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INTRODUCTION

The disease complex known either as root-rot or foot-
rot of cereals is world-wide in its distxibution (7). It
occurs throughout the three prairvie provinces of Canada,
and is frequently a limiting factor in the production of
cereal crops (8). In Manitoba common root-rot of cereals
and grasses is widespread. During the period 1230 to 1941
inelusive no wheat field in the province was found abso-
lutely free from the disease. The average percentage of
Giseased plants for the three years, 1939, 1240 and 1941,
was estimated at 38.3%. TFor the same period the average
reduection in yisld wes estimated to be 129l%h(223. In
our hungry world this is of no lititle consequence.

The problem of root-pot of wheat and other small
grains is coneiderably complicated by the fact that
several fungi may be involved as csusal organisms, alone
or in assoclation; and esch organism mey be affected by
differences in soll and climate. The methods which have
been advanced for the control of this disease have, there-
fore, fallen into two general categories: (a) the produce
tion of resistant vervieties (15), and (b) the investiga-
tion of the effect of the various soil environmental

factors on the development of the pathogens (1€)., It is
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the purpose of this study to treat with one of these
environmental factors; namely, the associative and an-
tagonistic relationships of micro~organisms,; with respect

to a white fertile saltant of Helminthosporium sativum

P, K. & B. This is one of the organisms of the root-rot
complex.

This saltant, produced by Greaney and Machacek (13},
1933, by means of ultra-violet radiation, differs firom
the parvent strain in that the mycellum is hyaline and the
conidia almost colorless. It does not differ appreciably
in pathogenicity. It was used in this investigation in
preference to the parent strain since its striking lack
of colour facilitates its recognition among other fungi

in plates,

HESTORICAL

Investigation of microbial antagonism as a factor
in the soil environment of root-rot pathogens was given
ite initial impetus by the work of Sanford and Broadfoot
{28)s 1931, and of Henry (16), 1231l. The former workers
demonstrated that certasin species of fungi, actinomycetes
and bacteris are effective in suppressing the pathogenicity

of Ophiobolus graminis when filtrates or cultures of these

orgenisms are combined with the pathogen and spplied direct-
1y to the seed., The latter worker, Henry, studied the

natursl microflora of the soil in relation to the foot~-rot



problem of wheat. He found thet the naturel microflors
had a marked inhibitive action on the growth of H. gativum
in soil, with indicetion of a similar effect on Fussrium

graminearum. All species of bacteria, fungi and asctino-

mycetes isolated by Henry from the soil showed a sup-
pressive action; most evident with fungi. A combinstion
of the three groups proved the most effective. Henry also
demonstrated that H. sativum sporuletes readily in certain
sterilized soils, while this is not the case if the soils
are unsterilized, The fact that soils in which sporula-
tion occurs may be rendered inimical to spore production
by adding small smounts of unsterilized soil suggestad
that sporulation is inhibited by saprophytic soil micro-
organisms.

The work of Sanford and Broadfoot was confirmed by
experiments conducted by Moritz, referred to by Garrard
and Lochhead (11). In comparative pot culture tests,
infection of wheat by Q. graminis was found to be much
1ess in unsterilized soil than in sterilized soil. This
protective action veried with soil type, being greatest
in soils showing the lowest incidence of the disease.
Moritz believed that the antagonistic effect was of a
quantitative rather than qualitative nature and was re-
lated to the microbiological sctivity of the soil.,

Risby, James and Timonin (2), 1933, while investi-

gating fungi isolated from Manitoba soils by the plate



‘ method, observed that Trichoderma lignorum in pot culture

tests prevented infection of wheat by H. sativum and

Fusarium culmorum. Greaney and Machacek (14), 1935, re-

ported that the pathogenicity of H. gativum on wheat
seedlings was suppressed by the antagonistic action of

Irichothecium roseum. In their opinion this effect was

due to a toxic substance produced by the latter.
Novogrudski (24), 1937, found that certain bacter-
iel strains isolated from soil and from diseased plants

were lysogenic to F. graminearum snd Fusarium lini.

These provided reasonably good protection of wheat and
flex seedlings in pot inoculation tests.

Henry and Campbell (17), 1938, reported the inac-
tivation of certein seed-borne pathogens when infected

seed was sown in natural soil. Polyspora 1ini and Col=-

‘detotrichum lini were so affected both when naturally
and artificislly infected seed was used. This appeared
to be due largely to the antibiotic action of the micro-
organisms of the soil since in sterilized soil similar
seed produced significantly higher percentages of infec-
tion.

Sanford and Cormack (29), 1940, tested randem iso-
lations of Penicillium cultures asnd of other soil-
inhabiting fungi for their effects on the virulence of
H. sativum on wheat seedlings grown in steam-sterilized
s0oil. They observed that some forms exerted a marked

degree of suppression, some had no effect and others



increased the virulence of the pathogen. Irichoderma

reduced virulence by 80 to 58 per cent, Absidia glauca

by 39 per cent and Aspergillus nidulans by 30 per cent.

Marked variations in activity were observed among the
different species of Penicillium. The reduction in
virulence of the pathogen effected by these species
ranged from 1l to 57 per cent.

Beresova and Naoumova (1), 194l, investigated the
application of bacterial antagonists to seed for disesse
control. They designated their technique by the term
"bacterization", By this method Ilmproved germination
in flax and reduced infection by F. lini were obtained.

Species of Pseudomonas and Achromobacter were found to

be particularly effective in reducing seedling infection
of wheat,

Ledingham (20), 1942, conducted green house and field
inoculation studies in which H. gativum and F. gulmorum
were used both singly and in combination. Where the fungi
were mixed,; injury, as reflected in emergence and sometimes
in yield, was less, Germination of H. sativum conidia was
reduced in the presence of conidia of F. culmorum.

