m'wn (Shear) Du!!., l'ollll1lonly known as tlll' ('otton root-wt fungus, 
are two soil-bol'l1e' parasites ill this categol'y.,,'hel'l..' tl1(' mass of in
fested soil alllollnts to seveL'n1 millIon pOllnds pCI.' nCI'c. the pl.'epal'H
tion and application of antibioti(' or germicidal >;ubstances appears im
practical. Also it hns Ilot thlls flU' hpC'1l fOllnd possihh· to pstahlish 
lImicrobial alltHgolli~t ill f'oil hy silllplein()(,l1la! iOIl prO('('dlll'('~. 

'1'11(' possibility that ol'galli(' Illalllll'(':- ('an 1,(, lI~rd to 1'1'00'i(l(' soil 
('oll<1itiolls IIIHlpl' II"lIi('1I alltihiolic <'Irpct!"' HI'P olltaillP(\tlll'ollgll Sl.i111l1-
Intioll of ('C\lIII'OIl('I1I$ of tlw s:qJl'ophyli{' lIlicl'o(!ora of tl1(' soil is \Yell 
I'('('ogllilwcl. ](illg (It)' nlld Killg nlld Loollli!"' (IfI) han' llIadl' a pt'H(,

ticHI ;;pplil'Htioll of this li;l(' of at tHl'kin t \)('il' liSP of (j(>(,P plaePIlIPl1t of 
mall\lI'(' 1'01' {ipld ('on 1"1'(,1 of till' pll.Ylllatoll'ieillllll l'ot of ('oUOI1 in the 
il'rigat('(\ Souti1\\"('st. ;\lu('\1 ('al'lil'I', ancl. ('on"iciprahly b('i'ore tll(' soil
sanitatioll valup M orgnlli(' II III 1111 1'(' II"H!"' assllnl('(l to he' du(' Inl'gl'ly to 
th(' sti linda [ioll of !"'a prophyl ic' 1I)('III"pI'S 0 f i"lw !"'oi I III ie]'ofloril. Pa llllllPl 
(;2./) lwcl r('('ognizl'd the Plt.'llllrriotl'irlllllll-ilrfl'sted fields l'esponded 
"fa.vorahly to applieation:; of stahl(, lll:lll11l'e. SimiJarl,\". {'1'PIl bC'fol'l" 
tIl(' fUIl!!IlS Ilature' of tlH' tah-all disc'as(' \\"as illdie:d:p(l. till' liiJl'l'al u!"'e 
of anilll:tl llIallllr!' II":I!"' O!N'I'I'{'(\ to gin' fh,ld c'olltl'ol (,!I. ,M). The 
Tanll'ahle' I'(,SPOIlSP of i:lkl'-nll illi'pstl'd soils to applicatiolls of ol'gallic 
lllanlll'PS is 11011' gC'lll'l.'nlly 1'('c'ogllil':(,(1. 

Inv{'sti{!ati(]l1~ in tld:" hdlOl'atol',\" h:\ 1'(' hppn dil'p(,/pd to\\"I11'(1 <1pfillitioll 
of tlw faciol's in Illalllll'ial {rpafllll'llt" ('onlrihlltillg 10 ~()il-!'allitalioll 
pifp('(s and of tll(' ('(Jllcliti(Jll~ that 1lI11~t lJ(· C'stahli~I1('(1 in "oil in Ol'eI{'l' 
to obtain ("Ollirol OJ' ('Iiminatioll of Illldpsirahl{' 111(,1111)('1':-' of t11(' soii
Illi C'l'OiJi a I poplliatioll, In pal'liPl' In)r\;:. all'eady I'('pol't('d in pad (J. ,J, 
"I. JJ..m). I-'Olll(' working hypotlll'!'ps \1"('1'(' ciPI'('lop('(1 thaI in tlll'lI lwn' 
cl{'tp I'm inpd the ('Ollr:"C' of the ('lH'l'l'1l t ~tlld ie:". 

OrganiC' HI1H'IHIIl}('llt". although FI'o(\lleillg Ftrikill~: elwll{!(,s in the 
soil mi(,l'oflol'a. do 111){ alt£'1' appreeiably the lllicroflol':l!' as;.:oeial"l?d 
with til(' l'oots of ('rop plant"!"' (2. i). Th;!"' oh!"('l'\'aI ion ;':llgp:pstNi that 
any :tntngonistie pffl'ets that Illight 1)(' O('C(tSiOlll'd by 1ll1t11l1ring lllust" 
bE' :t('('olllpli::;Ill'c1 Pl'illl:ll'ily in till' !"'oil dlll'ing Ill(' ('Olllp:lr:ltil'ply IIllsllel
t('red phasp of tll(' pal'a:-:itp's ('XistPll('C. OIlCl' till' pal'nsilp i" a('(:ually 
attnelw<l to lil'illg host t is!'ul'. factor,; of host l'E';.:j~tan('(' 01' fnl'lorR of 
l'il'l1lpnc{' of tIl(' ('all:-:al Ol'gllilislll :tn' ]H'obnlJly 11101'(, illlpol'lal1t thall 
microhic act i\'itiP!"' ill (\ptpl'lninillg IIlp alllOllnt of lin,,' dnIllHg<'. 01' at 
leaRt ilIOn' i III }lol'!all{ t hall III i('I'ol lie alit ibiosi;.:. "'hieh 111:1," h(' ascl'iiJpc1 
directly to lIIHllllrial tl'railllC'lIt>'. Thi;.: l'pasollillg I,"as l)('li(,I'('(1 ('011

fil'l1l('(1 1"\)('11 it was ::i101l"1l thaL f(Jl' wileai-('l'oppP(\ 0 phio/)o/u.'!-infpC',ted 
soil. suC'c('ss"ful lak<,-all ('0111:1"01 could hE' obtained, even though sig
llifieallt diffrl'l'll('esin llli('roilial 11IlrllbC'l's II"Pl'e not o('C'nsiOlwcl. when 
simply by i Ilorgan ie !'PI,ti Iil':H lioll In·o('pdurp:.; til(' {prtil it~, (,OlltPlIl of 
the l'XPl'l'illll'ntnl fOoiI was l1wintaill('d at h'wJ:.; suitable for good plant:. 
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growth (SO), In vim\' of nlt'sr !'esnlt>', 01(' fi(a trlllcnt (Hi) that oegallic 
manures n!'e dfrctivt' in controlling takp-all brcllw;(' of their action 
on the parasite and not because oJ tlleir benefits to the host plant Illay 
110t explain accurately the mechanisl1I of control in ol'ganic-anlelHkd, 
wheat-cropped soils, That 0 phiobohf8- infested fiel els so JrefJlWn tl,'
respond favorably to phosphatic Jertilization alone suggests in it::'eif 
that the Jertility contributions of organic mal11lreS to take-aUinfestecl 
soilf:: shonld be carefully C'onsidel'ed, 

\Vorking ,vith another L'()Ot-rotting parasite, Vantel'pool (:38) has 
shown the importanC'e of llutritional facto!'s ill disease l'esistam'p of 
wheat to pytlliul1l seedling blight. It remaillS unknmm whether Ol'

gank or inorganic amendments that do check takP-all dmnngC' in 
Wheat-cropped soil actually rrdu('r 0 phiobolus infestation in soil to 
tllP C'X(('I1( tllnt Hw il1('iciPII('(' of rill' r1isl':ls(' i:- L'('cl1l<'!'(! 01' e1illlillntpcl 
whp11 thai f'oil is agail1 (,I'OPPl'rl to wll(~at. 

'1'1H' possihility liaS 1)('1'11 nli1'r(1 that ill the <Ih~('n('p of fliP host plant, 
Ilnbalnn('pd soil-l!lItl'il'ltt ('oll(lit ions, such a1' nilTogell dr(i('il'II<',V, 11111)' 
actllally bl' desil'nblp i'ol' f'oil sa.nit:11 io)), Gnr.l'ptt (II, IJ) I\;\~ I'('jlorh'd 
that if ischal'nl'lprif'tie of' ol'gnlli(' nlalllll'('1' which (:olltrol (n];('-:III fhat 
tlwy ('olltaill inf'lIffi('iC'nt 01' jllst f'1If1ic-i(,lIt l1itl'Og('n for theil' (I(,(,lll1lposi
tion, A:ftrl' showillg that the viahility of Ophiol)(}1-il'~ (11'alnini8in in
fef'lpd 1'tubblp 11I1I'i('C\ ill snil \\'as I'P(hll'pd 1lI0:.:t llIal'kpdly h,\' til!' appli
cation of 10\\~-J1itl'og('n :Il1lpn(hllellts, he snggestecl that all inacleqllate 
nitl'ogen supply was pOf',;i\lly rll'sjl'ahk 'f1'01ll tlw 1'landpoint of f'oil 
sanitntlon, in that it enC'oul'agC'(1 competition amollg soil miCL'O-Ol'g:UI
isms for llitrogPI1 and ill this l11al1lH'1' Ip(\ to the C'limination of the 
para3ite, In this work it musl Ill' 1'C'1I1('I1I\)(,I'(,(] that GnlTPt( W:lS d(>aling 
\\'ith the parllsit(> in the absPllc(' of' the li\'ing host. 

• 

Miu,ltC'JI. Hootoll, alld Clark (.J.!), \\'(wlnn/!" lln fiJC' ph,\llIalo(l'i(,1t111l1 
rot of cottOll, ohtnin(>d cOllsidpl'nhlp slipport of t1lP hypotllPsis that a 
soil-bornp pal'usite (':In 11<' 1l1(Jf't pffpdin'ly :lIt:1f'kerl hya rotling proc'('ss 
when (he soil is JreC' froll1 li\'illg-Itnst tiSf'll(', "TI]('11 kl1o\\'11 11I11II"e1'R 
of Hel(,1'Otia of PilYllla/otl'ir'Ii/(1i/ omllil'oj'mll, \\'PI'(, blll'ipd ill exppri
mental soils, greater 1111111hC'L's of s('\(,l'otia ,,'Pl'(' ('Iiminat('d i'1'01ll 80il 
:1I11Pndec1 with ol'gani(' nIatprial than fL'om snill'e('('i"illg 110 "llell nrnend
ment. This plimillation of sclPl'otia was ohlnillC'cl witlt :-:11('11 I1laiC'l'ials 
as sblhl(' ll1allm'e, which possesses n relntin-\y l1al'1'O\\' carhon-nitrogcn 
I'atio, Noillfol'lllation was pn'sC'rtieci as to ",h0th0l', in fUl'tllC'r ('xploi
tation of GaIT(,U's wOlk mat0rials with \l'iclp Cal'iJoll-llitrogell mtios 
would 11:1\'(> lJl't'1I ('\'('n 11101'(' erf('cti\'p, AIllPIIC1C'(] soil8 \\'('1'1' :-:ho\\'\1 to 
contaill ('ollsid01':tbly highrl' poplilatioliS of ;;apl'ophytil' IIli(,I'o-orgall
isms, and .it was af'SIIIlIC'fl, although not ch'J1lonstraterl with c('l'taillty, 
that thr ill('I'NISpcl s('lc'l'Otial Plil1linllfion o\)f'Pl'\'('(1 \\'a,; (\U(' to llIi('l'ohial 
illtel'netiolls 01' nntiiJiosl'8, MorC' rxact (lpfinitioll of tlH' condit ious most 
favorHbl(> for th0 destJ'lIctioil of I'oot parasites during th(> soil-horne 
phase of tlH'ir exis(ellc(> I'('mains an important oiljPct.iv(' in soil sani
btion, Sclel'pfi,: of p, mlll/h'm'llill offel' suitnbll' l1latC'l'inl 1'01' studying 
·fnetors affeeti "g tIl(' pel'sis(pncC' or \'in bility of a \'001 pal'nsitpi n soil. 
8uch sclcl'0Ha can 1)(' pl'oducecl in unlimited 11l1mhC'1' inlnhc)l'ntory-soil 
culture, and thesC' hod ips nmy bp added to soil nll'jollsly amended or 
maintained, subject to SubSefJllC'nt recovery and viability tests, As 
sclerotia are known t·o pet'Rist in fipJd soil for many ,YPHrs and to ofl'er 
continuing centers of infeR(ation for suhseqll('nt crops, th(' desirability 

http:oiljPct.iv
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of defining conditions that affect the pcrsist'cnce OJ' viabil ity of selcrotia, 
in soil is apparent. 

There also remains the question of wl1l't1wr cOllClitions on root sur
faces ma.y be so changed by plant treatment that the parasite is elimi
nated more quicldy. Many workers have observed that P. 01nlni1J01'U11"b 

can persist on COttOll roots that it has parasitized for varyillg periods, 
but that it gradually disappears from 01' dies 'with the roots to which it 
is attached, Rea (2[j) considered food exhaustion a possible explann.
tion for this phenomenon of fungus disappearance. Ezekiel (8) noted 
thtlt decreased survival percentages of p, omniuO'l'un; ('an be obtained 
f(J!lowing plant injmy, and that, coincic1('ntally, thcrpis a reduction in 
alcohol-soluble solids contained in the roots. These results sug-gest also 
that food exhaustion or chanl!es in root composition are limIting fac
tors for survival of the pamsite. Noting that when Ph.Y7l1atot1'ioli.u1n
infected roots were placed in all environmellt of intensified microbittl 
activity the parH>lite was qllil'kly eliminated, MitchelL Hooton, and 
Clark (;gg) emphasized the influence of associated microbial activities 
OIl fUl1l!ns survival. As cotton roots injured during the late summer 
or early fall showed pronounced illcreases in the micl.'opopulations 
associated with root surfaces, a partial explanation appeared possible 
for the observation of Adams et al. (1) that early-fall plowhlg of 
cotton stalks reduced the incidence of root rot in the cotton crop of the 
following year. 

