
ther than to rhc prescnce or ;lh,ellcc 
Corn .snil c<mtaillnl 

Black Root of Sugar Beets as Influenced by Various 

Cropping Sequences and Their Associated Mycofloras 


R. 

Black or sugar 

beets in soil 

Ohio. 
almost ('xclusiveh causcd nvli/wid!'.' Dll'CitS. Soil 

10 sugar beels II1(TCISC hlack root incidence. 
1IF,::>. sng;u (nJllI of the plot 

arne 100 percent hlack nat. and 
this and the soih 

~llId ilml 

oat rcmlted in decreased hl;Jck rooL Corn W,IS the 
disease illCidl'llcC to (I percent afler three 
level, or lower, Xon:'mhcL Oat de(Tt'ascd disease tn 2:) per· 

four months, after which the oat was 
rool i llcrcased to l)(Tccnl ;lI1d continued to increase 

\[faJf;1 did lIOI the amoullt of 
h];Hk root helow tlw control sugar beet plots in which 9:) to I no pCl'cent 
of heels hLick looted at (';1111 
Xovernhcr 

on 
root incidencc 

mOlll.hs ;tIIt! rnaint:i 

the firsl 
black 

in the isolated [rom 
lilt' <lcCTC;hCS in differcilt fungi ;In 

thaI the clTcet, of 111"('0­

flor;l, on /L coch!ini:in arc (ombin,ltioll effects of tile various Dilfer 
ences In associa ted werc due In of IlnlllT('I](T 

of fUll"i in illlY 

more of the 
l'(/Jirilliwil (1/11 iI/do 1/1111 Thorn. 

Stoll. P. SCTICs 

Thorn, Trichodnmo I'L. ,1bsidio Blltlterl l.entiner, and 
of her Scyera I occurred less 

ill corll soil than in V(!fminilaria 'p. Fr" 
ium co/elluio/um Cilmall ,po Link, and other fungi 
of 

ill 
Jess diflcrcllcc,\. 0;11 'oil differed from alfalla or sugar beet soib 

nec 01 T. and // 
dilfcrcd from enrll, oat. or sugar beet soils ill cortt;lin 

numbers of lJ{'rruroria (\lh. ct Sell"'.) DitnL ex Fr 
Lib" and Fu.\oriufnmerismoi(/c.\ Corda: and in 100\"cr numbers 
/I. 

and p, 
soih in 

Link_ 

clalrd with diITercllt 

p, ().\'(llinllll Thom, 
from the ntl!er 

'P]!. Fuwrim/l ros/?l/Ill 
occurrence: and cffnt'> of IUIlJ,(i as'iO­

of Plant Patho!og'j'-". rc~pl'cti\'cjy, Ohio ,\griculturc E)'> 

:! :'\umhefs in parenihnl('~ refer to litt.:r~Hnrc cited. 
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Introduction 

.,oil·borlle' 
eifie 10 ill fc',lul ,nils ha., 

tIl(' past [our dc(c(\cs. j,m 
in din:'r" artijici;'] (lllllm:, hur 
have 
trolkJ 

;1,criiwd to 
11. 17, IR). 

with 
to 

be 
groups oE 

hlack root w·as (olltrollul 
if scqmT](CS. Contrari 
wise. sweet clonr or beets 
increascd blrtck inddence. SCleral types of ( and ;dfal/a \\'(TC 

to fa nlr 111(' which incited bbck rool (I). 
black root. Clmcr, :Ind ;tlfalfa 

\\Tn' 

of rc",idtH". q Coons 
cOllllKtitiOl1 and SU(((".,j011 fUIl\!,i. 

the lJ;hic control ll1cch;lnism, oj fie SCqllcllccS were 
ascriiJ;tillc to as,oci;llcd lI'a, indicated Kommcll(bhl alld Brock 

soil which 11;)(1 becn lllol1ocnJpped to cortI. or oat. 
yeap, for numher., of lungi, Til this qahili/crl 'illl:ttioll 

rtcs, was the mO'it allllildani hmglb i"oLIf·('d from 
COil trolled blight of corl! incited 