Simmonds (30), 1247, has recently submitted interest-
ing evidence in support of the idea that seeds commonly -
harbour a bacterial surface flora which is antibiotic to
H. gativum. This flora is believed to be separate and

Gistinct from that of chance contamination.
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Another phase in the investigation of microbilological
antagonism has been an attempt in some cases to isolate the
specific active principle from the organism involved and its
application directly as a protective mechanism against patho-
genic attack. Leeman (21), 1931, tested the action of var-
ious secretions and extracts of micro-organisms upon H.
sétivum. He concluded that micro-organisms, pathogenic or
nonpathogenic, can supply substances which may be useful
in the prevention of plant diseases.

Christensen and Davies (8), 1240, found that a strain

of Bacillus mesentericus produced on artificial media an

active substance that suppressed the growth of H. sativum.
This substance increased sporulation of the fungus, inhi-
bited or retarded spore germination; caused sbnormal hyphal
development and induced mutations in certain strains of the
fungus. It was inactivated or destroyed, however, by cer-
tain fungi and bacteria. 7
Only recently, Goodman and Henry (12), 1947, reported

that Xanthomonas transluscens cerealis exposed to a 1:1,000

dilution of subtilin was largely inactivated as measured by
its ability to cause infection in barley seedlings. Com-
parasble infectlion trends were obtained in sterilized and
unsterilized soil. Subtilin also acted to reduce infection
when applied to seed artificially infected with X. trans-

luscens cereslis before treatment.




The above review has been confined to literature
directly relevant to the subject under study. The
general field of microbial associations and antagonisms
has been dealt with by Waksman (33). Antibiosis in
connection with cereal root disesses has been reviewed

by Sanford (27), and by Garrard and Lochhead (11).

GENERAL CONSIDERATIONS

1. Criteria of Antagonism

The term microbial antagonism is a general expres-
sion of a phenomenon in which one organism is injured or
even destroyed by the other (33). In plate cultures an-
tagonism is manifested as a dwarfing or inhibiting effect
on one species when two species are growing in association.
The term usually implies that one species produces a sub-
stance that is toxic or "antibiotic" to the other,

According to Waksman (33), the three important types
of antagonism are (a) the repressive, inhibitive or bacter-
iostatic (b) the bactericidal and (¢) the bacteriolytic.
Wolf and Wolf (35) cite a classification by Porter in which
antagonistic interactions are further divided into four
groups showing differences in degree of inhibitory action

as follows:



1. One species overgrows and inhibits the other.

2, Bach member of the pair exerts a slight mutual

inhibition. '

3. One of the pair grows close to but around the

other.

4. Mutual inhibition is exhibited at a considerable

distance and the two remain separate,
Examples of antagonism may be seen in Fig. l.

It is conceivable, however, that other phenomena
besides the production of sntibiotic substances may be
involved in antagonism. It is a common observation
that when several microbes are growing in the same cul-
ture medium, some will be repressed in the course of
time whereas others will survive and take their place.
This may be due to the fact thal these microbes compete
for the use of the same nutrients or that conditions
such as reaction, oxygen supply and temperature are more
favourable to some organisms than to others, and an in-
creasing share of the available nutrients will be utilized
by the favéureé organisms as they gain numerical prepon-

derance over the others.
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Figure 1. Antagonism in plate cultures,

From left to right.

Control. H. sativum on Czepek's agsr. Note
the contaminant which apparently deoes not ex-
hibit antagonism.

E. sativum and an Actinomyces. Note inhibi-
tion of saltent resulting in only slight
growth.

H., sativum and an Actinomyces. Note Actino-

myces (small speck) causing saltant hyphae to

turn away.

H. sativum and Penicillium citrio=-nigrum.
Note fungal antagonist reducing saltant to
slight feathery growth.

H. sativum and Fusarium oxysporum. Note
overgrowth effect.

From left to right.
Control. H. sativum on potato dextirose agar.

H, sativum and a species of bacterium. Note
the reduction in size of H. sativum.
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Weksman and Starkey (34) present am interesting
example of the influence of soll treatment upon the

distribution of micro-organisms in the soil.

et

o
g

Treatment for a number Reaction Bacteria  Fungi

of sucecessive years of soil
PH
Ko fertilizer 4,6 300,000 594700
Lime, no fertilizer 6.4 5,200,000 22,450

This would indicate that pH conditions are created which
are more favourable for bacteria. The decrease in the
number of fungi would appear toc be due primarily to com-
petition for nutrients although it is possible that other
fac%ops may be involved, If this is true, antagoniém in
a broad sense must be considered to reflect competitive
as well as antibiotic interrelations among micro-organisms.
Almost all micro-~organisms inhabiting a natural en-
vironment such as soil or water are subject Lo numerous
assoclative as well as antagonistic relationships. Some
microbes living in association frequently develop charac-
teristics which they do not possess when living in pure
culture., When such associations result in changes that
could not be brought sbout by the individual organisms

alone, the process is termed "symergiem'" (18). Although
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many such reactions are recorded (33,35), no mention
‘appears to be made of antagonism as a co-operative phen-
omenon that might not be produced by any of the associ-
ated organisms acting alone. Since microbes in the soil
inevitably occur in mixed populations, the investigation
of antagonism as a group rather than as san individusal
phenomenon may offer a larger insight dinto the matter.

- Mierobes grow and bring sbout many metabolic reac-
tions in natﬁral substrates, such as soils and water ba-
sins,; in a manner quite different from those in artifi-
cial media (33). Broadfoot (3) working with cultures of
bacteria and fungi used in previous experiments by San-
ford and Broadfoot studied the antagonistic and compa-
tible growth relationships of these organims towards

Ophiobolus graminis on various culture media. He found

that many of the organisms which exercised a marked de-
gree of control on Q. graminis on wheat in soil were
not antagonistic in culture. This study demonstrated
that the growth reactions of various organisms and Q.
graminis sssociated on artificial culture media is not
a reliable indication that the same organisms will or
will not suppress the psthogen in soil oxr open pot
culture, |

Brommelhues (4), on the other hand, 2lso working

with Q. graminis advanced a somewhat different view,

She found that the pathogen was inhibited strongly in



culture media by H. sativum and Penicillium sp. In pot

soil tests when these were inocculated together with the
pathogen the combined action gave less damage than that
coused by Q. graminis alone.