It is becoming appan·nt that 110 single explanation is adequatc to 
account for all of Ole phenomena attendant with the appearance or 
control of root-rot diseases, The attractiveness of the idea that the 
micropopnlation of the soil is an asset. that can be clir('ctecl toward l"l\(' 
decolTl]lositiol1 of an intem;ply dl'st;rll('tivp parasit·(, C'an be realized only 
throngh thoroul!h knowlec1I!P at' many cOillponent fadors within a 
majOl' problem, Thl' I'el'ognit ion in r(,l'('nl" years of t11(' importancp oJ 
[':oil-iJorlle and host -1101'1\(' :-:fag!'s 0:1' I'oot-infectinl! fungi nlld of the 
illfhll'Il('P of pll)'sienl and lI1i(,l'o-orgallic factors upon th(' persistplJ('(' or 
virnlcllce Ill' parH8it ic Jllnl!i \\'ithill the soil ellvironment· ha.w beE'n 
worthy l'ontriblltions, COlltinllNl ncl\-anl'cs han' lJl'cn 1ll11(1e in kno\\,l
edgE' of til{' ('('olol!'y and pll}'siology of root-rotting ]Jlll'Hsites and in 
their attplldallt Illol'plwlol!iml and pathogeniC' plwnol1lena, It is the. 
purpose of nlis blllletin to cOllsider some o·f the specific contribntions 
of manurial and tilla!!t' trcatlllents to soil stlllitatioll and to define 
certain intl'ITt'1 at iOlls11 Ips betw('e11 sa prophyti(' III i('ro-ol'p:a nisms of the 
soil a.nd till' parasitic funl!i (,OIl('el'l1pd in the ophiobolus rot of wheat 
and the phyma totrichllll1 rot of cotton, 

NUTIUTIONAL FACTOHS [N THE CONTHOL OF TAKE
ALL DISEASE OF ""HEAT BY DECOMPOSING OHGANIC 
MATTEH 

It was rcpeatedly obSt'n'eel, during the comse of 4 years of study, 
that .Iihel'al fertilizatioll of Ophiobollis-infpsted sojl with chicken 
manure or chopped alfalfa. provided ta.ke-all control, as reported by 
Fcllows (/J). \\'hel'('aR materials of widecHl'hon-lljtl'ol!cn ratios, such 
as wheat straw, failed to 1)I'O\'ide. control. Following the demonstra
tion of successful take-all control entirely by means of inorganic fertili
zations (:30), it was cOllsidered (l('si 1':1 hlp to compal'(' the fertility con
tributions to soil of certain organic materials differing in their effec
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tiveness for take-all control. Accordingly, the following organic ma
terials were added to an Ophiobolus-infestec1 silt loaJn nt the rate of 
1 part by volume to 5 parts of soil: chicken manure, chopped green 
alfalfa, barley and oat kel'l1els mixed in equal parts and boiled, horse 
nHllllu'e, alld ('rude potato flour, These mat£'rials. when applied at sueh 
a heavy rate (,II), have been tested for tnlw-al1 control. The order of 
their effectiveness has been judged approxilJlately as that in which they 
are listed i chicken mllllUl'e provides excellelli: control, and potato fiour 
little 01' no control. 

'l'r€,ated soil lots. logetllel' with an U1HulIcllc1ed dieck, were potted in 
duplicate ill half-galloll glazed eartiIenwal'£' jars alld I·hell maintained 
under greenhouse (,ollditioll~ fo!.' a l)(>riod of 15 weeks at optimulII 
moisture contellt. At weekly intervals -for 7 weeks. and after 15 weeks. 
soil cures wert' I'ellioved. for c1etel'minatiomi oJ 11itrate-lIil:l.'ogen and 
ayailablr-phosphol'UH ('(Intent, Totalllllllll)£'I's (ff IlIi('I'o-OI'ganisllls wen' 
detel'llliller/ aflol'in(('I'\'als of 1, 4, and [() \\,peks. TIIl' lab()l'Htol'Y tech
niq lies elll plo,Vl'd lIa vt' Ill'ell sllnlllllll'izNl plspwllPl'p (;1. ,/(I), A \'ailnble
pllOsphol'lls eonteuL of soil samples was deterl!lincd aeeorc1ing to the 
lIIethod of Tnlog (,17), alld !lilt'aLp nitr:og'{·n by thl' plll'lloldislIlfollic 
acid method as modified by Harpel' (1:'1). As KansHs soils are generally 
rich in potassil1l11 (:1(1) and as it. had already been S11O\\'1I thai 0l'hio
bOV/.l8 ('ontrol could be nchi£'vecl ill sllch soil by adequate phosphoric Rnc1 
l1itJ.'O~('1I0US fpl,tilizal"ion, determination (yf soil poinssilllll (,Olll:ellt was 
110(- IIllc1crl akcll, 

A Stlllllllal'Y of 111(' labol'llfol'Y data obtaiJl('r/ if-> PI'(>S('/It('tl in tablE' 1. 

'l'AB1.JoJ I, LVilralt' niltu(len, (//'{tilllbl .. plllmJlhottl,~. and 'lIIicl'o/,ial nml1b('l'~ ilL soil 
follow.,:nf/ 11 jJ fI/·ic(I/iIJn of organic 1II11'/wreN 

l!\l11ltllfeS HI't\ IlrrtUlgptl in d(!st.I{lndiJl~ ordt.·r of Uwir ("fl'e! i\'('IINiS fur I.llkp·HII Clllit roll 

NI'I'IU'l'g NI'I'ROOI':~ 

Contr'lll HfI.,·r elilftorill/.{ pl'riods of inc-lIilal iOll folluwing applicution of soli 
IlllH.'u(iIIWnl 

~.OrJ!f1niC' llInl('riulllddt'tI ,---"-~ ------~,- .. """'~ 1 I .------.-"--

i Aft,'r I Aft,'r ~ f Arter 31 Aft,'r.) ! Aft,'r 5 "\fter 6 \ Aftcr 7 After 15 
wPl,ks wl'eks weck~_.-...._~ __._1.. week "~~:_~_ W~.~_~_S~•. ~~kS J._:~(lkS~. •.,.1 ._____..'_ 

P.1J4'l1t. P,ll ,'II!. P.p.'III. P.p.III. P.p.71l. P. '[J. m. \ P. p. m. P. p. 'til. 
Chicken nlHJ1Un1 0,0 0.0 25.4 28.7 .is. U i7. S 1l,),7 679,8 
Cho)l)ll'd nUnlfn 0 0 13.3 6:1.3 JOS.!I I:J~. ,1 \(j:J,5 625,0 
Hnrh'Y nnd Ollts 0 0 2. 9 .I..J 32, U 7·1. 0 I 166, 5 405. I 
lIonw llUUlUft! () 0 0 4,4 1-1.1 1-1,9 2H.4 81. 0 
Potato flour .. 0 0 0 () 0 o 0 0 
None (control soil) 8.5 7.2 10,0 1.3,3 I 13.u 15,0 ! 13.·1 46.0 

-~ --'-"1---' --' .-.. ---.. -.-..----.----

Chicken nlllllurc ~.! I,II'_;~,'~ I -~~~:~== _~:=~.:-_-.:_..,; 12:1.UOhopped Illfulfu_,.. _ __I " ___ .. __ ._ _ _ :16,7 
J3,urh'Y !llId OlltS. . _. __ .. _1 :17'21._______ -- 52.4·',--·1 
{~~[:t~lf\~~~~:::: __ :::::_::.:r ~~:~ 1'::::::-: .:::_::~:! ~~:~ ....... ---. 

None (colltrolsoilJ _........! 23,2 j_ ..._____ ,."•..• j 2:J.1 1_ ........ ,_ 


~--~----~--~-----
BAC'I'I~IHA 
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From these data, it is apparent that those materials noted as most 
valuable fo1' lake-all control are th(' ones that contribute most heavily 
to the nitrate-Ilitrogen and available-phosphol'us sllpply in soil. On 
the other hand, the greatest inet'emw in micl'Obial Iltlll1ber was occa
sioned by potato flOlit', which is not effective in tlw control of 
07)hiobotu.~, 

In an effort to determine why organic matter is most effective in 
depressing phytopathogenic. fungi durill/! till' period of its most active 
decomposition. comptll'ison was rnaclt, of the miel'ouial and. soil-fel'
tility ('ontributiolls of fresh and partially t'omp(lsted nHlIlIII'{,S wl1(>11 
added to wheat-cropped soil. Fr('sh cltickC'1l m:tlILH'p and ('hoppC'c1 
alfalfa tops W('l'(' dl'ied nnd fillely grOlllld. and pOI'!'ions t1wI'('of were 
stol'('(1 dl'Y for 3 IIlolltlls and tll('11 aclrl<'d to Ilahll':llly ilrt'('stNI soil 
nt the raf(, of (i,G pel'(,(,llt by weight. Ml'all\\'hil(~. dIl61icat<' [Jortiolls 
o:/' thes(' snl1H' two Illatprials \\'('/'t' ('()lllpust(,d ill lal'g(' glasl' dil'lll's for 
3 l1Iollths ill till' abs('IH'P of soil at ~(i~ C.. all<l with Sldli(~i(,lIt watel' 
being addNI as IH'C(\SSHI'Y (0 kpl'p ('liCit IIUlll'l'ial ill a thiClc past-y ('ondi
tiOll, TII(,s(' COlli post I'('sitill('s 1\'(>1'(' t1lpn dl'i('d, )!I'Ollll(l. alld ad<1pd to 
Ilatul':tlly infpslt'd s()il at a I':lt(~ t'qllil'all'lIt to (i,n 1H'1,(,(,11( by wf'ight 
0:1' dl'it'(1 I'l'pslt lIIat!'I'ial. All eXlwl'illlPnlal soil lots. to)!l'tIH'1' wit h 1111
n'('a(pd ('hl'ck lotI'. 11'('1'(' tll('11 ('roppp<i to wlll'aL Un)!laz('(1 (i-illc-h ('lay 
pots. paell ('ontaillill)! LA()() )!Il1, of soil. were enql\oYl'(1. Two wlll'at
plallt-s -wen' :tllowl'd to gl'ow in eneh pot. Potl' w(')'(' Illailltainpd in 
th(, )!I'N'nilollSl' [01' WO clllYS, with watel' being addt'd as llPCel'sal',\' to 
mailltain the soil at appl'!lxil1latel,y GO pel'('('nt 01' its llIoistlll't'-ho1c1ing 
capaeity, 

DlIl'ing the firs! () w('('ks of emp growth. I.HJth tllP fl't'sh-IlUlIIUl'ecl 
allt! ('011 '1)(JHt-n iii 11111'('(1 soil lots Sllppol'tf\d vi/!()I'olls and apparently 
1Jl'althy plalltl', Bllt by ~ 1l1Ollt-hs after planting, l'ompost:-l1I:tlll1l'ed. 
as wpII as 111I(I'('at('t!. soil "llo\\'pt! plantl' with tak('-:111 symptoms, A 
('Olllp:u'iI'OIl o/' plllllt growth .ill soil I'l,('pi\'illg fl'psh t'hickell nmnm'l' 
and ill ('Ollif")s( -lIli1l1l1I'P<l soil is showlI ill figlll'l' 1. _ 

tloi I alia l\'l'<'s fl'Oll1 S:tlllllips 1'(,11\01,(,<1 BO dllYS :tnd 70 clays ldtel' 
p] a 11 t illg of ~I'!]('a t s11(,I\'('<I a;-:li1 a bl('- phol'pll OI'US 'lp\,cIs a(Ic'qua tl~ ill both 
scrips of allll'lld('(i soil:-;, At tlw l-il'l't sampling. tIl(' I'oib trrut('c1 with 
1'1'('s11 mil tpl'ials showl'(1 conl'i<1el'al)ly h ip:hcr III iel'Obin I pOpll ltt t iOlls 
than (lid tll(' soil:-; alllt'll(h'e! with compORted mat:l'I'ials. but at 70 (In~'s. 
the tota I IlIiC'l'OhiaJ 1l11lllbl'I' ill both 1'('l'i('s was similar, At this time 
all :lnlPIHlpd I'oill' s1I0\I'('<I lIIicrobial poplllnt'ions SPI'('l'al tinll'l' gl'l'atcr 
than thosp,of the ('11('(']( soil" ((abl(' 2), H()\\'('I'PI', at- nbout t11(' tilll(, of 
OIlSl't of distinct (aln'-all (lanlagl'. dill't'l'illg illllll('II('('s Df ('())l)postNl 
and fl'('sh ol'galliC' IIwtl'I'ial bt'('anl(' Illanif('st in lIit l'atl'-lIitl'Og('1I ac
('Illlllllalionl', At 70 days. nit rah' nitl'o!!:l'1I \l'llS I'il't lIall\- abs('lIt fl'onl 
all soil lotI' ('X('pp( tll()I'~; I'p('('il'illg 1'1'('1'1; ol'galli(' 1I1:llPI'i:\ls, '1':11\<'-:111 
dalllllgp. nppan'lItly, I'ollo\\'('d d!'pl('tion of lIitl'atp nitl'og('II. l'pgal'(ll('ss 
of wllptll('1' :,oil-l:lil'l'oiJial p()jllliatiolll' \1'(')'(, at Iligh o/' 101\' l('\'pis, 

Afi('I' HJO days o/' gl'()wt.li. Wlll'a( plallts W('I'p I'PlIlUI'pd aile! tlll' !'OO( 

systenll' \I':lsll('d ('1('1111 o/' soil. OI)s('I'\'ations 1111 Ilit' ('xl('11i o/' e!is('as{' 
at this tillll'. logdlll'l' witll al'pragl' \\'pight of plallt IIHljl'l'ial 1H'I' pol. 
are :11so !!:i\'PII ill ta1>l{' 2, 

These·resldtB. togl'thel' I\'it~h tilt' data (tabll' 1) ohtailH'cl from study 
()f IInCl'oPIH'd soi I, l'ugg('stNl tIl:! t ()I'/!a ni(' IlIanlll'('S \l'lwlI applied to 
wheat-cropped soil are \':t1uabll' -tor take-all control to t1ll' extellt that:. 

• 
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they provide for good plant nutrition, regal'cUess of their effect on or 
their stimulation of thp sapl'ophytie micl'oflot'a of the soil. Before 
evidenc(' is Pl'pl;tlnted that control ol·tailled in the pl'eSCIlC(' of the host 
plan t does not Ill'('t'SSfll'i Iy mean th:l 1 the pa l'asite is elimi n11 ted from 
the soil. attentioll is l'lIllt'd Iwidly to th(' following ol)st'l'\'atioll, 

1"IGUIi~; I. ·-\\,Ii(';11 plnllt>' ;:-I'(IWII ill soil 11:11111':111,\' illt',,"I!'\! willi Opitio/w/lls 1/1'11/11;
lIi,~: ,I, WI.'(I;:1i ('lii('''''11 111:111\11'(- :I!ill"d :It ;;l'l'dill~ till\('; N, ('UIII(JU>'IPd ('lii('kl'll 
111:111111'(' :111(1(0(1 :II ;;p('dillg' tilllP, 

T",n,I': ~" To/al lIIicl'ouilll nUll/III'I' awl nill'fli<'-ni/I'tlf/,'n ('ollll'ni ill fl'('"h-III.IIII,lIred 
(I/Ill cO/IlJ!OSI-IIII1f/,II1'{'rI ,~oi/I(J!_' IIfl/'/,;11J rlnys II/Ld ~() tla!!s of emil !I/'Ii/cih, /lItd ,~eI'M
ity /If lalle-all "is/r/,w (II 1)/'"1.1 1it11,llIl'il!! 

.\ftl'I' ill ~lay~ .\( piaHI lIlillurily 

Orgtllli(' fltall'rial :Hldl·.l ' I' , Top Hoot 

!JnN('ri'! I :'\itrilll' i1nr('rh I :-:;ilrHll' 
 g-rowlh I.!Tow1.h ~t'H'rit \+ of 

, jllllfO).!l'll ' • llitro~('11 (<In '('IQ' tnkl'-ull ,i'is~!Is~ 
wl'hdU I \\ l'igJltl! 