Petch. CibiJCrclla was ;liso (On· 
jn oat ,oil. III ;lrtilirial culture. ,,,heat was 

FIISlirill!J1 'pp. Link ex Fr hv the 
/1. dow/Ius I)C,JY] .. l'r: II iciili II III 'P, Link 

Fr., Harz" I". IilaClnl/iII Thorn. 
;tn" I-Inr (H) more 

;Is,ociateri with corn, oa1. and when ill 
FOil), kind, or 

ex Fr.. and Fl/Il!1'iulH 

dilll'lTnt ell;lr· 
teristl( one S('~lson's to alfalfa. 

corn, U(It, ;ltHI 'Ug~li~ beet") I\\'O ,eaSOlh or 
corrda Ie'll!( It d iflcrcn «.'s. i r O(TIHITd, ,lith the' 
on black fOOl i nddenct:. 
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!Vfat:::rials and Mefhods 

of 

three weeks. 

01 black root. all 86 foot 
to ou!!,ar beels at 

beets in I !led and (rom 
and bh,ek root infidC'I1Cc. 

lH:rcl'llt of ,ugar beets 
black mou.:d. rllis 

ot 1955 and 
:lIld black 

'1 inch 

To dctermine tite llumbCl 
Drechs.. wcre washed 
:n stnile distilled wmer, and laler examinnl. 

Soil fungi wC're i"olatcd a ,oil diluli')ll (H) . 
of the pooled soil wcre .'llSpcll<icd ill a 1 perccllt ,oiutioll 
mechanical slirrer and diluled i: IO.!lO{J, Olle ml :1liqnols or this fillal dilution 
were added to cadI of Hi petri dishes. Tell llll of a medium lin at 
the Ohio ,\gricultural I'>;pCl'imcllt Statioil T;,hlc 1), maintained t 

:;;;" C. were placed in each plate, the cultures mixC'd, and then ilHuhalcd 

Tab!e I.-Culture l\ledium Devc!oped at the Ohio Agricultnral Experiment Station for 
the Isolatinn of Saprophjtic Se~l Fung:i. 

;\t;ar 
YC.zt<;;,l EXlract 

Sodium Xii rate 
Potas<.;iull1 Pho~phat(' (molloha",i() 
:\fagneslurn Sulralc 
Gilleo,,, 
Ox:;aIl 
~odium Propronate 
Stn:ptomycin 
(:hlofOlHycctin 
Distilled \\'ater 

2U.O i2: 
2,0 
1.0 
;,0 II 
0", 
.'>.0 
],0 
LO g 

50.0 tnA' 
500 mg 

[,noo.O Illl 

to 

on lTOC(UrrCnc 
idc:nt ificd. Sever;il 

. Ii), 16). 

colon ie;. were 111:1 rkni a lld 
(ould not he ch'Sifkd 

ilest of the aUlhor\ 
most of 
were thed j n 

oj' wcre [;dllti:lI.c(i for carll rep] ira­
(TOP and recorded <), the !lumber, pCI' gram of oven dried soil 

High Yis(osity CalboxY"lHcthyl celiulose, fJere-uk" Powder Cnmpal1Y. 'Yil 
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JULY 7 AU<i. 1 SM 1 OCT. 8 

SAMPUNG DATE: 

I.-Incidence of bl<Hk root pathogens in beet soil (2 vears) 
10 alfalfa. COl'n, 0'11. and sugar beets at Ohio, '1955. 

Results 

Pathogens black root. 

Black root idcllcc is ;1 111 

Ohio. nl(' has 1110'[ often 
Of/Ollifl. so/ani Kuhn. and spp, the 
cruse ol black roo[ I !):j·1 a neI 195,) csta bJ j,hed 
almmt incited :l, rOlitlioiri('s. Of 

Fusllriwn spp. from 
U. so/ani fro III 12, alld \'arious other from l'i. A bacterium ten· 

idcn t ilied ;L, Frwin la (l1}'({ I ()'{lOIil Jones) Holla 11<1 was usually 
a,sociated with .1. ('(J(hiioides. This b;akriulll incites or sugar 
beet tissues \I'hen introdu(ed but doc" not appear to be a inv;rder. 