Such findings are perplexing indeed. ¥et, it secems
reasonable to assume that the final conclusion about an-
tagonism must be based on studies with a susceptible host
plant in soil harbouring the pathogen and the antagonist.
A sterile soil, free from other organisms that might af-
fect the relationship probably provides the best base
for such an experimental study. It must be borne in
mind, however, that pure cultures of microbes, free from
the associative and competitive effects of other microbes
Ffound in natural substrates, may react in a manner gquite
different from those influenced by the growth of other

orgenisms,

Z2e. Antagonism to H. sativum by the ™jatural' Flora of

Ceresl Seeds

Morgenthaler (23), 1918, suggested that it would be
worthwhile investigating the biological importance of

Bacterium herbicola and the epiphytic bacteria of grain,

"One can assume, " he wrote, "that the grain kernel and

perhaps other plant parts are protected from damaging
organisms under normal conditions by & layer of B. herb-

icola." (trana,)
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simmonds (30), 1247, as mentioned earlier, reported
that certain bacteria commonly found on the surface of
wheat seeds and other parts of the wheal plant are anti-
biotic to H. gativum. The most abundant bacterium in
most cases of such antibiosis was found by Simmonds to
be a short, motile rod.

James, Wilson and Stark (19), 1946, in a detailed
study on the microflora of wheat found that two species
predominated on plates prepared from washings from

samples. One of these was identified as Bacterium herb-

icola aureum, the other as belonging to the'genus

Pseudomonas. Both were considered epiphytic on wheat.

Subsequently, Stark (31) found that these two types con-
stituted approximately 80% of the bacterial population
on barley, flax and oat seeds, Since these two types may
be considered truly representative of the epiphytic flora
.of Canadien cereal seeds, investigsation as to whether or
not they are antagonistic to H. sativum may in a sense
provide an index of the antagonism to this pathogen by

the "natural® flora of cereal seeds generally.
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EXPERTMENTAL

1. Testing a Number of Isolates for Antagonism

(a) Single species vs. pathogen

Seven hundred isolates comprising 221 fungi, 193 bac-
teria and 286 Actinomyces were obtained from various
sources as shown in Table 1. The purity of each culture
was verified by plating and by microscopic study.
In order to determine whether isolates of fungi and
Actinomyces were antagonistic to the saltant of H. sativum,
a modification of the procedure originally introduced by
Garré, as cited by Weksmen (33), was adopted. Three pairs
of spots 1 cm. apart were marked on the outside of the
bottoms of petri plates., Czspek's medium was poured into
the plates and allowed to harden. A needle itransfer of a
ten-day old culture of a fungus or an Actinomyces was made _
to each of the left spots, and of the seltent to each of o
right spots of 2 single plate. 7This procedure was applied 77
to each of the various isolates of fungi and Actinomyces.
Evidence of antagonism was based on examination after in-
cubation at 25° C. for ten days. o
Bacterial isolates were tested for antagonism to the
saltant by the implantation method, as referred to by
Weksman (33). Nutrient agar sticks were melted--one for

each isolate exsmined--and tempered to 45° C. in a water
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bath. A tube wag‘inoculated with a single loopful of a
z4-hour culture and mixed by rolling between the hands,
It was poured into a plate and allowed to harden. Three
spots were marked on the outside of the bottom of each
plate, and needle transfers of the saltant made to the
surface of the agar above each. Plates were incubsted
at 25° ¢, and examined daily for evidence of antagonism,
As shown in Figure 1, certain fungi and Actinomyces
manifested their sntagonism to the saltent by slowing
its growth and inducing its hyphae to turn away from the

reglon in which the antagonist was growing. Other fungi

.

suppressed the saltant by overgrowing it. Bacterial 180~
lates demonétrated antagonism to the saltant by racically
redueing ils growth from that which it was normally able
to sttain, The various degrees of sntagoniem shown by
the different isolates ave represented in Table 1 by the
symbols, +, ++ and + + +. The greatest degree of antag-

oniem is designated as + + 4, the least as +. Failure

to produce evidence of antagonism is degignated as -,



Table 1. Number of isolates antagonistic to a

16,

white fertile saltant of H. sativum

Source Numbexr Failed Number antagonistic
Tasted  to show + + 4 4
antag,
Soil 198 176 ig 6 %
Air 5 4 1 O O
Flour 1& 2 4 2 D
AT.Co # ) .0 0 2 0
221, 120 17 10 4
Bacteria
Soil 153 148 0 2 3
Flour 20 3 1 a g
Grain 10 2 0 0 3
AT, 10 _2 ) 9 2
193 160 1 4 28
Actinomvces

Soil 250 216 lé 11 7

Wheat
seedlings 24 25 4 3 2
Butter _a L e 0 2
286 241 20 14 11
TOTALS 700 581 38 28 43

/ American Type Culture Collection

"’3**594'#"5’

Tnereasing degree of antagonism
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(b) Combinations of species vs. pathogen

An attempt was made to determine whether fungi which
were not individually antagonistic to the saltant might
exhibit such antagonism when grown together in combina-
tions of two or three.

Fifty-two combinations were tested. In these trials
needle transfers from two, or in some cases three, differ-
ent isolates were made to each of the three left spots on
the petri plate, and as before, a needle itransfer of the
saltant made to each of the three right spots. The mul-
tiple fungal inoculations to the same site resulted in s
mixed, matted growth which, when antagonistic, manifested
‘its antagonism by overgrowing the saltant. The incidence
of antagonism among the various combinations of fungi
tested is shown in Table 2. |

Table 2. Number of combinations of fungi
entagonistic to a white fertile saltant of H. sativum

O S e S s oo o o o s e R 3 oy
R e e F 5 e R e ==

Source Isolates Number Failed Number antagonistic

in comb. Tested to show + L © &

antag.
Soil 2 - 36 30 4 2 O
Soil 3 16 14 s 9 A
52 44 5 2 1

*y * 4y + + + Increasing degree of antagonism
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(c) Antagoniesm in soil seeded with a susceptible host

As shown in Table 1, 31 fungi, 33 bacteria and 45
Actinomyces, a total of 109 organisms, were found to exert
various degrees of antagonism toward the saltant in plste
culture. An attempt was next made to determine whether
these organisms could exert a comparable antagonism when
grown in soil culture, and reduce the virulence of the
saltant on barley seedlings.

