Black Root of Sugar Beets as Influenced by Various
Cropping Sequences and Their Associated Mycofloras

R.E Drevs anp H. C. Youse!

Summary

Black root of sugar beets ar Hoviville, Ohio. during 19541955 was
almost cxclusively caused by Aplanomyces cochlioides Drechs. Soil was
cropped o sugar beets duoring 1933-1954 o increase black root incidence.
In May, 1955, sugar heets planted in soil [rom -any portion of the plet
hecarne approximately 100 percent black rooted. AHalla, corn. cat, and
-sugar heets were cropped on this soil during 1055 and the soils assayed
monthly for black reot incidence and myeolloras.  Cropping 1o corn and
oat resulted in decrensed black root. Corn was the most effcctive, decreas-
ing discase incidence o 10 percent alter three months and maintaining
that level, or lower, through November. Qat decreased discase 1o 25 per-
cent during the first four months, alter which the oat was “plowedsdown”
immediately black root increased to 76 percent and continued o increase
through November. Alfalfa did not significantly decrease the amount of
black root helow the control sugar beer plots in which 95 (o 100 percent
of sugar beets black rooted at cach mnn'thlkv sampling from Mav through
Novembher.

There were several quantitative differences in the fungi isolated from
the variously cropped plots. Increases and decreases in different fungt are
correlated to black root incidence. 1t is probable that the effects of myeo-
floras on 4. cochlinides are combination cffcats of the vartous fungi. Differ
ences in associated mycofloras were primartly due to [requency of occurrence
of hungi rather than to the presence or absence of specific funei inoany
particular cropping sequence. Gorn soil contained more of the following
fungi than did alfalfa or sugar beet soilse Penicilliym {uniculoswne "V hom,
P, janthinellum Biourge, P. purpurogenivem Stolll Po ovuguiosumlh sevies
Thom, Trichoderma vivide Pers. ox ¥r.. Absidia Butler! Lendner. and
other fungi of less seriking differences. Several fungi ocourred less [requently
in corn soil than in allalfa or sugar beee solls: Vermiculavia sp. Fr., Glioclad-
ium catenulatum Gilman et Abbou, Sporotrichum sp. Link, and other Tungi
of less striking differences. Oat soll differed from alfalla or sugar beet solls
primarily in the predominance of 7. oiride and Aspevgillus {umigatus Fres.
Alfalfa soils differed {rom corn, vat, or sugar beet soils in containing higher
numbers of Myrofthecium verrucaria (Alb, et Schwly Diun. ox Fr., dscochyta
sp. Lib.. and Fusarivon mervismordes Corda: and in containing lower numbers
of A. fumigatus, Cephalosporium ncremonium Corda, P, oxalicum Thom,
and F. oxysporum Schlect. Sugar heet soils differed primarily from the other
soils in higher numbers of Aerostalngmus, spp. Corda and Fusarium rosewm
(g) Link. Possible explanations ol the occurrence and cffects of Tungi asso-
ciated with different cropping sequences were discussed.

tResearch Assistant and Professor of Plant Pathology, raspectively, Ohio Agriculture Ex-
periment Station, Woosicr, Ohio.
2 Numbers in parentheses refer to Hierutnre ¢ited.
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Introduction

The possibility of controlling soil-borne pathogens by introducing spe-
cific anmgonistic fungi to infested soils has been oxtensively  investigated
during the past {our decedes. Antagonism has been readily demonstrated
in diverse artificial cudures bur atiompts to reproduce such resubs in the ficld
have been wholly unsatislactory. A wide variety of discases have been con-
trolled by spedial crop sequences and by various organic and inorganic
amendments. Fmpirically, such discase control has often been aseribed (o
cffects on natural soil wrvcoloras relative 1o varions pathogens (5, 11, 17, 18).
Cropping scquences have received attention as methods of  establishing
desivable myeofloras. Total numbers of lungi have been correled with
spectal cropping effects on disease mcidence. It 3, however, difficudt o
understand the significonce of total mycolloras in discase control. 1t scepis
much more logical to assume that control of specilic pathogens should be
associated with the incresse or deddine of specific members or groups of
members of the mycoflora,

Coons and Kotila (2) reported that sugar beet bluck root was controlled
il corn mmmediately preceded sugar bects in cropping sequences. Contrari-
wise, sweet clovar or alladfa immediately preceding sugar beets actually
increased Dlack root incidence. Several types of dover and alfalla were
fater proven o Tavor the same fungi which incited black root {1y, Sovheans
and small grains were found to decrcase black root. Clovers and alfalfa
could safely precede sugar bects if they were “plowed-down’ carly enough
to allow “adequate disintegration of residues.” Coons suggested that these
controls were eflccted by competition and succession of non-pathogenic fungi.

