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OBSERVATIONS ON THE INHIBITORY AGTIVITY OF
.~ A SPECIES OF BACTERIUM ON SOME FUNGI
... PARASITIC ON THE GOCONUT PALM

BY V.G. LILY, UK. NAIR, K. M. PANDALI AND K. P. V. MENON

INTRODUCTION Lo
A chemotherapeutic approach . to
the control of plant diseases is
rapidly gaining recognition. in plant
pathology, Although the . use of
antibiotic substances .jn controlling
human and animal diseases has been
one of the most outstanding medical
developments in recent years, their
use in controlling bacterial or fungal
diseases of plants has hitherto been
far less closely studied. There have,
neverthless been quite a aymber of
instances pointing to the possibili;
ties in this direction both by the
direct application of specific anti:
biotics as well as by Stitulating
through appropriate manuring the .

* ' - microzorganisms naturaliy - present

in the soil to produce antibiotic
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substances. (E. W, Russel, 1950,
E. ' Grossbard, 1951). However,
there appears to be very little pub-
lished information on the vilue of
antibiotics in affording protection to
perennial plants against disease
attack, Weindling has claimed (R.
Weindling 1932, 1934, 1936) that the
soil fungus Trichoderma 1ignorum can
control the damping off of citrus
seedlings’ caused by a species of
Rhizoctomia. Stoddard and Dimond
have shown (E. M. Stoddard and A.
E. Dimond, 1951) that €xperimental
> t 1182 ‘and
“'1207" are effective in the control of
Fusariums wilts of carnations and
tomatos and the virus disease of
peaches;’” Successful results have
been reported in preliminary trials
with the soil application of a new
systemic insecticide named Hanane,
(C.R. 409) against mealy bug vectors
of the swollen shoot virus of cacao
(Anon 1951).  Meiffren reports
(Meiffren 1g9s51) trials made with
the organic fungicide eryptonal
(neutral ortho-oxy-quinoline sul-
phate) on coconuts against at-
tack by the fungus Fusarium
oxysporum. Recent investigations
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have shown that a
lungal substances such as gliotoxin
and viridin isolated from the green
mould Trichoderma, spp, gladiolic
acid from Penicillium gladioli, mus.
a.rm from an actinomycete, and
antimycin from a species of Stnplo-
myces have been used with varying
degrees of success in plant protection
(Grossbard, loc. cit). Experiments
carried out in Britain have shown
that a substance known as griseoful-
vin acts also as a systemic fungicide
being taken up by the roots and
translocated throughout the plant,
thus protecting it against infection
(P. W. Brian 1951). Inthe U.S. A.
antimycin has been tested extens-
ively in greenhouse trials and pro-
mises.to be a useful antibiotic fun-
gicide,. It has been found to inhibit
the germmatlon and growth of the
fungus Venturia inasqualis which is
responsible for the scab disease of
pomaceous fruit trees. These in-
stances sérve to show that, in the
not too distant future the use of
_ antibiotic substances might become
popular - in controlling parasitic
plant diseases. We have been con-
cerned in this Research Station with
investigations on the diseases of the
coconut palm and have shown that
certain fungi like Helminthosporium

halodes, Botryodiplodia theobromas,.

Rhizoctonia batalicola. R. Solani etc,
are closely associated with the leaf
aud root diseases of. the coconut
palm in Travancore-Cochin. (K.P.V.
Menon and Co-workers 1951). During
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variety of anti--

these investigations a species of
bacterium was obtained which' grew
freely in common laboratory culture
media and which when used against
some of the above mentioned fungi
afforded the plant tissue, some
measure of protection from infection
by them. We present in thi§ paper
results of our preliminary experi-
ments with a strain of bacterial
organism which was seen to exert
antibiotic action over some !nngl
parasitic on coconuts.
EXPERIMENTAL

Isolation of the bacterium: Aftera
series of trials using common labor-
atory bacteriological media it was
found that a three per cent aqueous
solution of *Bovril” autoclaved at
15 1b, pressure for 20 minutes was a
suitable medium for the growth of
the bacterium. Both in this culture
solution and on Bovril agar the
organism gtew well and when' exa-
mined under the microscope appear;
ed as typicnl cocobacillary, forms .