Effects 	of (Topping sequences on black root incidence. 

cropping 
infested with bla(k corn. oat, and 

sugar be('l.'; Figuf(') . l1lai Iltaillcd 9'i to 100 percent 
inocululll potential in the soil tll(' scason. .\ Ifa!fa de­
creased bla( k 1'001 rim "Ltv increased 

to 2:') 
(Cllt 7 of oat 
resulted in <Ill inClc;l'c ill hlack root to 'If) percent at thc 7 

100 

00 

80 

70 
Ul 

Z '" 
-' c 60w 
w 
!J) 

0 
w .... 50 
0 
0 

"" "" </0u « 
-l 
CD 

""30 

20 

10 

0111' 



of belonging to 
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date. Black mol 
dales. Corn was (ill' most 
((,Ill three Illollths and 
remainder 0/ the ,caSOll, 

Effects of cropping seqllcnG~s on soil 

III of I ~15;). whell the ,snil was sceded to a![~lfa. corn. oat, and 

illcn:a,cd 
dice! 

season 

the was little differcllt [rom that established [or the 
19,).1, There wcre abo little dilIcrcllccs between the 
seeded to allaHa, (0111, oat, and sugar heets. Throughout the 

of l~rJ:), the dillen'lIces buwcell mycoHoras (ould, therefore, 
be attributed 10 the diJfcrell\ crops or associalnl agrollomic practiccs. GCll' 

. the samc kinds or isolated from all thc 
bet,,'{'cn treatments were in the 

One 
beets had Ii ttlc 

'Table . There wele llO 

cjall'd with the dinncllt 
Octoher 8 
of 
to no k.nown factoL 

at the 
of the crop, The cntire dii!ClTllCC I,"as title to an cpidemic 

I ~):),). The 
of the 

of Fusarium: F. ia!r:rililll11 :\ccs v. lIIinus VVr. and F. 11<!r:1li/I'I'1l1f1 

The ,harp dcnC:be ill total numbers at the nexi 
due to a complete :illSCl1(f' oj these two FusarJ:), 
lIumiJer, ([a bJc 2) j, due to differential moisturc, 

Table 2.-TutaJ run,,!' in S"!lar Reet Soil (2 yrs.) CropP('d to Alfalfa, Corn, Oat and 
Sng":u Hc.('ts at lIo}tvH!c J Ohio, During ]955 CEach Xu:mbcr is the ,\ycrage of Rcpli('(ltions). 

Av, :\'0, of 
FungiSarnpling Date 

Crop Mayt' june Ii JlIly 7 Aug.7 Sept. 7 Oct. 8 

Sugar Beet..; 128.8 80,3 IOtiA 100,1 
Al (,JIf" 10R.4 88.4 ~9,O 

Corn 131,:1 ]()IO 89,6 11 !,2 
Oat mUj 816 207,6' 42,(; 

1 Thou:;;mds: of Fuw::;.i 

During 

o;Of this tolal) IH1,4 are Fu~arium a\Tnan:uru and Fusarium laterilium vaL minu". 

During ]tE,;), 1'1;) dii!'crcnt 
genera were isolated from the 
of the fungi hohted <It any OtiC 

'PI' .. Fusarium spp .. Penicillium spp., and T, viride, 

from oat arc not 
alld ,Ug:ll' beet plots after rhe 

abundant in oat 
A. 

in alfalfa or 
hlack. 
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beet soils 
corn 

Corda, 1'. 