That the basic control mechanisms of specific cropping sequences were
ascribable to associated mycolloras was indicated by Kommendaht and Brock
(10y . They analysed soil whicl had been monocropped to corn, or oat,
or wheat for 88 vears for numbers of {ungi. In this stabilized <ituation
Aspereillus fumigatus Fres. was the most abundant fungus isolated  from
oat soil. Isolates of this fungus controtled scedling blight of corn incited
by Gibberelia weae (Schw.y Peweh. Gibberella scedling blight was also con-
trolled when cormn was planted in oat soil. In artificial culture, whear was
protected from scedling blights incited by Fusarinm spp. Link ex Fr. by the
following Tungi in the ovder listed: AL clavatus Desm., Penicilliwm sp. Link
ex Fr., Trichoderma lignorum (Lodey Harz., P Hlacinm Tho, Nigrospora
sp. Zimm., Penicillivm sp., and A fiondgatus. Horr (8) more thoroughly
investgated the myeofloras associated with corn, oat, and wheat in these same
continuously crapped plots. Four kinds of fungi predominated: A, fumi-
gatus, P. funiculosum Thom. Trichoderma spp. Pers. ex Fr., and Fusavium
spp. Striking differences o the Trequeney of these fungi were apparent
A Jumigalus was the predominan fungus from oat plots; £, funicwlosn was
the predominant fungus from corn plots: while Trichoderma spp.. Fusavium
spp., and A fumigains oconrred with equal frequency in the wheat plots.
Trichoderma spp. were never isolated from the oat plots,

The purpose of this study was to establish whether different char
acteristic mveofloras developed  during one scason’s cropping to aifalfa,
corn, oat, and sugar bects {ollowing two seasons of sugar beets and o
corrclate such differences, i they occurred, with the eflects of these arops
on black root inddence.
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Materinls and Methods

T insure adequate increase of black root, an 86 foot by 172 foot plot
of Brookston Clay was planted to sugar becws ar Hoyeville, Ohio, in 1933
‘This same plot was planted to sugar beets in 1954 and assayed weekly, from
May 6 through Scptember 9 for soil mycolfora and black root incidence.
At the end of this period, approximately 100 percent of the sugar beets
seeded in soil from any portion of the plot hecame black rooted. This plot
was divided into twelve 47 foot by 14 oot plots in the spring of 1855 and
planted wo allally, corn, oat, and sugar beets. The soil myveollora and black
root incidence in cach plot were assayed monthly using the following
mcthods. Aseptic techniques were used throughout.

Each plot was randomly sampled by taking cight 1 inch by 8 inch
corcs papendicular to and induding the surface. These eight cores were

" thoroughly mixed by grinding and agitation, The amount of moisture in
cach sample was determined using @ 100° C. oven.

Black root was wssayed by planting segimented sugar beet seeds inoa
portion of cach pooled sample wnd connting the discased seedlings alter
three weeks. Discased seedlings were cultured for black root pathogens.
To determine the number of scedlings discased with Aphanomyces cochlioides
Drechs., scedlings were washed thoroughly, blotted of excess water, placed
in sterile distilled water, and later examined.

Soil fungi were isolated by a soil dilution plate technique (14) . Samples
of the pooled soll were suspended inoa 1 pereent CMC" solution with a
mechanical stirrer and diluted 1:10,000, One ml aliquots of this final dilution
were added to each of 16 petri dishes. Ten ml of a medium developed at
the Ohio Agricultural Experiment Station (sce Table 1), maintained 2t
529 (. were placed in each plate, the cultures mixed, and then inenbated

Table [—Culture Medium Developed at the Ohio Agricultnral Experiment Station for
the Isolation of Saprophytic Seil Fungi.

Agar 20,0 «
Yeast Fxtract 20 g
Sodium Nitrate 1.0
Potassium 'hosphate {monobasic) [
Magnesium Sullate 05 g
Clucose 50 g
Osgall 1.0 g
Sodlium Propionate 10 g -
Streptomyein 30,0 mg
Chloromycetin 500 mg
Distilled Water 1.000.0 mi

Autoclave ar 11 pounds pressure for 15 minutes

at 247 C. for 3 days. After Incubation, fungal colonies were marked and
ach fungns identified as soon as possible. IF a Tungus could not be classified
to a well recognized category, it was named to the best of the awthor's ability
and constanty there assigned on reoccurrence. Subscquently, mose of these
colonies were correctly identified. Several “keys” to the fungl were used in
this rescarch (3, 4, 6. 7, 13, 16).