. (See page 429 of Jordan Burrow's .\i.

«Text book of Bacteriology™).
It was aerobic and spore forming
and appeared to be related ‘to ‘the

Bacillus anthracis (B. subtilis grohp).

It may be pointed out in this coi-
nection that B. subtilis has already
been shown to possess antifungal

- properties (cited in R. A. M. 1952, 37

52., R, S. Vasudeva and co-workers
1952; H. D. Michener and N. Snell
#49: R. K. S, Wood 195x and F. J.
Newhook 1951).
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Demonstration of the antifungal
property of the bactesium: The vari-
ous fungi were inoculated into
sterile petridishes containing appro-
priate culture media. Theinoculum
was planted in different dishes in
different positions viz., at the centre
of the dish, at three spots to form
the corners of an equilateral triangle
with its centre at the centre of the
petri dish and also in other geomet-
rical positions to give different
patterns. After the fungi had. esta-
_blished themselves and commenced
‘to grow, the petridishes were streak-
ed with a 24-hour old culture of the
bacterium in positions about 2 ems.
away from the points of inoculation
of the fungi. Thus the spreading
fungal colony and the spreading
: l}aqtefial,’l'i:_olony, could meet and
“exert their influences on each other.
Among the different’ fungl isolated

from diseased coconuts the follow-.

ing were tested in these trials. - ‘
LS £ LR T NN RFSTIE T
. (1) Helminthosporium halodss, -
_ (2) Boiryodiplodia theobromias,

" (3) Rkisoctonia bataticola,

. (4) R.solani, s

(5). Gliocladium roseum and a spe-
cies of Fusarium. . . . .,

The composition of the different
culture media used in these triais
are given below. 8
I Brown's Synthetic medium

Glucose e

2 gms,
Asparagin <. " .z ,, W
Potato starch . 10,
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Pot. phosphate 1.25 gm® -
Magnesium sulphate  o0.75 gm.
Agar 20 gms.
Distilled water 1000 cc,

2 Modified Brown's Synthetic medium
Glucose 2 gms,
Potato starch 25 gms.
Sodium nitrate 2z .,
Tripotassium phosphate 1.25 gms.
Magnesium sulphate 0.7 gni.
Agar ) 20 gms.
Distilled water 1000 cc..

3 Richard's medium
Cane sugar 50 gms.
Potassium nitrate I0 gms.
Potassium di hydrogen :

phosphate 5 gms.
Ferricchloride - a trace,

Magnesium sulphaie' © 2.5gms,

Agar "o i U 20 gmg,

+ Distilled water- 1000 cc.

4 Nutrient agar * v

. Beef extract’ 3gms.

2, Pe-pt-ong_*‘ :'ti"'iné,!u.} LI ,Io gms.

. Agar 47 Lesnt., 20 gIS.
Distilled water * **** " 1000 cc; '

§ Nutrient dexiroseagar | . | ‘
Beefextract ... - ggms.- ,
Peptone I0 gms.
Dextrose I0 gms,,
Agar 20 gms,
Distilled water 1000 cC-

6 Modified Czapek's medium 4
Sodium nitrate- 3gms,
Potassium di hydrogen

-+ phosphate ’ Igm,’
Magnesium sulphate 0.5 gm.
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Potassium chloride 0.5 gm.
Ferrous sulphate 0.005 gm.
Zinc sulphate 0.005 gm.
Saccharose 5.0 gMS.
Agar 20 gms.
Distilled water 1000 CC,
7 Glucose asparagin medium
.Glucose 30 gms.
Asparagin 1gm.
Magnesium sulphate 0.5 gm.

Potassium di hydrogen

phosphate ‘e 1.5 gWS.

Agar 20 gms,

Distilled water 1000 cC.
8 Bovril medium

Bovril - 30 gms.

.Agar 20 gms.