F. solari! 

is noted 
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and F. 
soil. These t\\'o Fm,aria are 

excellent colonizers of 
for nutrients than 

Corn most reduced black root incidence, whereas alfalfa and 

P. 13iOllrgc, 

sligar beets did nol. Correlations between corn soil V'i. alfalfa and sugar 
Various lun.l.\'i occurred ill dilTcrent numbers in 

alfaHa and suf;:lr bect soils. Several were 
in corn soil. Pcnicillium were mOSl tiislinClin: in thi, respect 

P. I'lir/JlIrogcnum SlOll, and 
Absidia But/I:ri Lcmlncr, I(oln/' 

lardia sp. Sacc., G,'olricllU/1J CIllirlidWIJ Link, liiiil/rita/a Gil· 
lllan Abbott, and T. viride were aho lllore abundant. Tho'ic which 
occurred Ie,'i in (or!! soil were VeTllliclI/aria sp. Fr., PlI01/1II sp. Dcsm., elio· 
eladium mlellu/alum Gilm:tn et Abbott, 
Bain., sp. Link, Pullulillia 
Alterrlaria /(:rtllis i\'ce.'i. Fusarium spp.. and 
\'Vollenw. 

The fanJrecl 
carla (,\lb. ct. S(ilw.) Ditm. 
moide.l Corda. ilL ifenucm'ia 
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fwn(f!,atus and Irichoderrna "hide2.-0cculTence of 
alfalfa, COI'n, oat, and sligar beetsIII sugar beet soil (2 years) 

at Ohio, 1955. 



38 OF Till' A. S. S. B. T. 

distribution. prcscllcc of debris amollllts 

of cellulosc in the alialfa plots btl' in the seasoJ) may ;!CCOlltll inue~lse. 

Blackst(:m of allalfa (()111111011 in the late ill lite seasoll 

obta [ned from soil 

Those allalfa wcrc A. 
i'. ThOlll, and 

\Vul!elll\·. occurn:d 
been made to prove the 

IS kl!oWIl to be the caus:;! agellt of 
liS 'pp. Corda and F. roseulil l.k. were 

R. so/alii and isolated 
used. 

were used. 

Occurrellces of the four best cOlTelaublc with decrease black 
1. and i'ellinlliulIl 
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SAMPI.. tNG DATE: 

3.-0ccunencc of t)cnicilliwn spp. 

to alfalfa, corn, oal, and sugar beets at 




(onsidcrabk qlH'qion by \'arions con­
cinractcrisLic diHcrenl 
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these four Even with 
fluctuations. re!llain in the same n:l,lliyc order ill the variously 

soils. Such seasollal ilUCluatioJls were commOll with most of the 
genera idelltified. 

Discussion 

There has been 
the c'itablishrnclll o[ 

(TOps. I-leIT (8) proH'd lh:lt 
wheat were is Iii tlc doubt. from 
the pres<'lll 

ClJvirOlilllt'lHs ,ince 
wen: JlJailltained 

rhe lalter 

oat 
dfe(\. (ll) bhlck root was 

di.sturbcd. F. (IVI'lIl/u'wn and F 
introduced !rmn Clbon: ground 

Septclll bl'l' :::. 
Certainly the 

v. minus 

I ()";,, but 

Penicillium spp. dc­
crcascd did sCI'cral othcr gellcra. 

The 
6·10 gellera ,vi til a 

in Ohio 
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fJenicillium in sligar beel soil 
corn. oat, sugar beets at Ohio,10 alfalfa, 
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5.-0ccurrence 01 j}cnicilliuUI jallthinel/wll in sugar heel soil 
cropped to alfaHa, corn, oat, and sug,lI' beets at Ohio, 

is that \\'hile gellcra rna)' ,'ar)' in OCClH', 
to diHtTCIlCC, !ll llumbers or individuals of 

aud differences are or 

1m rjI'lIFO£;,'('lIll1r1. 

10 . cochlioidl's. Tht>c 
and "ugar beet soih aud have, ill 
oat soils..\ Vermicular/a sp .. c. (1I1i'lIulaIIlIlL and a 'p. occur 
III thc pattern. It I)le that the latter 

to the PeniCillium spp. Thcrdon:, Peniellliulil spp. do not 
inuease to a level where are to /1. ((lcli!iuitln. 

Correl;ltiolls, such in the prescllt 
indicate such as PClIicilliulII 
spp .. T. viride. Fusi/riulil '[!fl., others. The soil arc rn a stale 1)[ 

with their l:Il\'irOlllllcllb. Various scquences 'll1d soil 
amcndment;, favor 01 differellt members of the soil 
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Dillcrelll the of other 
and diilereillial 

lHHricll [:;. 