.Ylll1llllr l ' P.p. m. Sl(UllJ('r~ ~ fl. IJ, Ill. Omm.\i Ora 1Il.~ 
I"nlsh ('hil'kl'll IlIHI1Urp i 2.a·1fi 27.1 flUS iii.).:, 15,011 S_~!1 XOIl(,~ 
Fresh alfulfa I op~ 

-- a,I.);.-; ml.fi 
: 

I.;I~O 215.10\ :!2. an I ,LOU ~htdil. 
):0111' (('ih'c'k '''it .\ I 115 I 10, :J 123 i 1.11 j.O.l .3[, \\'ry Hl\'llrt,'\.I,
('OlJlpoSll'd 1l1U1J1lrt' lUll: i IS1, .. iSH I.~ 2:J,or :!.()S ,\ I ,,!lI'nlll'ly ~(,

\'l'n', 

('01111",,11'" "I(nlh HI).! 1~.1i HOI i '-~I, o,~ ),,0 ~(·n·n·. 
"01\,' t('lwc'k "iI Il' !ifi ;t. H \/:\ ,oJ :1 .•ii, 110 \"'t'ry "l'Vpn'. 

Nilit' kilogl'illlli- l'a['11 of t\l'O ()jlhioblil,ls-illl't'sll'd :-;oil~ 1\'('1'1' \lottl'd 
ill pa('11 of t\l'() lal'gp ('olltaillt'I':-;, TI[(·;-;[, \I'PI'P br()tlght l[1 optillltllll 
IllOisltll'l'. and I)lll' \\'itl'Ht phlJtI \I'as allo\l'l'd io grow ill ('adl ('Ollh,illl'l', 
Titl'Pl'-kilogl'HIII port ion;- {If till'Sl' SHIIl(' soil loll' \\'l'I'P \lottNI in I'aeh 
of fOil I' ('olliailll'r;-;. (lIlll ill p:I('h of UI!'Sl' lhrl'(1 will'at plants wen' :dlow('d 
to grow, . 'Wlwa 1 (Isla 1)1 isitNI iII nil ('ont a i lll'I'S had pnwiously 1)[.'l'1I 
\'el'na.1 ized 30 days at:t C, AH('r tea IIS:I'{'I' to soi I, su('h wheat wa" 
all()\\'t'd to g:t'O\l- 110 dn VI' n rt[11' v('I'Il:tlizat iOll, Htdli('il'llt illlllllillatioll 
was l'llIplo,)'pd to IH'O\'I<lp :t daily plnllt illlllllillatinll pl'l'.ioci ill til(' 
greenhouse of Hi hOlll's. At no time was all,)' diJ1\II'l'lltial. soiL t.reat
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ment employed bet wen the large and small-container i':eries. III the 
two series, nutrkecUy superior wheat developed in the lnrger pots; upon 
j:emoval, such plants showed considerably less take-all injury than did 
those plants grown under more cl'owded conditions. Representative 
root systems obtained from the t.wo scries !lrc shown in figure 2. 

IPIOlTIIE2.-Hoot HY~H(,IlIi' of' wli!':lt: gTOWII ill tlif(prillg YOIIlIlll'i; o( Ilaturally illfestetl 
soil: .;1, Hoot Sy:::tl'lIl "I' wlip:!l- 111:1111 groWIl ill ] kg. of Huil: n, l'Ilot Hyst'elll of 
wheat plant growll ill !I 1'1;-. or Hoi!. 

PEHSISTENCE OF OPHIOBOLl'S GH.Al\HNIS IN \VHEA'l'
CROPPED, FEH'l'ILlZED SOlL, AND ITS ELIMINATION 
FHOM UNCHOPPED SOIL 

, 
Ophiobol71s-infested soil lobi ill ",hieh wheat had becn grown success

fully in the greenhouse, following either (a) adC(}llate inorganic phos
phatic and nitrogenous fertilization or (b) mallmial trentment with 
effective organic matCl'ials, sHeh as chickell IlHlllUn' or ('hopped green 
alfalfa, were ernployed, without fnrther lllllelHlnwlJt, in Bllbseqllent 
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experiments in order to determh1e whether O. gl'Clmilli8 had disappeared 
from such soil lots. 

Immediately upon removal of the first- wheat plants grown in any 
given soil lot, the soil was air-dried, and nlell maintailled in that con
dition until it was again potted. In repottillg, unglazed 3-inch pots 
were employed, and wheat was seeded at the time the Hoil in these con
tainers was brought to optimum l11oistlll"e content. Eight to ten seed
lings were allowed to gl"()W in each pot of soil. Such extreme 
overcrowding of seedling:; in a Hllmll volume of soil provided almost 
ideal conditions for diHcasl' dt'velopment in the ('vellt that any O. 
gram.ini,s was Btill present. Severity of take-all disease was rated 
according to observed damage on roots, crowns, and cnlms, and for 
plants allowed ('0 go to maturity, by the extent of tillering and heading 
and by the o\'cll-dl'ied weights of I'oot and top material. 

The' following Hoil lots were l'cpotted in tIl(' nHlllllCl' described and 
tested fol' the peI'Sist<'ll('l' of O. fll'amillis: (a) Hilt loalll fertilized durillg 
the tinw oJ til(> fil'sf ('J'opping \\'ith 1.000 p.p.lll. supel'phosphate and 
with 976 p.p.m. nitrog-en, applied as potassium nitratl' and amlllonium 
nitrate: (0) silt loam. fertilized durillg the fin.;t cl'opping with 200 
p.p.llI. slljH'l'phosplmtl' alld :l·lO p.p.1l1. lIitl'ogeli nddcd as al1lllll.ll1iUIll 
nitrate; (c) soil ferf'ilizl'Cl ill1l1ll'cliatc1y prior to first cropping with 
6.6 pcrcpnf by weighf of dl'ied fl'(,Hh ('hicken mUllure; (d) as above, but 
using dl'ied l'hopped alfalfa tops: and te) check 01' untreated soil lots 
in which tIll' first wheat plants gl'(l\\'11 had shown sevt'r!' lake-all damage. 

AlJ wheat plants grown in these soils folhn\'ing this repotting were 
found S('\,('I'<'Iy damaged by talw-all dif'case. 0 . .I7J'(lmini8 was Ilot 
eliminated from soil in which wheat had been grown Rllccessfully 
following aclequate soil fertilization. 

The c1isappearnllt'p of takl'-aU illf('stat.ioll 1'1'0111 uncropped soil kept 
moist in the greenhouse has becn noted by Ji'ellows 4. An elimination 
of O. ,qml1linis fl'OIl1 arf'ifieial!.r illfested wheat stubl)le buried in soil 
amended with organic material posses8illg- n wide cal'boll-llitl'ogcll rat-io 
has i>l'etl I'CI)()I't<'d b.y Gal'retl (11). TIl(> following experiment was 
conducted so that the elimination of O. ,q)'wl1ini8 frol11 Ilaturally in
feBted soi I l1Iai ntainedullder eli Iferi ng soi I fl'rtjj ity llll(i 1lliL:l'obiological 
I~onditions and in the absencc of tIll' hOBt plan! might be cOllsidercd. 

Ontl half of 11 IInf:lIl'ally infes/('(I ('lay loalll \\'ns di\'idpc! into 15 POI'
tions of lAOO gill. each. These portions pOaN/ in glazed jars and 
treated initial.ly. as shown in tabl(' 3, wen' mailltaillPd fol' 3 months 
at optim II m 1l10isllll't' ('ontpn t anel IInder lell1lwrll (:11 n' l'ondi tions favor
ing optinml bactel'ial actidty. The l'l!mainillg half of the soil lot 
was stored air-elr'y dlll'ing this l)(,l'io<1, and then aliCJllot portions were 
given eqllivall'nt tl'l'atmcnfs and brollght to optilllum moisture content. 
"Vheat was s('('(I('(l in f'llis sel·ies ..j. tla ys lah'I', at thl' sanw tinll' that the 
lots111ainhtinpc] lllOist for 3 mOllths w~'l'e seeded to wheat. Thrpp plants 
werp allowl'd f'o gl'ow in each jar. 

Soil sllmples ('ollectec14 days anc! 90 days after application of amend
mentR but priol' to seeding of wheat showed thaf' diffpl'pnees both in 

• Personlll ,'olllllluni('ution in the files of til,· Uil'i~ion of 15Uillllld E'c"tliizer Investiglltions, 
·JijS203°, ~-12--2 
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microbial numbers and in available phosphorus anfl nilrah'-nit:rogen 
content were established by tlw tl'c:ltm.ents employ(I(1. The data :1('('\1

lIlu]ated suggested thnt with certain treatments (Nos, 8 and 13: and 
l)ossibly also J1. table ;·n :ldl'qllntp nitl'Htl' llitl'Og('ll was pl'!'scnt bO('h 
at the beginning and at the end of til(' fallow period, Subseqnent soi I 
:l.nalyses dUl'illg' 1:11(' wlH'nl gl'owing pel'ioel slJOwed difl'l'I'PIH'l'S hpt\\"('ell 
t]'eahrwntf' hoth ill mi(,l'oiJial I1l1nll)(,I's ami ill f'oil-lllill'iPllt ('oIHlilionf' 
fOl'R!'vel'al l1lonths following se('(ling of wheaL Aftel' 9+ days, how
ever. by reasoll of plall( gl'Owth of wh('aJ and small VOltll1lP of soil pel' 
plant. a.ll soils won' dl'vnic1 01' IlPnl'.!Y cll'vnid of nit 1':11:1' llitl'ogPIl. lind 
thel'en,ftpr all wheat ShOWNl (lIP Ri:lln(ing and yellowing of top growth 
characteristic of nitrogen starvation. 

TAIlJ,I~ a." Inltiai ,~rlillr!,(lIUlrlll,' r1llJilol/I'I/, lind /ll.ll"1"ol!ia/nlllll/)('r, wi/role nilm{/I'n, 
and w'ni/o/Jl(' /lhn .•pllllrIlN in soil . .j dll!lH (/nd fif) rl0ll.' aftrr fl.JlPli,·o/io/! of (/'Illr/ld
man/s but 1Jrio1' /11 srl'diu(I ojwl1clll 

Initial fr(',nt"'PI\f~ Arf PI' 00 dny~ 

Soil No. >:111"1'- 1'0,",'- I Nit- . Anlil.. .1 , Nil- i\ \'''ila
'Ylwnt lph ;~. ! s:ill~ll ! Ihl('t('rin I f.nft' f hlp Iht., orin I'~ul(' i hil'I 

straw : ph~i(' : (lifratl' I1Ilro- ! phll~* • t I IlIfro~ I phm::· . i', j gt'Jl : phorll!-i : g-PJl 1 phnru:-: 

.-. ---",1': 1;.~I.1 ;~;.III.!P.]i. /II . •\'1Iu/!:",' Il;_l~. 'f!, P. U: 111. l~;'IUI;!~~: P. !!', /.", p, JI.:!,I~
L ___________________ .•. . •.. " I 1!"Ui 1.1., ..I. t tll.U. d" I I I... 
2__________ "_ .. · ..•__ .. "__ 1 ". lIOI1 I I 2i2.5, () 17.r. 121.8 I i·1.5 ~I.' 
3____________ .... __ • ____ ".1 ;;,IHln Wi 2111.S ,. II :13.(1 I 81.4 ifl..f: :$,'.;' 
1 _________ .• "."" ___ •• ".1 ",mIll 100: 2Ui.S 0 ·Il.a IIlll.ii :>1\.2 I 311.1 
li__________________ "" .... :;,cHIO. ;1II0 :l(Ji.S () 1tI!i.2 IHI.a S.i.1 Oli.:'! 
6____________ .". ___ ... r.,OIKI : f>II i,O i~IS.II: Il 2, II 1Il1.2, 1112.:) :l2. '! 
7. __ ._" ___ ....... __ •. ~,OOIl' .'011: 1110 :~m~.1l j' }" :1;I,!' Z:i. g; I:)i. 0 ~0 Z 

8 .......... "........ ,>,1100 .ll~l ;lml .IS,n ·'3, _ >;:l..1 ,,1.... .11 .. 0 .. , .• 

o .............. ~.(JOtl r~1 ~~5.0 t 0 II.H , 7(1••'.! Tn.·1 IS.;! 

10 ".OOIl 100 ,1I0Il.0, 0 1.,.11 . SI.S' 1.11.11 HI. I 
11 5.00() ann' aBO. t. ~!i, U !!:t ,i ~ HI.7 j l'1ft 2 Zt ~ 

l~ 10,000 lOll 100' f,(~I;' 2(1.:1 ~::'~ I~~:~I l~~J: l~.:; 
14 " I"... aoo aoo !, 1;;.t. I Ii:.!. r. [Iii, :.! I !i:J.2 1Il2.5 i ,1,. r. 
15 • ..--. .. 11i·!.·I, 10. a i I~.·[ I 5·1.1;, ('J J 21,7 

I ~liIlIOJI'" pt·r f!r:J1Il flf :Iir-dr~~ 7'loil. 

2 Losi. 


Plnll(s \\'('I'P 1'1'111(1\,('(1 fro II 1 soil Nos, L 4,7, allcllO aft!'I' f'/S days of 
gl'o\\'( il, fl'()11I ~os. ;\. ;). K, D. L~. II. lIlId I;) :I rh'l' 1:IK day". alld fl'oll1 
.l\dS.~. Ii, II. nlld 1:1 aftpl' 10, (lay". ;\ II plallt" 1'('1I101'l'd 1'1'0111 :-oil (hat 
had 1)('('11 lllai Ilin i IH'd moist '1'01' ;~ IllOlIths wPl'e Hlli'for'llIl r {'I'('P 1'1'0111 

<lif'('ase, wlH'J'('lIs plall[s frolll soil lots ('OITPspondingl.v f~l'tilill('d hilt 
n(ll I1lnintainpd lIIoist fOI':~ Illontils prior to Feeding \\'el'e sevel'ely 
daillagl'd hy O. (/l'IIlIIi/li". HpjlrpS('nlati\,(1 root systems fronl t\\'o Roil 
tn'atlll('nts in eneh HPl'ips HI'P shown ill fi!!III'P 3, 

Following I'PlIJ()I'al of plnnts i'I'OIIl soi'ls >ins.:\. ,-,. RD. 12. l·k :lnd Hi 
in tIl(' sPl'ips thai Irn<1 h<'PIl mailltainecl moisi' for 3 mon!:hs pr'ior to 
sceclillg. sliflici('n(·soil \\':lS I'('('()verpcl fl'om clwh l'onininPI'lo lili 1\1'0 Iln
glallrcl a-inch day pots. Thps(' m'l'(' again CI'o(l(l<'d to wilenl: 11IIeI 

8 to 10 \\'h('at plants II'(>I'P allo\\,('(l to grow in {'Heir pot. Sppdlings 
f'('llloy('d fi:~ dal'!:' Int'I'I' \\'('1'(' 1'0011ld (llIti]'!'lr 1'1'('(' or tab'-lIlI Ipsions. 
\\'hcL'pns sl'('cllillgs J'('III()\'l'd I'l'olll l-i()il lots lIot 1lIl1illtnilll'dl11oist 01'01' any 

http:IIlll.ii
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considerable pel'ipcl "'11 ile devoid 0 I' susccptibJp I'OO[S wcre spverely
damaged by O. ,ql'((lIIinis, 

1,'1(;('111,; ;t '/(0"1 1'.r;:I(,IIl~ or will'''! !!I'(l\\':1 ill I'llil IIlItlll':llI~' illr('>;Il'd \l'ilh 
O,ll/;ullo/IIN l/I'I/lII;II;S; I, Roil IIlnilll:tillPd IIIIIi;:1 rOI':{ Illllllfh~ pl'iOI' 10 I'P('dillg' 
lI'illl \l'1I!'nt; II, ;:rlil III:rilll:rilll'd IIlflil'l 1'01' III1I.Y ,I ti:r)1' IlI'illl' 10 I'I'f'riill;: witit 
wit!':r!. 