Distilled water 1000 cC,

Inall the trials made with dif-
ferent fungi growing on different
mediait was seen that the bacterium
was able to inhibit the growth of
the fungus. A typical instance is
illustrated in Fig.I which shows how
the bacterial strain wasable to exert
strong inhibitory action on the
fungi Helminthosporium halodes and
Rhisocionis bataticola. In order to
study the effect of the age -of the
fungal cuiture on the inhibitory
action of the bacterium, streaking
with the bacterium was made in
petridishes containing fungi in dif-
ferent ages of>growth. The inhibi-
tion of the fungus was apparent in
most cases from about. the third
day. Fungal cultures up. to five
days old were strongly lysed by the

JULY-SEPTEMBER, 1952 .

bacterium. The process was less
vigorous in established and old
fungal cultured. In the early stages
of growth of the fungus the lytic
action was quick and progressive.
Even in old fungal cultures there
was a short clearance in the,petri-
dishes round about the spots where
bacterial streaks were made.

Germination lests:. The effect of
the bacterium on the” germination
of fungal spores was next studied.
The fungus Helminthosporium halodes
was chosen for this, since it forms
spores freely. Hanging drop cultures
were made in vin. Tieghem cells
with the fungal spores alone and
also with fungal, spores and the
bacterium mixed together in the
drop. After an incubation period
of twelve hours at..laboratory tem:

perature, thé hanging . drops were °

examined under the microscope. It

_ was observed that in the drops con:

taining only the fungal spores there
was excellent germination and, proy

fuse growth of the: germ; tubes, -

When bacteria were added to,the
spores of the fungus, germination of
the fungal spores was arrested. A
few “scattered spores had. formed
vesicles from germ pores at either
end of the spores. Further growth
and ramification of the- germ tubes
was not observed, These tests were
carried out with the spore suspen-
sion in sterile water and in different.
appropriate media, When the bac-

terium was: added to the hanging
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g [ERR
drop there -Was mhibmon -of ger-
mination of the fungal spores. .

" Inhibition experiments: 'i'héie'
experiments were can:led out' od
liquid media (i) in test tubes of
ordinary size (ii) in bigger “sized test
tubes and (iii) in small 100 cc. Erlen-
meyer flasks, so that different’ sur-
face areas of, the fungus would be
available;:; The medium hsed was
Brown’s synthetic medium without
agar-xo ccs of this medium was- -used
for small test tubes, 30 ccs for each
of the bigger test tubes and 25 ces.
for each of thesmall flasks. The
containers with. the medium weré
stenhséd ds usual/ inocnltted withi

d'spore sixspeniion of H: hdlodés and
{hcubiited ' 8! laboratory! temper-
atiire, 1 THe furigus’ ‘gréw ‘aé'a-black
sirficé scim and when good growth
was -established 2 ccs: of ‘the'bae

terial'saspension was ‘added ‘to the.

sinall tedé tubes, 5 cess of ‘thé -sus-
pemid:i to'thle biggéP'tést tubes and
16-cis; to the flasks, )" Contiols wetd
umntamed in all eases wheré - apc
prdpﬂ&th ‘quantities’ of :sterile - dis:
tilled water- were added: {nsteat:of
{1 tidctérial “sispendient:-In: thie
containérs to which the buctenal sus4
pensioa *wa$ added; further growtl
of thie 'fingus- was - -arrested,-: The

myoeltdi‘at: of thd .fungus. formed |
. hours .when the: fiingal Ysuspension
- alone was used in the infection drop.

‘When the mixture of the fungal
., sporeand bactérium was-used for

on the snrfacecprior: to. addition of
the bacterial suspension soon. started
dissolving and in about ‘72 hours

disappeared, due’ probably to the -
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lytlc actlon of the bacterium. From '
these tubes it was then not possible

further, to subcilture the original

fungus. The action of the bacterium

was. thus ;not only: fnngxstatnc but

also fungicidal.. F:g II gives an

illustration of the mhibltory action

of the bacterium against H. kalodes

in an éxperiment carried out in large

sized test tubes )

Ezxperiments on coconut- laavas For
the- bacterial strain to be of any
practical use in the control of the
diseases of the coconut palm it
should afford protection to coconut
tissues from infection by parasltic
fungi. To investigate this,, it was
decided to inoculaté’ cocoﬁut leaves
with thedeaf rot nrgamm Haimin-
tlwsponm.halodcg and tq find, out .
whether .in. usocmtion— with;, the
bacterial cultute. ‘the: fungus:.would
exhibit the same amount of parasitic
vigour.. Smail pieces; ;3' .long, of
tonder leaflets of coconut treen:were.
placed inr moist - petridishes. and

