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INTRODUCTION

In a natural ecosystem, biological balance reaults
from a diverse net work of interacting organisms in dynamic
equilibrium., Each speciass is adapted to the prevailing
environment, and is a source of food for others. Each
species also has one or more mechanisms tc endure or escape
its competitors and natural enemies, and each ecoloqgical
niche is occupied both in space and time. Generally plant
disease outbreak occurs due to an ecological shock that
causes bioloi;ical imbalance. Infectious Adisease itself is
an ecological force and will eventually restore balance
within the ecosystem, Agriculture as commonly practised
contributes to bioclo:ical imbalance by replscing biologicsl
diversity with a single plant genotype, by placing crop
plants in an environment to which they are poorly adapted,
by exposing the crop to inoculum of pathogens but without
benefit of normal endurancs or escare mechanisms, and by
creating bioloicel voids with tillage, resticides, and

other practices.

The undisturbed moist evergreen forest scil is one of
the most ideal habitats for the existence of rany micro-

crganisms which live in close proximity and interact in a
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unique way. The sum total of all the individual inter-
actions establishss the native flora typifying the habitat.
Detrimental effects of one species on its neighbours are
quite common in soil, and they ere detected by the decrease
in abundance or metabolic activities of the more susceptible
organism, There is a permanent struggle for existence in
the hakitat, and only those species most suitable for the
specific environment survive. The categories of deleterious
interactions are competition, antibiosis and parasitism or

predation.

The evergreen, virgin forest soils of Kerala are e
treasure house of antagonistic end antibiotic producing
microorganisms, because their natural ecosystem has not been
tampered by man's activities since evolution as a forest.

Ho study has bean carried out to unearth the various micro-
organisms present in the forest soils of Kerala. The present
investigation is carried out for throwing some light on the
s0il microflora of the typical evergreen forest soils of
Kerala, with a view to explore the presence of antagonistic
and antibiotic rroduecing micro-corganisms for utilizing them
in the bioclogical control of important scil borne plant
pathogens like Pythium myriotylum Drechsler, Phytophthora

pPalmivora (Butler) Butler and Rhigoctonia solsni Kuhn.
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This study was therefore undertaken with the following

objectives in view:

1) Isolation of micro_organisms from the forest soils.
i1) Identification and characterimation of the isclates,
111) Evaluation of different isolates for their antagonistie
properties against the important soil-borne plant
pathogens such as Pythium, Phytophthors and Rhigoctonia.
iv) Evaluation of the different isolates for their

antibiotie ;roducing ablility,
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REVIEW OF LITERATURE

Baker and Cook (1974) stated "antagonistic potential
resides in every soil microorganism and any random soil sample
should yield antagonists to some microorganisms. Matadolites
are secreted and one of these would certainly prove inhibitory
tc some other microorganisms.” Many soil inhabitants produced
inhibitory substances in laboratory media and when tested in
pure culture they were found tc supress numercus microorganisms.
Species of .F.’sn:ﬂ.u;mo Irichoderma, Aspergilius., Fusariue and
many cther fungi were found to excrete antibiotic substances.
Actinomycetes wers found to be active in protucing antibiotics
like streptomycine, chlorsmphenicol, cycloheximide and
chlortetracycline. Antidbiosis is especially common among
streptomyces isolates. The most frequently encountered

bacteria synthesising antibiotics were species of Bagillup and
strains of Ppeudomongs that liberate pyocysnin and related
compounds (Alexander, 1977).

Waksman and Curtis (1916, 1918) and Jensen (1943) made
an attempt to estimate the micrcflora of soil and reported
that the population varied from 3000 - %0,00,000 per g of soil



depending on soil types. Skinner gt gl. (1552) rerorted
several hundred thoussnds to hundred millions of bacteria per
g of Ary soil., Waksman (1952) observed that the fungi were
lesser in nunber than the asctinomycetes and fungal population
in so0il ranged from few to al'maay as ten lakhs per g.

When the soil depth increassd the microbial popﬁlntion
was found to decrease. A gradual reduction in microflora in
deeper layers of soil was observed by 4diffarent workeras
(Aristovskaya, 1951, 19577 Waksman, 1952; Rose, 19%4;
Miloseviec, 19%8) Tsso et al., 19597 Rangaswamy and Venkatesan,
1963y Corke and Chase, 1964; Venkstesan, 1964 and Rangaswamy

at al. 1967).

The soil microbial poprulation was found to decreass ss
the organic carbon availagbility of the scil decreased
(Waksman and Curtis, 1916, 1918; Stere, 1942, Lauqiout et al.,
1949, Aristovskaya, 1931, 1957; Rose, 1954; Blue gt al., 1955;
Zhukova, 19565 Jagnow, 1958; Tsao et al.. 1959; Popova, 1963:
Rangasvwany and Vankatesan, 1963 and Rangaswary et al., 1967).

Antsgonism is a phenomenon employed in biolcgical
control and it means a relation between organisms in which
one organism, the antagonist creates adverse circurgtances

for the cther for its growth, According to Park (1961),



o

categories of antagonism are antibiosis, ocompetition or
exploitation., Exploitation includes parasitism and predation.
Jackson (1965) reported that metabolic products of scme
organisms had harmful effect on pathogens and termed it as
antibiosis,

Antibiotic producing and antagonistic microorganisms

Many workers have isclated and studied the antibiotic
and antagonistic properties cf different scil microorganisms
which include fungi, actinomycetes and bacteria. Of these
the following microorganisms have been studied in detail.,

¥ueor spp.

Considering the antagonistic property of Mugor spp. only
scanty information is available in favour of its antagonistic
property. Codiguola and Ggllino, (1974) reported that M.
hiemalis exhibited antibacterial and antifungal activities.
Domsch gt gl. (1980) found that M. hismalis f. hiemalis was a
hyperparasite of selerotia of Sglercotinia sclerctiorum. 8.
borsalis, 8. gsxifolioxum and Claviceps PUKRULSA.

In a number of studies conducted by various workers
lixe Durrell (1968); Dennis and Webster (1971); Mandelbrot
and Erb (1972) and Hunter and Butler (1975), Mucor spp. was
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found to be parasitised by other cbligate hyperparasites.

Syncephalastrum sp.

The mycoparasitism of hyphae of Aspergillus niger by
Syncephglastrun racemosum was shown by Fidoplichko (1983).
Vyas and Jain (1976) reported that metabolites of 5. recemosur,

Penicillium obscurum and Monilia sp. were found to be actiwe
in the growth promoting activity but howsver, culture

filtrates of some fungi showed strong growth inhibitory

response as well,

Cunninghamells sp.

Many workers have observed that Cunninghamella slegans
was inhibited by other fungal antagenists (Chu and Alexander,

1972), Sneh gt 31. (1977). Jesiorska (1974) observed that the
growth of Chalara elegans could de inhibited in in vitro by

C. slegans.

The production of a sporostatic factor by C. slegans has
been reported by Garrett and Robinson (1969).

Ixichodexmy spp.

The antagonistic property of various species of
Trichoderma has bsen established es evident from the reports

cf many workers.



Weindling (1932) reported that Trichoderma Yiride
parasitised the mycelis of Fythium spp. and Phytophthora
Rarasiticg. The parasitism of mycelia of Rhigoctonia solani

by Ixichedsgma spr. and Pepiellliym vermiculatum was rerorted
by Boosalis (1956). He found that hyphae of the host fungus

were invaded by penstration pegs developing from myceliw: in
contact with host hyphae. 7The hyperparssitism of T. yiride
on numerous fungal hosts including Sclerotinia sclercotiorum
was observed by Pohjazxallio and Mskkonen (1957). Durrell
(1968) observed the parasitism of the mycelia of Yugarjium
aelani, ¥. oxysporum, R. golani. Cochiliobolus sativus,
Rhigopus orysse snd several other fungi by T. viride. Dennis
and Webster (1971) rerorted thst hyphal contact between T.
hapatum and several ssprophytic or parasitic fungi was
accomplished by curling of hyrhae, The hyperparasitism asnd
hyphal curling around the test organism by T. polysporum was
reported by Chohan and &ingh (1974). Reeves (1978) found that
the hyphae of Phytophthors ginngwomi were lysed and eospore
production induced by T. viride. Mew ¢t al. (1980) observed
that Trichoderma spp. coiled around the sclarotia of R. golani
and made them inactive. Krishnameorthi and Bhaskaran (1987)
screened T. viride, T. hargispwe., Lacteseris urvalis, Bagillus
gubtilis and Pgeudomonas fluorescens for their antagonism
against Pythiue indicum an? found that T. yiride and L. urvalis



produced s thermostable component which destroyed the host
hyrhae and in addition exhidited physical parasitism like
coiling end invasion of the host hyphse. Fedoseeva gt al.
(1923) reported that gmong the fungi tested, two isclates of

I. lignorum showed lytic activity and inhibited Ustilago
Hﬁ-‘.—’

- The sntimetabolite production by wvarious species of
Trichodermy was reported by saveral workers. Brian and
Mec Gowan (1546) isolated a fusidic acid like antibiotic named
viridin from T. yiride, which possessed antifungal properties.
He also reported similar antifungal metadolite prcAuction by
Sliocladiyr virens. ©Shibata gt gl. (1964) rerorted that the
metabolite from T. polysporum included trichodermin, trichodermal,
pachybasin and ehryscphencl. Park and Robinson (1964) demonst-
rated an uncharacterised acidic substance in ageing cultures
of T. virjide with morphogenic effect on fungal hyphae. Dennis
“and Webster (1971) rerorted that T. hamatum produced volatile
and non-volatile metabclites having antifungal acitivicy.
Pepavizas (1964) reported rroduction of trichodermin by I.
lignorum (T. viride) and also opined that Trichoderma and
Sliocladiur produced varicus ensymes such as endo and
exoglucanase, cellobiase and chitinase. Manian and Paulsemy
(1987) studied T. gurioviride isolated from soil and found that

its culture filtrate antagonised mycelial growth and sclerotial
initiation in R. polani.



The use vot X. yixide as biocontrol agent against Pythiue
ultimum in beets (Liu and Vaughan, 1965), and against R. golsni
(Roy, 1977) has been established. Herman gt al. (1980)
observed that treatment of seeds of raddish and pea with
conidia of T. hamatum protected seed and seedlings from R,
2olani and Pythium spp. and this was as effective as fungicidal
seed treatment. The use of T, yiride against Clagvicepe
Susiformis causing ergot of pearl millet (Mohan gt gl.., 1987)
and P, graminocolum causing root rot of sugarcane seedlings
(Padmansbhan and Alexander, 1987) has also been estsblished.

Dennis and Webster (1971) reported the antagonistic
properties of T. harziapum es coiling arcund or invading the
hyphae of many teat fungi. Mukhopadhyay and Indulikachandra
(1986) studied the mode of antagonism of T. harsianum against
P. gphanidermatum and found that it caused lysis and disinte-
gration of protoplasm of the teat fungi vhen grown on potato
dexteose agar plates in dual culture. They also found that
Z. dDarsiapur showed antibiotie setivity towards P. aphaniderx-
Eatum. The antagonistic property of T. harsianue sgainst
different fungi was also reported by Marchiaio (1972),
Nordbring-Herts (1973), Mew and Rosales (1984), Venkatasubbaish
at al. (1984), Jharia and Khare (1986) and Fadmakumari and
Balakrishnan (1986).



Agarwal ot al. (1977) revealed that I. harsianum was
antagonistic aguinst 8. yolfsii and found that the culture
filtrate inhibited the growth of the pathogen on potato

dextrose agar.

The production of antimetabolitea as a property of
antagonism by 2. haraiapue was reported by Domsch gt al.
(1980) and Mukhopadhyay and Indulikachendra (1986). Domsch
at al. (1980) observed that carbondioxide and ethancl produced
by Z. harsianue were responsible for inhibition of growth and

sporulation of Aspergillus piger and Pesgalotia rhododenxi.

Z. harsianus employed as agent of biological control
of many crop disessss was reported by various workers. The
control of F. gphgnidermatum using T. harsianum was reported
by Fajola and Alasocsdura (1975), Mukhopadhyay and Indulika-
chandra (1986) and Mukhopadhyay (1987). Control of R. golani
using T. harzianusm was reported by Elad gt al. (1980),;
Alegarsany gt al. (1987) and Mukhopadhyay (1987). Sivan and
Chet (1986) found that I. hargianyge from rhisosphere of cotton
seedlings was found to be an antagonist against F. oxysporum

on gotton, melons and wheat.

Komatsu (1976) reported that the antagonism exhibited
by I. koningii was by coiling around the hyphae of Lentinus
- gdodes and several other parasitie fungi.



Production of anti-fungal substances by T. kopingit
was reported by several workers like Brisn and Hemming
(1947) and Park (1961).

Kukhopadhyay (1987) iavestigated the bio-control
efficiency of I. Xkopningii and was exploited for the control
of P. gphanidegmgtum, R. seleni, 8. yolfsii and Y. oxyspepum
f. sp. gicexi.

Aspergillus spp.

The antagonistic properties of various species of
Aspergillus were reported by ssveral workers and were mainly
attributed to ths production of antimetabolites.

The inhibition of growth of R, golani by parasitising
the hyphae by A. niger was reported by Gokulapalan and Nair
(1984) . The antagonistic property of A. piger was also
reported by Padmgkumari and Balskrishnan (1986) and they
found that in dual culture, the antagonistic organism
continued its growth and covered the whole rlate while
R. solanl ceased its growth after contact with antagonist.
Bora (1977) observed that A. piger has shown greatest
antagonism againat R, golani from egg plant, whan ita
antagonistic property was estimgted arong other soil fungi.
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The antibiotic production by A. piger was reported by
Broadbent (1966), The antibiotic jawsherene was detscted in
the .t“dyo

Raistrick and Smith (193%) reported rroduction of
terrein by A. terreus. 7The production of geodin, terriein
and terric acid was alsc reported (Marcus, 1947). Zsehner
et al. (1963) repcrted that the antibiotic properties of the
metabolites of A. $erreus wers dus to flavipin, eridin,
geodin, patulin, terric acids and sideramine ferrichysin.

Trevincc and Espinosa (1921) aprlied conidial suspension
of different species cf Aspergillus with potato saccharose
agsr to cocoas litter arcund the base and on the stem up ¢to
1.8 m against Phytophthors palmivera. Only A. terreus vas
found to retsrd the start of disease by 30 days. Roy (1984)
reported that A. terreus isolated from scil inhibited growth

of R. golani in ir yitro.

A. Yersigolor was reported to produce many metabolites
having antibiotiec properties. Sterigmatocystin and sverusin
were produced by A. yersigolor (Bulloek gt al.. 1962, 19€3),
Pusey and Roberts (1963) found that averusin an anthragquinone
was produced by A. versicolor. An antifungal substance

versicolorin was also reported to be produced by A. yeraisolor
(Dhar and Bose, 1968).



Esnicillivem spp.

Many species of Penicillium are well known for the
production of antimetabolites and most of them are anti-
biotics. The sntagonitic property of this group of
microorganisms ia largely due to antibiosis and various
researchars have investigsted for exploring their metsbolite
production.

Chard and logen (1984) found that Pepieillium
cyclopium and P. nigricans were sntagonistie to or parssitic
on R. soland in 4p yvitrc. In the dual culture studies with
P. gitrinuys, it has been reported to have strong antagonistie

activities towards Gasumanomyces grasinis and Pythium sp.
(Domsch, 1960}, R. bataticela (Phingras and Khare,1973),

8. aclerotiopws (Rai and Saxena, 1975), Staphalococus AuKEuS
and Salmonella typhi (Jefferys et al., 19%53). Jharia and
Khare (1986) observed the digestion of sclerotium and hyphae
of 2. Batatiscla by Panieilliue fupiculosws and 2. pinophilu.
Mukharjes g% al. (1987) reported that F. gitrinum was found
to be the most effective awong the fungal antagenists he

tried against Magrophomina phassolina.



The antibjotie production by P. gitrinum has been
observed b} many workers. Hetherington and Ralatrick (1931)
found that citrinin an aromatic polycyclie compound was
produced by P. gitripum. P. gitripwe is reported to produce
oreinol, protocatechuic acid and other hydroxybenzenes,
eitrinin and several related metabolites (Curtis gt al.,
1968), Citrinin has been reported to have fungistatic and
hyphae narrowing properties (Robinson and Park, 1966).

Ciegler gt al. (1971) established that penicillic acid
is produced by a large number of fungi including I'. simpli-
Siesipym. Weginer gt gl. (1980) reported that Penitren-A is
a tremorgin produced by a number cf species cf Pepicillium

such as :. gimplicissimum.

Paecilomyces spp.

Many workers have investigsted the rroduction of
antibiotic substances by varicus species of Paecilomyces
vhich are antagonistic against many fungi. The colonisation
of sclerotia of 8. gclerotiorum snd R, golani was reported by
various workers like Karhuvasra (1960), Makkonen and Pohja-
kallio (1960) and Maciejowska and Williams (1961),



Arai ot al. (1973) reported that the peptide
antibiotic leucinostatin preduced by P, lilscinusg was
effective against some gram positive bacteria and a wide
range of fungi. Samson (1974) reported the production of
lilacinin by P. Jilacinug. Mc Lennan and Ducker (1954) and
Bilal et al. (1964) observed antibiotic activity of P. rubrum
against bacteria.

Telgromyces sp.

%he production cf metabolites having antifungal
properties by T. wortmannil wes reported by Breen et al.
(195%); Brian gt al. (1957)s Atherton gt al. (1968) and Basu
and Majumdar (1969). Antibacterial activity of T. wortrmannii
waa alsc reported (Bilai g%t al., 1964). In dual culture
studies with 8, sclerotiorum, Mc Laren gt gl. (1986) observed
that I. flavus was s destructive hyperparasite which grew
toward and coiled around the host hyphal cells.

Tusaxiyes ap.

The sntagenistic property of F, oxysporum by
mycoparasitism was reported by Park (1963) sgainst a number
of fungi. Sneh gt al. (1977) observed the antagonistic

property of F. oxypporum against Phytophthora gactoruym while



Marchisio and Mgsca (1984) reported stromg antagonistie
property of Y. oxvaporum in dual cultures of fungi isolated
from root surface and rhigosphere of Abieg albg Mill,

Streptomyces spp.

Streptomyces is the promisiang group of sCtinomycetes
well known for the producticn of many different types of

antibiotics. Many species srong these groups cf organisms
produce gpecific antibiotics under ideal cocnditions. These
groups of actinomycetes have been well studied by research

workers to reveal their antibiotie properties.