The kinds and total numbers of hungi were tabulated for cach replica-
tion of each arop and recorded as the numbers per gram of oven dried soil
to {acilitate comparisons.

SOMC - 120 High Viscoshty Carboxy-methyl celivlose, Hereules Powder Company, Wil-
mington 99, Delaware,
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Figure L—Incidence of black root pathogens in sugar beet soil (2 years)
cropped to allalfa, corn, oat, and sugar beets at Hoytville, Ohio, during 1955,

Results
Pathogens causing black root,

Black root incidence is a limiting factor in sugar beet production in
Ohio. The disease has most often been atwributed o A, cocklioides. Rivz
octomia sotant Kuhn, and Pythiwm spp. Pringsheim. Investigation of the
cause of black root during 19534 and 1953 cstablished chat the discase was
almost exclusively incited by A, cochlivides, OF 2,548 discased scedlings
examined, 4. eoclilivides was cultured from 2487, Fusarium spp. from 34,
R. solant from 12, and various other organisms from 15, A bacterium ten-
tatively identificd as Frwimia cavatovora (L. R. Jones) Holland was usually
associated with A, cochlivides. This bacterivm incites a soft ot of sugar
beet tssues when fntroduced but does not appear to be a primary invader.

Effects of cropping sequences on black root incidence.

Swiking cffects on Black yoor docidence vesulted from cropping soil
thorcughly infested with black root pathogens to alfalla, corn, oat, and
sugar beets {see Tigure 1), Sugar bects maintained a 95 o 100 percent
inoculum potential in the soil throughout the scason.  Alfalfa slightly de-
creased black root during Mav and June, but thercalter stcadily increased
black root through November. Oat steadily decreased black root 1o 25 per-
cent through the August 7 sampling. "Plowing-down™ of oat September 2

-

resulted inun increase In black root to 76 percent at the September 7
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sampling date. Black root increased through  the succeeding  sampling
dates. Corn was the most effective crop, decoreasing black root 1o 10 per-
cent after three months and mainwining thar level or lower, through the
remainder of the scason,

Effects of cropping sequences on soil mycolloras.

In May ol 1935, when the soil was sceded to allalla, corn, oar, and
sugar bects, the mycoflora was little different from thar established for the
plot during 1954, There weve also litde differences between the mycofloras
of the plows sceded o alfalla, corn, oat, and sugar bects. Throughout the
growing scason of 1935, the differences between myeofloras could, therclore,
be attributed to the different crops or associated agronomic practices. Goen-
crally, the same kinds ol [ungt were iselated from all the plots in 1935, The
principal differences between treatments were in the frequencies of the
different types of Tungl.

One scason’s cropping of sugar beer soil to allalfa, corn, oat, and
sugar beets had lude cHect on the total numbers of tungt isoluted  {see
Table 2y, There were no bmportant dillerences in numbers of Tungi asso-
clated with the different crops; except in case of alfalla and oar ar the
October 8 swmpling and ont av the Seprember 7 sampling. The low number
of fungl associated with alfalfa au the Ocrober 8 sampling can be atwributed
o no known factor.  In the case of oay, the extremely high number of
fungi at the September 7 sampling immediately followed “plowing-down’™
of the crop. The entire difference was due to an cpidemic of two species
of Tusarium: F. laterithon Nees vo minus Wr. and Fo avenaceum (Tr) Sacc,
The sharp decrease in total numbers at the next sampling was primarily
due to a complewe absence of these two Fusaria. The variability in total
nuwmbers (Table 2) iy probably duce to differcntial availability of moisture,

Table 2.—Tetal Fungi® in Sngar Beet Soil (2 yrs)) Cropped 1o Alfalfa, Corn, Oat and
Sugar Beets at Hoyiville, Ohio, During 1053 (Each Number is the Average of 3 Replications).