The method followed was largely that described by
Sanford and Cormack (29).. 0.A.C. 21 barley seed, grown
in 1947, was sosked for three hours in water and then dis-
infected for seven wminutes in 1:1,000 mercuric chloride.
After being rinsed thoroughly in sterile water, approx-
imately 100 seeds were transferred aseptically to each
of four 6 oz. medicine bottles containing respectively:

60 cc. standardized suspensions of the pathogen alone,

the antagonist alone, a mixture of the two and 60 cc.

of sterile water as the control. They were soaked for

an hour, at which time the botiles were inverted to re-
move the seed from direct contact with the water. This
created moist chambers, in effect, in which the seeds were
incubated overnight at 25° C. to enhance spore germina-
tion (26).

Following incubation, 20 seeds from each treatment
were planted in duplicate in wide-mouthed one=litre

Erlenmayer flasks. In order to give additional assurance
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of the presence of the organisms, 30 cc. of the suspen-
sion in which the seed had been treated were added to
each flask. Xach flask contained 300 gm. of a 3:1 soil-
sand mixture of uniform moisture content, adjusted to
make for optimum growth éonditions. The flasks, contain~
ing the sppropriate amount of the soil, had previously
been autoclaved twice on successive days for a period of
four hours at 15 1lb. pressure. The 109 isolates were
tested in an identical manner in 15 groups over a period
of five months.

The seeds were grown at a room temperature ranging
from 580 F., to 72° F. for ten days. At that time the
seedlings were examined for infection and rated by the
method of Greaney, Machacek and Johunston (15). In addi-
tiony, the total green weight of the seedlings which had
emerged in each flask was recorded. The correlation
between green weight and disease proved low, however,
inasmuch as the optimum conditions enabled the seedlings
to withstand even severe lesioningl. For this reason
the disease rating alone was used for determining the
efficacy of the various antagonists in reducing the viru-
lence of the pathogen. Since the control flasks and those
treatments of antagonist alone inevitably resulted in disease

free seedlings, they were omitted from consideration in the

lpersonal communication from Dr. J. E. Machacek
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analysis of the data. Similarly excluded were those
treatments of antagonist together with pathogen whose
variance exceeded control limits established at the three-
Sigma level (9). The resulls, shown in Table 3, reveal
significant differences which extend even to the 1% level.

Table 3. Effect of isolates antagonistic to H. sativum
on infection of barley seedlings

S e R e et B o o e s e 7 B e e i G Eas A St = =

DF MS F 5% 1%
Replicates 1
Treatments 113 443 .24 5,31 1.39 1.59
Error 113 83.52

(d) Comparison of antagonism observed in the petri
plate with that manifested as a reduction of
infection on barley seedlings
The antagonism rating of each isolate in plate cul-
ture, together with the mean disease rating of each iso-
late in association with the saltant and of the saltant
aloney is presented in Table 4.

A large number of the fungal isoclates listed in this
table were identified through the kindness of Drs. J. E.

Machacek and W. L. Gordon, of the Dominion Laboratory of

Plant Pathology, Winnipeg.
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Table 4. Comparison of antagonism observed in the
petri plate with that manifested as a reduction of
infection on barley seedlings

Source Isolate Antag. lMean disease rating Nec, diff.

in Isolate & Saltant 5% 1%
plates Saltant Alone

Rungl

Soil Aspergillus - 23,5 41,3 13,2 17.5

candidus
Soil A. flavipes + 2.0
Soil A. flavus 1 + 1.0
Soil A, flavus 2 L 10,5
Flour A. glaucus + 20 .0
A.T.C.# A. nidulans + * 1.0
Soil Cladosporium '

herbarum + & 6.5
Soil Fusarium

oxysporum 1 + o+ 1.0
Soil Fusarium

oxysporum 2 + + + 1.0
Soil Mucor variens % 6,0
Flour Penicillium < 7.5

7 canescens
Flour P. casei + 3.5
Flour P. citreo=
nigrum + % 50,0

Soil P, commune + 15.0

# American Type Culture Collection

+3 + +, ++ + TIncreasing degree of antagonism
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Table 4., (Conttd)
Source Isolate Antag. Mean disease rating Nec. diff.
Isolate & Saltant 56 1%
Plates Saltant Alone
Fungi (Cont'd)
Soil Penicillium
corylophilum 1 20 41.3 13.2  17.5
Soil P. corylo=
philum 5¢5
Soil P, hagemi 18.0
Soil P. krzemien-
iewskii 8.5
Soil P, lilacinum 5.5
Air P. nigricans 15.5
Flour P, pfeffer-
ianum 7.5
Flour P, purpuro-
genum 5.5
Soil P. rogque~
forti 1 7.5
Soil P. roque-
forti 2 5,0
Sodil P. roseo-mac-
ulatum
Soil P, steckii 13.5
Soil P. terrestre

XV‘ariance exceeded 3-Sigme control limit
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Table 4. (Cont'd)

T
e s T e e e

Source Isolate Antag. Mean disease rating Nec. diff,
in Isolate & Saltant 5% 1%
plates Saltant Alone

Fungi (Contt'd)

Soil Scopulariopsis + + 1.0 41.3 13.2 17.5
brevicaulis
A,T.C. Trichodermsa
lignorum + o+ 3.0
Bacteria