Streptomycin isolated from 8. griesgus by Schatz gt al.
(1944) was considered tc be the first brcad spetrur antibiotie
discovered end found tc be effective against the tuberile
Baciilus. Chi (1967) found that 8. rimosus was strongly
inhibitory to growth of ¥. golani. R. solani. Verticillium
dahlize and ¥V, glbo-atruym and slightly %o P. debarvanum.
Neweigy et gl. (19282) and Logen gt al. (1954) rerorted the
selective nature of antagonistic property of Streptomyqes spp.
Mohawed (1983) reported that Sgreptomyces spp. inhibited the
growth of R. golani and S. rolfsii. Kundu and Namdai (1984)
found that {i. aranas and §. chibasais imclated from field
soil under cauliflower cultivation showed antagonism ageinst



R. 30lani in jin vitre aﬁd alsc in natural soil. Rothroeck
and Gottiliedb (1964) ocbserved that 8. hygroscopicus var.
geldanus reduced saprophytic growth and also the pepulation
of R, 30lani was inhibited by geldanamycin, an antibiotic
produced by 8, hygroscopicus. Ainsworth (1971) stated that
smphotericine was a polyene antibiotiec obtained from
Streptomyces sp. and was found to be antifungal., The
degradation of hyphae of P. gphapnidermatum upon contact with
soll particularly with some actinomycetes in jp vitro was
reported by Domsch et al. (1880),

Kerriman et 3l. (1974) reported that in biological
eontrol of Thanatephorus cugumeris., seed inoculstions of
vheat or carrot with 3. grissmus increased the yield
significantly.

Bggillus spp.

Among the bacteria, Bg¢illug group rreduces Adifferent
antibiotics possessing inhibitory effect on other micro-
organisms. Many workers have reported the antagcnistic
property of B. gubtilis against many rathogenic fungi.
Mitchell and Hurwitz (19¢5) established the effactiveness
of B, gubtilis as a hbiolagical control agent against
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Phytophthora spp. and R, solani. S8imilar results were also
reported by Aldrich and Baker (1970), Broadbent ¢t al.

(1971), Michael and Nelson (1972) and Kommedahl and Mew
(1978) . Henis and Inbar (1968) observed that the metadolites
from B. subtilis inhibited the growth of P. ultimum. The
antagonistic property of B. pubtilis against R. golanl was
reported by Olsen and Baker (1968). Bacillus spp. were found
to be the most important antagenists of F. udum which caused
inhibition, lysia and higher number of chlsmydespors formation
(Zagserni and Tosi, 1983). Podile and Dube (1987) reported
that B, subtilis waa antagonistic to plant pathogen V. dahliase.
V. albo-atrum, F. oxysporum £.sp. udum, Chytophthora drechsleri
and Rhigopug nigricens. B. subtilis was found to have anti-
fungal activities and plant promoting activities.

Production of antibiotic substances by B, gubtilis
was reported by various workers. Utkhede and Rahe (1980)
found that six isolates of B. gubtilis from sclerctia of
Sglervtiym ceplvorum produced antibiotics, antagonistic to
growth of pathogen. Vasudeva et el. (19%8) reported product-
ion of the antibiotic bulbiformin by B. sybtilis.

Merriman gt al. (1974) reported that in biological
control of T. gucumeris, seed inoculations of wheat or cerrct
with B, subtilis increased the yleld significantly.



Tschen and Xuo (1988) noticed that appliceatiocn of
antibiotic from B, gubtilis culture filtrate to rice leaves
inhibited growth of R. golanl and prevented the development
of disesse. 8Seed treatment with B. gubtilis sppeared to be
promising for the contrel of Magropvhomins rphasecolina
(Mukharjee ot al., 1987),
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MATERIALS AND METHODS

Selection of gite

The evergreen forests of Wynad and Idukki districts
were selected for the present study. In Wynsd district
Ladysmith forest of Thariyode range and in Idukki, Cheriya-
kanam of Thekkady range were selected,

Sollaction of soll samples

The scil samples were 0ollected during December, 1988,
In each locality, six pits were dug for collecting soil

samples at s distance of fifty meteres. Dus considerstion

was given for the land topography while taking the pits,

The soll samples were collected from three different depths
0-10, 11-20 and 21-30 on and transferred to sterile chambers
using soil asuger. The available phanerogamic flora around

SO meters of the profile pit were collected for identification.
The rainfall data for last ten years were taken.

The soil samples of different depths collected from
each locality were analysed for seil reaction snd ergsnie
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cardbon by employing the standard methods (Jackson, 1958),

titati timation of microfl

The quantitative assay of microflora was carried out
by serial dilution plate te&niqxn(?tmier ot al., 1977).
Ten g each of the s0il sample was added to 100 ml sterile
Aistilled water in 250 ml conical flasks and shaken for
S min in orbital Shaker.. Ten ml of this soil dilution
was then transferred to another flask containing 100 ml
sterile distilled water to get 102 atlutions. Later 10~¢
and 10~5 ailutions were prepared from this by serial
dilution.

Estimation of fungal population

One ml of 10™% 5011 ailution was pipetted into sterile
petridishes to which 20 ml of melted and cooled Martin's rose
bengal streptomycine agar media was poured., Three petridishes
were kept as replications for each sample. The petridishes
with the media were swirled thoroughly to get uniform
distribution. After solidification, the dishes were incubated
at room temperature for four days. The fungal colonies
developed at the end of four days were counted using dark

field colony counter and expressed as number of colonies per
g of dry soil.
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Egtimation of actinomycete population

The estimation of actinomycete population was done
with a soil dilution of 10”6 using Kenknight agar medium and
the method followed was as in the estimation of funiial.
population. The dishes were incubated for seven days at room
temperature and the actinomyoste colonies were counted, using
dark field colony counter and expressed as number of oolonles
per g of dry soil.

Estimation of bacterisl population

-6 a1l

Bacterial population was estimated using 10
dilution in nutrient agar medium. The method employed was
the same as in estimation of fungal population. The dishes
were incubated for 48 h at room temperature. The bacterial
colonies developed were counted with the help of dark field

colony counter and expressed as number of colonies per g of
dry soil.

Qualitative estimation of micrcorganisms

Fungd

The young fungal colonies developed in dilution plates
vere transferred to potato dextrose agar medium (PDA). Pure
cultures of fungi were obtained by single spore isolation
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technique/single hyrhal tip method and they were maintained
in PDA,

Morphological characters of the fungi in pure culture
were studied by growing them in petridishes, slants and
slide culture techniques. On the basis of the morpholegical
characters, they were identified.

Actinomycetes

The single colonies of actinomycetes develored in
Kenknights agar were transferred to slants of the same medium
and maintained in pure culture. They were provisionally
identified on the basis of wmorphologicel characters.

Bacteris

The bacterial colonies develored in the dilution plate
method were streaked in nutrient agar and single colony
isolation was made. 7The pure cultures were maintained in KA
as Stant cultures. Bacterial isclates were identified by

morphological and physiological characters.

The pure cultures of iscolated fungi, actinomycetes and
bacteria were sent to the Commonwealth Mycclogical Institute,
Surxay, England and got 1d§ntifiod. It was found to be in
ccnformity with that of thig aunthor,
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Isolation and pure culturing of the test organisms

Fythium myriotylum Drechsler

The isolate used in the study was obtained from
naturally infected ginger rhisomes collected from the ginger
(Zingiber officinale) plot of the College of Horticulture,

Vellanikkara, by tissue isolation method. The isolate was
purified by repeated hyphal tip plating and the organism
was maintained on PDA by subculturing periodically.

Fhytophthora palmivora (Butler) Butler

The isolate used in the study was obtained from
naturally infected ;repcer (Piper nigrum) leaves, collected
from the Pepper Research Station, Vellanikkara by tissue
isolation method. The isolate was purified by repsated hyphal
tip plating and the organism was maintained on ocat meal agar

by subculturing periodically.

Rhizoctonis solani Kiihn

The isolate used in the study was obtained from a
naturally infected rice plant ccllected from the rice fields
of the Agricultural Research Etation, Mannuthy. The fungus
was isolated and grown in DA from the sheath portions of
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infected plants showing characteristic symptoms of attack,
erploying tissues isolation method, The culture was incubgted
under laboratory condition. The isolate was purified by
repeated hyphal tip transfer and the organism was maintained
on PDA by subculturing periodically.

Growth rate of antagcnists end test organisms

Fungi

An aliquot of 15 ml cf PDA was transferred intoc 90 mm
petridishes. After sclidification cf the media, & 5 mm dise
from actively growing zone of the fungus on FDA was lifted
by a sterile 5 mm cork borer and transferred to the centre
of the media in petridish. The plates were incubated at
room temperatures (28 + 2°C) and radial growth of the fungi
was mezsured at intervals of 24 h up to 15 days to ¥now their

respective growth rates.

Actinomycetes

Actinomycete colonies were streaked on 90 mm petridishes
with 15 ml Kenknights agar masdia and growth rate waa recorded

every 24 h up to 20 daya.



Bacterla

For estimating the growth rzste of bacterial colonies,
the bacteria were streaked at one end of the plates poured
with 15 ml NA in 90 mm petridishes and measurements of growth
of the colonies were taken for four days at intervals of
24 h,

Test ;s

P. myriotylum and R. solani were grown in PDA and
E. palmivory was grown in cat meal agar by adopting the
method described in the case of fungi. Observation on radial

growth was taken at intervals of 24 h up to 14 days.

S¢reen the micreo isms for < nistic propert

against test fungi

Qualitatively estimated microorganisms were subjected
tc antagonistic studies against the three test organisms,

P. myriotylum, P. palmivora and R. solgni employing dual
culture method (Johnson and Curl, 1972).

Fungi
The antagonistic study with the funga) isolates was

dcne by the dual culture method, The organisms were



inoculated in dual culture after giving due considerastion

for the growth rate of both the test organism and the
potential antagonist. An aliquot cf 1% ml cf FDA was
transferred intc 90 mm petridishes. After solidification

of the media a 5 mm disc from an sctively growing zone of

the fungal isoclate on FDA was removed by a sterile cork
borer and transferred to one end of petridish. A disc of

S mm of the test fungus was similarly traznsferred from another
plate and pleced at the opposite end, towards the périphory.
The time of incculation of the test organism was decided
after taking into account its growth rate with respect to
antagonist. When the test organism employed was P. palmivorg
the method used was double agar technique (Johnson and Curl,
1972), The test organism was inoculated on the basal media
of CMA, over which a thin £1ilm of PDA waa poured and the

antagonistic fungus inoculated.

The growth measurements were taken at intervals of
24 h up to ten days. The type of antagonism exnibited was
recorded. Five replications were maintained for each
antagonistic fungus. The test organism and the antagonist
grown in monocultures served as control, The isolates

possessiing good antagonistic property were identified.
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Actgnomxcotog

In the case of antagonistic study of the actinomycetes,
dual culture method was employed with the double agar
technique (Johnson and Curl, 1972). The antagonist was
inoculated on nutrient glucose agar as basal medium and over
that PDA or OMA was poured and test organism P. myriotylum,
R. solani or F. palmivora was incculated respectively, 7The
time of inoculation of test fungi was delayed due to the
slow growth of actinomycetes. The growth: of antagonist and
test crganisms was recorded at intervals of 2¢ h. The
types of reaction and antagonism exhibited were also recorded.
Replications and control were maintained as in the case of

!\mqi .

Bacteria

The antagonistic study with bacteria using the test
organisms was done by *he method as described in case of
actinomycetes, The bacterial antagonist was streaked
horigontally azainst the test organism towards the periphery
of the dish in the double agar technique., The growth of
antagonist and test organism was measured and recorded.

The types of reaction and antagonism exhibited

were alsc recorded.



f cult £ilc £ th t igts

The isolates showing good antagonistic properties were
grown in 1liquid cultures and were utilised for conducting
the culture filtrate studies. Fifty ml of the potato
dextrose broth was taken in 2%0 ml Erlenmeyer flasks and
sterilised at 15 lbs pressure for 20 min, The broth in the
flasks was then incoculated with 5 wmm mycelial discs of each
of the fungus grown on PDA, They were then incubated at
room temperature (28 + 2°C) for 14 days in shake cultures.

Actinomycete culture was grown in 50 ml of broth
contained in 250 ml flasks by inoculating a 5 mm disc of
actinomycete taken from an actively growing culture in
nutrient glucose agar. The culture was incubated for 21
days at room temperature (28 ¢ 2°C),

Bacterial antagonists were also grown in nutrient
glucose broth by inoculating two leopfull of each «f the
isolates into 50 ml of broth contained in 250 ml £lasks.
They were also incubated for 14 days at room tempesrature
(28 &+ 2°C) in sheke cultures,

The cultures of fungi, actinomycetes and bacteria were
filtered by ccarse filtration using Buckner flassks. This
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filtrste was again filtered through millipore filters
(pore sise 450 nm) and stored in vials for conducting the

culture filtrate assays and antibiotic sensitivity assays.

The culture filtrates stored in vials were assayed for
their inhibitory action against the test organisms P,
mypiotylum, P. palmivorg and R. golani by employing the
poison food technique (ZZntmayer, 1955). A quantity of
0.3 ml of the culture filtrate was poured into 90 mm sterile
petridishes and 20 ml of PDA was poured in case of P,
pyriotylum and R, polani and 20 ml of OMA in case of P.
Palmivorg. The petridishes were rotated well for mixing
thoroughly. After sclidification a 5 mm disc of an actively
growing culture of the test organism wes placed at the centre
of the dish. Growth measurements were recorded on the day
when the test organism reached %0 mm in control. Five
replications were maintained in each case and contrcl plates
were also maintained by adding 0.3 ml of sterile distilled

water.

The inhibitory properties of culture filtrates of the

antagonists were essayed against the three test organisms,

P. myriotylum, P. palmivors and R. solani and  expressed



as per cent inhibition using the following formula suggested
by Vincent (1927).

Growth trol - Growth treatment x 100 = PFer cent
Growth in control inhibition

Antibiotic Assay

The antibiotic production by the antagonists was

assayed using their culture filtrates.

L

Escherchia ccli (KCIC 10418) was used as the test
organise, It was grown in peptone water for 6-8 h and waa
seeded with sterile cotton swad on solid bactc antibiotic
assay medium No.3 with 15 @g/1 agar in petridishes. Sterile
Whatman f£filter paper discs of 5 mm diameter (antibiotic
sensitivity discs) were scaked in the sterile culture
filtrates of the antagonists and after allowing the excess
filtrate to flo§~o££. the discs were placed on the bacteria
seeded plates, It was inoculated overnight and the diameter
of each gone of inhibition was observed and recorded.
Standard curve was drawn in respect of a range of concentrat-
ion of Tetracycline hydrochloride (Mc Coy, 1976). Compariscn
cf the diameter cof each zone of inhibition of the culture
filtrates, with the standard curve gave an estimate of the

concentration of the antibiotic in the culture filtrate.

Average of five observations were taken for each culture
filtrate.
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RESULTS

locations of scil sample collection

The s0il sanples were collected from evergreen forest
aress of Wynad and Idukki districts. The Ladysmith forest
of Thariyode in Wynad and Cheriyakanom of Thekkadi in JIdukki
were selected. Scil samples were collected during 1985 as
described in materials and methods.

The average annual rainfall imn Wynad and Idukki for
the period 1976 to 1983 was recorded as 1297.27 mm and
1763.86 mm respectively (Table 31). The Wynad region has a
dry spell of two to four monihc while Idukki has only one

toc three months,

Florestic composition

A total of 64 species of plants distributed among 40
phanerogamic families has Deen identified from areas
designated for the ccllection of soil samples. Of the 64
species of plants, 10 were common both in Idukki and Wynad
tract but 2% species vere restricted to Wynad alone. %Thus
a total of 35 phanerogamic species in Wynad which included
25 trees, five shrubs, three climbers and two herds were
distributed in 29 families (Table 3). Idukki area had a
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Table 1. Annual rainfall data of Wynad and Idukki forest
T T ;linfall 1n‘lu
Year

Wynad forest Idukki forest
1976 731,86 1402,96
1977 1417.27 2030,26
1978 1474 .28 1100.42
1979 1634,12 1520.75%
1980 1778,73 1441.00
1981 1629.30 2598,.20
1982 1090.68 1710.00
1983 833,08 2136.5%
1984 1122.09 1951.00
1985 1239.54 1747.50
Average 1297.37 1763.86
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Table 2. Phanerogamic flora at the site of collection

:3;: Phanerogamic flora u.mg locality
: - -
1. Strobilgnthus barbatus, Nees  Shrub “ynad &
I1  Ampelidess

2. Vitis pallids, Kondag mara Climber Idukki

112 Apnacardiacess
3. Magifers indies, Linn Tree T8ukki
IV Apopacese
4. Milivsis yeluking, H.¥. & Thoms Tree Wynad
V  2ristolochiacess
S. Aristolochis indica, Linn Shrub Wynad

VI Asclepiadacese
6. Hemidessus ipdicup Herd I&ukki

Vil Bignoniacese
7. Stegeospermum %1 . Tree Wynad
’ \ 3

VIII  Bixacess
8. Hydnocerpus laurifo Tree Idukki
(Dennest.) Steumr
= Hyduocarpus wightisng, Blure
IX  Burseraceas
9. Canasiwe strictym, Roxb Tree Idukki
X  Campapulacese
10. lobelis nicotisnsefolia Herb Idukki
X1  Combretagese
11. Tapminslis paniculats, Roth  Tree Idukki

X11 Dipterocarpacege
12. Hopee glabrs, Wight Tree Wynad

Contd.



Table 2. Continued
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1 2 3 4
XI1IX Exicaceas
13. Rhedodendron axborewe, Wall Tree Wynad
X1v  Euphorbiscese
14. Bredselia retuss. Spreng Tree Wynad
15. Bischofia javanica, Blume Tree Idukki
16. Macarangs roxburgi, Wight Tree Idukkd
17. Manihot glamiovii, Muell, Arg Tree Xa&ukki
XV Guttiferss
18. Garcinis xgnthochymus, Hook Tree Wynad
19. Vepus ferrea. Linn Tree Idukki
XVi Lanracese
20. Actipnodaphana Eadragpatna, Bedd Tree Idukkd
21. Cinnsmomum sulphurstum, Nees Tree Tdukki
22, Machilus mgcranthy, Kees Wight  Tree Wynad
XViI Legythedscsae
23, Careys arbores, Roxd Tree Wynad
XViIl lequminscese
24. Agrocarpus frasinifolius, Wight Tree Idukki
25. Dalbergia latifolia. Roxb Tree Wynad
26. Dalbergia paniculata, Rowd Tree Idukki
27. Exythring struta, Roxd Tree Idukki
28, Mucuna gigantea, DC, Brit Climber Wynad
29. Spatholobug roxburgi, Benth Woody  Wynmad
climber
XIX Lythracese
3o0. ratrsemia lanceclata, Tree Wynad &
Wall., ex., Wight Idukki
XX Malvaceas
Herb Wynad

31. 8ida rhowbifolis

- o -




Table 2. Continued

1 2 3 4
XX1 HMaliaceas

32, Cedrila foona, Roxdb Tree Wynad &

Idukkd

33. Melia asadarach, Linn Tree Idukkdi

XX1I loracese

34. Artocarpus hirsuta. Lamk, Wight Tree  Wyned &

Tdukki
35. Artocarpus integrifolia, Linn, Tree Wynad &

" Roxb’ Tdukkd

36. Zicus bengalendis. Linn, King Tree Idukki
37. Zicus calloss. Willd, King Tree Wynad

38. Xicus infectoria, Roxb, Wight Tree Wynad
XX111 Mygpisticacess
39. Mygistics attepulata, Wall, Tree Wynad
King
40. Mypistica beddomei, King Tree  Idukki
XXIV Myrtaceae
41. Eugenia conymboss, Lam Tree Idukki
42. Eugenia jambolana, Lam, Wight Tree Idukki
43. Sysygiwn cumini Tree Wynad
XXV Cleaceae
44. Clea dicica, Roxb, Wight Tree Wynad
XXV1I Ealmacess or Eplmas
45. Calamus rotang, Linn Climber Wynad &
Idukkd
46, Caryota urens, Linn Tree Wynad &
Idukki

XXVI1 Eandapacese
47. Eandanus tectorivus, Solsnder Shrub  Wynad

Contd.
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XXVIII Plumbaginaceae
48, Plumbago seylsnics Herd Wynad
XXIX  Polygalsceas
49, Xanthophyllum flaresosns, Roxb Tree Wynad

X Rhamnaceae
$0. Ligiphus pigosa, Lamk, Wight  Shrub  Wynad
XXXI Rybigcesse |
51. Adena (Roxb) Hook Tree Idukki
« @X, Brandis
$2. Canthivm dicocum Shrub  Idukki
$3. Coffes spp., Linn Tree Idukki
XXXIT Rutacese |
S4. Atlantip malabarica Tree Idukky
$5. Clausena indicas, Oliver Tree Wynad &
Idukk4
XXXIII Sapindaceas
$6. Nephelium longana, Camb Tree Idukki
57. Sehleichers $rifugs, Willd Tree Wynad
’
XXXIV Sapotgcess
$8. Palaguium ellipticyr, Benth Tree Wynad &
I8ukki

XXxv  Stexculiacepe
89. Heljctereus isora, Linn, Wight Shrub Idukkdi

XXXVI Sgyraceas

60. Symplocos gpicata, Roxb, Wight Tree Wynad
XXXVII Tilisceas
61. Srewia tilifolia, Vanl Tree Wyned &
Idukki




Table 2. Continued
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XXXVIII Thymelascese
62. Lasiosiphon eriocephalus, Bedd Shrudb Wynad

XXXIX  Ulpageas

63. Celtis cinnamwomes, Lindl Tree Idukki
XXXX  Yerbinaceae

64. Clerodendron viscosum, Vent Shrud  Idukki

= Clerodendron lnfoxtunatue.
Gaertn
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phanerogarnic flora which included 31 trees, four shrubs,

two climbers and two herbs, thus making a total of 39 species
distributed in 25 families (Table 2)., All these plants
contributed a dense vegetation during the major part of the

yYear.