Av. No. of

Sampling Date Fungi

Praring

Crop Mavé  Juncé July 7 Aug.7 Sept.7 Oct. & Nov. 8 Season
Sugar Beets 1288 A1.8 55.5 80.5 106.4 100.4 114.0 95.%
Altatta 1084 71.2 kIR 88.4 89.0 50.6 133.3 82.2
Corn 134.% 5.4 874 101.0 89.6 11ng 1878 1009
Oat 6.0 GO 34.6 81.6 207 .62 42.6 N 87.2

L Thousands of Fungl por gram of Oven-Dried Soil
= OFf this total, 119.4 are Fusarium avenaccum and Fusarium lateritium var, minus,

During 19 145 different species of {ungi belonging to 85 different
genera were isolated [rom the plots. It is noteworthy that 60 to 80 pereent
of the fungi solated at any one sampling were Aspergillus spp., Gliocladium
spp.. Fusarium spp.. Peniciliiion spp., and T. viride.

Fungi isolated from oat plots are not dircetly comparable with those
from alfalfa, corn, and sugar beet plots alter the August 7 s:ln’)pling. A.
Jumigaius and T, vivide were more abundant in oat soil dhan in alfalla or
sugar beet soils, This difference may partially account for decreased black
root In cat soils up to “plowing-down.” More importance should probably
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placed on the carly predominance ol F. equisets (Corda) Succ. and F.
episphacria (Todcey Snyder o Hansen in oat soil. These two Fusaria are
important components of grasslund soils. They are excellent colonizers of
organic matevials and possibly competed more successlfully for nutrients than
did A. cochlioides.

Corn most effectively reduced black root incidence, whereas alfalta and
sugar beets did not. Corrclations between corn soil vs. allalfa and sugar
beet soils are possible. Various fungi occurred in different numbers in
corn sotl than in alfaifa and sugar bect soils. Several fungi were strikingly
higher in corn soil. Penicillium spp. were most distinctive in s respect
with P, juniculoswm, P. janthinellum Biourge, P. purpurogenum Stoll, and
P.rugulosum scries Thom being outstanding. Absidig Butleri Lenduacer, Robil-
lardia sp. Sacc., Geolrichum candidum Link, Spicaria divaricela (Thom) Gil-
man ct Abbott, and 7. viride were also more abundant. Those fungi which
occurred fess in corn soil were Fermiculavia sp. Tr., Phoma sp. Desm,, Glio-
cladium eatenulatim Gilman co Abbow, Hyalopus ater Covda, P nigricans
Bain.,, Sporotriclhwm sp. Link, Pullulavia pullulans  {deBary)  Berkhout,
Alternaria tenuis Nees, Fusarium spp., and F. solani (Martiusy Appel e
Wollenw.

The organisms favored by cropping to alfalla were Myrothecium veriu-
carta {Alb, et Schw)) Dium. ex Fr., dscochyta tmperfecta Pock, and F. ers-
moides Corda. M. wervuceria is noted as an important ccllulytic fungus of
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Figure 2—Qccurvence of aspergillus fimigatus and trichederma viride

in sugar beet soil (2 years) cropped to allalla, corn, oat, and sugar beets
at Hoytville, Ohio, during 1953,
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cosmopolitun distribudon. The presence of debris containing high amounts
of cellulose in the alialfa plots lawe in the season may account for its inareasce.
Blackstem of allalfa was common in the plots late in the season accounting
for the increased A, fmperjecia. "Those Tungl decreased by allalia were 4.
Jumigatus, Cephalosporium acvemonium Corda, P. oxalicion Thow, and
F.ooxysporum Schleche, Fusarnwmn conglutinans Wollenw. occurred predomin-
antly in sugar beet soill No attempt has been anade to prove the patho-
genicity of this fungus; bur a variety is known to be the causal agent of
sugar beet yellows, Acrostalagmus spp. Corda and F. vosewn Lk, (g) were
also higher in sugar beet soils, R, solani and Pyithiwm spp. were bsolated
infrequently due to the wmethod used. These two organisms were, however,
consistently obtatned from soil samples when special isolation procedures
were used. .