Results 
of the 

cOllciu"i\'c; howevcr. an 
by nop S('qUt'IlLe) is indicated. 

other than fUllgi arc 
baclcria, !lellla todes, a lid 

whet!. 

Several bet.ors are in cSlablishm(:!lt of char:ICicristi( 
Di f[crenccs on 
among lllc component 
cond i liollCd 

and 
afler the 

such as lrall'>piratioll 
tcrials n:movcd from the (c) 
tcmpera tllrc; 

Inasmuch the soil associated Wilh multitudes 
nl llliuoilabilat'i Ileal' various substrates, it is quile th:n amibiOlir.s 
could be an lador in the distribution 

many strains of arc of 
biotics. Dilfusates which ;)CCdCralc the mav abo 

the soil and the <juamity or dlccril'c 
antibiotic or be small il concentrated 
at limited loci. (12) have illdica ted that the 
oj :lIltibiotic, soil ;lrc much thall in in 
\'itro research. Funl[(TmOl'e. alltibiotics unslahle In some soils. 
,'iuch has IIOl bccll sulilcicill h Oil a micro..scalc. 

Strains or several bolalU\ ill :11,(, ( of 
an rilung:!1 tile antihiotics 

an.' effective The ,nlllIn!', a rc of the 
the occur.. 
soil borne 

metl ill th is has beell 
type oJ described. The lllC'thod docs 

fUllgi. but thi, i, not 
Close aglTclllt:ltl hel ;reell melllbers of 

oj the lllethod. or the 
Too 

III this 
COlISl:1llC), has heel! 
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~S()I1lC \lltihiotic.; irom Soil FUllgi of Pns:;;ihlc Iinporranc(' itt 'lllc\c lrncstigatiollS, 

Organis.rn 	 Biological ,\cti"ity 

E:-..pansitll' 


Cliuroxil1 


\'iridln 

frichothetin 

:\-;pergiHus rIa\ atU:i. 

;\. I(T1TUi 

(~IioclatiiUlH GHcHulatullt 

C •. Hmbri:ltum) 
nchC""'nll;) \ iridc 
(= all ydlow and 

Aspergillus fumigfHus 

\spergill u,," Hayus 

\lyrotIH:ciUlJl n:lTllt:llia 

J'richodcrll1<1 viridc 

Trichot hed UBl roscum 

P(,llidllillrn cltfL'o-viridc" 
P. funicuJoSUll1. P. 
l1igric~m.s, P. oxalicum, 
.md Scopulaliopsis sp, 

.\I<lny Pllytopalhog('tls-Pytilill:n 
~pp". CcratosiOlll,-'Ua ulm!. ('l:L 

Inhibits. CI:t\'i(ep~ purpurea, 
l>!JYiophthora ('ryttuosl'ptira, 
::'derolinia Sci(TOliorum. 
Stt'reUHl purpurt'um 

Inhibits PhylOphthora 
scptica, Pythium ultimum, elc. 

lllhibits Phoma·betac. :\ll1COl 

lllllccdo, and other fungi 

ruhihit~ notryti.~ alliL 
Ccphalo.,,:,pOrflllrl :-'jJ .. Fusariulll 
cocruletltli:, F. cnlmnrwli. 
Stachyhotns rltra, PeiJIcilliu::H 

'l'ri( hot hccium 
and otlil'r fungi 

Inhibit, Fungi 

Signiftclnl Ien'l, hale !lol 
at Ihe (HE'> (1:» 

pelTCIl t arc lo La I 
at presenL 
Ihat k,,('r ciir]cn:llCC' 

of 
tile,c could 
data diHtTClil ,(Jib 
ticalJlc. These data :tn: aho It) 

(Olllroi Illclhanislfls opcr;1tin: III desirable 

('sl :iI)li,hed [or thesc dat:L 
dillerclll<" or liO to 100 
'VI' arc lhis IenJ 
R('(Cllt results indit 

low incidellce 
:lsl.)ays '\uch a.., 
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