In this tropical, moist, evergreen forest, most of the
tree species wers evergreen and the plant species which were
decidous, shed their leaves only for a short periocd, thus

out
giving the forest an evergreen apprearance throughh the year.

So04) reaction and o nic n stat

In both the lccalities, Wynad snd Idukki, the soils
vere latoritieroriqin and they were typically forest soils.
The soil reaction and atatus of organic carbon of both

forests are given (Table 3).

Both the forest soils were acidic in reaction, but
Wynad soil was found to be more acidic in reaction with pH
range 4.9 - 5.5, while that of Idukki ranged from 5.4 - 6.7,
The maximum pH obtained was in 0 - 10 om layer of the soil in
both the lccalities and pH decreased as the depth increased
and minimum pH 4.9 - 5,2 om was obtained in 21 - 30 om layer
of the goil in Wynad and that of Idukki was 5.4 ~ 6,0.



Table 3.

Y - — -

Soil reaction and organic carbon status of the foreat soils of

Wynad and Idukki

- e

Wynad Tdukki
Location D.pth(z:)aoil e e
pHt Organic pit Organic

Carbon % carbon %
0-»10 5.50 2053 6.70 3‘”
1 11-.20 $.00 1.93 6,50 2.62
21-30 4.90 1.72 $.60 1,33
0.10 S.50 2.%4 6.10 4.84
IX 11-20 S.20 1,78 6.10 1.70
21-30 5‘20 1.12 5.70 1 .40
0-10 $.30 2.58 6.60 4.88
I1X 11-20 $.00 1.e8 6.50 2.92
21"” ‘.’0 1 .70 ‘.00 ‘ .25
0-10 S.10 2.07 €.5%0 2.98
IV 1“‘20 5.00 1.70 ‘.30 1 Q”
21-30 4.90 1.88 S.40 1.3
0-10 5.40 2.48 6.70 2.3
v 11-20 S.30 1.65% 6.50 1.20
21-30 $.20 1.51 6.40 0.47
Vi 11-20 S.10 1.74 6.30 1,20
21"0 4;’0 1‘16 ‘.” o."

17
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The organic carbon was generally low in Wynad soil
(1,16 - 2,58 per cent) when compared to the soils of Idukki
(0.4 = 4.88 per cent). In both case, the top most layer of
soil of 0 - 10 em recorded the maximum organic carbon |
(2,37 - 2,55 per cent in Wynad soils and 1.28 - 4.88 per cent
in Idukki soils). The organic carbon was low in the lower
layer of soil (21 - 30 cm) the values being 1.16 -~ 1,7 per
cent in Wynad and 0,43 - 1,4 per cent in Idukki. The datas
showed a negative correlation between the depth of the soil
and organic carbon per cent (Table 3, Fig. 1).

guantitative estimation of microflora

The total populations of microorganisrs as well as
the population of fungi, actnomycete and bacteria were
estimated from six lccalities of the two districts as
described in materials and methods. In each locality soils
from three depths namely 0 - 10, 11-20 and 21-30 cow were
subjected to estimation. The data are presented in Table 4,
S, 6, 7 and 8 and Fig. 2, 3, ¢ and S,

Total microbisl population

The maximum population of microorganisms was observed
in the top layer of soil (0 - 10 om) in both Wynad and



Table 4. Total microbiol pepulations in Wynad and Idukki forest soils

- -

locaticons

Depth of soill
(cm)

A A P T A W SO . B . GO A S WS

Total micrcbial
pepulation in 10

Total mierobiel
population in 10 /g
801l on oven dry basis scil on oven dry basis

I

112

0-10

11-20
21-30

0-10
11-20
21-30

0-10
11-20
21-30

0-10
11-20
21-30

0-10
11-20
21-30

0-10
11-20
21-30

Wynad

A S G o S NS IS S S A S W

37.86%
$.002
0.586

34.328
10.6%0
0.517

38,749
6.667
0.528

35.272
7.463
0.621

34.240
8,352
0.591

38,249
9.317
0.541

Idukki

37.983
11.118
0.643

47.178
11.867
0.863

48.6938
14.508
0.9%¢

44.491
12.467
0.649

40.140
9.324
0.467

39.420
7.455
0.433

€7



Table $. Population of fungl in Wynad and Idukki forest soils in Iﬂ‘/q of dry soil

Wynad Idukki

locstions Soil depth in cm 8011 depth in ew
0-10 11-20 21-30 0-10 11-20 21-30
I 4.40 3.10 2,59 S.3 4.78 2.50
11 4.80 3.10 2.6S $.8¢ 4.65 2.53
I1X .28 = 3.74 2.49 5.53 4.45 2,60
v 4.23 3.25 2.08 3,06 3.72 2.89
v 4.2% 3.18 2.09 5,02 2.39 1.69
vi 3.83 2.72  2.08 3,40 1.54 1.32
Total 26,48 19.198 13.91 30.19 21.%0 13,53

Mean 4.41 3.19 2.32 5.03 3.58 2.28




Table 6. FPopulation of actinomycetea in Wynad and Idukki forest soils in 105/9 of

4dry soil
- | ¥ynad Idukxi

locations Soil depth in om So0il depth in om
0-10 11-20 2130 0-10 11-20 21-30
1 0,21 0.18 0.0% 0.33 0.18 0.06
13 0.21 0.17 0.06 0.46 0.22 0.07
131 . 0.20 0.18 0.08 0.48 0.2% 0.09
v 0.23 . 0.18 0.04 0.46 0.24 0.11
v 0.20 0.17 - 0.0% 0.49 0.2% 0.10
Vi 0.21 0.18 0.03 0.49 0.26 0.09
Total  1.26 1.06 0.328 2,71  1.38  0.82

¥ean _ 0.210 0.176 0,047 0.45: 0,230 0,087




»

Table 7. Population of bacteria in VWynad and Idukki forest soils in 10"’ d dzy soil

Wynad Idukki
Locations Soil depth in cm 8011 depth in cm

0-10  11-20 21-30 0-10  11-20 21-30

1 37.61 4.79 0.81 $7.60 10.89  0.76

11 34.07 10.45 0.43 46,66 11.60 0.77

111 38.50 6.65  0.45 8,16  14.21  0.8¢

v 35.00 7.25 0.3 43.98 12.1% 0.51

' 3‘.00 8.15 0.53 ”0“ 9.05 0.35

v 38.00 9.11  0.49 38.89 7.20 0.33
Total 217.18 46.40  2.96 274.88  65.14  3.56
Mean 36.196 7.73  0.493 45.813 10.856 0.593




Table 8. Relationship of scil depth and microbial population in paired ‘¢ test

- -

Idukki od I8ukki and Wyned
sodl r A B T » A 3 r y A » T
a-b 4.176  2.32 14.27 16.48 S$.06 7.5 19.90 19.95 7.51 0.2678 18.98 18.9%
a-¢ 13.039 17.98 16.56 16.84 36.83 22.36 42.16 42.36 16.3 8.253 20.54 20.426
D-¢ 1.1965 22.74 11.04 11.20 S.90 22.41 ©.890 9.08 5.5 30.36 6.6 11.853

a - 0-10 cm s % 1% ¥ - Pungi

> - ;:-ggu t 2.5M 4,032 A - Actinomycetes

e - 21-30 om B - Bacteria

tyy  2.201 3.106 T - Total microbial population
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PORULATION OF ACTINOMYCETES(16%/9 oF so1L)
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POPULATION OF BACTERIA (16%/q9 or sow)
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Id@ukkl districts. in general, the population was high 1la
soils of Idukki being 39.42 - 57.98 x 10%/g of soil while

in Wynad it ranged from 34.24 - 38.74 x 10%/g of soil

(Table 4). When soil depth increased the microbial population
decreased considerably im socils of both the districts. In
Idukki, it ranged from 0,433 - 0.956 x 10%/g of soi1l, while

in ¥Wynad wmicrodbial population was very low ranging between
0.517 - 0.621 x 10%/g 1n 21 - 30 an depth of soil layer.

The same trend was observed in the middle layer (11 - 20 ow)
in both Idukki and Wynad.

Statistical snalysis by paired 't' test revealed
that the depth of s0il and total microbial population have
direct relationship. When the depth increased, the microbial
population significantly decreased in both the forest soils.
The total microbial population differed significantly in all
three depths of scil. The pooled analysis of data also showed
significant difference (Table 8),

Population of 4

The maximum fungsl population was recorded in 0 - 10 om
depths of soil in both Wynad and Idukki.



The population of fungi in the surface layer
(0 - 10 om) of Wynad and Idukki ranged between 3.83 - 4.88
and 3.4 - 5.84 x 10%/g of dary s0i1 respectively, mean being
4.41 and 5,03 x 10%/g of dry soil respectively (Table 8).

In the second layer (11 - 20 cm) the fungal population
in Wynad and Idukki ranged between 2,72 - 3.74 and 1.54 -
4,75 x xo‘/b of dry soil respectively, mean being 3.19 and
3.8 x 10‘/§ of Adry scil respectively.

In the third layer (21 - 30 em); when compared to
other two layers, the fungal population decreased considersbly
in both the forest soils but the decrease was more pronounced
in I&ukki. The fungal population ranged from 2.,0% - 2.6% x
10‘/@ in Wynad as against 1,32 - 2,89 x 10‘/@ of dry soil in
Idukki.

When compared to Wynad scil, the decrease in fungel
porulation from the second to third layer was high in Idukki,
In the former, the mean population of fungi, decreased from
3.19 to 2.31 x 10%/g of dry soil while in the latter it
decreased from 3.58 - 2.55 x 10%/g of ary so1l (Teble s,
rig. 3).

The statistical analysis by paired ‘t' test revealed
that there was significant difference in the fungal populstion



of different layers of the so0il except between the second
and third layers of Idukki soils where it was not signifi-
cantly diffarent (Table 8),

In three locations of lIdukki, the fungal population
was low in the second and third layers and difference Detween
the fungal population in the layers was also negligible., But
pooled analysis of the data for Wynad and Idukki showed that
there was a significant differences of fungal porulation in
all the three layers.

P lation of te

The actinomycete population was generally high wvhen
compared to that of the fungi. Maximum population was
observed in the top most layer of soil in Wynad and Idukki
districts. It ranged from 0.20 - 0.23 x 10%/g of ary soil
in Wynad with an average of 0,21 x 10’/! of 4ry soil. In
Idukki soils it was much higher which ranged from 0,33 -«
0.49 x 105/g with an average of 0.45 x 10%/g of ary seil.
In the second layer (11 - 20 com), the population ranged from
0.17 - 0.18 x 10%/g of dry soil with a mean of 0.24 x 10%/g
of 4dry soil in Idukki., Almost similar trend was observed
in the third layer (21 - 30 em) in Wynad range being 0.0)
to 0.06 x 10%/g of dry soil with a mean of 0.047 x 10%/¢ of



dry scil while that in Idukki it ranged from 0,06 - 0.11 x
10%/g of ary soil with a mean of 0.087 x 10%/g of dry soil
(Table 6).

Statistical analysis revealed that there was signifi-
cant difference in the actinomycete population in different
layers of soil except the first and second layers in lIdukki,
In all other cases, the population was significantly higher
in the top layer and than it significantly reduced in the
sub soil lay-rs.’ The pooled analysis of actinomycete
rorulation of Wynad and Idukki revealed that there was no
significant diffozpnco betvesn the first and second layers,
tmat there was -iqn‘ifiemt difference between the second gnd third

layers.

Populsti-n ef bacteria

Among the miercorganisms, the bacterial population was
found to be the maximum in all the three layers of soil in
both the districts. Liks fungi and actinomycetes the maximum
bacterial population was found in the top layer of soil which
ranged from 34.2 - 38.5 x 10%/g of dry 8011 with a mean of
36.196 x 10%/g of ary soil in Wynad. In Idukki the population
was much higher then Wynad, ranging from 38.88 - $7.62 x 10%/g



(S
I~

of dry soil, mean being 45.813 x 10%/g of ary so1l. But
there was a sudden decrease in bacterial population in the
second layer (11 - 20 am) cf both forest soils. In Wynad,

it ranged from 4.79 - 10.45 x 106/q of dry soil, mean being
7.73 x 10%/g of dry soil while in Idukki it was 7.20 - 14.21 x
10%/g of ary so1l, with a mean of 10.8%6 x 105/g of ary soil.
In the third layer the decrease in porulation was much
pronounced ranging from 0,43 -~ 0,56 x 10‘/g of 4ry soil, with
a mean of 0.493 x 10%/g of ary soil in Wynad and in Idukki it
ranged from 0.33 to 0,84 x 10%/g of dry scil, with a mean of
0.593 x 10‘/@ of Adry soil (Table 7 and Fig. 4).

Statistical analysis revealed that there was significent
difference in the population of bacteria in different layers
of s0il in both the districts. There was significant decrease
in bacterial population with the increase in depth of solil.
The pocled analysis of data im Idukki and Wynad also showed
similar results (Table 8),

The maximum population of bacteria was obsarved in the
top layer of soil and a remarkable decrease in the population
was found in the middle and it was still pronounced in the
bottom layer.
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Qualitative estimation of microflora

The qualitative estimation of the soil microflora was
studied both in Wynad and Idukki forest. Of these 20 species
of fungi were brought into pure culture and 18 were identified
but two could not be identified due to lack of reproductive
structures. These 18 species are distributed in 11 genera.
Among these only 12 species were found in Idukki while 17
cf them present in Wynad. Nine species were commen in both

the lcocalities (Table 9).

Only one genus of actinomycete was observed belonging
to Streptomyces. But it comprised of three morphological
groups, with straight, flexuous and fascicled sporophores.
Those with straicht and flexuous spororhores were common in
Wynad and Idukki and those with fascicled sporophores were
isolated only from Idukki (Table 9).

Out of the four Bacillus spp.., B. subtilis and Bacillus -1
are common both in Wynad and Idukki whereas Bagillug-2 and

Bagillus 3 are present only in Idukki (Table 9).

Identification of soil microflora

The microorganisms isolated from the soil were brought

in pure culture as described in materials and methods. The
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Table 9. Oualitative estimation of soil microflora in Wynad and

Idukki forests

- - -

Name of microorganism

A A S-SR R A B

Locations - from where they
have been isolated

Wynad

Idukki Both from

Wynad and
Idukki

ZTungus
1. Mycor sp.
2. Syneephalastrum racemosum
3. Trichodeyma koningii
4. Trichoderma harsiapum
5. Irichoderms lopgibrachiatum
6. Microascus ginereus
7. Cunninghamells elegans
8. Absidis gorymbefers
9. Agpergillus versicolor
10, Aspergillus mflleus
11. Aspergillus aydowii
12. Aspexgillus terreus
13. Aspergilius pigey
14. Penicillum simplicissimum
15, Penicillum citrinum
16. Ialaxomyces wortmapni
17. Paeeilomyces lilscinus
18. Yusgriuwm oxysporum
19. Unidentified fungal flora having

sparese growth without any
reproductivg structures

20, Unidentified fungal flora having
profuse growth without any
reprecductive structures

* % & % * 2 0 * % 0 % % % » 0 % % » »

]

* % 0 *» 0 0 %0 ¢0 O *+ » 0O

* » 0

 J

s 0 0 0 *»O

* » 0 & &0 0 0 0 0 O

Contd,



Table 9. Continued

- L L 1]

1

Actinomycetes

i, 8 8 8P
W straight sporophores)

2. Streptomyces sp.
(vith flexuous sporophores)

3. Streptomyces sp.
(with fasecicled sporophores)

Bacteria
1. Bacillus pubtilis

2. Baeillus-1
3. Bacillus-2
4, Bacillus-3

L

o 0

* % % »

¢ * » @

* . Presence



slide culture of all the fungi and actinonycetes were
prepared and detailed morpholocical study was made and were
identified. The fungal, Actlnomycetes and bacterial cultures
were sent to Commonwealth Mycological Institute, Xew, Surrey,
England for identification and were confirmed,

Pungi

1. Absidia corymbefera (Cohn) 8sec & A, Trotter)
Nottebrock, H; Scholar, H.,J, & Wall, M, 1974.
Sabourandia. 18, 64-74.

2. Aspergilius melleus Yukawa
= A, quercinus (Bain) Thom & CL 1926

= Sterigmatocystis quercing (Bain 1881)
Thom, C. and ﬂnpct. K.B, 19435, A Manual of the A.EE!*!I’.

pp. 276-8.

3. Aspergillus niger Uan Tieghem
Thom, €. and Raper, K.,B. 1945. A Manual of the Aspergill
PP. 216-9,

4. Aspergillus sydowii (Bainier & Sartory) Thom & Church
Thom, C. and Raper, K.B, 1945, A Manual of the 1
S. Aspergillus terpreus Thom

Thom an& Church 1918. &o go m. :’8“.
8acchardo, P.A, 1931, '!110 m. al‘”-



Thom, C. and Raper, K,B, 1945. A Manual of the Aspergilld
pp. 195-7,
6. Aspergillus versigolor (Vuillemin) Tiraboschi
Apn. Bot. (Rome) 719, 1908,
Saccardo, P.A. 1913. 8Syll. Fung. 22:1261.
Thom, C. and Raper, K.B. 194S. A Manual of the Aspergilli
PP. 190-2.
7. Cunninghgmells elegans Iendner
= Cunninghamells hertholletise Stadd 1911
Cutter, V.M, 1947. The Genus Cunninghamells
Fagrlouris, g, 321-34S.