_ inoculated with drops of . spore ;sus-

yennon of thie fungis. : In:d. paraliel
seties of petridishes, the inoculation
dropi consisted ofra mixtire af the
furigal spores: and : bacterjuti.r The
dishes; were, - maintained’ at:labo-
tatory tempesature.. Roning of leaf
tissye:'was' observed ‘in-about 12
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Fig: |
Inhibitory action of the bacterial strain on (4) Helminthosgorium halodes
and (B) FRhizoctonia bataticola

Fig: Il
Lytic action of the bacterial strain on a liquid culture of
Helminthosporium halodes.
A. Culture + Scc. of the bacterial suspension
B. Culture + Scc. of sterile water. (Control)
C. Culture + 10cc. of bacterial suspension
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inoculation no infection was noticed,
the bacterium apparently affording
some sort of protection to the leaf
tissue against fungal invasion,
Similar experiments were also con-
ducted, where coconut leaflets about
9~12"" in length were sprayed with
the spore suspension by means of a
Devilblis atomiser and maintained
in humid conditjons under bell jars.
Similar parallel- sets were , main-
tained, where the inoculum to be
sprayed was a suspension mixture
containing the fungal spores and the
bacterium. 1Inall cases the inocu-
lated leaf tissue was incubated at
laboratory temperature, In ‘these
experiments also it' was seen that
the presence of the bacterium in the
inoculum afforded protection to the
coconut leaf tissue against mfectlon
by the leaf-rotting lung1.

. as inocula.

Field experiments: Three to five
year old healthy coconut seed-
lings were selected for these trials,
The tender shoots of the seedlings
were inoculated as usual with a.
spore suspension of the fungﬁs Hel-
minthosporium halodes and a parallel
series of inoculations were done
where the inoculum was a mixed

. suspension of the bacterium "and

spores of the fungus, Controls were:
also maintained using sterile water
and the bacterial suspension alone
Pieces of sterile cotton
wool were soaked with the different
kinds of inocula and they were in-
troduced between leaflets in the
central shoots. The shoots ‘were
then tied up with coconut stipules
and kept moist, The seedlings were
kept under-observation for a week -
and the results obtained are gwen m

. thg followmg table,

Table 1.

Serial No.'of " No. of . L
No. ' llnowhm "s‘::g{:asd sl:':a:clltngs .Remafk:..
1 H.balodes . 6. 6 Very heavy infection.
2 H. halodss plus o Slight spotting obser-
. bacterium 6 ved in two seedlings,
- 3 Bacterium ° . -
Control (Distilled "6 -

water only)

JULY~SEPTEMBER, 1952
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Thus it may be seen that the pre-
sence of the bacterium in the inocu-
lum gave a measure of protectiong

to the coconut leaves against infec-
tion by H. halodes.

PISCUSSION :

The findings reported in the pre-
ceding pages tend to show thatin
natore there exist several micro-
organisms which could produce
secretory or excretory products pos-
sessing inhibitory properties over
other living organisms. Application
of this phenomenon known as ‘' mi-
crobial antagonism’ to plant pro-.
tection has been attempted with
varying degrees of success. Most of
these attempts refer to soil-borne
diseases. The soil is a dynamic
biological complex containing mil-
lions of active micro-organisms’ some
of which are parasitic and de%ri-
mental to plant growth, while others
are beneficial, During the metabolic
processes of these micro-organisms
substances are produced which may
be destructive to their neighbours.
When the net effect of these mutual-
ly interacting biological products
favours the growth of a parasites
then the latter is able to assert itsel
and exert-its action, If this equili-
brium could be disturbed and shifted
in favour of an organism antagonis-
tic to the parasite, then, the effect
would be to control the parasites
(S. A. Waksman 1947). It has been
found empirically that many soil-
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borne parasites can be suppressed by
heavily manuring the infected soils
with organic manures as well as
fertilisers, A generousbut, wise use
of fertilisers, is, in fact, one of the
best ways of reducing damage caused