FACTons AFFECTI:\,(; TilE PEHSISTE:\CE on YIABILITY 
OF PI IYi\1ATOTHICIll'i\1 Oi\U\'/VOHl'i\/ SCLEHO'fIA IN 
SOIL 

A mOl'!, ('ol11plpip stttdy of till' fa<"t:ol':-; :1I1'('('{ illg till' <ipst l'tH'liotl of a 
parasitic futlgttI' itl soil <ipyoid of till:-;('('ptihlp I'OO!S was IIIHll'l'hlkl'lI 
with sdol'ot in. or Ph//II/fito/I'ir'//lii/l O/ll/li"(II'IIIII. Esp('cial attl'lIt.ioll 
was given to f'lll' ill('I'l'asl'cl <ll'stI'llei iOIl of sllch sdl'l'otia in ol'ganie
nnI('nclpd RoiL Tit!' ability of PhYIIJ.({toll'icillllll scl('I'otia to pCl'sist in 
soil III1CIl'I' lIatllral ('(lIldilioll:-; i!" \\'l·ll (·slahlisltl'd. ]{O/!C'I'S (.J,~, p . .JI),I) 
foulld at least two-thil'd" of til(' Illltnhm' of fi('lpl'otia bUl'ied for as 
III0l11"11H at tll'ptlls of 1,~. alld :l I'P('( I'inble UJlOIi I·(I(·OI·PI'Y. Both Killg 
and En(oll (/8) alld. T:t.lIlJC'llhallf' alld Ez.pkipl (.1.2) Ilal'l' no(ed t:lH~ 
effect::; oJ diJfel'illg IlIui::;hll'C tUllt('nts Oil pel'si::;tcllc(' of sclcrotia in 
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laboratory soil. That viabmty of sclerotia is destroyed in field soil 
receiving heavy m:ll1urial treatment was suggested by King." Sclero
tia found in soil from, untreated or check field plots ,,:ere viable almost 
without exception; sclerotia obtained j!rom manured plots were seldom 
viable. Subsequently, Mitchell, Hooton, and Olark (:Bfa), working -with 
known numbers of sclerotia added to experimenttLl soils, demonstrated 
convincingly that: greater numbers of sclerotia tLre elimimLted from 
organic-amended than from unamended soil. 

The sclerotia employed in these investigations were produced in 
laboratory soil cultme (7). Soil cultures employed for sclerotia 
production cOJlsistNI of (a) 100 ~\I1. aliqnots of Hunt clay sieved 
20-mesh and placed in 300-millil iter Erlenmeyer flasks; (b) 5 gm. of 
l'itller milo seed or navY beam; H<ldl'd to the surface of the soil: tmd 
rc) sllfikient watel' to 'ac1j llsi tIlt' Hoil llloisture to 65 percent of its 
moisture-holding cn,pacity. After soil flasks had been cotton-stoppered 
and autoclaved sterile, each was inoculated with an a~:tr disk from a 
stock culture of Ph!l'l11(d()il'i~h.'tun O1nnil!oJ'w/1. Soil eultures were in
cubated at 28° C. Altholl~h sderotia_ formation was usually app:trent 
by 10 01: 15 clays, flnskf: weJ'(' I'outinely incnbateclfor approximately 
45 dnys III ol'der thn.t sclerotia could become weU-matured. The final 
sclerot-ia yiplds -from spvcral flasks wen' comhined to provide gross 
lots 1'1'0111 which sclerotia could be selected for burial in soil. 

All the soil employed was taken -fmm the top 2 to 4 inches of fields 
in clen,n c,iltivnt-ion: Types of organic materi:tl used as soil amend
ments, rates of applica t.i on, and c<mdit-ions of incubation are given 
for each sep:trate experiment. Immediately lIpon addition of sclel"Otia 
to an experimental soil t-h(' moisture content was adjusted to the 
desired level, so that 110 desiccation of sclerotia was permitted. 

After incubation, sclerotia-loaded soils were washed on a 40-mesh 
screen, and the number of sclerotia surviving incubation was deter
mined. Viability of recovered selerotia was determined by incubation 
on moistened tilter paper in Petri-dish containCl's. 

1\I1CIlOmAJ.. ANl) OTHF.Jl FACTons TN THE ELI1\[lNATION m' Scr,EHOTlA FR01\l 

HUN'I" Gr,AY A1\[lo;NDEI) WITH OOIlIlAT, :MANURE 

'I'll!' i nit in 1~'xpel'il11eut was designed to eonsidel' the elimination 
of yiable and killpd sclerotia under sterile and 11011St(,l'ilp ("onditions 
of incubation in soil receiving corral IlHI.11Ure at cliffm'ing rates of 
application or with cliffet'ing supplementa.l inorganiC' fert-i.lizutions. 
Oorl'al manul'l' was added to Hunt clay at- rates of 1.0. 3.0. and 5.0 
percent by weight (dry basis). Aliquots of all manurecl soil lots 
as well as soilreeei\'ing 110 IlUlllIH'e were also employed with supp]e
menhtl inor~allic fertilizations as follows: (n.) ammonium nitrate, 
fLpplied at a rate (d 0.125 pel'cent; (b) dipotassium phosphate, applied 
at It rate of 0.135 percellt; and (c) ammonium nitrate and dipotns
sium phmipl.tHte ill combination: each t\,pplied at the same rate as 
when \lsed slllgly. 

From a lot of labOl"lLtOl',Y-gl'OWll sclerotia, shown to be 100 percent 
viable, 25,600 sclC'l'otin. of generally unifol'm size and appeamnee 
were selected. Half of this n\lmber \WI"(' killed by pasteurization 

"I'CI'sonnl COllllllllllil'UtiOll ill till! filCH o[ the Division of Soil ulltllo'Cl'tilizcl' lllvcsligllliolls. 
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at 85° C. for 10 minutBs. From both the vittbIc and killed lots, 
6,400 sclerotia were selected for surface sterilization in bichloride 
of mercury solution (1 :1,000), following which they were washed 
thoroughly in sterile water, and thereafter maintained in an unCOIl
taminated condition. It was fouud that ullcontaminated selerotia 
could readily be obtained by this method and that 110 loss of sclerotial 
viability was occasioned. 

ThiL-ty-two Peb·i dishes, each eontuilling 70 gm. of soil, were pre
pared for each of lU experimental soil lots. One-Illtli of the Ilumber 
of containers prepared :i'o)" each soil lot WN't' autoe1avec1 sterile, twd 
these wel'e kept uncolltaminal eel thereafter. Sueh contninBrs received 
either uncolltamilHlted viable or uncontamillated killed sclerotia. 
The remaining 256 cOlltainel'fi \\"ere ('stablished \yith Ilnsteril ized soil, 
and these received sclerotin that had not been given surface sterili
zation. Fifty sclerotilL werE' added to each cOlltainer. Moisture was 
added to 57 percent of moisture-holding capacity. All containers 
were incubated at 28° C. Incubation periods of 10, 20, 30, and 40 
days were employed prior to washing rol' selerotia recovery. 

An outline of the soil amendments and incubation conditions em
ployed is given in table 4, together with the llllmber of sclerotia 

'1',\ IlLE ".-P;lbn'inal'ion of "ialill' (/11.d killed .~clerotill JrO'lIl lIariOIlSlll (L'/I/.cnded 8o'ils 
Ilntll'!" flil'//s/l'rUe lIud sf!!!"ill! r(}/I(Ution,~ of incliliation 

EX PI~ltI:'II,N'I'A L IlNI'A 

Heierotin l'liminutecl nfl(lr vurious Hclerutin ~lilltirlt\tNI after vuriolls 
illcullllt.iUIl PO,';01l8 (I111)'S) 1II111('r illtubnlloll pcriol!> (dIn'S) IInder 
lIollst(lrile COllilltioJl~ st.erilp cOllllitions . 

'I'rcaluJl>lll i ' V~~l~~~~Clrr()ti"J Ki~("l ~l(~r~'.t~' 'v~~il~ "e1er()ti~' ]~{~0(~:<t:lcrOtill 
_________.~_.! g 110 ~(~.:lo·l~o- _~~. ~_~~~.~~~~~~~_~ 

iVO. lVa. lVO. LVO. tVo. J.Vo. iVa. No. IVO. No. iVa. lVII, .1.Vo. :'10. lVd. iVO. 
a 8 15 5 .j~ ·15 ·10 47 7 4 !! a 7 7 4 11Unnmol1lle(/ II nil!; clny .. {\~ 5 -; 17 U :II' 50 -tfi ·w ti 7 :1 n ~ 2 -1 a 

lIunf,cinyplllsN..___ .... (\~ 7 l 8 \I ·15 .j.) 411·14 7 II! 7 S .) a 7 5 
7 II II 2a 40 4a a·1 .1\1 Ii II a /j a R 0) ! 

lIun!,cl,,), plus}', K. __ ._ .. {\~ II Ir. 1:l 10 ·lIi I4S '41l -Iii a a Ii 4 .) 4 a 7 
7 10 I~.J I !I ·I~ .)~ ,If, ,III 7 4 7 4 fI 0 7 I 
8 1I 18 I(i 4~ ·Ia 42 40 !/ 8 7 (; 0 8 II 10HllnteinnllnsN.J', K {~l 14 15 10 21 4() !m ·Hi 4-1 2 1a ~ ·1 r. 8 4 2 

Uunt clny plus 1 percellt rn 
manure... ___ ._ .• , . \h g ~ l~ ~~i d7 j~ ::~ j~: ~ ~ g ~ ~ :3 IY ! 

11 unt clny plus I percent {n 4 10 Jtj ~O' 40 ·17 ·18 ·1:1 ·1 10 a II 4 7 .J U 
munure, plus N __ b U la la 21 j.J7 ·Ia· 40 44 ·1 2 7 Ii fI 0 12 2 

Linnt, elll)' plus I percent {" G 13 11 IS aa ·15 .J!> ,Ii 0 2 S !! I .) \I 10 
manure, plus P t K. h 7 fI III 2:1 !m 48 ·11 I r.O I 0 :J 2 U 10 0 10 

Hunt cillY pins I percellt i" [, I Ii 17 211 an 4·1 4Jti l 50 () Ll (j (I 2 I {} 11 
multure, plus N, 1> I K _ h 8 \I 23 aI af! 40 r.o .I!l ,I :I 0 7 ii U 7 8 

/lUll! cln)' plus 3 perce/lt II :I IS 22 2:1 :l:J ·17 '17 -IS ,I " 10 7 8 II 8 0 
1Il1lllUrc ~_ ~ ... _~_~_~"_. b 4 21 21 26 al 4a 4.4 48 I 0 ;; 8 4 2 6 n 

Hunt cia), plus :J ]lCrcellL 8 If> 20 23 :U 311 46 ,10 47 :1 , 3 a 5 II 7 6 
1IllinUrc, plusN•••''' __ b 11 III 2ti 20 38145 411 50 4 all,) 5 7 7 ~ 

HUllt cillY I,lus 3 llCrl'ellt {n 7 14 20 21j 82 ')5 48··1Jj 10 10 5 2 9 4 8 7 
manure, plus 1\ K . . b ,) III IS 20 a2 45 ·15 4!1 I 5 5 10 !I 10 3 8 

Hunt cluy Illus :I percent {8 17 20 20 ao 32 43 ,15 4[, 0 9 7 5 7 1 I 4 -1 
1I1lUlUre, plus N, P, K~. _ b 1:1 24 a3 3a 211 40 45 411 7 a 12 5 a 0 4 9 

Hnnt clny ]llus 5 percellL tn 7 :J:l 20 al :14 I' ·111 47 4:1 5 13 I :l 7 6 10 7 
1Il11ll11rCHdo __ ..• ~~~___ b !I 17 :l!I 30 36 45 48 48 4 S !I n I 7 a 8 

Hunt cillY plus 5 perceni. II 10 18 :13 au :1I 44 ·16 4ti II II :I 7 5 8 U 2 
1Il1llHlfC, plus N~ .... ___ .. h !! 26 :18 af> 42 50 50 40 10 5 8 8 7 :I 7 0 

11 unt clay 1llus 5 percen). {n 11 18 2!1 2·1 :lO ,16 44 ·19 a ti 12 !I 3 ·1 II 8 
manure, plus V I K b 5 2a 20 :W 41 I ·17 4!! 47 ., 2 n ·1 5 .) a 

Hunt cln), plus ,1 percent, {fi 21 24 :1:1 4U :H IoJ!! 50 ·18 I a 2 0 8 0 11 9
mnunrc,plusN, P, K~ .. ~_ b l/j 31 41 40 an 4\1 50 40 \I 3 15 !l 5 7 .) 5 
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~'ABLE 4.-Eli'lllill(ltion of viable ana killed sclerotia t?"OJII va1'iousl1/ amencZed sons 
'fouler lIollsteri1e (lull Merit!'. COlliZilioll8 at h/(:lIoa/.ion-Contillued 

ANALYSrS OF VARL\.NCE 

J?vahw 
Rrcapit.l1ln·
lioll o( Ill'l" 

Source o( ""riation Found Itequired ('f'lIjngl~ii o( 
R('II'rotin 

dpstrnY('(1 
0.5 0.1 ------_.._----- ---·1----,1----· .-.--

'rotal. ____________________________________ . 
511 .. -.-----.- .. ------------ ---_ ..... -_ ... --- ..~ ~--~---------Incubation conditions:

NOllstcrile \~s. sterile_ .. ____________ ,, __ ... __ 1 81. 003, 13 0,700.(11** 3.87 0.72 01.7 vs. 11.4
Viable vs. killed in nonstcrile ---- ...... -- .. 1 .joj. 047. 52 3. O·l3. :~O*" 3.87 6.72 35.•' vs. 87.9~"]Juration in vinble 1I0nstorile: 

10 dnys vs. 20 days _______ B70.25 71. 98"'* 3.87 0.72 16.9 vs. 3Ui 
aD dnys vs. <Ill days ____ ". ___ 228.77 18.92·" 3.87 6.72 42.9 vs. 50.S 
10 to 20 days vs. ao to 40 days ·1, oa8. 711 3:l4.00"" 3.87 n.72 2·1.3 vs. 40.7 