8. Fusarium oxysporum 8chl. ex Fries.
Syst. Mycol. 3:1471:1732,
Subrsmanian, C.V. 1954. J. Madras Univ. 13 34 - .
9. Microgscus cinersus (Emile-Weil & Gaudin) Cursi
Bull. Stay. Veg. Roma N. 8. 11160 (1930)
Scopulgriopsis cinerea IEmile-Weil & Gaudin
Sae 1931: 38yll. Fung. 331681,

10, Mygor sp. Mich. ex 5t, Am.

Mycor Mich ex Fr,.
s.ceo VII, 1’00



11,

Pascilomyces lilgeinus (Thom) Samscn
= Pencillium lilseinum Thom 1910. Rapper, K.B, and Thom, C.
Sacg. XXII, 13268, 1949. A Manual of the
Fenicillia. pp.285-8.

12, Penicillium gitripwm (Thom)

13.

14.

18,

Raper, K.B. and Thom, C. 1949. A Mapual of the Penicillia
Pp.345-80. Sacchardo, P.A, 1913, 8yll. Fung. 2211266,

Penicillium simplicissimam (Cud,) Thom
= Splcaris simplicissima Oudemans 1903

Rlp‘ro Koso and Thm. C. 1949, A M!ﬂ!‘l of the p‘a&c;l;i’
Pp.304-% & 81, C,D,

8acec. XVIli, %38,
Syncephelestrum racemosum Cohn ex Schrotter
Taxter, R, 1897 New or Peenlion Zygomycets I1I,

Syncephalastrum and Syncephslis Bot. Gas. 24, 1-15.
Boedijn, K.B. (1988), Notes on the Mucorales of

indonesis. SYDOWIA 12, 321-362,

Talaromyces wortmanni (Klocker) C.R. Benjamin
= Pepcilliur wortmanni (Klocker 1903) Raper, K.B. and
Thom, C, 1949. A Manual of the Penigillis, pp.383-6.

16. Irxichoderma haraiapum Rifed

Rifai, M,A, 1969, A revisi f th us Tri .

Hzml. m. 11.' 1-%6,



o
Lo

17. Irichoderma lopingdi Oudem
Rifai, M.A. 1969. A Fevision of the Gemus Trichodepma.
Mycol. pap. 116, 1-36.

18. Irichoderma longibraghiatum Rifai
Rifsi, M.A. 1969. A revision of the Gepus Trichoderma.
Myeol. pap. 116, 1-86,

Actinomycetes

Streptomyces Waksman and Heurici, 1943,
(Jowr-Bagt, 4§, 1943, 339)

Bagteris

Bacillus Cohn
(Beitrage Z, Biol, 4, Pflansen, 31, Heft 2, 1872, 146 and 1785)

1. Bacillup guptilis Cohn, emend
Prasmowski, 1880 (Cohn, Beitr, Z, Biol, d, Pflagen, 1, Heft 2,
1872, 174)

2. Bacillus-1. Almost identi€al to B. subtilis

3. Bacillys-2. S5mall celled Bpeillug sp. with fast growth in
nutrient agar.

4. Bagillug~-3. 8Small celled Bgeillug sp. with slow growth in
nutrient agar.
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Isclation of test organisms

Three scil borne fungi visz. Fythium myriotylum causing
soft rot of ginger, Phytophthora palmivora causing foot rot
(quick wilt of pepper) and Rhigoctopis solani causing sheath
blight disease of rice have been isclated as described in
materials and methods. The auxenic culture of R. golani vas
maintained in PDA at room temperature, while those of
F. pyriotylum and P. palpivors were maintained in OMA at
20-22°C in BOD incubator. These fungi were usaed as test

organisms for further studies.

Growth rate of antagonists and teat crganisms

A good understanding of rate of growth of antagonists
and test organisms is highly essential for judging the time
of inoculaticn of these organisms in dual cultures for

studying the antagonistie properties,

The growth rate of the antagonists which cormprised of
18 fungi, three actinomycetes and four bscteria and the three
test organisms were studied es described in materials and

methods. The results are presented in Table 10e, b and c.



Table 102 Growth rate of antagonists and test orgsnism (m)

() Antagonistic fungi

U O - -

81, Days aftsr imoculation
No, DNume m—— ———
1 2 3 4 5 €6 7 8 9 10 11 12 13 14 1S
1 Mugog sp. ‘ 80 90 - =« = = ® .= - - = = = e =
2 Absidia coryebafers 25 3589 72 87 90 e e - e e = =
3  Sypcephalagtrum Iacemogum 25 6090 = ~ = = o = = = = = = =
¢ Sympinghemells elegane 18 3060 S1 65 75 87 90 - <« = « = = =
S  Zxichoderma harzianue 38 S5 76 87 90 - - = = = = - - - -
6 I. koningi 38 60 86 90 - - = = ® ® = - - - -
7 2. Jongibrachiatum 32 S8 76 88 90 - =~ = = = = = = = =
8  Aspervillvs millews 3 6 9 11 13 1% 17 20 21 23 2% 26 28 30 132
9  A. niger 10 27 35 €0 44 49 S5 60 66 71 76 81 85 90
10 2 swdexdd 4 913 18 26 30 35 42 S2 63 72 80 88 90
11 A Saixews 2 S 9 11 14 16 18 21 23 25 28 30 33 38 W
12 A. axsigelex 20 3539 42 45 SO S4 59 €3 67 71 713 79 83 €7
:: mp. shtrinum : s : :t; 12 1S 18 20 22 2¢ z; :: : :: :::
- s 18 21 23 26 28 M
“:m“m 2 1016 21 26 30 3 41 48 5S4 61 67 72 78 8%
:: Mic ¥ortasnnd 3 S 7 9 20 13 18 17 20 23 25 28 31 33 3
“M&m 2 s 8 10 13 17 21 25 28 31 M 38 41 43 N
e 1 ¢ 8 13 19 2¢ 30 35 I 45 32 57 63 € 76

s o -

J




Table 10 b, ¢ & 4. Growth rate of antagomists and test organisms (owm)
sl. | Days after imoculation |
1 2 3 6 5 6 7 8 9 10 11 22 13 14 15 16 17 18 19 30
S 9 13 17 22 27 39 31 33 35 38 40 42 45 47 49 S2 S8 59

4 7 11 16 20 2¢ 28 32 3 I 42 44 48 47 48 49 SO 81 %2

4 & 9 12 15 19 23 27 0 33 3 I 41 43 43 46 &7 B

” “ ” - - - - - - - - - - - - - - - -
2 % %W - - - - -~ - - - - - - - - - - -
“ ” ” - - - - - - - - - - - - - - - 0w
% 82 M - - - - - - - - - - - - - - - =
‘0 m m “ “ ” - [ - - - - - - - - - - - - - -
2+ Phxrtoohthor, m 3 13 25 31 41 48 S¢ 63 69 U5 79 83 87 W « o & o -
3 ww 21 43 65 75 Bl B W o o ® © @ B B e S ®© o =

?qQ



Fungi

The growth rate of the fungi including 18 antagenists
and tha three test organisms varied widely. All the
mucoracecus fungi were found to be fast groving. Of these
the unidentified Mugor sp. covered tha entire 90 mm petri-
dish within two days followed by 8. racemogume within three
days. However, C. slegans and A. corymbefera were found to
be slow growing and they took eight days and six days
respectively for covering the 90 mm petridish (Table 10a).

The growth reste of three Ipichoderma spp. was not
having much variation and thay covered the entire 90 mm

petridish within four to five days (Table 10a).

Tha aiffersnt species of Aspergilli vary in their
growth rate. A.millgus and A. terreug were found to be slow
growing fungl with a radial growth of 32 and 37 mm dia
respectively after 15 dasys whereas, A. ysrpicolor grew 87 mm
within 15 deys and A. pniger and A. sydowii covered the 90 mm
petridish within 14 days (Tsble 10g).

In general Pencillium group of fungi was found to be
very slow growing except IT. wortmanni which covered 85 mm
growth within 15 days. All other fungi of this group



including M, cinereus, growth rate was very slow being
36 - %1 mm in 15 dsys (Table 10a).

The Fugariysm sp. was found to be moderately growing
fungus which grew 76 mm within 1% deys (Table 10a).

Actinomycetes

The growth rates of three species of Actinomycetes were
studied, All of them were very slow growing organisms and
recorded only 43-47 mm growth within 18 days. Due to their
very slow growing habit the petridishes were incubated for
another five more deys and the growth recorded was 49-59 mm
(Table 10d),

Bagtearia

The growth rates of four types of Bacilluy sp. have been
studied and found that all of them were fast growing. The
isolate Bagillug-3 was found to have slow growth initially
but reached 90 wm growth within four days. The other three
types reached the same growth within a period of three days
(Table 10¢).

When the growth rates among the Eumycophyta were
compared, most of the Muecor spp. were found to be growing



very fast and mejority of Penecilliue spp. growing very slow
only. Among tha protophyta all the Streptomycets spp. were
found to be very slow growing crgunisms while the Bagillus
spp. growing rapidly.

Considering the growth rate of the test organisms
F. myriotylum was found to be a fast growing fungus which
covered the 90 mm petridish after third day of inoculation
while R. golani took seven deys and P. palmivora 14 days for
the same (Table 104),

Screening the microorganisms for sntagonistic property
against the test fungi

The qualitatively estimated microorganisms were
brought in to axenic culture and were tested for sntagonistic
properties against the soil borne pathogens viz. P. Myriotylum,

.P. palmivora snd R. solani by adopting the dual culture
method as described in materials and methods. The
microorganisms which were tested for antagonistic property
were called as 'antagonists' and the soil borne fungid
against which they were tested, called test organisms. The
growth rate of the antagonists as well as teat c::qaniﬂ. vas
known (Tables 10a, b, ¢ and @) and slow growing organisms



were inoculated sufficiently earlier than the fast growing
organisms when they were grown in Gual culture. The reaections
of the organisms in dual culture were observed and results

presented (Tables 11 ¢to 3%),

¥ycor sp.

F. myriotylum

The antagonist was inoculated on the same day with
test organism in dual cultures., As the antagonist and test
organisms were having almost same growth rate, on the second
day both the organisms ¢grew over each other and covered the
entire petridish,

The reaction obtained in @ual culture was mere
intermingling and no other antagonistic properties observed
(Table 11),

B. palmivors

Test organisms was slow growing compared to the
antagconist and so inotulated four days pricr tc the antagonist,
The test organism in the dual and mono culture grew only
45 mm after six days. The antiqonint grew 90 me within two
days.
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The reaction shown in dual culture was only mere
intermingling and no antagonistic property observed
(Table 11).

R. salani

¥When compared to P. palmivors, R. golani was found to
be a fast growing organism and it was inoculated one day
prior to antegonist in the dual culture method. The
antagonist completely covered the petridish within two days
while test organism grew only %6 mm during the same period

in dual culture.

Here also reaction was mere intermingling and over

growth and no antagonistic property observed (Table 11).

The Mucor sp. is not having any sntagonistic property
against any of the test organisms and the reation observed

was intermingling and overgrowth,

Absidia corymbefera

P. myriotylum

Test organisrm was inoculated one day aftar the

antagonist because of the slow growth rate of the antagonist.



The test organism and the antagonist reccrded normal growth
rate on first day in Qual culture., On the second day
antagonist showed normal growth rate but the test organism
grew only 5 mm. When the sntagonist grew over the test
organism by 7 mm on the third day, the test organism
maintained its rate of growth S mm per day but growth rate
of antagcnist reduced tc 8 mm on the third day. No further
growth of the antagonist was observed even after nine days.
However, test organism grew three mm more on the fourth day

and remained stationary even after nine Gays (Tabla 12),

In dual culture, the antagconist and test organism
showed limited or no growth after the ncrmal initial growth
for two days. HNo antagonistic propertics have been observed.

P. palmivora

The test organism being a slow grower, was inoculated
two days prior to antagonist in dual culture. The growth
rate of test organisms and antagonist was found to be normal
through out the rericd of observation and they freely
intermingled and overgrew each other. No antagonistic
properties were shown (Table 12).
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B. aclanl

Teat organism and antagonist were inoculated on the
same day. In cdual culture the growth rate of both organisms
on the first and secondly wes normal. On the third day,
antegonist grew 50 mm and the test organism 40 mm, both
contacted each other. Thereafter no further growth of
both organisms was observed (Table 12). In dual culture
antagonist and test organism were mutually inhibited on

contact even after nine days growth (Plate 1).

A, corymbeferas is not having any antagonistic property
againat P, myriotylum and P, palmivora but it has shown
mutual inhibition on contect in the cese of R. golani.

Syncephalastum ragemosum

P. myriotyluwn

Antagonist and test organism were inoculated on the
same day in dual culture as both of them were equally fast
growing. On the third day both the organisms completed their
growth in the petridish and freely intermingled each other
(Table 13). Ko antagonism was observed,
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go Ellﬁ'livon

The antagonist was inoculated one day zfter the test
organism., Both the organisms grew almost at the same rate
of their growth in mocno culture and intermingled each other.
The antagonist covered the 90 mm pefridish on the third day
but the tast organism re ched 69 mm on the nineth day only,
though it has intermingled freely with antegonist.

The two organisms di4 not show any antagonistic
properties in dual culture and reaction was mutual interming-
ling of two organisms (Table 13).

R. solani

The antagonist and test organisms were having more or
less same growth rate and they were inocculated on the same
day in dual culture. Initially, both corganisms had same
rate of growth in mono culture and dual culture. OUn the
second day, antagonist grew 30 mm, while test organism had a
groewth of 40 mm, It was observed thét there was nc mutual
intermingling but the growth of test organism was inhibited

on contact (Table 13).,
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Cunninghamella slegans

P. myriotylum

Due to the slow growth rate of the antagonist,
inoculation of tesat organism in dual culture was done one
day after antagonist. Upto fourth day both the crganisms
grevw freely as in mono culture. Thereafter antagonist
reached a growth of 65 mm and the test organism 8% mm and
no further growth was cbserved in either of the crganisms,

The two organisrs grew by intermingling (Table 14).

The growth behaviour indicated mutual intermingling

and nc antagonistic rroperty was observed.

P. palmivora

The test organism was inoculated one day prior to
antagonist, in the dual culture. Both the organisms grew

on the same pattern in the mono culture and dual culture,

In dual culture, intermingling was ncoticed on the
fourth day. The test organism 4id not grcw after the sixth
day while growth of antagonist ceased from seventh day
onwards (Table 14).
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The reaction observed was mutual interminglin: without

any antagonistic property.

R. seland

The test organism wes inoculated on the sare day in
du§1 culture because ¢of almost equal growth rate. These two
organisms showed almcst sare growth rate both in mono culture
and dual culture. They grew and intermingled each other on
the third day withcout shiocwing ary antagonistic property
(Table 14).

Trichoderma harzianum

P. myriotylum

The antagonist and test organism were inoculated on
the same day in 4ual culture. Initially, growth of both the
organisms was the same in mono and dual culture. On the
second day, while the antagonist maintained same rate of
growth in mcno and dual culture, the test organism rather
grew slowly in the dual culture (38 mm) as against its growth
in mono culture (82 mm) (Tgble 15, Plate 2), The antagonist
further grew at a reduced rate over the test organism causing

its die-back.



The growth cf test organism was reduced ccnsiderably
to 26 mm on third day, 8 mm on fifth day and thereafter at
a slow rate reaching 3 mm on ninth day (Table 15, Plate 3},

The results indicated the antagonistic property of
T. harzisnum against P. myriotylum., On contact of the hyphese
of the antagonist, die~back and disintegration of test
organism were resulted, while the former continued its growth
at a reduced rate.

E. palmivora

Test crganism was incculated three days prior to the
antagonist Gue to the fast growing nature of the latter. In
mono and dual culture, initiasl growth of both the organisms
wvas ssme. On second day onwards, antagonist had same growth
rate in monc and dual culture whereas the test corganism had
a radial growth of 35 mm in dual culture as against 41 mm in
mono culture. On the third day, growth of test organism
decreased to 17 mm and on fourth day further decreased to
4 mm (Table 15). The antagonist inhibited the test organism
on contact. BEven after contact with test organism, antagonist
grev at a reduced rate in dual culture, resulting in the
die~back and disintegration of test organism,
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R. sclani

The antagonist and test organism were inoculated on
the same day in dual culture. On the first day, antagonist
and test organism maintained almost the same growth on mono
culture and dual culture. On the -eéond day, growth of
antagcnist was the same in mono and dual culture, while test
organism grew only 35 mm in Gual culture as against 43 mm in
mono culture (Table 15), The antagonist and test organism
contacted each other, and the former grew over tha latter
resulting in the die-back and disintegration of the latter.
The disintegration continued upto seventh day and test
organism remained as a narrov strip of 2 mm uhilé antagonist
grew 88 mm (Table 15).

The result showed that when antagonist grew over the
test organism, die~back and disintegration of the latter

occurred,

Trichoderma koningii
B. myriotylum

The antagonist and the test organisr wers having the
same growth, and hence inoculated on the same day. Initially
both the organisms had same growth in mono culture and dual
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culture. On the second day, they showed a decreased growth
rate in dual culture ss against normal growth in mono
culture. When the test organism and antsgonist came in
contact on third day, the antagonist grew over the test
organism resulting in die-back of the latter with a reduction
in its radial growth from 40 mm to 2% mm (Table 16, Flate 4#. Cn
fourth and fifth day, the same trend was observed and due to
the overgrowth of the antagenist on test organism, the
disintegration and die~-back of test organism occurred with
cnly 10 mm growth of test organism remaining in duel culture
on fifth day. The antagonist grew further at a reduced rate
and reached a growth of 87 mm, causing disintegration of

test organism and reducing its growth to only 3 mm (Table 16).
The result indicated a dafinite antagonistic property of

T. koningii on P, myriotylum by disintegration and die-back.

-P.. E!lﬂivor!

The test organism was found to be a slow growing
organism when compared to antagonist and so incculated four
days prior to the antagonist. Cn the first day in mono and
dual culture, the antagonist grew 38 mm while growth of tast
organism was 41 mm (Table 16). On the second day, the
antagonist reached 50 mm but the growth cf the test organism
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reduced to 40 mm establishing contact between them. On

third day, the antagonist overgrew 20 mm on the test organism
resulting disintegration of the latter. On the subsequent
days antagonist overgrew the test organism at a reduced rate
causing disintegration, recording the final growth of €6 mm
for test organism and 84 mm for the antagonist (Table 16).

The result showed the antagonistic property of
T. koningii on P. pgimivora by disintegration and die-back

of the latter on mutual contact.