A.T.C., Bacillus

megatherium - + + 15.5
A.T.C. B. mesenter-
icus ¢+ b 3.0
A.T.C. B, mycoides o 4 & 36,0
AoToCo PI‘O’teus VU.l“’
garis * + * 8.0
4.T.C, Pseudomonas
aeruginosa . P 7.0
A.T.C., Ps. fluoresc-
ens + + + 3.0
A.T.C, Staphylococcus
albus = + 4 8.0
A.T.C. 5. sureus + F b 27,0
Grain Racterium
herbicola 1 + 4+ =+ 25.0
2 I A 10.0

3 & 4 24 .0
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Table 4. (Cont'd)

L]

e e b ) T Rt RO s a0 S L AT T S o e T I L Mkt s
R S S T e rem= = = S e T e e e

s i

Source Isolate Antag. Mean disease rating Nec. d1ff,
in Isolate & Saltant 5% 1%
plates Saltant Alone
Bacteria (Cont'd)
Grain  Bacterium
' herbicola 4 o ow & 17.5 41,3 13.2 17.5
7 + b b 15.0
Grain Flavobacterium
turcosum + ¢ 10.0
Grain  Unidentified
Sp e + 4 29,0
Grain Pseudomonas Spo + + + 8.0
Flour Undidentified
Sp. 1l o+ o 26,5
2 + + +  40.5
3 & + =+ 17.0
4 & + b 35,0
5 4 -+ + 40.0
6 4 4 -k 35,0
7T 4+ 31,0
8 + 36.5
9 + 40,5
10 + + = 18,5
11 4 + 12,0
12 + 4 10.5



Table 4, (Contid)

o v

ST mr sy e g e e e T e e e s CI TR AT o s Rt SATES St rmry
52 = e e it ot

Source Isolate Antag. Mean disease rating Nec, diff,
in Isolate & Saltant 5% 1%
plates Saltant Alone

Bacteria (Conttd)

Soil Unidentified

5D 1 + & 32.C0  41.3 13.2 17.5
2 + -+ 35,0
3 L R 205
4 4 4 b 18,0
5 4 4 4 38,0
Actinomyces
Soil Actinomyces X
8D 1 +
2 + 47,0
3 + 23.0
4 -+ 32,0
X
5 “ o+
%) + 38.0
4
7 4
b'd
8 <+
9 + 29.5
3.0 I T 4:35
11 + 4 Ted
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Table 4, (Cont'd)

Source Isolate Antag. Mean diseage rating Nec., Giff,
in Isolate & Saltant % 1%
plates Saltant Alone
Actinomyces (Cont'd)
Soil Actinomyces
sp. 12 + + + 8.5 41.3 13.2 17.3
13+ = 3.0
. b'd
14 +
16 % « % 15.8
16 -+ 2.5
17 + + +- 10.5
b'q
18 +
19 Rl 16.5
20 + 3200
2l * + 19,56
22 + & 31.0
22 + 42,0
24  +  3l.5
25 + 24,0
26 + + & 26.5
x
27 *
28 o+ 156,56
29 * 41,5

30 & ¢ 2065
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Table 4. (Conttd)
Source Isolate Antag. Mean disease rating Nec., diff,
in Isolate & Saltant 5% 1%
plates Saltant Alone
Actinomyceé (Contt*d)
Soil Actinomyces :
sSp . 31 + -+ lng 41,3 13.2 l?es
32 v b 10.5
33 + + -+ 1.0
34 + 15,56
Wheat
seed~
lings Actinomyces
SP, 1 o+ + 30,0
X
2 + &
3 + & 34.5
4 + & 6.5
5 + 16a5
6 + 19,5
7 + 15,0
8 - 25,0
9 + 11.5
Butter Actinomyces
SP e 1 + + + 59,5

23,0
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2. _Testing the "Natural! Flora of Cereal Seeds for

Antagonism to H. ssativum

Ten cultures isolated by Stark (31) from cereal seeds
were tested for antagonism to the saltant in the manner de-

scribed for bacterial isolates. Seven of these were Bacier-

ium herbicola; one was identified as Flavobacterium turcosum
(Zimmermann) Bergey et al; one was an unidentified, yellow-
pigmented motile rod; and one, a fluorescent organism be-

longing to the genus Pseudomonas. The results are shown in

Table 5. They were also tested in soll culture and are in-

cluded in the results shown in Tsable 4, as isolates from grain.

o

Table 5. Plate culture evidence of antagonism to
a white fertile saltant of H. sativum by organisms
isolated from cereal seeds

Organism Degree of Antagonism
Bacterium herbicola 1 o+ e
2 PO
3 + &
4 5
5 -
6 _ -
7 ' -+ +
Flavobacterium turcosum ok o+
Unidentified sp. + & +
Pseudomonas sp. b o* &

+y + *y + 4 + TIncreasing degree of antagonism
= Failure to show antagonism
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Simmonds (30) outlined a test to demonstrate the
antibiosis of seed surface bacteria to H. sativum. In-
cubated seed is placed at points on the margin of a col-
ony of H. sativum growing in the centre of a potato dex-
trose agar plate., Inhibition of fungal growth is said
to be noticeable in a day or so.

In this study the above investigator's method was
tried on seeds of three varieties of wheat--Thatcher,
Regent and Redman. Kernels of each variety incubated
for 24 hours in a moist chamber at 25° C. were placed
at points on the margin of a colony of H. gativum in
separate plates. RKach variely was tested on cultures
of the fungus five, seven and ten-days old. A typical
yellow bacterial growth appeared on the agar around the
seeds in about 24 hours. The antibiotic effect exerted
by such growth on H. sativum appeared, however, to be
only slight, even after incubation for ten days.

In a subsequent experiment three plates were seeded
with 1.0 cc., 0.1 cc. and 0.01 cc. respectively of a
nutrient broth suspension of a bacterial antagonist iso-
lated from wheat. Needle transfers in triplicate of the
saltant were then made to each plate as before. This
procedure was replicated three times for each of the three
bacteriai isolates tested in this manner. The plates were

incubated at 25° C. and examined daily for ten days.
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The results were the same for the three isolates
tested. As shown in Fig. 2, the size of the saltant
colony increased as the number of bacterial colonies
decreased, |

| In order to determine whether the reduction of the
number of bacterial colonies permitted a greater saltant
growth only because of a concomittant reduction in the
amount of antibiotic substance produced, the following
experiment was carried out.