_ by many of the fungi attacking plant

roots. In Britain, the scab disease
of potato is controlled by incorpo- .
ratingJarge quantities of green ma-
nure into the soil (W. A. Millard
etal. 1922, 1923, 1926, 1927). In
Arizona and Texas in the U.S. A,
the cotton root rot disease caused
by Phymatotrichum omnivoyum wWas
successfully controlled by putting
in large quantities of hay and
other organic matter into deep fur.
rows in the soil well before the
cotton is planted (C. J. King, 1937;
R.B. Mitchell etal. 1941). In Canada,
the strawberry and tobacco root
rot and the scab of potatoes were
eradicated by ploughing in, a crop
of soyabeans by doing which, the

* microbiological condition of the soil

appeared to have been modified,
(A. A. Hildebrand and P. M, West,
1941). In Australia, where available
‘phosphate limited plant growth,
dressings of superphosphate reduced
the severity of the *rtake all’’ dis-
ease of cereals (E.W. Russel loc, cit.
p- 217). The basis of all these con-
trol measures is a modification of
the soil microflora and a stimulation
of the mode of microbiological

- activity of organisms antagonistic to

THE INDIAN COCONUT JOURNAL
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certain parasites. By putting into
the soil, plant and animal residues
new types of micro-organisms are
‘introduced which are chiefly sapro-

phytes living on dead matter. The -

additional energy material supplied
in the form of fertilisers encourages
the development and antagonistic
activity of such organisms. A num-
ber of factorsare connected with the
mechanism of microbial antagonism
vis, competition for food, an excess
of carbon-dioxide, formation of
toxins etc. Since most of the orga-
nisms inhabit the soil and sifice the
soil alone is a poor medium the
addition to the soil of appropriate
nutrient materials is an important
factor for their development.

There are also instances of soil
Plant pathogens being suppressed
by inoculating into the soil appro-
priate cultures of antagonistic orga-
nisms, for instance, the success
.achieved by Russian workers in the
*take all'’ disease of cereals, the
work on the control of the cotton
wilt in India, of the wilt of melons
and the Sclerotinia disease of sun.
flower in France. (Grossbard loc, cit.)
The ‘damping off’ of citrus seedlings
was controlled in U. S, A. by inocu-
lating the soil with T'rickoderma spp.

As reported in this paper an at-
tempt has been made to investigate
whether the phenomenon of ‘micro.
bial antagonism’ could be utilised

to control some coconut diseases,

JULY=-SEPTEMBER, 1982

- vities some

Helminthosporium halodes is an im-
portant fungus associated with the
‘leaf rot’ disease. of coconuts and
our preliminary experiments have
shown that the bacterial strain re-
ferred to has some protective action
against this parasitic fungus, It may
be said in this connection that Cha-
diakov (1935) has shown that bacte-
ria of the genera Psewdomonas and
Achromobacter can control Fusaria
SPp. causing the wilt of flax. Wood
has described several bacterial orga-
nisms used in the control of diseases
of lettuce caused by Botrytiscinerea -

.and Rhizoctonia solani (R.K.S. Wood

loc, cit), Work designed to elaborate
the antibiotic principle of the bacte-
riumdescribed by us, and its practi-
cal application is now in progress. -
SUMMARY " o

(x) An aerobic spore forming bac-
terial strain probably belonging to
the Bacillus anthracis group, possess-
ing inhibitory action against fungi
associated with the rodt and leaf
disease of coconuts has been isolated
and studied, .

(ii) The bacterium appears to be
able to exert active lytic action on
fungal mycelium and probably pro-
duces during its metabolic acti-
potent _ fungicidal
substance, ‘

(iii) Tts presence in a mixed ino-
culum afforded protection to coconut
leaf tissue from infection by the leat
rot organism, Helminthosporium ha-

* lodes.
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(iv) Theuse of the principle of
microbial antogonism in the control
of plant diseases is briefly discusid.

(v) Work to further elucidate
the above and allied aspects is in
progress at this Research Station.’
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