R. sgland

The test organism was inoculated one day prior to
antagonist in the dual culture. On the first day both the
organisms had same growth in mono end Aual culture, but on
the ssccnd day in dual culture, test organism had a reduced
growth of 40 mm and antagonist 50 mm, resulting contact with
each other. On third day, the antagonist overgrew the test
organism by 13 mn and the region of overgrowth was completely
disintegrated. On fourth day the antagonist grew further
at a reduced rate over the test organism and it continued up
to sixth day. By that time, the antagcnist has grown 84 mm
resulting disintegration cf test organism and reducing it to



6 mm growth., There was no further growth of antagonist and
disintegration of test orgsnism (Tsgble 16).

The results indicated the antagonism of T. koningii
against R. solapnl by overgrowth, disintegration and die-bark
of hyphae,

P. myriotylus

The antagonist and test organism were placed on the
same day in dual culture as thay had almost the same ¢growth
rate, Initially both the organisms maintained their respective
growth rates in monoculture and dual culture. On the second
day the antagonist had a growth of 38 mm in mono and dual
culture, but the test organism had only 32 mm in dual culture

as against 82 mm in monoculture (Teble 17).

The antagonist contacted the test organism end inhibited
its growth. On the third day, the antagonist overgrew tha
test organism and caused die-back, disintegration and reduced
growth of test organism by 8 - Un subsequent
days the antagonist grew at reduced rate over the test
ogranism and finally reached a growth of 88 mm as against
only 2 mm growth of the test organism (Table 17). Just like



the other two species of Trichoderms, I. longibrachistum
also showed clear antagonistic property against P. myriotylum
by overgrowth resulting in die-back and disintegration of
test Oorganism,

E. palmivors

The test organism was inoculated three days prior to
antagonist, because of compardtively slow growth of the
former. On the first day, doth the organisms had same growth
rate in mono and dual culture. On the second day, the
antagonist grew at the sare rate as in monoculture, but test
organism had vcry slow growth rate, and contact of the
organisms was establigshed. On third day, the antagonist
overgrew the test organism by 12 mm and the overgrown region
of test organism was completely disintegrated. The antagonist
further grew over the test organism diminishing the growth
of test organism to 10 mm on fourth day and 2 mm on fifth
day (Table 17),

The result indicated the antagonism of T, longib 1
against P. pplmivora by overgrowth, disintegration and die-back
of hyphae.



R. solani

Both the organisms were inoculated on the sare day in
dual culture. Initislly they showed noimal growth rate in
dual culture. On second day, antagonist grew at normal rate
vwhile test organism showed diminished growth rate. They
contacted each other on second day with 38 mm growth for
antagonist and 32 mm for test organism (Table 17). On
subsequent days antagonist grew at reduced rate over the test
organism with growth of the latter being 15 mm, 6 mm, 4 mm,
3mm, 2mm and 1 mm on third, fourth, fifth, sixth, seventh
and eighth days after inoculation respectively. The region
of overgrowth was marked by disintegration and die-back of
hyphase of test organisr (Table 17, Plate .).

The result indicated the antagonistic property of
I. longibrachiatum against R, solani by overgrowth, disinte-
gration and die-back of hyphass.

Aspergillus mglleus
. pyriotylum |

The test organism was inoculated five days after the
antagonist in dual culture becsuse of the slow growth of the
letter. Both the organisms grew at same rate in mono and
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dual culture on the first and second day and showed
intermingled overgrowth of the two organisms. On the third
day, slightly reduced growth rate was rsccrded with 20 mm for
antagonist and 82 mm for test organism and there was no
further growth (Table 18). The result indicated free inter-
mingling and overgrowth of the two organisms without any
disintegration or die~back,

P. palmivora

The test organism was inoculated two days after the
antagonist due to slow growth of the latter. In dual culture
growth rate of test organism and antagonist was the same as

that of mono culture without showing any inhibition (Table 18).

The result showed mere overgrowth and intermingling
without disintegration or die-back.

B. solani

The test organism was inoculated five days after
antagonist in cdual culture because cf slow growth of the
latter. During first three days both antagcnist and test
organism had same growth in the monc and dual culture, but
from fifth day, a decreassed growth rate was observed in both
the orgenisms in dual culture, Both antagcnist and test
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organism contacted esath other and no further growth was
observed (Table 18).

The result indicated that the antagonist and the test
organism showed g character of mutual inhibition on contact

in dual culture,

Aspergillus niger

P. myriotylus

The test crganism w‘l inoculated two days after
antagonist in the dual culture because cf comparatively slow
growth of the latter. Initially both the organisms had the
same growth im monc and dual culture. Cn the second day
onwards, antagonist grew at its normal rate in the dual
culture whersas the test organism recorded more than fifty
per cent reduction in the growth vis,, 40 mm as against 22 mm
in mono culture on second day and 30 mm against 90 mm in
monoculture on third day (Table 19). Antagonist still grew
at the normal rate while disintegration at the growing point
of test organism was noticed @ 10 mm per day on fourth and

fi£th day and after that it remained cconstant.

The antagonist showed clear inhibition of test organism

at a distance, with a clear sone of 15 smm in the culture Aish



(Plate ). Thereafter, the antagonist grew further and
disintegration of test orgsnism was observed (Plate 7).

The result indicated the antibiotic property of A. piger
against P, myriotylum. However, there was no total destruetion
of the test organism,

P. palmivora

The test organism was incculated on the same day in
dual culture becsuse of more or less same growth rate. The
growth of antagonist was 10 mm on the first day and test
organism attained S mm (Table 19). Upto fifth day, both
antagonist and test organism were having the same growth rate
in mono and dual cultures attaining a growth of 44 mm and
41 mm respectively. On the sixth day the antagonist grew
normally, reaching 49 mm while growth of test orgsnism
reduced from 41 mm to 30 mm causing disintegration from the
growing tip (Plate <). On subsequent days antagonist grew
further, but the disintegration of test organism continued
upto eighth day diminishing its growth to only 1% mm (Table 19).
It showed the inhibition and disintegration of test organiem

without contact of antagonist,

The result indicated definite antagonistic property
of A. niger sgainst P. palmivors, by production cof biotic
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substance which inhibit and disintegrate the growth of test

organism,

R. solapni

The test organism was inoculated one day after
antagonist. Upto twe days both the organisms had same growth
in mono and dual cultures. Later the antag-nist grew 40 mm
in mocno and dual culture on the third day while test organism
showed a reduced growth of 48 mm in dual culture as against
6% mm in monoculture (Table 19). The antzgonist inhibited
the test organism at a distance. Antagonist continued its
growth at the same rate upto the ninth day and no further
growth after nine day&?ﬁeg&lintcgration of growth of test
organism from the tip started on fourth day onwards ¢ 3 -~ 5 mm
per day and it was € 10 mm on eighth day recording the growth

of 22 mm and remained constant thereafter (Table 19) (Plate 10).

The results clezrly indicated inhibition of growth of
R. soclani by A. niger at a distance and further disintegration

of hypha..
Aspergillus sydowii
Eo !zsiotzlm

Because of the slow growth rate cf the antagonist, the
test organism was inoculated six days after antagonist in the
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dual culture. The antagonist and test organism were having
normal growth in the dual culture uptc the third day wvhen
test orgenigm completed its growth in the dish. Latter the
antegonist grew in the normal rate over the test organism

without its disintegration end die-back (Table 20).

The results indicated mutual intermingling by over-
growing of the antagonist and test organism and absence of

antagonism.

P, palmivora

The test organism was inoculated in the aams Say es the
antagonist because cf the same growth rate. Tha antagonist
and test organism grew at normal rate in the dual culture es
in moncculture urtec eighth day. On eighth day intermingling
and overgrowth were observed and further no more growth of
either of the crganisms was noticed in dual culture though

their increase in growth was visible in monoculture (Table 20).

The results indicated no antagonistic property of
A. sydowii ageinst P, palmivorag and showed only intermingling

and overgrowth,
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R. solanl

The test organism was incculated four days after
antggonist due to slow rate of growth of the antagonist.
The antagonist and test organism had normal rate of growth
during first two days in Gual culture. Later, the antagonist
grew at normal rate while test organism at a reduced rate dy
10 mm on third day (Table 20). By tha time hyphas of both
the organisms met each other. Thereafter antagonist
continued its normel growth causing disintegration of test
crganism and reached 80 mm on eighth day leaving only 10 mm
of the test organism and thersafter both remained constant
(Table 20).

Date revealed that 5. gydowii can inhibit and disinte-
grate the growth of R, golgni by overgrowing and showed its
antagonistic property,.

Aspergillus terreus
EF. myriotylwe

The test organism was inoculated five days after the
antagonist. The growth rate of both the organisms waa the
same in monoculture and dual culture. On tha seccnd day,

the tast orgsnism overgrew tha antagonist and on the third
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day it covered the petridish when the antagonist crew at a
reduced rate being 18 mm and 21 mm resrectively on second

and third days. The antagonist had the same reduced rate

cf growth in the monoculture alsc. Even after tha complete
occupation of test organism tha antagonist grew further as in
the monoculture and it was 33 ms on eighth day (Table 21).

The result revealed that in dual culture, A. terreus
and P, myriotylum can grow by intermingling without any

interference, showing no antagonistic property.

go Ealmivor .

The test organisn was inoculated five days after the
antagcnist in the dual culture., There was no difference in
growth ¢cf the twc organisms in monoculture and dual culture
through out the pericd of their growth., The test organism
overgrew the antagonist on eighth day and remained constant
in mono and dual culture (Teble 21). The anteg-onist and
test organism grew freely without any interference and
overgrowth was observed only very late due to the slow growth

rate cf both the ~rganisms.

The result clearly showed that A. terreus had no
antagonism agsinst P, palmivora.



R. golani

The test organism was inoculated five Aays after the
antagonist, due to slow growth cf the latter. The antagonist
and test crganism initially grew at same rate in mono and
dual cultures. On the seccnd day, while the antagonist had
its normal growth, test organism showed a lesser growth rate.
Frow third day onwards, it di4 not grow further (Table 11).
The antagonist ceased its growth in 4dual culture after the
second day onwerds. But in monoculture, both the organisms

were having further growth after third day.

The result revealed that these twc orgenisms were
having mutual inhibition and a 12 mr clesr irhibition szone
was created (Plate 11). This indicated that the biotic
substances produced by these twc orjanisms were inhibitory

t each other,

Aspergillus versicolor

P, Ezgiotxlum

The test organism was inoculated one day after the
antagonist in dual culture due tc the slow growth of the
latter. The growth rate of both the crganisms on the first

day was the sare in monc and dual culture, While the
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antagcnist grew at normal rate in dual culture on second

day, test organism grew only 44 mm as against 88 mm in the
monoculture (Table 22). The antagonist grew 42 mm and 4% sm
in mono and dual culture on the third an? fourth day
respectively, whereas test crganism grew cnly 45 mm in dual
culture as ggainst 90 mm in monocultuse. On subsequent days,
the grcwth of both organisms remained constant in the dual

culture.

The result indicated mutual inhibition on contact and
a Clear derarcaticn between the growth of antagonist and test

crganism was visible.

E. palmivors

The test crganisr was incculated two days after the
antagoenist in dual culture due ¢tc the slow growth of the
latter. The antagonist and test organism showed same growth
rate in mono and dual culture. But on fourth day, both the
organisms came in contact, and overgrew each other without

any interference (Table 22).

The result revaled the reacticm of overgrowth and

mutual intermingling without any antagonistic effect,
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R. solani

Teast organism and antageonist were inoculated on same
day in dual culture because of the same growth rate. %The
first and second day growth rate wes same for both the
organisms in mono and dual culture. On the third day, these
organisms came in contaet and no further growth for either
of tha organisms in dual culture was noticed (Table 22).

The result reveesled that these two organisms were having
mutual inhibition on contact and a demarcation can be seen at
the peoint of contact.

Penjeilliue eitrinum
P. mypietylws

The test organism was inoculated five days after the
sntagonist dus to the slow growth of the latter. Initially
the growth of both the organisms w3s same in mono and dual
culture. On the second day, test organism reached 82 mm in
monoculture and 60 sm in dual culture while antagonist grew
18 mm in both. There was no further growth of test organism
opposits to the antagonist, but a lateral growth of almost
about 80 mm was observed. The antagonist grew 24 mm in
monoculture and 22 mm in dual culture on fifth day. 7There



99

was no further growth in dual culture, but reached 38 mm

in monoculture on tha tenth day. On fourth day after
inoculation in dual culture, the test organism started
die~back and disintegration ® 5 mm at the middle portion and
it continued till the tenth day, reducing it to 25 mm in the
central region (Tadle 23)., The disintegration of the test
organism by producing lesions was 60 mm width in centre.
Dense growth of test organism was observed towards the
periphery of petridish and thinner towards the middle and a
clear lesion was seen at a distance of 15 mm from the
periphery on both sides (Flate 12, 13). Thie indicated the
production of powerfu! antitnnqal biotic substancs after
eight days of growth of the antagonist. The antimetsbolite
diffused in the media and caused death of test organisms in
the central region vhere it diffused first.

E. gitrinum produced powerful antifungel metabolites
which inhibited F. myriotylum at a distance and caused
destruction.

F. palmivora

In dual culture, teat organiam was inoculated five days
after the antagonist due to slow growth of latter. The

antagonist and test organism grew at the same rate upto the
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seventh day in monoculture and dual culture. On eighth day
onwards there was no growth for the antagonist while only

2 mm growth was observed in the case of test organism

(Table 23). After reaching 29 mm growth for antagonist and
SO0 s for test organism, a clear inhibition sone of 11 mm in
the centre was observed (Plate 14).

The observation clearly indicated that P. gitringm
produced very powerful antifungal biotic substances which
inhibited the growth of P. palmivors, at a distance.

R. goland

In dual culture, test organism was inoculated five days
after the sntagenist dus to slow growth of the latter. Both
organisms had the same growth rate upto the third day in
mono and dual culture and attained 20 mm growth for antagonist
and 65 mm for test organism, On the fourth day, the
antagonist grew 2 mm more in mono and dual culture and both
the organisms thereafter remained constant in dual culture
(Table 23). A clear inhibition sone of 3 mm was developed
in between the two organisms in dual culture.

The results indicated that P. gitrinum produced some
toxic metabolites which inhibited the growth of R, golani

at a distanoce,



Penicillius simplicissimum

P. pyriotylus

In dual culture, the test organism was inoculated
five days after the antagonist due to slow growth of the
latter. ©On the first day, both the antagonist and the test
organism had normal growth in mono and dual culture. On
the second day, the antagonist showed same growth in mono
and dual culture whereas the test organism grew only 60 mm
in dual culture as against 81 sm in monoculture. Antagonist
and test organism AdAid not grow further on the third day but
a 7 mm clear zone of inhibition was seen in dual culture
(Plate 15). ¥rom fourth day onwards, inhibition cf growth
with die~back and disintegration of hyphas of the test
organism @ 10 s per day was observed uptc the invnnth day,
recording a growth of 20 mm and remained cunstant thersafter
(Table 24), The di&-back and disintegraticn was nct observed
in the periphery of the petridish (Plate 16, 17).

The result indicated the production of antibiotic
substance by . simplicissimum diffusing into the medis and
causing die-back and disintegration of hyphae of F. myriotylum,



Plate 15, x P,
345iiiin smliciseiom x 2. myrictvim

Plate 16, Mﬂ{zﬂm zm%gum x P. myriotylum
in dual culture after seven days

(1) Dual culture (2) Control



Plate 15

Plate 16
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In dual culture, test organism was inoculated five
days after antagonist due to slow growth of the latter. The
growth rate of antagonist and test organist was the same in
mono and dual culture for the first three days. On the third
day, antagonist reached a growth of 23 mm and remained
constant thereafter (Table 24). But the test organism showed
almcst the same growth rate both in mono and dual culture
uptc eighth day and reached 60 mm and remained constant,

The mycelium of test organism in dual culture was very sparse
and a 7mm inhibition sone between test organism and antagonist
waa observed (Plate 18).

The result indicated that the teat organism and
antagonist showed mutual inhibition at a distance.

R. geland

The test organism was inoculated five days after the
antagcnist in the duel culture due to slow growth of the
latter. The teat organism and the antagonist grev at more
or leas the same rate for the first twc davyas in monoculture
and dual culture. On the third and fourth day, the antagonist

grew almost at the same rate attaining 28 sm and remained



Plate 17, P aieplicissinys x P. u:fmmm
in &ual ture after seven days enlarged)

Plate 18, aleplicissimym x P, Ralnivors
in dusl eulture after eight 4



Plate 17
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constant in dual culture while its growth reached 42 mm on
the tenth day in momoculture, In duel culture, test crganism
grew at normal rate initially but on the third day 10 mm
reduction of growth wes noticed when comiared to the growth
in mconoculture, thus reached 35 mm and remained constant
(Table 24). In dual culture a clear inhibition zone of 7 mm
between the test organism and sntagonist with sparse growth
of hyphas of test organism towards the end was observed.

The production of sclerotia by the test crganism in the dual
culture was very scanty when compared tc mono culture

IQ}
(?lat‘AW) .

The result indicated that test organism and antagonist

showaed mutual inhibition at a distance.

Faecilomyces lilacinus

in dual culture, test organism was inoculated five
days after the antagcnist because of slow growth of the
latter. Initially, the antagonist and test organism hed the
same growth in meno and dual culture. Cn the second day,
vhile the antagonist had normal growth rate in monc and &ual
culture, test organism showed reduced growth of 50 mm $n



Plate 19, Peniclllium x R, golani in
culture on y
(1) Control (2) Dual culture

Plate 20, ggnigﬂ*gm x R, .%1“; in
dual culture on the tenth day (enlarged)



Plat* 19
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dual culture as against 82 mm in monoculture (Tsble 28).

on the third day, the antagonist grew almost at the normal
rate and casme in contact with test organisr, which 4id not
grew further and growth of both the organisms in dual culture

remained constant,

The data clearly revealed that after establishment of
the antagonist in dual culture, the growth rats of the test
organism reduced considerably and on contact, the test
organism and aﬂtiéonist showed mutual inhibition.

Eo pg_lnlwr!

The test organism was inoculated five days after the
antagonist in dual culture due to slow growth of the latter.
T1ll the seventh day, the antagonist and the test organism
showed almost the same growth rate in mono and dual culture
with mutual intermingling in dual culture from the fifth day
onwards. The test organism showed no further growth after
the seventh day (Table 28).

The data showed the character of mutual intermingling

of P. lilgcinus and P, palmivorg in dual culture without any
antagonistic property.



R. soland

In dual culture, that organism was inoculated five
days after the antagonist due tc slow growth of the latter.
The growth of antagonist and test organism in monc and duasl
culture for seven days was almost at the same rate. Cn the
third day cnwards, both the organisms showed intermingled
growth character and ¢ontinued till test organism completely
covered the petridish (Table 28%),

The result indicated that the antagonist and the test
organism freely grew in dual culture as in the case of
monoculture and showed intermingled growth character in dual

culture.
- Talaromyces wortmsnni
P. Myziotylum

The test crganism was inoculated five days after the
antagonist in dual culture due to the slow growth of the
latter. On the first day, the antagonist and the test
organism were having almost similar growth in mono and dual
culture., But on the second day, the antagonist grew normally
in mono and dual culture whereas the test organism showed a
reduction of 17 mm in its growth rate in dual culture



(Teble 26). On the third day, sntagonist further grew and
contacted the test organism wvhich was stationary in its
growth, There was no further growth for both the organisms
in dual culture after their mutual contact (Table 26).