Duration in killed nonsterilc: 
10 days "S. 20 days .. ___ . - " . ~ - - -~ - 1,113.8!! 92.1au 3.87 G.72 7,1.,1 vs. 91.0 
30 days vs. 40 tlllYs 12.25 1.01 ,~. 8~ 6.72 02.3 "5. ll4.0 

~ 

10 to 20 tlnys \'S. 30 1.0·40 ',I,iy;;: ::-::-:: 855.95 70.80" 3.8', Ii. 72 82.S vs. HO.nViable \'5. killetl in sterile__ ._ ....____ .... 5.06 .. ~-~~- ... ~ 3.87 6.72 ILl \'S. 11.7
Durntiolt in \'iabla sterile:

10 days \'s. 20 dnys_ .,_. _______________ 
.-~~ 

19.14 1. 58 3.87 G.72 9.4 vs. 11.6
30 days vs. 40 days ____________________ 3.52 3.87 0.72 12.2 \'s. 11.3 

~-----------

10 to 20 dnys vs. 30 to 40 days.... ___ ..- II. 28 .. -\._-------- 3.87 6.72 U ..Ovs. 11.7
Duration in killl'<1 sterile:

10 days \'~. 20 dnys. ________________ .__ 1 9.77 3.87 6.72 10.3 "s. 11.9 
30 days vs, 40 (hys 1 3.52 a.87 6.72 12.8 vs. 11.8-------- ..--10 to 20 duys "s. ao t~;.jii-diiYs-::::::::: 1 11. 28 .. --- ..----~.~ 3.87 6.72 11.1 vs. 12.3

Fertilizers (inor~!lnic):NitrOf(en ___ . __________________________ 
IllS. 82 13.96" 3.87 6.72 a7.7 vs. :i5.9Phospborus au(l potassium_..__________ 29.07 2.40 3.87 0.72 37.5 \'S. aO.l

Nitrogen Xphosphorus and potassium 22.7S 1.8S 3.87 0.72 37.0 \'s. :In.f)
Fertilizers (manurr):opercent \'5. 5 porcent~___________ w_~ 1 1,120,44 na.17..... 3.87 G.72 32.S \"s. 41.2 

1 pl'rel'n! "S. 3 percent _______________ I \):I.!>.') 7.70u :~. 87 fi.72 aii.1) \'5. 37.4 oto 5 percent \'s. I to 3 percent________ I 20.32 1. 68 3. S7 0.72 37.0 \'S. :lS.1 
Inorganic fcrtilizrrs X lUtUlUrc __ ~~~ .• ~M_W. U 7. G:l 1. 90 2.·j!)
Jllcllhation coudi!iolls Xfertiliwrs (illur

ganic) ;0 .. ~ .. _ .... _ .... ~ _____________ .. _ .... ____ ~ .. _ 1. g:~*>t- I. 6445 ~a. 39 I. 42 -----.-----Incubation conditions Xmanure. 45 lal, .f.! 10.87" I. 22 I. 02 ------------Incubatiun conditions Xfertilizers XnllUlurc_ I:l5 ~ ntl ......... ---------
Error...__ ~ .. ________________________________ I 
~.56 12.()iJ ..-- .. ---~" -- --- .. ------- .. -

··Uighly significant. 

pel' containcr, out. of the init1a1 50 added, that could nol' be I'ecovered. 
Data of table 4 have been slIbjected to statistical analysis in order 
to determinc ~ignificullt (lifl'pl'ences due to amendment 01' incubation 
conditions employed. A HllIllIlHll'y of an analysis for vllrinnce is 
given. In ill(' last vertical column of this section of the table there 
is also in('lnded a I'('capitlilation of the pel'('Plltages of sclerotia 
destl'oypclllllcicl' differing experil1lental conditions. 

From tl1('se elata, it is apparent thaI: the activity of the saprophytic 
microfiora is l'ssentin I i!or (he destruction of P. OInni'/JOI'um. sclerotia 
in artiI-icially il1feHh~d, orgill1iC-lllllCllclecl soil. Uncontaminated viable 
sclerotia. sUl'viYecl in stcrile. ol'/-~aniC'-alll('mled soil equally as \Yell as 
in sterile. IIIUllilC'lidec1 soil. III short, 1I0t the organic. materialitsclf 
but tlw neC'ompanyillg microbial activity was c1C'tl'in](>lltnl to sclerotia. 

ELnnNATION OF SCLEIIOTIA Fnol\l SOIL BY \VIDELY DIFFEIlING TYPES 

OF OIlGANIC l\1ATEHIALS 

The s1ightly grcater effeetivelless of manure with added nitrogen 
over malllll'C' witholll' :Hlclt'd nifTogen as an alllendment JOl' the elimi
nation of sclerotia from soil suggested that materials of Darrow 
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l:arhon-nitl'ogell ratios might prove more nllllable for l'Otting out 
sclerotia than would organic matel'ials of extTellll'ly wide ratios, 
Although earlier work had showll that several <1ifl'pl'ent materials 
(namely, nllUIUl'e, chopped sorghum fodder, chopped cotton roots, cO,t
tonseed meal 01' hulls, and grollnd aHa1:l'a hay) could be word to obtam 
destruction of sclerotia ill soil (3,'J): the possibility remained that more 
extellsive comparisons might reveal tl cla.ss Ot' type of material of 
superior vnItH' fol' soil-sanitation plll'])oses, To this end, an expet'j
ment wus established in whieh <1ilh'ring rates of applicatioJl of each 
of it series of organic Illutcrials were compared in Hunt day, "Wilson 
sandy IOilm. and washed sand, 

The following- IIlah'l'ials were employpc1 as soil anlelldnl('nts: Starch, 
('ellulost', grolllld whl'at stmw, chopped sorghulll fodder, chopped cot
ton roots, g-I'ollnd alfalfa hay. barllyard IlHlIIUrC, and l'ollllllercial pep
tone, Tlwsl' materials werc acl(led to soil OJ.' to washed sanel at rates 
of 0,5, 1.0, 3,0, alld :>,0 pen'pnL Temperatlll'es of incllbation, mois
ture contellt::.:, ::.:happ of ('olltailll'l'. allel amollllt of ;;oil pp)' dish wel'l' 
the same as in tltt, initial ('xIWrinll'nt (pp, 12 and 13.), Each of the 108 
eontaillcrs estalllisiIpd \\'(,I'P giwll 30 yiallie ::.:cl(,l'otia~ and aU washings 
fo), sclp)'otia 1'('('o\'(,I'i('s wen' nlnd(, after ;H days, 

1\0 sig-Ilifkant (Jill'(,I'PIH'eS ill relative dl't,cti,'eIlPss oJ th<' se\'eml 01'

Q'llnic mnH'rials 'POI' (lestl'lIctioll of seiPI'O( ia \\'el'P obtailH'd, Destruc
tion of "del'Otia appPtll'pd ('olllpar:IlJ!(' ill Hllllt day alld ,Yilsoll sandy 
loa Ill. but "I ig-htly poorer ('I i rni lIa (ioll was o!J::':l'!'n'(\ ill wa::.:lw(l sal1(1. 
In a:,rL'el'llll'nt with tIl(' I'('sliits t'pj>orte(l ill talJlp -1:, iJl(,I'p:lsillg !'ates of 
applieatioll !If ot':,rnlli(' Ill:l('rials \\Yl'(' H/,taill foulld ((I 1)(' ill('I'easingly 
(h'str'uc(in' to ;,:;{'h'l'otia (t:llll(' ii), 

'1',\131,1';;', < II'('I'II{/t' /l1'1'C<'llilli/i' dilll ill 1111:1/11 oj I'illhh "cli/'I/!ill J/'IJI/I I111111 rillY, lYil
"on cloy, H'il,wlI sllndy loa III , (llld II'{/~"{'(I ~1i1U1,f(}llllll'in{/ (Ill/(ndll/(ni 'eillt organic 
materials III rli:tTcl'ill(/ 1'olc.' oj 11/' plical i(J/~ 

Pal'rllt 
:-\m!p (ulltlmrll')r,j ('Iwrk \ S,3 
OJlf1l1r(,NU ,,--- -~", ........ --- .. ,. ~.j. u J-., -" 
1.0 [>('[('('111 ... ........... • ....................................... . :t5. ';" ! ~W.;{
a.1) TWf('{llil _••___ _ ...... ~.,,~ .. -_ .. ,.~_ ·I:t I i as,s 
b.O Jll'rr('nt _ _.... ____ .. _.......... - ... ~".~~ !i,;,a 1 ,t:j,~ 


In SUllsCqllPllt \\'()J'k in ",hi('h PIII'{' ('l'lIl1los(', wlll'at ::.:t!'H\\', (TimsOIl clo
\'('1' tops. II:I i I'Y VI'( (' h t () [1:--, :'0 t'gll till I ro<lde l.'. stab1(, tIIH Illl n', a Ild l'Otllllll'l'
('ial peptollt' \\'('I'l' Plllployl'd as ol'g-alli(' alll('llcllllents in HUllt day. suclt 
widel~y difi'l't'illg rnalpl'ials as ccllulos(' and peptone \\'erc again not(~d 
to pl'oyidp for ('onlpat'able d('Stl'l.lctioll (rf SciPL'otiu, After illcuuation 
at 30° C, fol':Z~ days Hlld with padl tllllPll<lllll'llt applil'(l at a ;{,() perl'pnt 
mh', t\w follo\\'illg- [lpn'Plltag-l's of \'iabl<' s('I<'I'otia \\'l'I'(' ('Iilllitla(l'd: 

/,(",(,/·,,1 
rlim i,,"/,'(/.TJ'~'af IIlCllt: 

t'I1H1IlCIl(lt't! >illil ____ ..... . . __ ..__. ____ .. _.. . __- 2~, (l 
. ..... ___.. __ ..__.. __ 81. 4Cl'llultN' ndded ... __.. _________..__________ 71,4\\' lwa l ,.;lra W ll11tled .. __________________ ,.___ . 
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'" t -( . Percent
J. rea ment )ontlllllPd. climillfltea

CIO\'er tops udtled. ________________________________________________ 82.6 
Vetch tops addeIL_________________________________________________ 82,0 
Chopped sorghum________ .. _____________ .. ___________________________ 35,1 
l\!anure addec1_____________ .- _____________________ ~____ . __ • ________ 32. 0 
Peptone added .. ____ '---" ____ ___._. _____....._ .__________ 85.4 

In this compari!;on til(> lot!; of chopped-sorghum fodder and stable 
manure emploYl'd IH'o\'i([ed only slightly greater destruction of scle
I'Otja than thnJ providpd by the check soil. Othcr lot::: of chopped .. 
sorghum fodder and of rnilllnre have been found highly effective in 
the CO\lL'se of previous work (2.1). The I'ea;.:on for d iscI'cpuncies 
between separate experimellts ill which differellt lots of oL'ganic mate. 
rial hltve been employed is not immediately apparent, but work re
ported in subsequent pamgraphs suggests that conditions of incubation 
can markedly affect· the results to be obtained with a single Jot of 
organic material. Some results recorded (see table 8) show that 
under more favorable conditions of incubation. the amount of stable 
manure and sorghum fodder employed above can markedly reduce 
the sclerotialinfestation of !;oil. 

INFLllENCE OF TEl\IPEHATlJIIE OF INCllBATION ON ELll\[INATION OF 

SCLEHOTIA 

In an pxperimellt c1esi:,rnpd to study the t'fl'('ct of tempemture of 
incnbation 011 til(' (·lilllinatiOll of selc'l'otia fL'OIll soil, 100-:,rnIl1l ali 
quots of Hun!" clay weL'P employed in llHI'I'OW-l1Iouth flint-glass bottles 
of 8-0llneE' capacity. HaH of the containers pL'cpal'ed were fertilized 
with finely ground dry alfalfa tops applil'cl at a rate of 2 percent. 
Each conblinel' then recl'ivl'd 50 sclerotia. from a lot shoWJl to be 100 
percent viable. and soil water contl'nts weL'(' adjllsted to 60 percent of 
moistul'l'-holding capacity. 'I\\"() ('ontainel's (>a('h of both unamended 
and anwnded Roil weI'(' int'ulmted at {'ach of the following telnpem
hues: ;2,0. 120• 28°. it ncl :35° C. 

AJtf'l' 30 days all containers werp l'xalllined :/'01' Hunt/leI'S of sclerotia 

stillrc'lllainillg. alld \'iahility of se/Protia recovel'E'(l was tested in moist

chambc'I' incubatiolls. Pl'l'cl'ntagt's of \'ialll£> seit'I'otia rC'covered frolll 

soil lots incuhated at <Iift'Pl'illg tpmperatul'l's lll'{, shown in hlble 6. 


Thp marked diffprl'IICl's ill 1llllllbpI'S OJ' sclel'Otia (/('stl'o.\'e(l in organic. 
amellded soil lots incubated at diffel'ing tl'n'lwratures again l1Iake it 
appeal' that not the organic ntatt('J' itspH. but tllP soil {'ollditinml estab
lished by an active soil lllicroflora an>l'c!;ponsible for the increased 
destruct ion of sclerotia. 

TAllLf; 6.-~Pl?l'cen/(tg(',~ of Sc;il'To/-i1l rf'l//(dning dab/I! afll.'r SO da.ys of CX7Jo,mrc in 

soillats inel/I}(I/ctl at differing temper{//Ilres 


Vinbll' scll\rotin rCJl1HinillK nett'r:-lO days of incu .. 
but ion nL \·nrious I.l'llllh!'rnturcsSoil amendment ------"- --~·-~T--- "'-~,-----

2° C', i 12° C, 280 C. ; :l5° C,-----1.,----- ',__ 
Pt:rt:r.1l1 J Ptrunl Perr(lI/

N (I kl I' no 73 Percent I'O~~~~Jl(f ~If.lirll. 2)It:r~;,i( ::::::-:::::::::::::-::::::::, SS 70 Un 00 
28 u 

--------------------------~---
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INFLUENCE OF MOISTURE ON THE ELIMINATION OF SCLEROTIA FROM: 

SOIL 

To determine the influence of moistul'e content of ~oilupon destruc
tion of sclerotia, lOa-15m. aliquots of Hunt clay, amellded with com
mercial molasses apphed at a rate of 3.0 percellt, wel'e established in 
flint-glass bottles of 8-ounce capacity. Laboratul',Y-gt'Owll sclerotia, 
shown to be 100 percent viable, were added to each of 36 containers at 
the rate of 50 sclerotia pel' container. In one-third the total number 
of containers, soil-wa tel' content waS adj usted to 3ii pcrccllt uf moisture
holding capacity; in another one-third, to 58 percent; and in the re
mainder. to 80 percent. All incubatiollS wen' at 28° C. and of 55 
days' duration. All sclerotia recovered were tested for viability. 