Transfers of Bacterium herbicola and of Pseudomonsas

sp., &8 representatives of the epiphytic flora of cereal
seeds considered by Simmonds to be antibiotic to H. sati-
vum, were made to separate € oz. medicine botlles contain~
ing 100 cc. of sterile nutrient broth. Similar transfers
were made of twenty kernels of Redman and Regent wheat,
grown in 1947, to provide a comparison with the mixed
flora of seed. These cultures were incubated for ten days
at 259 C. to permit the accumulation of antiblotic sub-
stances. Each of the four cultures was filtered through
a Berkefeld filter and the filtrate, ostensibly containing
the antibiotic substance, was tested for sterility by in-
cubating overnight at 25° ¢. Potato dextrose agar plates
were then poured in duplicate conteining 1.0 cc., 0.1 cc.
and 0,01 cc. of the filtrate. One was inoculated with
needle transfers of H. sativum, the other with Fusarium

oxysporum found previously to be antagonistic to the
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saltant. The entire experiment was duplicated using
dilution of the actual organisms rather than of the
filtrates.

After incubation for five days at 259 C. the plates

were examined and contaminated ones discarded. As shown
in Fig. 2, the filtrate at any dilution in no way affec-
ted the growth either of the saltant or of the Fhsa:ium.
The plates seeded with bacteria at varying dilutions gave
results as before. As the number of bacteria present de-
creased, the size of the saltant and of the Fusarium in-

creased,
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Figure 2. Competitive rather than antibiotic
relationships between cereal seed epiphytes and H. galtivum

From left to right.

Plate 1. Control. K. sativum on potato dextrose
agar. Plates 2, 3 and 4., H. gativam on P.D.A. to
which was added 0,01 cc., 0.1 cc. and 1.0 cec. of a
filtrate derived from a ten-day old culture of

Pseudomonas sp. obtained from wheat.

From left to right.

Plate 1. Control. H. sativum on P.D.A. Plates
2y 3 and 4. H. sativum on P.D.A., in which was
seeded 0,01 ce.y, 0.1 cc. and 1.0 cc. of & susgpen-
sion of the same species,
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Figure 2. (Cont'd)

From left to right.

Plate 1. Control. Fusarium oxysporum on potato
dextrose agar. Plates 2, 3 end 4. [F. oxysporum
on P.D.A. to which was added 0.0l cc., O.l cc. and
1.0 cc. of a filtrste derived from a ten-dey old
culture of Pseudononas Sp.

From left to right.

Plate 1. Control. F. oxysporum on P.D.A. Plates
2, 3 and 4. F. oxysporum on 2.D.A. in which was
seeded 0.0l cc., O.L cc. and 1.0 cc. of a suspen-
sion of the same species.
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Figure 2. (Cont'd)

o

WF-H TFrom left to right.
Plate 1. Control. . sativum on potato dexirose
agar. Plates 2, 3 and 4, H. sativum on P.D.A,
to which was added 0.0l cc., 0.1 cc. and 1.0 cc.
of a filtrate derived from a ten-day old culture
of flora on Regent wheat seed.

W=H From left to right.
Plate 1. Control. H. sativum on P.D.A. Plales
Zy, 3 and 4. H. sativum on P.D.A. in which wes
seeded 0.0L cc., 0.1 cc. and 1.0 cc. of a suspen-~

sion of the same flora.
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Figure 2. (Concl.)

From lef't to right.

Plate 1. Control., Fugarium oxysporum on potato
dextrose agar., Plates 2, 3 and 4. F. oxysporum
on P.D.A. to which was added 0.0l cc., C.1 cc.
and 1,0 cc, of a filtrate derived from a ten-day
0ld culture of flora on Regent wheat seed.

From left to right.
Plate 1. Control. F. oxysporum.on P.D.A. Plates
2, 3 and 4., F. oxysporum on P.D.A. in which was

seeded 0.01 cc., Q.1 cc. and 1.0 cc. of & suspen-
sion of the same flora.
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DISCUSSION

From the foregoing it is apparent that a wide variety
of micro=-organisms are antagonistic to the saltant. In
addition, there is good evidence in support of the idea
that antagonism may arise by a process of synergism among
organisms which are individually not antagonistic.

Among the isolates tested individually against the
saltant, 31 fungi, 33 bacteria and 45 Actinomyces were
found to be antagonisiic in plate culture. Of these
groups 28 fungi, 21 bacteria and 25 Actinomyces were
found to be antagonistic in soil seeded with a suscept-
ible host. While the bacteria and Actinomyces appeared
to exert the greatest antagonism on petri plates, and
the fungi the least, the reverse was true in soil culture.
Here the fungi exerted the greatest antagonism presumably
because of their relatively greater mass.

The relation between the degree of antagonism shown
on plates and that manifested as a reduction of infection
on barley seedlings was, for most antagonists, a broadly
approximate one. A high degree of antagonism in the
plate culture was not always associated with a similar
level of antagonism in soil culture. However, approxi-
mately 70% of those found to be antagonistic in plate
culture were found effective in a roughly corresponding

manner in reducing infection in soil.
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In general, the sbove resulls would appear to vin=-
dicate the use of plate culture tests for antagonism at
least as a presumptive measure of this property.

The preliminary data presented appear to support
the idea that the mechanism of antagonism by epiphytes
on wheat seeds is competitive rather than antibiotic.
Since there was evidence of inhibition of the pathogen
by the bacteria in both petri plate and soil cultures,
this distinction may appear more academic than practi-

cal. It indicates, however, that little of practical

applicability in soll microbiology may be expected from

attemplts to isolate a gpecific antibiotic substance from
wheat seed epiphytes. Rather it would appear advisable
to search for means by which to foster soil counditions
that would promote growth of antagonistic orgsnisms.
Lven though such an antibiotic substance were shown to
occur its effect would be contingent upon the presence
and numbers of organismg cepable of producing it.
Although the results of this study indicate that
cereal seed epiphytes are capsble of suppressing He
gativuw, no consideration has been given to the possible
effects that the interrelations of these epiphytes with
other soil inhabitants might induce. Successful compe-
tition in a sterile medium, albeit soil, where there is
only the pathogen to contend with can scarcely be accep-

ted as providing an adequate criterion for suggesting
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that cereal seed epiphytes might appreciably inhibit in-
fection of cereals by this fungus.