Oceurrences of the four fungt best correlatable with decrease of black
roor at various samplings are illustrated in Figures 2, 5, 4, and 5. Penieillivm
spp. continually increased through the scason i corn soils (see Figure 3).
The two species most responsible for this Increase fate i the scason were
P. juniculosum  (sce Figure 4) and P. janthinelbon {sce Yigure 5y P pur
puragenum and P. ruguloswn serics were important fungi carly in the season.
The occurrence of A femigatus and T, wivide s illustrated in Figure 20 In
general, there was a greater frequency ol the latter two organisms In corn
and oat soils than in alfalfa and sugar beet soils. The scasonal variations of

50 L
£ CORN
a5 |
2 r
3 ;
@ F
40 | ;
a &
& $
«® ;
> %L 2, &
o St r
8 f
& 80 | §
§ ,0". ."C".
& ;
G o | 5 .
o i
Y Eoonn, §
o . /
§ trene c.-
BLos Bl Pt P
i g&;_\g«ﬂ.—, b ea ALFALPA
=1 -~ e, - - ~..::'_§_ -
Z ® N e A T h e e asT
9 i erf ‘M'\. ‘““‘w\
a e 8 SUGAR BEETS
=
§
(4] L i i L 1 i
MAY 6 N 6 Jy 7 AUGT SEPT. 7 ot 8 NOV. 8
SAMPLING DATE

Figure 3.—QOccurrence of penicillium spp. in sugar beet soil (2 years)
cropped to alfalfa, corn, oat, and sugar bects at Hoyeville, Ohio, during 1955.
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these four organisms do not obscure the delinite relations s

fluctuations, the funei remain in the same relative order

cropped soils. scasonal fuctuations were common with most of the

genera identified
by various

Such
There has been considerable question by various investigators con-
mycofloras b

Discussion

cerning the establishment of characterisuic different
crops. Herr (8) proved that mycofloras were different when corn, oat, and
wheat were continuously cropped for 39 years, There is litde doubt, from
the present investigation, that characteristic different mycofloras may de-
velop in one season. In fact, the mycofloras become different carly in the
levelopment ol the arops. Cropping indluences are stronger than impinging
environmenis since similar relationships in frequency’ of specific organisms
‘ There was liude difficrence in mycofioras
1954 and that at planting time in 19535, but
was the share increase
.

were maintiined through the season.
The desirable

during the latter samplings in
is this the normal? A strikingly different sttuation
of blaick root when oat was “plowed-down” September 2.
cffect on black voot was immediately negated. Certainly the mycoflora was
critically disturbed. F. avenacern and F. laleritium v, nunus were probably
introduced {rom above ground portons of oat plants. Penicillium spp. de-
creased as did several other genera.
saprophytic soil fungi in Ohio apparenty belong in
invaders. The

The mujority of saprophy
10 genera with a large number o minority inhabitants and invaders
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Figure 4——Occurrence of penicillivm funiculosum in sugar beet soil
(2 years} cropped to allalfa, corn, oat, and sugar beets at Hoytville, Ohio,

during 1955,
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—Occurrence of penicillivm  jenthinellwm in sugar hect soil

Figure 5
(2 years) cropped o alfalla, corn, oat, and sugar beets at Hoyiville, Ohio,

during 1955,
ary in occur-

primary concept to he recognized is thar while gonera may
rence, this vaviability is due to differcuces fn numbers ol individuals of
Such species and variety differences are ol primary

species and varicties,

importance in mycoccology,
cochlioides discase potential in allalfa

The slight early decrease of A,

soil followed by an inacase to 100 percent ds quite interesting since A
cochlioides has never been proven pathogenic to alfalla, Iv s possible that
somie organisms or groups of organisms are antagonistic to an organism or
group ol organisms antagonistic to the pathogens. Po funiewloswn, Po jan-

thinellym, P. prurpurogernan, and P orugnlosum series may be considered
cocidioides. These spedies occur infrequently in allatfa

antagonistic o A

and sugar beet soils and have, in general, an mtermediate occurrence in
oat soils. A Fermiculavia sp., G. catenulatum, and a Sporotvichuin sp. occur
in precisely the opposite pattern. It is possible that the latter organisms
are antagonistic to the Peniciltiuwm spp. Therclore, Penieillium spp. do not
increase 1o a level where they are antagonistic w A, cochlioides.

Correlations, such as those described in the present investigation, may
indicate “hiological conwrol” by tungl such as Penicillium spp., dspergillus
T. vivide, Fusariwomn spp., or others. The soil Tungi are in a state of
cguilibrium with their envivonments, Various cropping sequences and soil

spp.. 1.
amendments Lavor development of different members of the soil population
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Different fungi fucrease ar the expense of other fungi. The principal
mechanisms are probably antibiosis and differential competition for available
nutrients.  Differential cropping s an coffective means of varving mycofloras.
Results reported here are not yet condusive; however, an understanding
of the mode of black-root control by crop sequences is indicated.