For the soil-moisture contents employed, greater destruction of 
sclerotia was obtained at the higher soil-moisture conditions. Ob
servations are surnrnarized briefly as follows: 59.5 percent of the sclero
tia added to amended soil were destroyed in soil aliquots incubated at 
35 percent of moisture-holding capacity; 66.2 percent of the number 
added were destroyed in soil at 58 percent moisture; and 76.7 percent, 
in soil at 80 IWl'('cnt of moisture-holding capacity. In unamendecl 
Hunt clay. 37.0. 38.0. and 38.0 lH'rCent of tlrl' sclcrotia added were elimi
nated by inclIbation at. soil-lIloistul'e contellts of 35: 58, and 80 
percent, I'espedively, 

INFLUENCE OF SOIL REACTION 

• 

All preceding studies hel'(' reported 011 the per~istence of Phymato
triohurn. Omni1)01'WJJt ill soil were made on 11eutml 01' slightly acid 
soils collected on the Ullited States Depal'tllient of Agric:ultul'l' Cotton 
Field Station ((Jl'e(!I1Vil\c~ Tex.) grounds. For tl)(> 1lI0st part. Hunt 
<:lay was employed. ('omplll'ison of selerotia destl'llction in Hunt clay 
and ill ""'ilsol1 suntly loam ren'alecl that vel'y similal' results could be 
obtained in theS<' two ~oil:-: (tabl!.' 5). Tlws(> soils, althou~h differing in 
charadeI'. did !lot cliff PI' appn'ciably in soil reaction. 'l'o determine 
whether soill'eaetion illfillellees the extent of sclerotia decoillpositioll ill 
organie-anr(>II(\NI soil. lhre(' of tht' Greenville-station soils with dis
tinctly cliffel'Plli pH valw.'s wen' seleC'ted . 

Soil A was HUllt clav f"om the slll'face area of lund that had been 
cropped continuously to cotton for lIlany years. This particular area 
had beer, treated Wjt]l sulfur 11 yeal'S previously, and for the soil lot 
collected a pH value of 4.5 was (](>tpl'l1lined by a f'oil paste method (6). 
with readings taken 011 a glass electrode. Soil B was typical Hunt 
clay, as routinely employed. with a pH value of 6.5. Soil 0 was Hous
ton clay. eroded phase; the lot collected was a yellowish-brown highly 
calcareous plastic clay, with a pH value of 8.0. To obtain diffCl'ing 
pH values in aliqu()t~ of n. singl!.' soil lot, either 0.1 N hydrochloric 
acid 0)' lime was added to soil B. Results of sclel'Otia.-decomposition 
tests, in which ground alfalfa tops at the rate of 3.0 percent were added 
as tIl(> oq~anic aI1Wn<lnr!.'lIt and with stalHlal'dizecl conditions of ill
cubution, are SUlIlIllllI'ized in tablp 7. 



TAIlLE I.-influence of soil.,.f/uci'ion on the de.~lruction of PhYlllalotrichlWI outni1Jorum 
sclerotia ,in soil amended wilh around (llfll/fn tops (It the rllte of ;d.O 'lJerccltl 

I 
 ! I~':lritld ~:.;;~ 

.\ (.id 01' lillI(' nddl..,d to 100 J.!1l1. or soil: rot in r~Jld{'I'l'dSoil lot pll millP lIoll\'inblc 

-,-,-------- ~~ ...............---~---- -""-~--

.J 
Perce lit 

4.5 XOil£"_ ~~ __ ......_.. ___ ... _"~ 6:3.11 
A ............... 
 75.00.5 . _ •. do ..•..•.•••..••••••••......Il \l.!.I)S.o _ do •. -.••.. -••..••••....(' 

:l.O li ml. ).'"/10 [[('\.. .•.... ---. 
-I. I I mi. ).'"/10 Hel. ••......

H (piu$lIt"idi ! 88.0 
58. U 

\)0 
4. r, : 2 mi. ).'"/lll HCI .•,-. 5:1.11 

\)0 
Do • ,j.:1 , I Illi. ).'"/IIIIlCl .-.- M.O 

lIIi.t17. H Xul IIh'1hilU'('d _. --D (pills IiIII l') 

Durinp: the t:ollrs(' 01' ilH"lIbation oj' this series of' soil lots in loosely 
covered dislws,it was obsl'rvl'd that thosl' soil lot;; with pH values 
within the ral1f!(, of +.0 to 5J) showpd l'X('l'ssive oVl'rf!rowth of fila· 
1I1PlltOllS I'unp:i. wh('l'ea" the :·aJI'fnee:-; of tlw two alka line soils were 
IHtlCl'OS('Op1t:itllyhl'P of filnllll'lIlous ·fullp:i. The greatcst destrllction 
of ~cll']'()tia was ob~el'\'pd ill alkalim' soil. 

lNFLI'E).'"GE OF AElt\TIOi\' 0).'" ELI ;\11i\',\TIO).'" OF SCLImOTIA FIIO:lI SOlI, 

Cumparison 11':1;: nmdp lwtwl'l'lI two differing l'ullclitionR of aC'ratioll 
tllat l'ollid b(' obtained b,\' IIS(' of difl'('rl'utiy sl!apl'd l'ontainel's, To 
prO\'i([e for illl'lIiJation uf suil ill shallow layers ill whidl superior 
aeratioll t:ould be expl'etp(l. Petri dishes \.; mill. del']) and LOO III 111. 

in diameter were ('lllplo,Yp{l: for illl'ubation uJl(l(']' ll'~s fllvorable con· 
dit iOlls of tl(~ration, p.nex t ubl's ~()() 111111. (lpl'P and 2ii mill. ill di:lIlletcl' 
were used,

In a IH'l'lilllillHf'Y eonlpal'i:-;on. four replicates l'Hell of Hllllt· clay 
aliquots. eitllf'f' tIIH1nll'IHh'd or Hnll'll(le<1 with grollnd alt'alfn tops at 
lhe \'Htp of 3.0 PPI't:PIlt. \\"l'i'l' startl'd tJOtil ill :-;hallo\\' and ill dl'('P 
('ontain('r~. To {,Ht'il of Hi ('olltail1l'rS ;;0 \'iabll' Rl'lerotin W('l'e added, 
and the ;:oil.llloist II!'(' l'ontC'ntwaR acljw.:Ll'cl f:o fJf\ pen:l'lIt of the 
1I10istllrp.lwldillP: ('apa('il)'. ,Yashings I'()I' sclerotia. !'l'('on't'Y were 
IIW<l(' af'tl'f';\O <la vs of illl'l.,lml ion at ~x (', 

In IIIJanH"HI(,d :-;oil in "lIrLllo\\' ('olltailH'l'R ~2.0 IWl'cellt of the scle· 
rotin add('d wen' l'('IHll'rl'd IIOIl\'iabll'. and in <lP('P ('onta in('rR. 37.5 
p(,l'l'ent. III aifaifa·aIlIPIHll'd soil ill :-;liallo\\' t:olltaiIH'r;:;. 52,0 percent 
(lJ til!' 1I1111i1J!'r add!.'d \\"('1'(' dp;:tro,\'pd. alld ill d('('p ('olltainel's 100 
Pl'I.'I'('nl.

COlir-il'llIatioll ot' tlil' SIII)('l'iurit.\T or ll('('p ('onlaim','s a:-; all aiel ill 
tIll' destl'uct ion of s('ll'l'oti:l \l'a;: tiH'1I alh'lIlptpd in soil al11('n<1('(l with 
diffl'l'illg type's of Ol'p:alli(' IIlall'l'iai. Aliquot:-; of Hllllt ('la,\' allH'nded 
with Ol'p:aII i(' IIlHtel'ial {('Olllllll'l'eial PPpIOIIl'. :-;taiJll' 11l.1I1111'P. ehopped
SOI'p:hlll11 fodder. Vl'lch 01' l'lo\'PI' tops. wl!pa! stra\\". ,1IHI ('('llulosl') at 
a !'at,;, of ;).0 IH'I.'(,Pl1t \\'('\'p :-;tal't<'d ill ~()() -'( ~i) 111111. p:lasR t IIbeH. ,Yith 
tlte. eX('l'pt ion of tlI(' IIS(' of a difl'l'l'Plltlr shaped ('ontainl'r, the incuba
tion ('ondit'iolls wCl.'e idl'nti('al with th(l:-;l' l'llIplt)~Tl'd above dl1l'illg the 
('()\lIpal'iROII of tli('s(' Ra1l1(, orp:alli(' IIla{('I'i:tl;: ill l'l'tri·(lish ('olliaim'l"H. 

Th" ('xtc'nl to which I'hf/IIIll/O/l'ichl(1Il ()JllJliz'(j/'/l1l1 se\Pl'otia. aftcl' 
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burial in fertilized soil maintained 22 clays in deep tubes, were found 
nonviable, together with th(' inerl'ase ill loss of "iabilitv over that 
noted in shallow containers, is :-;howllin table 8. . 

TAHT,g 8.·--·fnjlllencl' of (u'rl'l.lion 01/. ii/(, tl('slntclio/l. oj Phy!/la/o/richtttli. o/nnit'orl/./IL 
sclerotia in soil receil'iug organic alJlendllLenl.~ 

I 
[lIl'n·ll..."pIn ! "('Ierolhl InCI'{'USl' II)I ~~~~i';:~,~~:i lu~g of \~ia4 

I 
n'w){'red II)$."; £If \ iU4 

non \"i'l bll' h) hilil), llve,· Jlolldnbh'by hilitr on'rSoil trpat IIlt~llt Incuhlltioll los!') in shoi· iJH.'lIl):lliOiI I.)&'{ in ::hall
wiu !IN'P {'on~ iowcontnill in d('{'p ('011- loweontnill-

I lainel's eroS , tnirwfl" t.'r5 

jJaceut : PerCtll1 Percent Pt'rl'eut 
('tJlIIIIlCI'ciuiIH.'ptOIH· Ii. II ('Io\,'l' lops. "".. \lUI 11.·1Stnhl,'IlIllIlUl't' illl.l; , 11'lwa!. straw.. UtI, Ii ·t.~ 

S5~~:..~ll', tKO::;orgllUll! fodd"'r 50.:i ("('Illll()~l' __ _ n:l.J 
Vetch tops H·l.U 12,f) 

"----~--'""'-....-.--

CHA~GES IX THE FC~GUS FLOHA OF COTTO~ ROOTS 
FOLLOWING PABASITIC AND i\LECHAXICAL IXJl'HIES 

.A.1tllOllgh earlier studies (.~) had shoWIl thaI applicat ion of ol'gallic 
11l1lendlllent:::l to soil di<lllol aller apprl'ei:lbly 1"{J()t-:::lllda~'p mil'l"of\ol"llS, 
injury of ('O([Oll roots dlll'ing t h(' latt' :::lUlllllll'r 01' l·ady fall \l'as found 
to increa:::lp gl'l,tttly tht, II IIlldlt'l" of Itli(TO-orgalli:illl:-; asso('iall'd with root 
sudaees. ~lleh iIHTl'Hsl'!"' in l"ool-sllrfacl' IllilTopopulaliom; following 
plant injul"y \\'prl' pl"oport iOllately gl"t'u!el' t'han thm;p ill tIl(' soil nliero
populatioJl 'following applil'alioll of ol"ganie :1I11('ndnll'lIt:i. The po;;
:-;ibility tlt:ll Ph.ll"IlJ/Otl'ir·/IIUIi Oll/lIil'OrUIll lllight b(' attaekpd dllring 
thp IIOSt-1JOl'llP :-;tagl' of its PXiSIPIICl' was ('Ilus sllggl'sl('tl. 

A liPId al"ea in ('Ot\oll was select('d in whieh a raidr 1I11iforlli di"l.ri
\)((tiOIl or FhyIlW/otl'ir'hlllll {}lIIlIiI'OI'IIII/. l"ot was appai·l'IIt. 011 Allgust 
IH. W+!. tIlt' following plnllt injlll"i('s \\'('1"(' inflicted: (a) Uirdling 
illlllledint!'ly abo\'(' tlw l'l'O\I'1I POl"tiOll: (II) (·.Iippillg· illlllH'diately abo\'p 
tIl(' ('I'OWII pOl'tioll; alld (') dipping approxillla!<,I,\' ~ int'IlC'B hl'low tilt' 
l'l'own. I'I()t~ slliJj<,(·t<'d to tli('~<' t I'('atllt('nt~, tugl'tlH'1' witll ('ll('('k. (II' 
tlllll'paled }JI(J{~. \1'PL't' laid Ullt ill ntll(\uJllizl'(\ billek al'rtlllgt'llll'lIt, with 
caell treatlllC'n( I'pplil'a(p(\ Hn' tillIPS. 11l{Ii\'i(11lal plots wen' ~5 fC'et by 
30 fept ill Bizt'. 

AftC')" 10. IS. nnd fic days ('otton roofs W(,I'(, ('(dl('('(e(\ frolll plots given 
eaell treat 111l'1It. III saillpli;:(r. 24 planh; w{'n' laln'1I at randolll ill Cfleh 
tL'eatlllPnt l'C'plit:at{'. ]fI'UIII Plith )"oot H,)':-;lelll ('xl':\vatNl: that ti<.,etion of 
tllP tapl"oot. logC'{]IPI' with sluln.; of latprals. o(,l'lItTing' within tll(' intl'l'
val of 3 illches to (j indies below the crown was removed and plat:ed 
.il1llllC'<iiatl'ly illto a Pptl'i disll l'()lItaining S<"'PI'ttl thidml'sBPs of nloi:-;t
ened Hlter pappr. Following incnbatioll in thesl' moist chambers for 
5 to 6 days at 2HO COO roof' Hl'gllll'nts W(,l"e ('xaIHilll'c1 for fUlIgus lll)'l'elinttl 
growing over til(' snrfaec. Ielellt ifit:atiolls of fungi presell! wel'(' lIladt' 
either I)," dil'pet' nIi('f"()s('opie t'xalllillatiOIl of growth 011 root S('gllll'lIt:-; 
Ot' :fl'onl Ru\Jcultllt'eR preparecl thercfrorll. Fungi observed, with but 
fe'\\' (>x('C'ptiolls, ('olllc! 1Jl' grollped into Hll' i\)llowing: ilspel'[liIl1l8 
sl)('('ies, Pen iailli'll III, "IH'<,il's, Tl'i('h()del'lIu~ species, DCllmt'iaccae. 
)[ltl'ol'<lle:-;, altd sU,t>ik IlIyn·lilllll t.YPl'8. 
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There were 110 significant differcnces in the numbers of live and ap
parently 110nparasitizecl rooti:; rl'covcrrd from the plots given different 
treatme'nts 10 clays and 18 clays following the infliction of the injuries. 
On each of these dates of sampli.ng. however, the number of root seg
ments from healthy plants showing saprophytie fun/.,d developillg in 
moist-chamber illcubatioll waS significantly greater for the clipped
below-crown treatment thall for l:11r other treatllH~lltS. Althollgh there 
\\ere no differences betwePlI treatnlrntE ill total Ilumbers of diseased 
or deeaying root8 reeovl'red ill tlwlO-lhy aud in the lS-clay 8tllllpHng, 
the former sampling rl'vealt·d n trelld towal'd rec1uetioll, alld the latter. 
n highly sigllificant rrdudion. ill 1'111' n'umllt'I' of diseased roots ill tllr 
clipped-belo\\'-crown tl'patllll'ut fl'Om ",hich Ph.lJlI/atot,.;c!t1WI o'll/,1/,i
l'01'U1II myc(·1 i11m ('onld bp 1'('('oYl·r('(l. At the l'IHI of 57 days, all treated 
plots when compared with tIl(' ('lwck Eho\\'ed mal'kPcI I'('auction in til(' 
number of diseas('d roots "frolll \Vh'i('h P. 0Il1'11i7J01'Um. could be cultured. 