After establishment of zntagonist in dual culture,
the test organism showed a slow growth rate and on c¢ontact
they exhibited mutual inhibition.

F. palmivors

in dual culture, the test organism waa inoculated five
days after the antagonist due to the slow growth of the
latter. Upto the seventh day the antagonist and test
organism had almost similar growth rate, in mono anéd dual
culture. On the eighth day, the test organism showed s
nqu growth of 535 sm in dual culture as against €3 mm in
moncculture and on ninth day, contact with antagonist wvas
established, Later there was mo further growth for either
of the organisms (Table 26).

The observations revealed that the sntagonist and test

organism were having mutual imhibition on contact.

R. s0lani
In dual culture, test organism was inoculated five days
after the antagonist due to slow growth of the latter.



Initially, antagonist and test organism showed the same
growth rate in mono and dual culture. On the fourth day,
the antagonist and test organism grew 20 mm and 70 mm
respectively and came in contact in dual culture., Later,
there was no further growth for either of the organisms
(Table 2&).

The result clearly revealed that T. wortmanni and
R. golanl were having mutual inhibition on contact.

Microsscus cinereus

E. myriotylum

In dual culture, test organism was inoculated five days
after the antagonist due to fast growing nature of the former.
On the first day, both the organisms showed similar initial
growth character in monc and dual culture. But on the second
day, the antagonist grew at normal rate whereas test organism
had a reduced growth rate in dual culture, when compared to
monoculture and established contaet between them in duel
culture. The growth of antagonist remained staticnary on
subfs,uent days but teat orgenism continued to overgrow till
the fourth day snd further both the organisms remained
stationary in dual culture (Table 27).
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The dasta revealed that the antagonistic organism
showed inhibition of its growth on contact with test organism,
but the tast organism overgrew in a limited area over the

sntagonist.

L+ palmivors

The test organism was inoculated five days after the
antagonist in dual culture dus to slow growth of the latter,
Tha antagonist and test organism grew almost at the same rate
in mono and dual culture and contacted asch other on the
seventh day in éual culture. They continued their growth by
intermingling in dual culture with almost the seme rate of
growth in monoculture (Table 27).

The result showed that both the organisms could grow
very freely in dual culture with intermingling growth
character.

R. sclanid

The test organism was inoculsted five days after
antagonist in dual culture due to slow growth of the latter.
Both the organisms showed the same rate of growth for the
first two days in mono end dual culture. PYor the next two



109

days, the tast organism grew at a reduced rate and on the
fourth day they contacted esch other, and further, both of
them ceased to grow (Table 27).

The result showed mutual inhibition of the test
organism and the antagonist on their contact.

Yusaziye gxysporum

E . E!!lOt!lu

The test organism was ineculated seven deys after
sntagonist in dual culture, due to the slovw growth rate of
the latter. On the first two days, the growth in dual
culture for both the antagonist and test organism was the
same as that in monoculture. At that time they started
intermingled growth and on the third day alsc they further
grew by intermingling. Later on, tho antagonist grew over
the test organism and the test organism became stationary in
dual culture (Table 28),

The result indicated that there was noc antagonistie
property for these crganisms and they showed intermingled
growth character in dual culture,



1.0

zo gglniveta

In dual culture, test organism was inoculated one day
after the antagonist due to slightly reduced rate of growth
of the latter. The antagonist and test organism grew at the
sare rate in mono and dual culture, throughout the period
under observation, On the eighth day orwards they showed
mutual intermingled growth (Table 28),

The data revealed that both thesa organisms could
freely grow in dual culture by intermingling, without any
antagonism,

R. sclani

In dual culture, test organism was inoculated four
days after the antagonist, due to alow growth of the latter.
The first two days, the antagonist and test organism showed
same growth rate in monc and dual culture. On the third day,
while the antagonist showed normal rate of growth, the growth
rate of test organism was seen reduced considerably. On the
fourth day, the test organism and antagonist came in contaet
and no further growth for both of them was cbserved after the
fourth day (Table 28),

The result revealed that both the organisms inhibited

on contaet.
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Streptomyces sp. (with straight sperophores)
2. myriotylum

In dual culture, the test organism was inoculated seven
days after the antagonist due to slow growth rate of the
letter. The growth of teat organism and antagonist was same
in mono and dual culture on the first day after inoculation,
but rate of growth of test organism waa reduced in duasl
culture on the second day (Teble 29). On the third day, the
test organism continued its growth at s reduced rate and the
antagonist and test organism came in contact. The flsttening
of hyphae of test organism on the sides nearest to the
antagonist was observed in an area of 12 mm (Teble 29,

Plate 21).

Streptomyces sp. (with straight sporophores) was not
having any strong antagonistic property but on contact it
showved adverse effects on growth of the test organism by way
of flattening of hyphae on the sides nearest to the antagonist.

P. palmivors

The test organism was inoculated seven days after the
antagonist, in the dual culture due to slow growth of the
latter. The antagonist and test organism grew almost at the
same rats throughout the obsexvation period in mono and dual



Plate 21. Streptomyces sp. (with straight sperophores)
x P, pyriotylyn in dual culture onm the

seventh day

(1) Dual culture (2) Control
Plate 22, sp. (with straight sporophores)

x R, in dual culture on the ninth day

(1 ntrol (2) Dual culture



Plate 21



culture., On the seventh day, the two organisms contacted
in dual culture and thersafter they grew by intermingling
without any adverse effect (Table 29).

The date revesled that the two organisms could grow
togethar in duel culture without any adverse effect showing
rmutual intermingling.

R. goland

The test organism was inoculated seven days after
ths antagonist, in the dusl culture dus to slow growth of
the latter. For the first two days, the growth of both the
organisms in dual and monoculture was elmost the same.
Thersafter upto fifth day they grew at g reduced rate, vhen
compared to monoculture. On the fifth dey, the antagonist
and tast orxganism came in contagt and no further growth for
both of them wea seen (Table 29, Plate 22).

The observetion clearly imdicated thet the Streptomyces
sp. (with straight sporophores) and R. golani were having
mutual inhibition on eontact.

Streptomyces sp.
(with flexuous sporophores)

P. myriotylum

The test organism was 1noculated seven days after the
antagonist in dual culture. The growth of both the organisms
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in dual culture cn the first day was found to be norwmal, but
on the second day the test organism showed g reduced growth,
On the third day also the reduced growth rate of test organism
was noticed in dual culture. At this stage, antagonist and
test organism ceme in contact and no further growth for both
them (Table 30),

The data revesled that the Strept omyces sp. (with
flexuous sporophores) snd P. myriotylum expressed the
character of mutual inhibition on contasct.

E. palmivors

In dual culture, test organism was inoculated seven
days after the antagonist due to the slow growth of the
latter. Throughout the periocd under observation, both the
organisms showed same growth rate in mono and dual culture,
On the sixth day, these organisms came in contact with esach
other in dual culturs. Thareafter they freely grew as in
case of monoculture and intermingled each other (Table 30).

The growth character of these two organisms clearly
showed that they had no antagonistic effect, but can grow
by intermingling without any adverse effect.



2. scland

The test organism in dual culture was inoculated
seven daya after the antagonist. FYor the first two days,
growth of both organisms in mono and dual culture was the
sasme. But on the second day, the tsat orgsnism showed
reduced growth and on the fourth day they came in contact
and no further growth for either of the organisms was
cbserved in dual culture (Table 30).

The data revealed that Streptomyces sp. (with flaxuous
sporophores) and R, golani in dual culture showed the

character of mutual inhibition on contack.

Streptomyces sp.
(with fascicled sporopheres)

F. myriotylum

In dual culture, the test organism was inoculated
seven daya after the antagonist due to slow growth of the
latter. On the first dey, growth of both the organisms waa
the sare in dual and monoculture but on the second day the
test organism showed s reduced growth rate. On the third
day both the organisms caxe in contact and there was no
further growth for sither of them in dual culture (Table 31).



The above obssrvation clearly showed that Streptomyces
sp. {with faseicled sporophores) and P, myriotylum inhibited

each other on contact.

P. palmivexa

In dual culture, the test organism was inoculated
saven days after the antagonist due to slow growth of the
latter. Throughout the period of observation, the two
organisms grew at the ssme rate in méno and dual culture.
On the saventh day, both the organisms came in contact and
further grew over each other in dual culture of the same

rate of growth in monoculture (Tzble 31),

The result indicated that these two organisms could
grew without any interference in dual culture, shcwing the
character of mutual intermingling.

R. seland

In dual culture the test organism was inoculated seven
days after the antagonist dus to slow growth of the latter,
For the first two days, Doth the organiams grew at same
rate in mono and dual culture and on third day, test organism
showed a reduced growth rate. At this ata’e, the two
organisms came in contact, and there was no further growth



for either of the organisms in dual culture (Table 31).

The data revealed that Streptomyces sp. (with fascicled
sporophores) and R. golani sutually inhibited their growth
on contact in dual culture,

Bagillus subtilie

20 ﬂ!!iﬂ!!l\n

The test organism and the antagonist were having almost
same growth ratas and thus inoculated cn the ssme day in dual
culture. On the first day, doth the organisms grew 45 mm
sach in dual culture but the growing tipr of the test organism
had a set beck sventhough its rate of growth in dual culture
was slightly more than that of monoculture (Flate 23), On
the second day, the antagonist grew further and disintegrated
tha growth of test organism and reduced to 30 mm and occupied
tha rest of the space in the petridish (Plate 24). The same
growth pattern of the antagonist and test organism was
continued on the next day also and then the growth sise of
test organism was diainilhfkm 10 mm end rest occupied by
antagonist. Thereafter, growth of both the organism remained
stationery (Table 32) {Plate 28).



Plate 23 g.gnm ,n.mu = P. pYciotylue in dual
* ulture after one

Plate 24. Bacillus x a%.dmm in dusl
seco sy

culture on t



Plate 23
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The result indicated Adisintegration and die-back

of P, myriotylum by B, subtilis in dual culture when the
latter continued its growth.

Eo Emimr‘

Due to the slow growth of the teat organism, it was
incculated five days prior to the antagonist in dual culture.
The test organisr grew st normal rate in monc and dual
culture. But in dual culture sntagonist grev at considerably
reduced rate being 10 rm as against 45 mm in monoculture on
tha first day and 90 sm on the second day. There was no
further growth of the antagoniat and the test organism till

the an® ~f the observation (Table 32, Plate 25).

The result revealed that the antagonistic bacteris in
tha presence of the test organism reduced its own growth
rate, while the second dsgy onwards, it completely checked the
growth of the teat organism and a zone of inhibiticn developed
between the two cclonies, showing mutual antagonism, Thus
inhibiticn st & distance and nutual antagonism were the net

result,

R. golani

The test crganism was inoculated one day prior to

antegonist in the dusl culture. The test organism had normal



Plate 25. x P, in dual
cafiiius gubtilie x P. ralaivors

Plate 26. opp. x R, goleni in duel culture
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Plate 26
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growth rate in dual culture on the first day but antagonist
had a very slow growth rate being 45 mm in monoculture and
10 mm in dual culture. On the second day onwards there was
no further growth for both of the organisms till the
observations were completed (Table 32) (Plate 26).

Tha deta clearly revealed that in dual culture the
antagonist and the tast organism could inhibit each other and
a sons of inhibition developed between them.

Bgcillus-i

P. myriotylus

The antagonist and the teat organism were inoculated
on the same Jday in dual culture due to almcat the same growth
of these two crganisms. On the fipst day, both the orgsnisms
grew 45 mm in duval culture snd coatacted each other. ©On the
contacting point, the thickﬂﬁan of myceliun of test organiln
wvas found to be reduced, The growth rate in dual culture
wvas slightly higher than in monoculture for the test fungus.
But on the second day onwards disintegration of growing tip
cf hyphae of the test organism was noticed, reducing its
growth from 4% mm to 32 mr end further to 10 mm, the remaining
space in the petridish being occupied by the sntagonist. Mo
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further growth of either of the organisms was observed
(Table 33).

The result indicated disintegration and die-back of
P. myriotylum by the bacterium which was identical to
B. gubtilis and latter continued its growth in dual culture.

P. palmivora

The teat organism was inoculated five days prior to
the antagonist in dual cultures due to the fast growing
character of the letter. On the first day, the antagonist
showed a very reduced growth of 10 mm in dual culture as
against 45 mm in monoculture. But the test organism grew
at normal rate, in mono and dusl culture, on the first day.
On the second day onwvards, thers was nc further growth for
either of the organisms and it continued till the end of
observation (Table 33),

The result indicated that the antagonistic bacterium
was having reducsd growth rate in presence of the teat
fungi. Later both the organisms inhibited each other and a
clear sone of inhibition was developed.

2. solani

The test organism was inoculated one day prior to that
of the antegonist in dual culture due to fast growing nature
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of the latter. On the first day, the test organism showed
a ncrmal growth rate in mono and dual culture, but the
antagoniat grew at a considerably reduced rate being 10 mm
in dual culture aa against 45 mm in monoculture. On the
second day omwards, there was no further growth for the
antagonist and the teast organism and it continued till the
end of observation (Table 33) (Plate 26).

The result revesled that the antagonistic bacterium
and test fungus showed mutual inhibition and a clear sone
of inhibition was produced.

Bacillug-2
P, myriotylum

The test organism and the antagonist were inoculated
on the same day in AQual culture. On the first day, the
antagoniat grew at normal rate in mcno and dual cultures,
but test organism showed g faster growth rate in dual culture
than in monoculture (Plate 27)., ©On the second day, the
antagonist advanced its growth disintegrating the mycelium
of test organism and reduced its growth from 50 mm to 15 mm,
Later, there was nc further growth of either of the organisms
in dual culture (Table 34) (Plate 28).



Plate 27. Bacillus-2 x P. gyriotylum on the first day

Plate 28, g,gmg-z x P. pyriotvium in dual culture
after two days






The result indicated disintegration and die-back of
F. myriotylum by the bacterium which was small celled Bacilli.
The antagonist continued its growth initially and later

ceased to grow,

B. palmsivora

The test fungus was inoculated in SGual culture, five
days before the antagonist, due to the slow growth of the
former. On the first day, the test fungus had seme rate of
‘growth in mono and dual culture, but the antagonist showed
a reduced growth rate in dual culture. On the second day
antagenist grew only 12 sm in dual culture aa against 82 mm
in monoculture while test fungus grew 352 mm in dual eultu;.
es against 54 mm in monoculture. Keither of the organisms

grew further from the third day onwards (Table 34, Flate 29).

The data revealed mutual intaqoninm and a sons of

inhibition was developed between the two organisms,

R. solani

The tast organism was inoculated one day prior to the
antageniat in the dual culture due to fast growing nature of
the letter. On the first day, the test organisn showed the
same growth reste, in mono and dual culture, but the entagonist



Plate 29. Bacillus-2 x Phytophthora palmivora after
three days

Plate 30. Zone cf inhibiticn by cell frse culture

filtrates of antagonists in E. eol}
(1) T, b

(3) & Dgtier
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showed a very reduced growth of 10 sm in dual culture as
against 40 mm in monoculture. On tha seccnd day, both the
teat organism and the antagonist showed reduced growth of

SS mm and 20 mm respectively as against 6% nmm and 82 sm
respectively in monoculture. Ko further growth for either
of the organisms in dual culture was observed (Table M,
Plate 26). Later, no growth was observed for the test fungus
and sntagonistic bacterium in dual culture (Table 34,

Plate 26).

The result indicated mutual inhibition, between the
two organisms and development of a clear sone.

Baciilus-?
. myriotylum

Due to similar growth rate of test organism and the
antagonist, they were inoculated on the same day in dual
culture. The test organism and the antagonist grew almost
at sare rate in mono and duasl culture on the first day. 7The
antagonist grew at the same rate in mono and dual culture
on the second day alsc but test organism had a considerably
reduced growth of 31 mm in dual culture as against 82 sm in
monoculture. The reduction in growth of test organism



continued on subsequent days and reached 10 mm on fourth
day and remained stationary when ita growth in monoculture
already completed in the petridish. 7The antagoniat had a
reduced growth rate om the third and fcurth day in dual
culture vhen compared to monoculture and it sttained 80 wm
on the fourth day, thus disintegrating tha tast organism and
remained stationary aftervards (Table 3%5).

The result indicated that die-back and disintegration
cof the test organism occured on contact with antagonist while
the latter continued to grow.

P. palmivors

Due to the slow growth of the test organiem, it was
inoculated three days prior to the antagonist in dual culture.
On the first day, the test organism showed same growth in
mene and dual culture but the antagonist grew at a slow rate
having 10 sm in dual culture as against 26 mm in monoculture,
The growth of the antagonist remained constant during further
period of cbservation. The test organism grew at the same
rate in monc and dual culture during the second and third
day but with a reduced growth on the fourth day. After
reaching 50 mm on the fourth day it remained stationary
(Table 35).



The result revealed that the antagoniat could not
grow at the normal rate and inhibited in the presence of
test organism P. palmiverg and on the fourth day onwards it
checked the further growth of test organism and a sone of
inhibition developed between the two showing mutual

antagonigm at a distance.

R. solani

The test organiam was inoculated one day prior to the
antagoniet in dual culture Que to fast growth of the latter.
Cn the first day, both the organisms had the same growth
rate, in mono and dual culture, but on the second day both
of them had reduced gmth in dual culture in contrast to
their growth in monoculture. The antageonist resched 30 mm
and test organism 48 mm growth in dual culture on second
day. Thereafter no growth wes observed in either of the
organisms in dual culture while their growth increased in
moncculture (Table 38).,

The result revealed mutual inhibition at a distance
with s clear zone develored in between the two,

Based on the reactions with the test organisms in
dual culture, the antagonists are grouped and presented
(Table 36).



Cell fres culture filtrate studies

The microorganisms which ahowed conspicuous antagonistic
characters in the dual culture against any of the test
organisms were selezted and their cell free culture filtrates
were employed in poisoned food technique, as described ia
materials and methods, tc estimate the inhibiting actions on
test organism. The results are presented (Table 37, Plates
30-33%) .

The antagonist T. kopingil inhibited the growth of test
organisms by 22 per cent in case of P. myriotylum, 20 per cent

of P, palmivora and 24 per cent of R. solani (Table 37).

Cell free culture filtrate of T. hargianum gave
inhibition percentages 20, 22 and 16 in case of P, myriotylws,
P. palmivors and R. solani respectively (Table 37).

T. longibrachigtus inhibited the growth of

P. myriotylum, P, palmivors and R, solgni at the rate of 24,
13 and 26 per cent respectively (Tedble 37).

filtrote
Cell free culture of A. sydowii has shown slight

mu:hiot.‘.c property, only against R, golani which was 20
per cent (Table 37).