The contention that antagonism reflects the numerical
preponderance of the epiphytic flora over the pathogen
rather than the production of any antibiotic substance is
in accord with the observation of WMoritz, referred to prev-
iously, that an antagonistic effect observed by him was
guantitative rather than qualitative.

The wide range of types shown Lo be antagonistic to
the saltant--from suppurative staphylococci, to fungi and
Actinomyces occurring naturally as soil saprophytes--pre-
cludes generalization as to which type of organism may be
most effective in suppressing the pathogen, at least under
test conditions in petri plates and in sterile soil. It
confirms rather the contention of Leemann (21), referred
to previously, that micro-organisms, both pathogenic and
nonpathogenic, can supply substances which may be useful
in the prevention of plant disease,

The fact remains, however, that under field condi-
tions, micro=-organisms inhabiting the soil live in a state
of eguilibrium and organisms inoculated into the soil are
often rendered innocuous or disappear entirely as this
eguilibrium becomes established. 1In practice, this is

confirmed by the fact that the application to the soil of
organic materials which favour the development of anta-
gonists has given much more favourable results than

the use of pure cultures (33). For these reasons,
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results derived even from soil cultures,; so long as
these are free from micro-organisms other than the test
ones; at best, must be considered as presumptive., They
may be superior to petri plate results; but they are not
field results. The statement made by Robison (28) in
connection with antagonism to root nodule bacteria might
well be quoted here. He writes:

M, ...0oMore evidence than that presented by

growing legumes in sterilized soil is needed

to demonstrate that the phenomenon of antag-

onism as manifested in petri dishes will oce

cur in such a highly complex system as soil

under field conditions; a system in which the

active material can eagily become ineffective,

either through physical or biochemical inacti-
vation. Until these additional data are ob=-
tained, the role of antagonists as a factor
influencing the activities of the rocot nodule
. bacteria in the soil will remain a mooted
question.’ '

Hitherto there has appeared to be tacit agreement
among microbiologists that the complexity of the soil
prohibits examination of it as a whole, and the inter-
relations of specific organisms must be examined as
separate entities. But it is precisely this separation

into separate entities that destroys the possibility of
achieving any overall conception of micro-organism inter-
relations. It would seem that the direction to be taken
is not the fragmentation of the soil population into ar-
bitrary units matched one against the other, but rather
the systematic exploration of methods by which to examine

the soil microbial population in situ. As a point of
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departure microscopic methods embodying the Cholodny

contact slide technigue (6) might be used. This has

already been utilized with striking success by Eaton

and King (10) in connection with the inactivation of

root-rot of cotton by the addition of organic manures
to foster the growth of antagonistic organisms.

This approach must not be interpreted as implying
that an sttempt to achieve a total picture of microbial
interrelations means the abandonment of that body of
knowledge derived from the examination of the inter-
nrelation$ of specific groups of organisms as sepsrate
entities. It does infer that data on different types
or groups should be consicered along with findings de-
rived from examination of the soil population as &
whole.

Nor is such correlation without precedent. Timonin
(32), in studying the microbial population of the rhizo-
sphere in relation to resistance of plants to soil-borne
diseases, found that results from the contact slide meth~
od agreed with those of the plating method.

Finally, it is the principle and not the method that
is important at this stage. The contact slide method may
not be the best method for accomplishing the result. ilore
imperative is the conscious direction of effort on the

part of microbiologists toward investigation of the soil
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population as a whole, rather than as fragmenls, the re-

sults of which in retrospect are assembled into a mosaic

supposedly representative of the total picture.

SUMMARY

Seven hundred isolates comprising 221 fungi, 193
bacteria and 286 Actinomyces from various sources
were tested for antagonism to a white fertile

saltant of H. sativum P. K. & B.

Among these isolates 31 fungl, 33 bacteria and 45
Actinomyces were found to be antagonistic to the

saltant in petri plate studies.

Of this smaller group, 28 fungi, 21 bacteria and
25 Actinomyces were found to reduce infection of
barley seedlings in soil cultures harbouring only

the pathogen and the test orgenism.

Fifty-two combinations of fungi were tested againstl
the saltant. Eight combinations proved antagonistic
in petri plate cultures. This is believed to be an

expression of synergism.
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Three concentrations of each of two species of
bacteria believed Lo be epiphytic on cereal seeds
and of ithe mixed flora on wheat were tested for
antagonism to the saltant by the plate culture
method. Antagonism was found to be in direct
proportion to numbers of bacterial colonies on

the plates.

Filtrates from ten-day old cultures of each of the
above species and of the mixed flora added to the
medium in three concentrations were found to exhibit

no evidence of antagonism to the saltant.



43
REFERENCES

Beresova, J. F. and Naoumova, A. N. A bacterial
method for the control of fungus diseases of agri-

cultural plants. Rev. Appl. Mycol. 20 : &634. 1941.

Bisby, G, R., James, IT. and Timonin, M. Fungi
icolated from Manitoba soils by the plate method.

Can. J. Research, & : 263-275. 1833.

Broadfoot, W. C. Studies on foolt and root rot of
wheat: II. Cultural relationships on solid wmedia

of certain micro-organisms in association with

Ophiobolus graminis Sacc. Can. J. Research, 8 :

04.5-562., 1933,

Brommelhues, ¥. Die wechselseitige Beeinflussung
von Pilzen und die Bedeutung der Pilzkonkurrenz
fur das Ausmass der Schadigung an Weizen durch

Ophiobolus graminis Sacc. Zentr. Bakl. Parasitenk.