Accompanying tlw increased difliclIHy of reco\'ery of PhYlnato
hiclmrn Oln1l.il'O'l"'tl1n. aninfllll'nC'C' of plant injlll'Y IIpon types of sapl'O
phytic fungi developing in moisl-C'lullllber inC'uhntions was also 
apparent. All fJualitative olJsel'vfllions on 'fllngi nm.\' be tr('ated sum
marily. Fronl all the root' sillllples ('ol1eC't('(1. a totnl o"f 1.898 observa
tions on fungi \\'er(' l1Iadl'. '\YIIC'1l ('hes(' o\)scnations al'l' grouped 
according to treatment. rl'gardll'Sf: 0'1' diSNlse OJ' o"f types of fungi 
encountered. 4B2 ohs(,I'\'ations \\'pr(' obt:linec1 'frol1l root segments "from 
untreated plants; 471. :1'1'0111 l!irdle(l-above-cro\\,n treatment; 462. from 
dipped-nhove-C'l'Owll tl'patllll'lIt; alld flaH. 1'1'0111 ('lipped-b('low-crown 
treatment. If ('ondition 01' trratlllent o"f plants is disregarded. and 
SUbl!l'01JPS of 'fungi only art' ('onsi(]erpd. sterih' Illycelium types ",el'e 
not('(180 tlm('s: DPrllat"1aC'(·iH'. 148 lillleE; Peniri71illll/. spe>ci('s. :325 times: 
Tlirhor/(J)'IJI.(( SllPC'ies. H28 t il11C'E: .:is7!eJ'rlilhM species, 442 times: and 
MIlC'orales. 578 times. '1'lIr distribution of thef:R subgl'oups of fungi 
nC('OJ'ding to tl'l'atnwnt all(l tn e(mc1itiol1 of roots (diseased 01' nOI1
diseased) is shown graphically ill fignrr 4. 

DISCUSSION 

Analyses of' 1lI1('I'op]wd soil I!ivell ol'l!anic :fertilization at rates 
known to pl'pvent· take-all damage llllc1er gl'('enhollse ('onclitions re
'V('a]e<l ("\lat Hl(, relatiw l'ilpaei.ti(·f' of sllch amendments to promote> 
take-all (,(llltrol \\'PI'(' piu'al1elNI by their rl'latiw capaeities to enrich 
the nitrate-nifl'ogpll alld l\vailablC'-phosphol'lIE ('Olli'l'nt' of soil. The 
order ill whi('h slI('1l :tJ1lpndlllents favOI'ed nitl'ate-nitl'ogen Hl'Clllnllla

tion waS abo BiJ1li1ar to tllat whieh C'onld Ill' rxppdp<l from ('onsicler
ation of carbon-nitrogen ratios 01' nil' amendments employrd. As 
take-all of wll('at eall be' ('olltroll('<isimply by maintainilll! hoth [\w 
nitrate-nitrogen and (lvllihhl('-phosphol'lls ('olltent of natnra.lly in
fested soil at slIitable 1('\'('ls, it El'('lns reasonable thut, tlw i'ertilitv 
values of orl!anie mal1\H'C's aid ill obtaining the rec1udions in take-ail 
ineidei1ce that ('all br ohf'pl'v('(1 I'ollo",illl! their applicat ion. For thr 
organic IlWnllreS ell1plo,Vpd. no ('OJ'I'plnt ion was cvitll'nt between mi
(Tobial 11l1mber" allel soil-Eanital:ion bC'lwfHs. It would appeal' tl1l're
fom that in the \lres('II('P of both til(' host plan!: and thr parasite, the 
important fllnction of E:tpl'ophytie rni('I'o-ol'ganif'llls is one of nHlkinn' 
certain pla nt llntril'lIls :tva i laltlp frolll a(l(]('d organic llIateri(lls l'uthe7
than one of direct micl.'ouial llntagollism. 
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Difrerence:; ill the ;;evcrity of tab:-nll damage in Hoi! lots reeeiving 
either fresh or partially compos ted mnnllrcs furnish further support 
to this Ylew. Large microbittl populatjol1s -were maintained in the 
compost-manured soil even until the onset of take-all damage-in 
fact. at this tillw microbial population;; W(,I'(, as grcat in the eompost
munured as in thc frcsh-mtlnul"pc! soil. Tilt' e;;selltial difrE'l'('ncc ap-

KEY: 

~ Asperr;illus spp, E:·:·:3 Trichoderma spp, 

~ Mucorales .. Dematiaceae 

iiHHiHJ PenjcjIliufl] sPP, ~ Sterile mycelium types 
li'TOUR~; 4,-·Hplatin' fI'Pqll\'"l'~' of (j('('UI:I'('II('\' of ('I'l'laill ;mpl'llphyt-i\' ,EulI~i on nOI1

par:u-;ilizl'd alll! nil !'hJ//I/f//Olri!'hulI/-parasiliz\,\! ('olilln roots following" differing 
1I1f'lhor!s nf IllP('halli('al injlll',r. .-I- n, NOllparw;itizpd :"priI'S: B-IJ, parasitized 
sPI'ips. A allel N, 1l1l1I'('alP<l,I'()OlS; H alld "', roots g-il'cllpti alJ()\'(' thp ('rown; 
(' :Iud G, rools elipJll'd nhm'(' 111(' ('1'0\\,11; Ii :l1I(l1T. roots eliPIll'!l bPl"w flIl' ('I'OWll, 

peal'eel rat-hel' to Ill' t-Il(' "il'tllal absl'll(,p (If nitra,tp nitrogen in the 
{'ompos!--lTllIlllll'ed soil in ('onll'ast to an abundant snpply in the 
fl'l'sh-IlIH.llu 1'1'(1 :;oi I, 

Thom ancl n[ol'row (.I/j) have ('onsiclel'pcl that organic manures are 
most efl'e{'(-ive in dppl'essi rtg pn t1wg('ni(' fungi dUl,j ng the per'ioel of 
adive (lp('onq)o:--ition. If is possibll' thnt upon reachin!! t}w stage 
of soil humllS. organiC' manlll'('S 1)p('onIP ineLt for the ('ontl'Ol of certa.in 
cI isenses h('('a lIS(, t:lH'y no IOIl!!('!' r('lpas(' an ('xcess of pIa nt-n lItrient. 
matcria Is, TI1P dernollstl'atioll of apPI.'f'eiable recludion in take-all 
injury merely by providing It lltl'/:{cr soil volumE' pel.' plant. also 

http:certa.in
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emphnsizes the importance ofl)J'ovicling the growing C'l'op",ith favor
able plant-nutrient conditions, l{pductions in lllp illeidem'p of take
all disease in fields \yjl·h thin stands. "border cfl'('()t" in the lack of 
disease along til(' borders of drill :m:sses, and tht' O('l'tIlTence of 
"el'eape" plants in takp-all pat('\1('s may thlls lit' ('XpIHiIH'(l. 

H(,('l'oppillg to ",hrat IIl1del' ('olldit iOlls f:n'ol'ublp for tllkp-nll ck
\,plopnwnt h:is showil (\rill OphiO/IO/I(J{ [fl'lIlI/il/is is not pliminHtp(! 
from soi!i n wll iell II PI'p('pd iIIg CI:OP has bpplI gl'OWI1 SlJ('('pshl'lIlly bl'
callSl' good plant-nlltriPllt ('on(\itiolls WPI'(' pl'o\'idC'd, Ho\\'p\'(>I'. whell 
natUl'ally infl'st('d soil was Illaintail\pd f()1' :3 Illollths at moist UI'P alld 
temperature Javol'abll' 1'01' llli(,I'obial :)('ti\'ity, bll! dp\TOid of SIIS('('pt
ible roots, Ophioi)()/lis rfl'lIl11i/li,~ \\as ('(llllpldpl,\- plilllinatp(l. l~lilllina
tioll of till' parasil'-, \\'as('ollsidp}'('d a('('olllpli;.;lll'd Ill'CaIN' slIch soil cOllld 
agaill b(' L~l'0ppl'd to \\'lIpa!. wit It ('xt I'PIII(, (l\'l'I'('I'O'l'dillg 01' spedlillgh. 
withollt ('viclPllcl' of tn In'-a II d ispnsp, It, would a pPt':l1' tlll'l'l'fol'P tha t 
takp-all contl'ol ITJny h(' ohtnilll'd pi(\tPI' lln'OII!!1t nll!.!'IIll'lItfltion of host 
I'l'sisl:all(,(, by PI'OIH:1' lIut I'ifioll 01' by sllbjP(,tiilg (11(: pamsi((' to a soil
bOl'lll' pitasI' of ('xi~((,I\('l' f:I\'OI':lhle fOl' lIli(,l'obi(' nd iyit,)' but with 
tllP soil d{'voi(l of SIlS('('p( ibl0 I'oots, 

'Yil'h pl'opeL' IIl1tl'if iOIl of tll(' \tost plant. O/J/iio/Jo/I(X rp'aminis 
d.ol's 1I0t ('n Ust' np]ln'cin1l1p dnlllagp to root s,Yst (,illS. ('ven in ('a,,('s in 
\\'hidl it is 1I0t ('Iilllillalp(\ 1'1'0111 soil. Oil til(' Ot\WI' hUlld. if till' 
pa I':lsitp is J()J'('('d to gro\\' 01' til ('onq)('t (' witlt <;apl'ophytic micl'o
orgnlli:-;nls in til(' nbsl'II('p of :-;l1H'('ptihll' I'oots JOI' a slIlIiciclltly long 
pel'ioel, it lLppan'lIlly lost's its \'inlJilily altogl'titPI'. OJ.' bp(,OIlIl'S llItablp 
to illynde wlwat pltUlt!.' rl'ganllc'!.'s of adl'<]ual(' 01' inadeqnate host 
nutrition, 

J{PC'ognition of both host-l1ntJ'il ional alld ;.;oi I-alit ibioLic phcllolllena 
as important in dd('l'llIi IIi II:;!' til<' iIIl'i<lVII('P of takc'-:ll1 c1isl':l"1' C'ontl'ib
lItt'S towanl H bl'ltl'I' 1IIldt'l'stnll<iill!!' of tl\(' pxh'l\siV!' litt'ratul'(' eon
('PI'ning Ophioboill8 t{l'((lIIilli", ('('I'lain IIl:ljOl' tn'ntls withill this 
litpl'at Lll'P ntay 1)(' Sllllllll:tl'izpd lll'ipfly, l~al'ly l'\'I)(l\t~ Oil takl'-nl1 
dih('aSl' ('nllH' I'1'0 Il I r~III'Opl'all alld AIISt1'n1i:l1l :-:(lIII'('('~. nnd. bl'()ndl,r. 
('II:tI':ll'tpl'izl'd fipld ('!IIltliliolh whidl 1H'I'llIittpd 1:11\1'-:\11 dl'\'('lnpIIH'lIt 
:t11l1 slIgg('slPd li('I(1 ('onll'ol I1Il'a:-:\lI'('s, T!I(' nS:-:Ol'iat iOIl of (akl'-al1 
di~('as{' witlt Ilollf('l'iil(" pool'l,\' dl'aillt'd, nlknlilH'.1J1' o(It('I'\\'i!.'p IIlll'a\'OI'
ahl(' soil;; \\'u" fl·p(I'I(,lIl1.,' Plllpllasizpd, Rplllnl'kh t Itat Ink("nll disp:\sl' 
is Ilothillg 1l101'(' tllnl1 stnl'nttioll of till' plnll(, 01' pm'Pl't,\' o/' till' soil. 
al'(' illll~ll'ali\'(' (.!.i • ././)' Hi!!1t \\'illh'I' IIIOisilll'(', l'lIl'h' I'ank Ul'owth, 
1I lid In tl' !1pl'i IIg frosts WPI'P 'als() I'('('ogll iZl'<i h," \'al'i(JII:-: \\'O\"kpl's a~ 
pl'pdisposillg \\'Iwat plants to talw-nll diH':\SP (.!ri), Altlloligh th(' 
oppo;;ing dew WlIs lIot llJl(,OI1lIl1011. Ill:t II,\' \\'ol'k('I'S app:U'('lIt Iy lll'1 ipv('(i 
thn{, ()I)hi()h(l/Il.~ (fl'lllllillis WlIS \\'idph' distl'iblltpd in ",twa! fnl'lI1ing 
a J'('lIS :t 11<1 api H'a I'('d a;.; a ('\'op l'lWlIlY ollly IIlI<iPI' lIlI J'a \'Ol'a bl(, (,I'Op
frl'o\\'illU ('ollditiollh. ~1:\1l" 1'('('Pllt ill\'psli!.!·aliolls ('llIifil'lll alld ('xtplHI 
till' (,\·i'dpll('p (ltnt I'n\'ol':d;lp (TOP ('OlldilIOIlS sl10llid ht' jll'o\'idl't! if 
sPl'ioliS tak('-all dallltlg<' is io h(> 1\\'oitipd (Il. li.!S), 

EarlieI' t'('('OI1II1IPll(lutioIlS for tHkp-HII('ontl'ol ilH'ill(\pd til(' m;p of 
organic nlid inol'ga II it' f('l'liliz('rs. dl'a innp:p, l:t(p sowing. (TOP I'otation, 
and l,meh tillnp:p (J1H'l'ations ns l'olJillg Hnd PHI'I,\' plo",.illg (.2(/. ;21, J/). 
Bllt e,-i<1!'Il('(' agnillst· any tl'('allll(,111 Iil'ing gPIH'l'ally ('11'l'di\'l' \\':lS :tlso 
ac:clll11l1la(pd, Tltel.'l' npPC'lll'P<llto n<it'qllntp ilttl'l'pl'Pint iOIt of nt:IIlY 
of the conflicting: [,l'sldts thaI eOlild I>l' oIJtailll'd, Part of the cOIi

• 
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fnsioll ""as undoubtedly due to the Jnil\ll'e at times to distinguish 
between different root diseases oJ wheat (:j) and io ineOl.'I'ed ide11ti~ 
Hcation of 07JlLiobolu8 gl'amillis and take~all disease. 