Table 37. Bffect of cell free culture filtrates of antagonists on the growth of test organisms
(Poison food technique)

- - - M A A S S AT W G G G SR KR ST AR S AU S N S G NS A S U T S D S AT S U U 20) S e S

Pythium myriotylum Phytophthors palmivora  Rhigoctonia solanl

Kame °:i ot Growth Per cent Growth Per cent Growth Per cent
antago measured inhibition measured inhibition weasured {nhibition

three days 14 Aays seven days

after after after

inoculation inoculation inoculation

(rem) (o) (mem)

1. T. koningii 70 22 72 20 é8 a¢
3. 2. harsianwe 72 20 70 22 76 16
3. 2. longibrachiatum ¢8 24 70 13 67 26
4. A. sydowii 90 - 920 - 72 20
S. A. texxeus 90 - 90 - 20 76
6. A. niger Nil 100 N4l 100 Nil 100
7. 2. saimplicispimum Nil 100 27 70 29 68
8. P. citrimm Nil 100 12 87 36 80
9, B. subtilis Nil 100 20 78 27 70
10. Control 90 -— 90 - 90 -

L1



Plate 31. Zone of inhibition by cell free culture
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Plate 33. Zone of inhibition by cell free culture
filtrates of antagonists in E. cell
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A. 3erreus has no inhibitory action against

P, myriotylum and P, palmivors while it inhibited R, solani
considerably, having 78 per cent inhibition (Table 37).

The powerful toxic antibiotic produced by A. piger
gave 100 per cent inhibition of all the three test organisms
(Table 37),

o gimplicissimum also produced powerful toxic
metabolite which has inhibited 100 per cent growth of

F. myxiotylum, 70 per cent of P. palmivora and 68 per cent of
R. sglani (Tadble 37),

P. gitrigum alsc produced more or less same inhibitory
metabolite like F. simplicissimum and gave inhibition of
growth of 100 per cent of P. myriotylum, 87 per cent of

F. palmivorg and 60 per cent of R. golani (Tsble 37i).

As regards inhibition by the antagonist B. gubtilis,
it was 100 per cent against P, myriotylum, while it was 78

and 70 per cent in respect of P, palmivora and R. solani.

Antibiotic assay

The antagonists which showed at least few sntagonistic

reactions in dual culture against any of the three test

8
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organisms, P, myriotylum, P, palmivora and R, solani, and
also tha isolates which were known to rproduce antibiotics

were subjected to antibiotic assay as described in materials

and mathods.

A total of 14 microorganisms were screened against
Egchepchig goli and the inhibition sone developed was
compared with that of standard antibiotics as descridbed in
materials and methcds. The results obtained are presented

(Teble 38) (Pig. 6) (Plates 30, 31, 32, 33).

Of the 14 microorganisms tested, the cell free culture
filtrate of F. gitrinum has shown the maximum antibiotic
rrorerty having 11 mm inhibiticn sone which is equivalent
to 325 ppm tetracycline hydrochloride. Streptomyces sp.

(with straight sporophores) was second in the order giving
an inhibition sone of 10 mm which is equivalent to 250 ppm
of tetracycline hydrocholoride,

Cell free culture filtrates of three crganisms vis.
T. longibrachistum, D. simplicispimum and A. versicolor
produced an inhibition sone of 9 mm which is equivalent to
150 pprm of tetracycline hydrochloride, Cell free culture
filtrate of A. plger produced 8.4 mm inhibiticn and that was
equivalent to 90 ppm of tetracycline hydrochloride. Cell



Antibiotic assay of cell free culture filtrates of

Table 38,
antagonists
51. Mame of
Ro, antagonists
1 7. koningid
2 I. haxsiapum
3 Z. longibrachistus
4 A. yarsicelor
S A sydowis
L A. terreus
7 A. niger
8 k. simplicigsimum
9 B. gltringm
10 I. wortmanni
1 E. Jilacinus
12 ¥. oxysporwm
13 Streptomyces sp.
14  B. subtilis
13  Control

Zone of lqu;ulcncy
inhibition to Tetracycline
produced by hydrochloride
culture filtrate (ppw)
(ren)

? 80

6 $0

180

9 150

8 S0

? 50

8.4 90

1%0

11 2%

6.6 $0

6 $0

7.4 S0

1.0 250

8 $0

0
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free culture filtrates of twc organisms vis. A. gydowii and
B, gubtilis rroduced 8 sm inhibition smone which is equivalent
to %0 ppm of tetracycline hydrochloride.

8ix organisms namely T. koningii, T. harsianum,
A. terreus, T. wortmanni, P, lilaeinus and F. oxysporum
produced very less antibiotic substances in culture filtrates
and their sone of inhidbition ranged from 6.0 - 7.4 mm which
is equivalent to less than 50 prm of tetracycline hydrochloride.
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DISCUSSION

In natural environment, a number of relationships
exist between individual microbial species and between
individual cells. The inter-relations and interactions of
various microbial groups making up the soil community,
however, are in a2 continual state of change end this dynamic
state is maintained at a level characteristic of the flora.
The composition of microflora of any habital is governed by
the biological equilibrium ¢reated by the asscciaztion and
interactions cf all individuals found in the community

(Alexander, 1977).

The undisturbed, moist evergreen forest soil is one
of the most ideal substrates for the existence of the native
microflora. Apart from the rich organic content of the
scil, the undisturbed condition of the site since its
evolution as a natural forest, makes the environment so
congenial for the survival of the fittest microbes by
compatition, antibiosis and predation or parasitism, .Thu.,
the ecolo:ical axiom is expected to be maintained in such

socils.
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In Kcralg/no attempt has been made to explore the
native microflora of the undisturbed forest soils. Keeping
the above factors in mind the sites were selected for
isolating antagonistic and antibiotic produciﬁg micro~
organisms. The locations selected for soil sample cocllection
in the study were having divergent vegetation comprising
mostly of evergreen shrubs and trees. There were 35 and 39

2 area around the

phanerogamic spp. identified lin S0 m
aite of soil sample collection in Wyned and Idukki districts
respectively. This dense growth of vegetation and continuous
wet pct@od for a major part of the year made this area ever-

green humid forest.

The Idukki svils were generally rich in organic carbon
when compered tc the Wynad soil, In both the places, the
organic carbon decreased with increase in depth of s0i)l, and
maximum accumulation of organic carbon was noticed in the
first layer (0-10 em) of top s0il., This may be due to the
fact that the soils are undisturbed and accumulation of

organic matter will be always in the surfzce scil (Table 3).

When depth of soil increased microbial population
decreassed both in Wynad and Idukki soils in all the collection
sites. The microbial population was highest in the first



layer of top soil (0-10 em) of Idukki which ranged from
39.42 to 57.983 million, while in Wynad it ranged from
34,242 to 38,74 million, In the next layer (11-20 om) the
micrchbial population further decreased both in Wynad and
Idukki soils and again further reduction was noted in the
bottom layer (21-30 om). It was only 0,43-9.56 million in
Idukki and 0.,%517-0,621 million in Wynad, The Adate clearly
revealed that when depth increased, the microbial population
sianificantly decreased in both the forest soils (Table ¢
and 8)., This finding is in full agreement with those of
earlier workers (Alexander, 1977). 7The reduction in
microbial populaticn as a result of increase in depth of
s0il is Que to the fact that when depth increases the organic
carbon decreases and soil reaction alsc decreases slightly
and there is every rossibility of less aseraticn in deeper
layers. The combined effect of these three factors creates
a condition vwhich is not congenial for the grawth and
reproduction of%ho microbes rus?ltinq in the decrease in
micr-bial pepulation. Orgenic carbon being the only source
of energy for the scil microbes, is the major factor

that determines the microbial population. This observation
is in conformity with the £indings of earlier soil microbio-
logists (Waksman and Curtis, 1916, 191&; Starc, 1942;



Laudelout gt al., 1949 Aristovskaya, 1951, 1957; Rose, 19354
Blue gt al.., 1955 Zhukova, 1936 Jagnow, 1958; Tseo et gl.,
1959 Pepova, 19637 Rangeswaml and Venkatesgan, 1963 and
Rangesvami @t 3]l., 1967). ’

The maximum fungal porulation was observed in the top
soils of both Wynad and Idukki districts. The population
decreased with increase in depth except in Idukki where there
was no significant difference between the second (11-20 cm)
and third layer (21-30 am). But in pocled analysis there
was significant difference in fungal popu’ation in different
depth of soils, as depth increased the populiation decreased
(Table S and 8), A gradual reduction in microflora in
deeper layers was observed in the present investigaticn and
is fully suprorted the earlier findings cf Aristovskaya
(1951, 1957), Waksman (1952), Rose (1954), Milosevic (19%8),
Tseo gt gl. (19%9), Rangaswami and Venkatessn (1963), Corke
and Chase (1964), Venkatesan (1964) and Rangaswami gt al.
(1967) .

The ectinomycete: population in general was found to be
maximum in top layer, both in Wynad and Idukki soils. But
in Idukki, there was nc significant difference between the
first (0-10 cn) leyer and second layer (11-20 em). The

()
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pooled analysis of actinomycete propulation of Wynad and
Idukki revealed that there was no significant difference
between the first two layer, but there was significant
difference between the second (11-20 em) and third layer
(21-30 cm) (Table 6 and 8). The reduction of actinomycete:
population waa observed with increase in depth but drastic
reduction was noticed beyond s derth of 20 on. This may
probably be due to the comparatively low pH in lower layers
and actinomycetes prefer generally higher pH. These findings
are also in conformity with the findings of e:rlier workers
(Wwaksman and Curtis, 1916, 1918; Jensen, 1943; Jones, 1543;
Aristovsksya, 1951, 1957; Rose, 1954; Vojinovic and Sevic,
19543 Jagnow, 1956; Zhukova, 1956; lMilosevic, 1958; Szabo
et al.., 1958; Teplyakova and Makshimova, 1958; Tsac et ail.,
1959; Fropcva, 1963; Rangaswami and Venkatesan, 1963; Corke
and Chase, 19647 Venkatesan, 1964 and Ranqaaéami et al.,
1967) .

Like the fungi and actinomycetes, the bacterial
population also decreased with increase in depth., But the
reduction of population was very much pronounced than the
other twe groups. This rrogressive decline in population

of bacteria with increase in scil depth is mostly in line



with the result of earlier workers (Waksman and Curtis,
1916, 1918; Landolout et zl., 1949; Marszewska-Zimiecka and
Golebiowska, 1949: Rese, 1954; Voinovic and Sevic, 19354»
Blue et al., 1955; Milosevic, 1958; Tsao et al., 1959,
Rangaswami and Venkatesan, 1963; Corke and Chase, 1964;
Venkatesan, 1964 and Rangaswami et gl., 1967).

In Kerala, the major soil borne diseases are casused
by the different species of fungi like Fythium, Phytophthora
and Rhigoctonia. In the present investigaticn the micro-
organiams obtrined in the =oil diiution'piatcs were screened
against the major soil borne plant pathogens, Pythium

myriotylum, Phytophthora palmivora and Rhigoctonla solani
for antagonistic prorerties by the standard rethods.

In the dual culture method, 18 identified fungal
species were screened against the three soil borme rlant
pathogens. The five dual culture reactions dcseribed by
Johnson and Curl (1972) were observed and from these, those
showing antagonistic ;roperties were screened, as per their

behaviour in the dual culture.

During the present investigation the following five
reactions have been observed for determining the antagonistic

properties.

(T



(1) Intermingling and overgrowth

(2) Mutual inhibition on contact

(3) Flattening of colony of the test organism on the sides
nearest tc the antagonist

(4) Mutual inhibition at a distance

(5) Inhibition at s distance and disintegration of test

organism,

Eleven spp. of fungi and three spp. of actinomycetes
have shown the character of intermingling and overgrowth in
dual culture. Of these, Muycor sp. and Cupninghgmells glegans
showed this character in dual culture against all the three
test organisms. But Absidia m. Syncephalastrum
Zacemosum, Aspergillus melleus, A. sydowii, A. terreus,
Microasscus cinersus and Fusarium oxysporum showed their
ability to live along with the test organisms P, myriotylum
and P, pglmivors by intermingling and over growth, But the
above #0il microorganisms have some reaction against R. golani
(Table 36).

Pascelomyces lilscinus showed the character of inter-
mingling and overgrowth in the case of P. palmivora and

R. solani in dual culture. But it has shown some reaction

against P, myriotylum,



A. yersicolor and three spp. of Streptomyces can grow
freely by intermingling and overgrowth along with F. palmivors
but they have shown some reaction against P, myriotylum and ‘
R. golani (Table 22). Earlier workers like Forter (1924),
Newhook (1951) and Johnson and Curl (1972) have also reported
this type of reaction in dual culture.

A. sydowii and A. terpeus, which have shown some
reaction against R. solanj, were also tested for their
antibiotic properties against the three test organisms by
using cell free culture filtrates. The result showed that
the cell free culture filtrates have some inhibitory reaction
against R, golani but no effect on P, myriotylur and P,
palmivora. This oell free culture filtrate technique further
confirms the results of dual culture studies. This finding
is in agreement with the earlier work of Roy (1984). The
character of intermingling and overgrowth in dual culture
cannot be considered a property of antagonism, as these
organisms have no adverse effect on the growth of the test

organiams.

Ancther reaction in dual culture is smutual inhibition
on contact. Eight species of fungi and three types of
Streptomyces sp. have shown this reaction against more than



one test organism (Table 38). Both the test crganisms and
the antagonists showed normal growth rate in dual culture,
but when they came in ccntect, further growth was stopped,
Talaromyces wortmannil has shown this reaction against all
the three test organisms. However, two types of Streptomyces
sp. (flexuous sporophores snd fascicled sporophores) and

A. Yersicolor have shown this resction against P, myriotylum
and R, golani. But they have shown intermingling and over-
growth character against ¥, palmivorgs. Faecelomyces lilacinug
has shown the character of mutual inhibition on e¢ontact with
F, myriotylum but it has estadlished a free intermingled

[®)
growth in the case £. palmivors and R. solani.
N

Pive fungi viz. A. corymbifera, S. racemosum, M.
Sinersus, A. mellgus, F. oxysporum and Streptomyces sp.
{(straight sporophores) have shown the reaction of mutual
inhibition on contact in dual culture with R. golani. Except
the Streptomyces sp. (straight sporophores) all these fungi
i\avc shown intermingling and overgrowth character with P,

myriotylum snd P. palmivors in duel culture.

Stre a sp. (straight sporophores) has shown three
different reactions against the three test organisms. It has
shown intermingled overgrowti with P, palmivors but mutual
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inhibition on contact with R, golani and a good antagonistic
property, dieback and disintsgration of test organism, with

E. myriotylum,

One organism may show good antagonistic property against
one or a few pathogens but against othaers it may not have any
adverse effects. There are ample evidences for such bshaviour
cf the soil microorganisms. The selective nature of the
antagonistic property of Streptomyces sp. has been reported by
esarlier workers (Newsigy et gal., 1982; Kundu and Nandi, 1984,
Logan st al., 1984 and Mohamed, 1988),

Cf course, the character of mutual inhibition on contact
by test organism and antagonist is an antagonistic property.
But it may not have much value in the biological contrecl of
scil borne pathogens, becauss, till the contact of the
antagonist and the test organism, they will have free growth
and even on contact there is no disturbance of the tast
organism except checking the further growth,

The dual culture reaction, mutual inhibition at a
distance clearly showed that the antagonist and test organisms
were producing some biotic substances Adiffusing into the
media and acted inhibitory to .aéh other., Of the organisms
tested, A. terreus has chovn'thil property only against
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R. golani, while, against other two test organisms the
reaction was intemmingling and overgrowth (Table 21). This

indicates that biotic substances produced by A. terreus snd
R. golani are diffusible in agar medium and are inhibitory

to each other, HNone of this bioctiec substances vas self
inhibitory, because in monoculture both the organisms grew
normally (Table 21). The cell free culture filtrate studies
using the antagonist A. $8XIous 8lso showed that it was having
high inhibitory action (78 per cent) against R. golani.

This finding also supports the results o_f dual culture
technique (Tgble 37).

The antagonistic property of A. terreus against R. golani
has been reported by esrlier workers (Zaehner gt al., 1963,
Roy, 1984). The present investigation confirms the findings

of the earlier workers.

Pepicillium gitrioum and P. simplicissimum have shown
the reasction of mutual inhibition at a distance with P,

palmivora and R. golapi (Table 36). But they have shown some
other antagonistic property against P, myrfotylur., The
ability of P, gitrinum and P. simplieigsimum to produce
antibiotic substances inhibitory to P. pglmivors and R, solgni
waa further established in the cell free culture filtrate
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techniques employed in the rresent investigation. There
were 70 and 87 per cent inhibition in case of ¥. palmivora
and 68 and 60 per cent in case of R. 0lani by the culture

filtrates of P, simplicigsimum and P. citripum respectively
(T‘hl. m.

It 45 a well known faect that the Penicilliux spp. can
produce biotic substances which are inhibitory to many fungi
which include Phytophthora and Rhisoctonis spp. (Raic n and
Stan, 197%; Odigie and Ikdtun, 1982; Haral and Konde, 1983
logan gt al., 1984 and Jharia and Khare, 1986),

Bacillus subtilis and other three types of Bacillus

spp. isclated during the present investigation azlsc showed
matual inhibition at a distance in the case of i. palmjivors
snd R, golani (Table 36). But these bacteria have shown
different antagonistic property against P. myriotylum., In
csll free culture filtrate studies also B, subtilis hss shown
78 and 70 per cent inhibition in case of P. palmivors and

R. golani respr:ocively (Table 37). The antagonistic properties
of Bacillug spp. and B. sgubtilips sgainst R, g0lani have bsen
estgblished by earlier workers (Olgsen and Baker, 1968)

Neweligy at al., 1982; Venkitasubbiash, 1985)., Bggillus spp.

and B, subtilis have shown the antegonistic properties



against different spp. of Phytophthora as reported by
Utkhede (1984) and Podile and Dube (1987),

In the biclogical contrcl of soil borne plant
pathogens, the usefulness of B, gubtilis especially against
R. galani and Phytophthors spp. is a well established fact
(Mitchell and Hurwits, 1963; Clsen and Baker, 1968; Aldrich
and Baker, 1970; Brosdbent gt al.. 19717 Michael and MNelscn,
19727 Merriman g% al.. 1974 and Kommedahl and Mew, 1973).

The dual culture reaction of inhibition at a dutinqc

and disintegration of the test orgenism wes shown by thiree
fungal antagonists yix. A. pigex, E. gitrinum and g.miale_
aimyn (Table 36). Of these antagonists, A. niger has shown
the above reaction towards P. pyriotylum end R, solsni while

it has shown agnother type of reaction towards P. palpivera.

The other two antagonists P. gltripwe and B. saimplicissimym
showed the resction of iahibition at a distance and disinte-

gration of test organism against P, myrictylue. They also
showed the reaction of mutual inhibition at a distance

against P. palmivora and R. poliani (Table 36).

The cell free culture filtrate studies using the
antagonists A. niger. B. gitrinue end P. gimplicissimum also
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showed 100 per cent inhibition sgainst P. myriotylus
indicating the production of antibiotics by the antagonists,
which inhibited the test organism completely. The culture
filtrate of A. piger hes alsc shown 100 per cent imhibition
of R, gpolani and P. palmivers while that of P. simplicissisum
ané P, gitrinys have shown 70 and 87 per cent inhibition of
P. palnivora, and 68 and 60 per ocent inhibition of R. polani.
This result of cell free culture filtrete studies strongly
supports the results of dusl culture technique (Tsble 37),

The antagonists A. plaer. F. gisnplicissimuys and
P. gistrinue have produeed some diffusible metabolites into
the medium which have strong antibiotic and some lytic
activity against the test organism P, pyrictylum. The
antagonists have produced the antibiotiecs which diffused
into the substrate slowly and thus inhibiting only the growth
of test organism nearer to antagonist, while growth of test
organism in the periphery was not affected. 7The disinte-
gration of hyphae of the test orgenism was also noticed
indicating the lytiec property of the metabolites. The
behaviour of the antibiotics produced by A. piger towards
P, pyriotyluwm and R, golani was similar, wvhereas towards

. palmivers it wes different. P. gimpligissimum and
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P. gitrinum also behaved in a sivilar manner towards
F. myriotylum, but their behaviour towards i. pglmivorg and
R. solanl was mutual inhibition at a distance without causing

any lysis.