IT Abt. 22 : 8l-11€¢. 1935.

Christensen, J. J., and Davies, F. E. Variation in

Helminthosporium sativum induced by a toxic substance

produced by Bacillus mesentericus. Phytopathology,

30 s 1017-1033. 19240,



7o

10,

1.

o
0o

Conn, H. J. A microscopic study of certain changes
in the microflora of the soil. N. Y. Agr. BExptl.

Sta. (Geneva), Tech. Bull. 204 : l-2l. 1932,

Dickson, James G. Outline of disecases of cereals
and forage crop plants of the northern part of the
United States. BRBurgess Publishing Co., linneapolis,

Minn. 193%2.

Dominion Laboratories of Plant Pathology (Western).
Studies in cereal diseases. IX., Losses caused Dby
diseases of cereals in Western Canada. Dominion

of Canada Dept. Agr. Pamph. 152 n.s. 1933,

budding, B. P. and Jennett, W. J. Guality control
charts. British Standards Institution, London,

1242,

Faton, E. D. and King, C. J. A study of the cotton

root rot fungus (Phymatotrichum omnivorum) in the

soil by the Cholodny method. J. Agr. Research, 49 ;
1109-1113. 1934,

Garrard, E. H. and Lochhead, A. G. Relationships
between goil micro-~organisms and soil-borne plant

pathogens ° SCi ° Agf o 18 H .?19"" 787 o l938 s

Goodman, J. J. and Henry A. W. Action of subtilin
in reducing infection by a seed=-borne pathogen.,

Science, 106 : 320-321. 1047,



13-

14,

15.

16,

17,

18,

Greaney, F. J. and Machacek, J. K. The production

of a white fertile saltant of Helminthosporium

sativum by means of ultra=-violet radiation.

Phytopathology, 23 : 379-383. 1033,

Greaney, F. J. and Machacek, J. K. Studies on the
control of root-rot diseases of cereals caused by

Fusarium culworum (W. G. Sm.) Sacc. and Helmintho-

sporium sativum P. K. & B. : II. Pathogenicity

of Helminthosporium sativum as influenced by

Cephalothecium roseum Cords in greenhouse pot

tests., Sci. Agr. 15 3 377-386. 1235.

Greaney, F. J., Machacek, J, B. and Johnston C. L.
Varietal resistance of wheat and oats to root rot

caused by Fusarium culmorum and Helminthosporium

Sa‘bl;l;l.- SCi L] Agl' ® 1_8 H 500"’523 ° 1938 L]

Henry, A. W. The natursl microflora of the soil
in relation to the foot-rot problem of wheat.

Can. J. Besearch, 4 : 69=-77. 1923l.

Henry, A. W. and Campbell, J. A. Inactivation of
seed-borne plant pathogens in the soil. Canh. J.

Research, 16 : 331-338. 1938,

Holman, W. L. Bacterial associations. The newer
knowledge of bacteriology and immunology, edited by
B. O, Jordan and I. S. Falk. University of Chicago
Press, Chicago. 102-119, 1828.



12. James, N.; Wilson, J. and Stark, E. The micro-
flore of stored wheat. Can. J. Research, C, 24 :

224-233. 1246,

20, Ledingham, R. J. Observations on antagonigm in

inoculation tests of wheat with Helminthosporium

setivem P. K. & B., and Fusarium culmorum

(W. G. Sm.) Sacc. Sci. Agr. 22 : 688-€97. 1942,

21. Leemann, A. C. The problem of active plant im=
munity. Zentr. Bakt. Parasitenk. II Abt. 85 :
360--376. 193L.

22. Machacek, J. E. An estimate of loss in Manitoba
from common root rot in wheat. Sci. Agr. 24

70=77. 1943.

N
o2

Morgenthaler, 0. Uber die Mikroflora des normalen
und muffigen Getreides. Landwisch. Jahrb. d.

Schweiz. 32 : 548-5670, 1018,

24. Novogrudski, D. The use of micro-organisms in the
control of fungal diseases of cultivated plants.

Rev. Appl. Mycol. 1€ : 204, 1937.

26, Robison, Robert S. The antagonistic action of the
by=-products of several soil micro-organisms on the
activities of the legume bacteria. Soil Sci. Soc.

A,rﬂc PrOCn lO H 206"‘210- 19459



26.

27

28 .

29.

30.

sl.

47,

Sallans, B. J. Methods of inoculation of wheat

with Helminthosporium sativum P. K. & B. Sci.

Agr, 13 : 515-527. 1933,

Sanford, G., B. Soil-borne diseases in relation
to the microflora associated with various crops

and soil amendments. Soil Sci. €1 ; 9-22., 1946,

Sanford, G. B. and Broadfoot, W. C. Studies of
the effects of other soil-inhabiting micro-organ-
isms on the virulence of Ophiobolus graminis Sacc.

SCi ° Agl". ll H 512“’ 528 s 1931 °

Sanford, G. B. and Cormack, M. W, Variability in
asgsociation effects of other soil fungi on the

virulence of Helminthosporium sativum on whest

seedlings. Can. J. Research, C, 18 : 562-565.

1940,

Simmonds, P. M. The influence of antibiosis in the

pathogenicity of Helminthosporium sativum. Sci. Agr.

27 3 626-632. 1947,

Stark, B. The microflora of cereals. M.Sc. Thesis,

University of Manitoba, 1948.



32

33,

34,

35,

48,

Timonin, M. I. The interaction of higher plants
and soll wmicro-organisms: II. Study of the micro-
bial population of the rhiszosphere in relation to
resistance of plants to soil-borne diseases. Can.

J. Research, B, 18 : 444-456. 1940,

Waksman, S. A. Microbial antzgonisms and antibiotic

substances. The Commonweslth Fund, New York. 1945,

Waksman, S. A, and Starkey, K. L. The soil and the

microbe. John Wiley & Sons, Inc., New York. 1931.

Wolf, Frederick A. and Wolf, Frederick T. Fungi,
Vol. 2. John Wiley & Sons, Inc., New York. 1947,