Hceol!nitioll oJ take~all disease ns a erop mCllac'p ill AlIlel'ica (10, 
I;). ,:0) occurred jllst: prior to the cHI'lie!' P:l]WI'!:" Clll lIlic:!'obial UJ1

lal!onism as nnilllpoltnnt 'fadm'ill !:"oil !:"lIllilatioll. Follllwinf! the. 
clevclopnwnt of the hypoflwsis I"ll:lt :In ae/in' soil miCI'Opllplrlatloll is 
inimical to I.'oot-rotting pa!':t!:"itps. 111lleh of thr wor'" of tIl(' last: two 
decades has at-temptpd to explnin relationships of !:"oil-rllyil'Onmentul 
and soil-fertility fa('tor's to lakr-all c1is('as(' :fI'OIll tlw point of I'ic'w of 
tIlE' inflm'llce of fmc]) factors on !:"oi1-lIli('l'oiliaI pOPlllal i()n~. t-ll'veral 
I'e\·ip\\,s of this IntpI' plIasp of th(' Inkc'-all pI'obh'llI an' :wailable (7.2, 
.31)). But· :just as (>:trlil'I.' thel'p (/(>velc'Il(>cJ ('ollflic,ting p\'idence C011
c(,l'lling tlw soil-f('!'t ility hypotlll'sis, likp\\'isp sonl(l l'ec'pnt evielc'nce 
make!:" it qlll'stionablp wlwtlIt'I' !:"II('C'(,S!:"rllI (nk(>-all eOlltTol is pntirely 
n qllPstioll of soil~llli('J'()bial plwllonwna, Fllclollbtp<lly. fillill intcrpre
tation of IllIlC'h of tIl(' 11101'(> l'p('(,IlL a:-; well or till' l'nJ'iil'I'. lilpl'atlll'(' 
on takp-nll di!,p:t!:"l' 11l11:-;t fnkp illto c'oll!:"itll'I'at ion 1I0t ollly h()!:"I-plant 
!lllll'ilion alld Illicrobial antihio!:"l'!' IHI! nbo tIll' dil'(,(,t drpe{s of phys
ic'al fndol'S on ()phiobo/u,\; [11'(llIIilli8. [n thp jlrpselll pya Illation of 
ant ibiosis in rplnl ion to hlkp-n II <iil-pase. it would apPp:lI' I}('st to 
('ollsirlf'1' nntagonistic pilPIlOIIIPIl:1 of primp illlpol'blnc'p only in the 
ab"p)]('(, of thp host plallt, 

80nw flll'thpl' illfol'lllatiOll ('ollc'prlling' 1"11(1 pl'I'sistc'Il('C' of n pnra
siti(' fUlll!\I~ ill :-;oil dC'Yoid of su:-'('C'ptilJlc' roots w:n: nbtaillC'<l during 
the (,Ol1l.'~,P of studies on Ph.llmato1l'ir/lllm o/llJliI'OI'/l-I1I !:"('lcL'otia. Ac
tivity of tIl(' l'a]ll'ophyl i(' nliemflOI'H oJ tit(> !:"()il appeal'ed l'ssl'ntinl 
JOI' obtninill!.t 11l:tl'kp(] dpsll'uetioll of "('/PI'ot'ia ill ol'u:tni('-:tnwndC'd 
soils, Uncol'll:lIl1illatpd \'iablp ~('lel'Ot:ifl :'III'\'iw(i ill siPl'ile. ol'ganic
:t11lC'IHIC'd :-;oil c'qllally as well as in :-;tc,t'ile. ullaIlH'Il(ll'd !:"oil. The im
pOltance of m i('l'obi:d net i"ily lI"a" also showll II'lIp11 s(' IpJ'()tia wC're 
lllcllbat-pcl ill IlOllS(('l'ilp soil at difl'('l'ing 1!'llljH'I'a(III'PS. Tllcllhatioll 
tf'IlI]JPl'allll'PS J:t\'ol'ahlp fol' mi!'l'lIiJial aefil'ify ]>I'ol'idpd /11(> gl'patpst 
clestl't1C'tion o~' sl'lpl'otin, 

• 
In (,OI11l)HI'i~OIi,' ill which ()I'l!:llIic' l1laterial~ with I!I'c'atly dissimilar 

carbon lIit 1'0I!PIJ !'at io!:" \\'PI'C' ndclpd to sC'h'I'otin-IO:1clpcl soils, (]Psh'lle
tiol1 of PIr!//iw/o/I'ir-l1'/l1ll mIlJli"()1'1l1/1 sl'lpI'oti:l was oiJlnilwd hot'h with 
high 1,\' nit 1'0I!PII()Il~ :llId \\"ilh nitl'ogC'lI-ciC'fit'ipnt !:"lIhstal1('ps. SlIch 
ph \'si('al iIl('lrlm t iOIl fa('! nl'~ a!:" :lPI'a !"iOIl. IIl11is(III'(,. a lid tt'l1l])('1':1 1111'(> 
apj)(':u'p(l of gl'eai<'I' illlPOI'hlllC'P (hall did IYIlt' of ol'g:lniC' l11alpl'inl 
aclrlp(l. Garl'ett (]f). wOI'kill!! with ()jlitio/)()ll(., ,fJ/'wnillis in :llti
ficially illfpe(e<l s(lIhlllp. notpd that soil :tllll'IHIIl1('Il/s clpfieiC'llt ill 
nitl'()c~l'1I O'i\Vl' "l'('atC'1' d('s(l'IJ('t iOIl of thai flillUlI!:" thall did hi!.dlly~ t""l' r· ". . 
ni!I'Ol!l'IlOIIS I1lntpl'i:lk Ht' has slll!l!<'sh'{! that tIl(' soil sap!'ophy(es 
atl:H'" 07'hi()I){)11l,~ rll'((lI/ini,~' :IS a SOIlI'e(' of llill'ul!cl1 \\"h(,l1(>v('1' other 
snllplil's of nitl'ol!pn fIl'(' not aV:lilnble. alld ill this Illallnel' eifpe\ de
struction of til(' ptu'nsitp. The dps(r'lwt ion of Ph!/mlrtot I'iclm'ln 
oJll1li/'()/'ulI/ sl'lpl'olin in soil lot!:" HIl1PIHIt'd with hi).!'hl.\· llitl'OI!I'II(lIIS 
l1latprials, snch as peptone>. slI!!gests (hal ('ompetition for nitrogen is 
lIot til<' mosl impol'fnnt factor' in tIl(' dpsfrllet.iOlI 01' uliminntion of 
the ('otion root-1'ot fllllgl1:-; ill llIa11l1l'ecl soil. 
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The susceptibility of Pll7/lIutfotl'irhwrn olnniv(i1'u'In sclel'otia in or
ganic-amended soil characterized by an active saprophytic micl'Oflora 
emphasizes the impoL'tance of farming procedures that terminate 
the sheltered, host-borne stage of the parasite's existence as early af; 
practicable, As cutting and girdling of cotton plants influence the 
bacterin,] number associated with root surfaces, it is possible that 
untibiosis rather than exhaustion of food sllpply functions as the im
portant factor limiting sUl'vival of the pat'usite, In the current 
work, changes in the fllngus flor:a of cotton roots have been apparent 
following parnsitic and mechanical injuries, Approximately two
thir'ds ot all root segment" recovered from nonpar':lsitized and un
injured cotton plants failed to show saprophytie fUllgi developing 
when incubated under moist-chamber conditiOlis, This ,vas also true 
of the nonparasitizec1 plant-s that: had been injured above the crown 
by girdling or clipping, Clipping below the crown, however, opened 
up root systems for invasion by saprophytit' fungi; only OI1l'-fifth 
of the root segments obtained fl'om nonparasitize(l phLllts injured in 
this way failed to show saprophytic fungi following moist-chamber 
incubation, It is possibl(' thai" tl1(> increased aeration provided by 
cutting below the crown aidpcl in obtaining II better colonization o'f 
fungi in that seet:ion of tIl(> ('ot(on-root :.;yst(' 11 I exnminecl, Cuttin fT 

helow th(' cr'own, which ('ncoUl'n~ed saprophytic fungi, also hastene~ 
the disappearance of Ph!IIlI(I{otl'wh1lm 01l1.Jlil10rWm- frolll diseased root 
systems, 

SUMMARY 

Investigations were llndertakell to tldel'lIIill(' till' factors in manu
rial treatments that contribute toward soil sanitation and to defilH.' 
the conditions that llIust be e;:;tablished in order to obtain control or' 
elimination of nndesirable members of the soil microbial population, 
Experimental work was limited to the tnke-aU (Ol)ltiobo7'l(,~ ,qm1l1:inis) 
disease of wheat and the Phymatot"iclw.,m mnni1J01'U7n root rot of 
cotton, 

Fertility and soil-sanitation contributions of differ'ent organic 
manures to take-all infested soils, as reVl'Hlpc1 by nitl'Ute-nitrogell 
and avaihlble-phosphol'lls cont(,llt. 111 i(,l'oiJial lIumlwr. andincidenc{' 
of take-all disease Oil wheat, wel'(~ studied in gr'('t\llhouse l'xpel'iments, 
Organic materials giving exeellent take-nIl cOlltrol, Huch as chicken 
manur'c and alfalfa tOPH, markedly increased nitrate-nitrogen and 
available-phosphor'us cQntent ill soil, whell applied at- rates ac1('quate 
for take-all cont!'ol. 'Vhen p:u,tially eOlllpost{'cl and -fresh 01' nO\1
composted nHLlIIIl'eS wer'(' compared, only the latter appeared effective. 
for take-all control. Nitrate nitrogen disappear{'d from the eompost
manured soils about t.he time of (JIIset o:f take-all darllage, although 
microbial numhers hl the two series r'enlaint'cl comparable, 

"\Yhen natnrally infesfed soil in which wheat had been grown 
successfully following ad{'f(uate fertilization was recl'Opped to wheat 
under conditions favorable for Opld()bol7(.,~ rI1'umi,nis, the failure of 
-fertilization to eliminate the pal'Hsite frol11 soil wus l'evea]pd, On 
the other hand, O. ,q1'(lInini8 was elimillall'd from naturally infested 
soil maintained for a months under' moisture and temperatlll'e condi
tions fa,vorable for microbial activity but completely devoid of 
susceptible roots. 
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The activity of the saprophytic micl'oflora of the soil appeared 

essential for the destruction of Pllymatot1'ir:lLwn o7l1dLi'/J07'u1n sclerotia 
in artificially iufested, organic-amended soil. Uncontaminated, vinbk 
sclerotia survived in stet'ile, organic-amellCled soil as well as they S\ll'

vived in sterile, unamended soil. 'Videly differing types of organic 
matcrial (mngin,!! trolll pure cellulose to commercial peptone) were 
employed successfully tOI' the clestl'\Ietion of sclerotia in soil. 'Vhen 
suitable incubation ('ollditions weI'(' cmploycd, destruction of sclerotia 
was obtained with either low-nitrogell or high-nit'l'ogl'n types of 
Ilmendmellts, 

Increasing rates of u'ppl jCllt-ion ((Ui. 1.0, 3,0. 5,n Iwrccnt) of organic 
lIIatcrial rendel'c(l nonviabl(· incrC'asingly greatel' pcrcentages of the 
number of viable scleroi'iu init'ially prC'sent. Incubation temperlltures 
favoring general mil'l'()bial acti\·ity\\,el'e more c1 est!'\1ct in· to sclerotia 
than low-telllpl'l'ttf:me ilH'lIbal iOlls, 1~'!'Ol1l orgallic-allll!neleel soil lots 
maintained at 2°. 12 . :!W'. und 31)° Co, 12,0. 80,0. 72,0. and 91.0 
percent, respectively: (;1' till' lIunlbm' of viable sclerotia initially 
present were elilllinated, Attention was al:-,o given to the importance 
of fa vorable soil Illoist:lIl'e and to the po;;sibh' impol'iance of ael'lltion 
and soi I I'paetion, 

In an effort to c1etC'l'Inine whether thl' host-borlH' stage' of P!Lym.ato
triclLUln omnium'wil was terminated by plant injury. till' illciCIellce 
of common sltpl'ophytiC' fllllgi on IlIIinjur('d :lllel on 1II('('hanically in
jured cotton roots of healthy and diseused (i, e., pllYIlIlltotl'ichulll 
root rot) cottoII plants and tlw pl'rsi;;telwP of p, om.ni I'O}'lIlI/ 011 roots 
that it had pamsitize(j "'(~r(l shIel it'd, 

Cuttin,!! of nOlldisPu!-'t'd l'ootS Iwlo\\' the cI'own hastelll'd colonizlL
tiOll by sapI'ophytie fllngi: injlll'il's illflicted abow tilt' cruwll por
tion of nil' st(~rn pI'o\'i<1C'cl 110 illcl'eased ('ololliz:dion of roots in 
cOlllparison with Ulltl'l'utpd plants, l{t'('oveI'Y of Phymatotria/mln 
O1nni1!()I'WIl was mOl'(' dilTit'lIlt fl'om pal'asitizt'd t'oob" that had been 
~il1bjeeted to plant injury. and ('spec-iall)' diffh:lllt frolll roots cut below 
the erOWIl, 

FrOIll pla.lIl:s pal'asitizl'c1 b~' Ph,llIlU(/otl'ir.JIIUII omnil'ol'1(1]1 bllt not 
mechanically injured, Pl'l1ici1liwn and J.")'i<Jlwdm'/Iw spp" Demati
acene, and s(PI'ilp myceliulll typt·s were encollntered with greater, 
and Aspe'I'gillU8 spp, and Mucomles with less relative fref)lIency on 
root segments given moist-ch:ullbcr ineubation, Following infliction 
of Illechunical injuriefl eii'J1l'I' nho\'P 01' bl'low tht' CI'own, It similar 
shift in the -fungll;; flora of IIO!llmra::;itized roots and an accentuated 
shift in the flot':\ of plu'asitizl'd 1'(Jot~ wa;; c\'iclent. 

In It urid evaluation of the roll' of antibio::;i;; in tIw cOlltrol of root
rotting Pllrasites, it is recognizl't1 that antibiotic dfed::; are not neces
sarily the only ('ontribution cd' organic amendments to soil sanita
tion. For take-all disl':tBc. antibiosis appeared of prime impoL'tance 
only in the absence of the ho::;t plant, For wheat-cropped soil, the 
fertility contl'iblltions of organic 1II111Hlrcs appeared t'esponsible for 
observed reductions in tak(1-1t11 disease following manurial tren,tment. 
Evidence is considered sufficient that a root-rotting pu.l'llsite can be 
completely eliminated fl:om soil devoid of susceptible roots. Activ
ity of the saprophytic micl.'oflorll of soil appeared l'espollsiblefor the 
marked destl'uc60n of Ph:IJ'matot1"iohWln ol11JnillO?'wn sclerotiu. in or
ganic-amended soils. Competition for nitrogcn did not appear to be 
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the, factor limiting slll'vival of this parasite in manured soil. The 
development of agronomic pl'ocecllu'cs exploiting miCl'obia.! antag
onisms is believed to offer tl pl'actical Line of attack against root
rotting parasites. 
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