The antibiotic producing ability of A. niger, P.
citrinum and P, simplicissimum is s well established fact
and the properties of inhibition and lysis of the pathogenic
fungi were reported by many werkers (Domsch, 1960; SBroadbent,
1966, Robinscn and Park, 1966; Raicu and 8Btan, 1975; Bora,
19777 Fedoseeva st al., 19837 Golulapalan and Nair, 1984;

8y at al.. 1964).

The dual culture reaction characterised by dieback and
disintegration of the fungal test organism after meeting the
antagonist, was shown by all the three species of Trichoderms
yiz. T. hargianum, T. koningii and T. longibrachegtym, against
the three test organisms P. myriotylum, P, palmivors and
R. polani (Table 36). The antagonist when contacted the test
organism, parasitises it and slowly casused the diedack and
disintegration. The biotic substances produced during the
growth of these antagonists, inhibited the test organisms
and at the same time parasitised the hyphae of test organism
resulting in disintegraticn., This is evident from the fact
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that the antagonist continued its growth even after meeting
the hyphas of the test organism causing the dieback and
disintegration. The hyphal parasitism and production of
inhibitory substances by different species of Trjichoderma,
resulting in dieback and disintegration of test fungi like
Pythium, Fhytophthora and Rhigoctonia were reported by many
workers (Weindling, 1932; Boosalis, 19367 Durrell, 1968;

Mevw gt al., 1960; Elad gt al., 1983; lLogan gt al., 1984,
Sivan gt al., 1984 Mukhopadhyay and Indulika Chandra , 1986;
Mukhopadyay, 1987; Manian and Faulsamy, 1987). The present
investigation also clearly demcnstrated the agbility of these
three spp. of Trichoderma to cause dieback and disintegration
of the above 804l borne plant pathogens.

The cell free culture filtrate studies using
I. hargisnum, T, koningii and I. lopgibrachegtum also showed
evidence of production of bictic sustances which inhibited
the growth of test crganism to some extent (Teble 37). The
inhibition percentage observed cn the test organisms by the
above three species of Irichoderma ranged between 13-26 per

cant,

The present investigation has proved that the above
three species of Trichoderma have the ability to show their
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antagonism against Pythiuws, Phytophthora and Rhizoctonia
and that it {s mainly due to the parasitism and to some
extent due to production of biotiec substances which are

toxic to test organisms,

A. niger has shown tha antagonistic prorerty of
dieback and disintegration against the tast organism
P. palmivora (Table 36). This indicates that A. niger can
parasitise on P, palmivora causing disintegration and the
biotic substances produced by this antagonist are found to
be toxic tc the test organism, The biocassay studies using
cell free culture filtrates clearly demonstrated 100 per cent
inhibition, not conly against P, palmivora but also against
P. myriotylum and R. solani (Table 37). The production of
antibiotic substances having lytic activity by A. niger
against P. palmivors is a well established fact and has been
reported by earlier workers (Broadbent, 1966; Raicu and Stan,
1975; Bora, 1977; Trevinooand Espinosa, 1981; Fedoseeva
at al., 19837 Gokulapalan and Nair, 1984; Sy ot al., 1984
fadmakurari and Balekrishnan, 1986). The ability of
producing strong antibiotic substances Ly A. niger against
the three important scil borne pathcgens P, myriotylum,
P. palmivora and R. solani is clearly demonstrated in the

present investigations.
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A. sydowii has caused the dieback and disintegratiocn
of the test organism _R_.' 22l1api by overgrowing and parasit-
ising it (Table 36). There was no considerable inhibition
of the test organism in the dual culture which was evident
alsc from the data of cell free culture filtrate studies,
vhere A. sydowii showed no inhibitory action on E. myriotylum
or P, palmivora while it recorded 20 per cent inhibition of
test organism R, golgni (Table 20). The present investigation
indicates that A, sydowii is not able to produce any strong
inhibitory substances against the fungi tested and the
antagonistic property of A. gydowii against R. solanl is
mainly by parasitic activity.

In the case of Streptomyces sp. (with straight
sporophores) there was no clear indicestion of the antagonistic
character of dieback and disintegration, but flattening of
hyphae of the test organism F. myriotylum on the sides nearest
to the antag-onist was observed in dual culture. The antago-
nistic activity of Streptomyces spp. againat Pythium was
reported by earlier workers (Chi, 1967; Domsch gt al., 1980).
But in the present investigation, the species of Streptomyces
used have not shown any antagonistic property against the
three test organisms but showed adverse effect cn growth of
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P. myriotylum by way of flsttening of hyphae nearest to
antagonist,

In the present study, four species of bacteria have
been isolated and studied. Of these, one is identified as
B, subtilis and the other three isolates are found to be
identical to B, subtilis but having different cell sise of
Bacillus sp. All these bacteria have shown good antibiotic
property to all the organisms tested. In dual culture with
2. pyrictylum ell of them have shown diebeck and disinte-
gration property, but with the other two test organisms they
showed the character of mutual imhibition at a distence
(Teble 36).

The cell free culture filtrates of Bacillus subtilis
inhibited 100 per cent growth of P, myriotylwm whereas it
was 78 and 70 per cent in respect of P. palmivors and
R. sclanl respectively,

The antagonistic and sntibiotie properties of
B. subtilis and other spp. of Bagillus, are well established
as evident from the reports of carlier workers (Henis end
Inbex, 1968; Olsen and Baker, 1968 Agarwal gt al.., 1977;



Ashour gt al., 1980) Utkhede and Rashe, 1980; Odigie and
Ikotun, 19827 Tschen and Kuo, 198%5; Mukherjee et gl., 1987
and Podile and Dubas, 1987),

The importance of this group of bacteria for the
managerent of scil borne diseases by means of biological
control is gétting great attention of plant pathologists

all over the world,

Antibiotic biocassay studies reveal that some cf the

isolates especially i. citrinum, F. simpliciasimum and
Streptomyces spp. are :roducing very powerful biotic

substances which are equivalent in their antibiotic property
with 325, 1%0 and 250 ppm regpectively of tetracycline
hydrcchloride against Egcherichia ¢o0li. The different spp.
of Irichoderma and Aspergillus have shcwn some antibiotic
property aqainst E, ¢pli which was equivalent to 150 ppm of
tetracycline hydrochloride.

The antibiotic properties of the organisms especielly
Penicillium and Streptomyces are well known and abundant

literature is available on this subject.

The present investigation has shown that the foraest

soils of Kerala are very rich in microcrganisms especially
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fungi. ©Of these, many of them have shown good antagonistic
property against the notorious soil borne pathogens vis.

E. myriotylum, P, palmivora and R. solani. Due to the
continuous cultivation, the ecological equilibrium of the
porulation dynamics of the micrcbes in the socil has been
disrupted, and cultivated soils are having generally more
plant pathogenic organisms than the antagonistic organisms.
The following organisms isclated and studied during the
present investigations vis. I. harzianwm, I. koningii,

I. longibracheatwr, A. nigexr, F. citrinum, ©. simplicissimum,
B. pubtilis an® allied srecies of bacteria are found to be
very powerful antagonistic and antibiotic producing organisms
which can be very successfully utilized for the biological
econtrol of the rmajor =o0il borne plant pathogerns of Kerale
like P, myriotylur, I. palmlvora ané K. goleni. The proper
developrent of focd bases and method cf azplication of these
anta§cniotic microbas in the field will help tc get better
result for managerent ~f the so0il befne plant diseases by

rmeans ¢of biological contrcl,
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SUMMARY

1. The antibiotic producing and antagonistic micro-organisms
in the forest soils cf Kerala were studied and the
results are presented in this thesis. BSoil samples were
collected from the moist evergreen forest areas of Wynad
and Idukki districts. In both localities the soils were
lateritic in origin and they were typically foresat soils
with acidic reaction. The sverage rain fall for the last
ten years was 1297.27 mm in Wynad and 1763,.86 mm in
Idukki,

2. A total of 64 species of higher plants, distributed among
40 phanerogamic families was identified from the areas

designated for the collection of soil samples.

3. Total microbial population was estimated snd it was found
that Idukki soils were very high in microbia! porulation
with 39.422 - 57.98 x 10° per g of s041 while that in
Wyned it ranged from 34.24 ~ 38.7¢ x 106 per g of solil,

4. The depth of s0il has direct relationship with the
microbial population. When the depth increased, microbial
population significantly reduced in both the forest soils.



5.

7.

The mean fungal population in different depths of Wynad

4 cer g of dry soil

and that of Idukki, it ranged from 2.25 - 5.03 x 10% per

soil ranged from 2,32 - 4.41 x 10

g of 4ry soil. Twenty different species of fungi were
isolated, Cf these, 18 were identified uptc species
level. The predominant geners of fungi were Mucor,

Syncephalastrum, Irichoderma, Microascus, Cunninghamella,
Absidia, Aspergillus, Fenicillium, Talaromyces,

Pgecelomyces and Fusarium. In Wynad, seventeen species

of fungi were isolatcd whereas it was only twelve species
in Idukki district., Cf these, nine were common in both

the districts.

The actinomycetes population in different depths of scils
was generally high when compared to fungi an® ranged from
0.047 - 0,210 x 106 per g of 4dry soil in Wynad and 0.087 -
0.451 x 10% per g of dry seil in Idukki. Three species
of actinomycetes were identified upto generic level.

Two species were common in both the soils and one was

restricted to Idukki alone.

Among the micro~organisms, bacterial population was

maximum in all the three layers of soils in both the

6

districts., It ranged from 34.2 - 38,5 x 10  per g of dAry
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804l in Wynad. It was much higher in Idukki and ranged from
38.88 - 57.62 x 10% per g of dry soil. Four types of Bacillus
spp. were identified. Of these, two were comwon in Wynad

and Idukki, while the other two spp. were restricted ¢o

Idukki district alone. |

The antagonistic properties of all the isclates were studied
by using three scil bornme plant pathogens viz. Pythium

myriotylum, Phytophthora pslmivors and Rhisoctonia solani as
test organisms by dual culture method,

The dual culture characters of the soil micro dbrjanisms

isolated from the forest soils were studied along with the

three test organisms and classified into following five

groups.

(a) Intermingling and overgrowth

(b) Mutual inhibition on contact

(c) Mutual inhibition at a distance.

(4) Inhibition at a distance and disintegration of test
organism,

(e) Die~back and disintegration of test organism.

Of the sbove reactions, intermingling and overgrowth 4id not

show any antagonistic or antibiotic property. The reaction

of mutual inhibition on contact showed only slight antagonistic

property.
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Mucor sp. and Cunninghamella slegans showed the reaction
of intermingling and overgrowth with all the three test

organisms. Absidia corymbefera, Syncephalastrum
Zecemoaum, Aspergillus meleus, A. sydowii, A. terreus,
Migrogscus cinereus and Fussrium oxysporum showed the
rqaath‘an of intermingling and overgrowth with Pythium
myriotylum and Phytophthors palmivors. Pgecelomyces
1ilacinus has shown intermingling snd overgrowth character

in dual culture with P, palmivora and R, golani.

Talgromyces wortmanni has shown the reaction of mutual

inhibition on contact with all the three test organisms
in dual culture. A. vcuicalof, Streptomyces sp. {(with
flexuous spororhores) and Streptomyces sp. (with faciled
sporophores) showed the reaction of mutual inhibition on

contact with P, myriotylum and R, solani in dual culture.

On the other hand, Absidig corymbefera, Syncephalastrum
EFgcemogum, Aspergillus meleup, Microgscus cinereus,
Fusarium oxysporum and Streptomyces sp. (with straight
sporophores) showed this reaction only with R, solapi.
But Pgecelomyces lilacinug showed this reaction only with
F. myriotylum,
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12. Ifenicillium citrinum, P, simplicissimum, Becillus
gubtilis and three unidentified species of Bacillug have

the dual culture reaction of mutual inhibiticn at a
diatance against P. palmivors and R. golani. None of
the above species has shown this reaction against
P. myriotylum,

13. A. niger showed the reaction of inhibition et a distance
and disintegration of test orgenisms in 4dual culture with
Po. myriotylum and R. solani, while £. citrinum and E.
simplicisaimum have shown this reaction only with P,

myriotylum. MNone of these organisms showed this reaction
with E. palmivora.

14. Three spacies of Irichodermg vig. T. hargianum, T. koningii.
T. lcngibracheatum have shown the dual culture reaction of

dieback and disintegration of test organisms, with all the
three plant pathogens tested. A. niger has shown this
prorerty only against R. golani. Streptomyces sp. (with
straight sporophores), Bgcillus gubtilis and three other
species of 3Bacillus have shown this character against

P, myriotylum alone.

18, The micro_ Organisms which showed conspicuous antagonistic

characters in dual culture against the three test
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organisms were selected and further studied for rroduction
of antibiotic substances by means of assey of cell free
culture filtrates by employing poisoned food technique
with the three soil borne pathogens. The three species
of Trichoderma inhibited the growth of all the test
organisms to some extent which ranged from 13-26 per cent,
while A. sydowii has inhibited 20 per cent growth of

R. soland 2nd against the other two test organisms no

inhibition was showed. A. terreus has no inhibitory

action against Fythiwn myrjotylum and Phytophthora
pelmivora, but it inhibited 78 per cent growth of

R. solani.

A. niger produced very powerful toxic metzbolite and
inhibited 100 per cent growth of all the three test
organisms while F. simplicissimum produced powerful toxie
metabolites which inhibited 100 per cent growth of F.
myriotylum and 70 and 68 per cent growth of P. palmivors
and R. golani respectively. P. gitrinum was found to
produce more or less the same inhibitory metabclites
which inhibited 100 per cent growth of P, myriotylum,

87 per cent of F. palpivora and 67 per cent of R, golani.
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The cell free culture filtrates of Baegillus subtilis
inhibited 100 per cent growth of P, myriotylum whereas
it was 78 and 70 per cent in respect of £, palmjivora
and R. solani respectively,

The antibiotic properties of the antagonists were studied
and showed that P, gitrinum produced maximum antibiotiec
property which is equivalent to 32% ppm of tetracycline
hydrochloride, followed by Streptomyces sp. (with
straight sporophores) which gave an equivalence of 2%0 pprm
of tetracycline hydrochloride. T. longibracheatum,

P. simplicissimum and A. versicolor produced their
antibiotic property equivalent to 150 ppm of tetracycline
hydrochloride. Cf the 14 organisms studied for their
antibiotic property, all the other 11 crganisms produced
only less than'loo rpr equivalence of tetracycline
hydrochloride.
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ABRSTRACT

The antibiotie producing and antagonistic fungi,
actinomycetes and bacteris in the evergreen forest soils
of Ladysmith forest of Thariyode in Wynad, and Cheriyakancs
forest of Thekkadi in Idukki districts of Kerals State
were studied,

The phanercgamie flora around the sites of soil sample
collection in both localities were identified.

The total microbial population was studied in relation
to the depth of seil. The microbial porulation was maximum
in the top layer and decreased with iacrease in depth of
scil. The total microbial pepulation was higher in Idukki
and in both districts, populatien of bacteria was maximum
followed by actinomycetes and fungi, A diversified growp
of fungl consisting, Mugor. Sypgephalastrue. Irighoderma,
Microaseus. Sumninghamella. Abgidias. Ascergillius. Penicilliue.
Ialarermyces, Fascelomyges and Fusariug was present. Three
types of sctinomycetes Yix. Streptomycss sp. with straight
sporophores, flexuwous sporophores and fascicled sporophores
were present while four types of bacteria yiz.. B. subtilis.
Bacillus sp. identical to B. subtilis. Bacillug sp. with
small cell and fast growth in NA and Bacillus sp. with small
cell and slow growth im NA were present.



Antagonistic properties of the isclates were studied

with the test organisms Pythius myriotylum. Ehvtophthoxa
ealmivora and Rhigogtonia soland.

Bycor sp. and Cuaninghamella slegans showed intermingling
and overgrowth with all the test organisms while Absidia
sorvebefera. Syncephalastium racesosum, Aspergillus melsus,

A. sezrsus. Microascus cipereus and Fusariugm oxysporum showed
this character with P, myriotyluyp and F. palmivors. Inter-
ningling and overgrowth character was observed in Pagcelomyces
dilacinus with E. palmjvora and R. golani vhereas A. yersisplox
and three species of Sgrertomyces showed this charscter only

wvith I. palmivors.

Mutusl inhibition on econtact was exhibited by Talaromyces
wortmannii with all the three test organisms, while A. yarsi-
golor and Streptomyces spp. with flexucus sporophores and
fascicled sporophores showed this charascter with P. gpyriotylup
and R, golani. This character was observed in ease of A.
Sopymbefery, S. gagemosys, A. meleus, M. ginereus, Y. gxysporwe
and Streptopyces sp. with straight sporophores, with R. golani
while P. lilacinus showed this with P. pyriotylus.

Mutual inhibition at a distance was shown by Penicilliue

sitrinum, E. pipplicissimup, B. gubtilis end the other three
Bacillus spp. when tested with P, palwivors and R. solani, but
A Serreus showed this resction only with R, goigni.



Inhibition at a distance and disintegration of test
organism was shown by A, niger with P. myriotylum and R. solani
while P. gitrinus and P, aimpligisginuys showed this charecter
only with P. gyrietylus.

All the three spp. of Irichoderms showed die-back and
disintegration of all the three test organisms, while A. piger
showed this character only with P. palmivera and A. sydowil
showed this character with R, golani only. Streptomyces sp.
with straight sporophores, B. gubtilis and the other three
Bacillus spp. showed this charscter with P. gyriotylup aslone,

Inhibitory properties of antagonists using osll fres
culture filtrates were estimated and found that A. piger
inhibited 100 per cent growth of all the three test organisms
while E. gisrinwe, P. sigplicispisum end B. gubtilis showed
100 per cent inhibition of P. myripotylum and a range of 67-87
per cent in case of P. palmivera and R. golani. A. Saxraus 414
not inhibit P. myriotylum and P. palmivors, but inhibites 78
per cent of R, polani. All the three Trichoderma spp. moderately
inhibited all the thres test orgsnisms (13-26 per cent) while
A. gydowil showed 20 per cent inhibition of R. golani only.

Antibiotic property of the antagonists was determined and
Fe. gitrinue exhibited maximum equivalent to 325 ppm tetrascycline
followed by Streptomyces with straight sporophores having
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250 ppm. T. longibracheatum, . gimplicissimue and A,
versicclor recorded antibiotic property equivalent to 130 ppm
tetracycline hydrochloride while the other isolates had <100

ppm equivalence of tetracycline hydrochloride.