Members of the soil population other than {ungi arc undoubredly
tmportant in “)i{)}ogictxl control.”” Actinomycetes, bacteria, nematodes, and
protozoa are also probably differentially influenced by cropping sequences.
Any change in the soil population may affect pathogens differentially, This
program, at prescut, concerns only iunw The beliel is that the more com-
pletely the soil population is understood, the more mntelligently and. there-
tore, more cffectively can root rot problems be solved,

Several tactors are important in establishment of characieristic mycolloras.
bifferences depend on competition, antagonism, antibiosis, or parasitism
among the component fungi. The degree and type ol differences may be
conditionred by: (@) Agronomic practices peculiar o each arop: (b)) quan-
tity and quality of «op debris rewarned to the soil during the growth of
and after the death of individual arops: (¢) different growth habits of plants
such s trauspiraton rates, type of root system, quantity and tvpe of ma-
terials removed from the soil by planis, and roor diffusates; () pH: (o)
tomperature; (1) moisture; and (g) physical qualities ol the soil.

Inasmuch as the soil mycofloras are probably associated with multitudes
of microhabitats near various substrates, it is quite possible that anuibiotics
could be an bmportant lactor in the distribution of many types of fungi,
Certainly many swrains of fungi are capuble of producing antilungal anti-
biotics, Diffusates which accelerate the growth of fungi may also be impor-

tant. Such conditions probably occur in the soil and the quantity of cllective
antibiotic or acceleratory substances could be relativ ely small il concentrated
at Hmited loch. Pramer and Starkey {12y have indicated that the quantitics
of antibiotics necessary for action in the soil are much higher than in in
vitro rescarch. Furthermore, antibiotics are often unstable m some soils.
Such rescarch has not been suthciently investigated on a microscale.

Strains of sceveral fungl Bolated in Lhi«; investigation are capable of
producing antifungal antibjotics (sce Table 3y, Three of the antibiotics
arce cffective aguinst Phycomyeetes (9. Th(, authors are ol the opinion
that mechanisms involving antiblotics are partially responsible for the occur-
rence ol different myveofloras and muy be effective in controlling soil borne
pathogens.

The soil-dilution plate technique used e this tvestigation has been
proven guite satisfactory for the type of study deseribed. The method does
favor iselation of sport producing fungi: but this Iy not disadvantageous
since the drawback s recognized.  Close agreement between moembers of
simibn samples emphasizes the reliability of the mwethod. Accuracy of the
procvedure continges upon proper samplhing and thorough mixing. Too
much care cannot be exercised in idendficattons, The fungt listed v this
rescarch were all tdentificd by one investigator and constancy has been
emphasized throughout.
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Table - “Sowe Antibiotics {rom Soil Fungi ol Possible Lmportance in "Those Investigations,

Antibiotic Organism Biological Activity
Expansine Aspergillus clavatus, Muny Phyviopathogens—Pythium
AL terreus spp-. Coratestonmeilan ulmi, e
Gliotoxin Gliocladium catenulatum Inhibits Claviceps purpuren,
(- G fimbriatum) Phytophthora evvihroseptica,
Vrichoderma vivide Sclevotinia sclerotiorum, sl
(== all vellow and green 17s) Stereum purpurcun

Aspergillus fumigatus
Aspergiilic A Aspergillus {lavus Inhibits Phytophthora ervthio-
septica, Pythium ultimum, cic.

CGlutinosin Myrothecim verracuria Inhibits Phoma-betace, Mucor
mucedo, and other fungi

Viridin Trichoderma viride Inhibits Botrvtis adlii,
Cephalosporiom sp., Fusavium
cocruleum, I colmoruu,
Stachybotrys atva, Penicitiium
spp., Prichothecium
voscum, and other fungi

f'richothecin Trichethecium roseum Inhibity some Fungi

Uncharvacterized Penicillitnm citreo-viride, Inhibits some Fungi
. funiculosum, .
nigricans, P. oxalicum,
and Scopulariopsis sp.

Signitiant fevels have not been completely established for these data.
Investigators at the OALS (15) have evidence that differences of 60 10 100
percent are significant for total numbers of fungi. We are wsing this level
at prosent to judge significance between genera. Recent results indicate
that lesser differences may be significant Tor genera,

A wype of myoollora associated with w sotl which has a low incidence
of black roor has been described. The authors believe that assays such as
these could be used o predict black root free soil. More supplementary
data are nccessary for several different soils before such analyses aré prac-
ticable. These data are also preliminary o an understanding of the basic
control mechunisms operadive in desirable cropping sequences.
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