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INTRODUCTION

In a natural ecosystem, biological balance raaulta 
from a diverse network of interacting organisms in dynamic 
equilibrium. Each apaclaa ia adapted to tha prevailing 
environment, and is a source of food for others. Each 
species also has one or more mechanisms to endure or escape 
its competitors and natural anemias, and each ecological 
niche is occupied both in apace and time. Generally plant 
disease outbreak occurs due to an ecological shock that 
causes biological imbalance. Infectious disease Itself is 
an ecological force and will eventually restore balance 
within the ecosystem. Agriculture as commonly practised 
contributes to biological imbalance by replacing biological 
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 endurance or escape mechanisms, and by 
creating biological voids with tillage, pesticides, and 
other practices.

The undisturbed moist evergreen foreat soil is one of 
the most ideel habitats for the existence of ir any micro
organisms which live in close proximity and interact in a



unique tray. The sum total of all the individual inter
actions establishes 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 habitat, 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 men*a activities since evolution as a forest.
No study has been 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 
soil microflora of the typical evergreen forest soils of 
Kerala, with a view to explore the presence of antagonistic 
and antibiotic producing micro-organisms for utilising them 
in the biological control of important soil borne plant 
pathogens like Fythlum myrlotvlura Drechsler, Phytophthora 
palmIvora (Butler) Butler and Bhlaoctonla aolanl Kuhn.
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This study was therefore undertaken with the following 
objectives in viewi

i) Isolation of mierojorganisms from the forest soils, 
ii) Identification and characterisation of the isolates, 
iii) Evaluation of different isolates for their antagonistic 

properties against the important soil-borne plant 
pathogens such aa Pythlum. Phytophthora and Rhlsoctoaia. 

iv) Evaluation of the different isolates for their 
antibiotic producing ability.
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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* Metabolites 
are secreted and one of these would certainly prove Inhibitory 
to some other microorganisms." Many soil inhabitants produced 
inhibitory substances in laboratory madia and whan tested in 
purs culture they were found to suprese numerous microorganisms.
Species of PfflgAllW TrlS&B&fflg** Sjfl&iMB
many other fungi were found to excrete antibiotic substances. 
Actinomyeetes were found to be active in producing antibiotics 
like streptomycins* chloramphenicol* cycloheximide and 
chlortetracycllne. Antibiosis is especially common among 
streptomyees isolator. The most frequently encountered 
bacteria synthesising antibiotics were species of iafiiUHg *»d 
strains of Pseudomonas that liberate pyocyenin and related 
compounds (Alexander* 1977).

Quantitative estimation of sell microorganisms

H«kanan and Curtis (1916* 1918) and Jensen (1943) mads 
an attempt to estimate the ml arc flora of soil and reported 
that the population varied from 3000 - 50*00*000 per g of soil
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depending on noil typti. Skinner tt al. (1952) renorted 
itvirtl hundred thousands to hundred millions of bacteria par 
g of dry soil, Waksman (1952) observed that tha fungi wars 
lassar in nurabar than tha eetlnomycetes and fungal population 
in soil rangad from few to as many as tan lakhs par g.

Whan tha soil dapth ineraasad tha microbial population 
aas found to daeraasa• A gradual raduction in microflora in 
daapar layara of soil was observed by diffarant workara 
(Aristovskaya, 1951, 1957; Waksman, 1952; Rosa, 1954; 
Milosevic, 1958; Taao si al., 1959; Rangaswamy and Vankatasan, 
1963; Corks and Chase, 1964; Vankatasan, 1964 and Rangaswamy 
at si* 1967)•

Tha aoll microbial population was found to daeraasa as
tha organic carbon availability of tha soil dacraasad

6.(Waksman and Curtis, 1916, 1918; Stars, 1942; LaUd̂ lout si jl*« 
1949; Aristovskaya, 1951, 1957; Rosa, 1954; Blus si 1955;
Zhukova, 1956; Jagnow, 1958; Tsao si Al** 1959; Popova, 1963; 
Rangaswamy and Vankatasan, 1963 and Rangaswamy si Al*• 1967).

Antagonism la a phenomenon amployad in biological 
control and it maans a relation between organisms in which 
one organism, the antagonist creates adverse circumstances 
for tha other for its growth. According to Park (1961),
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categories of antagonism are antibiosis, competition or 
exploitation, exploitation includes parasitism and predation. 
Jackson (1965) reported that metabolic products of some 
organisms had harmful effect on pathogens and termed it as 
antibiosis*

Antibiotic producing and antagonistic microorganisms

Many workers have Isolated and studied the antibiotic 
and antagonistic properties of different soil microorganisms 
which Include fungi, actinoniycetes and bacteria. Of these 
the following microorganisms have been studied in detail.

Hucor spp.

Considering the antagonistic property of Hucor spp. only 
scanty information Is available in favour of its antagonistic 
property. Codiguola and Qallino, (1974) reported that H* 
hiemalls exhibited antibacterial and antifungal activities* 
Bomsch !& M l• (1980) found thst £• faiffBfUf a
hyperparasite of selerotla of ?SlfjP9U*l*» A&JdUES&fiSMB* £• 
fcWliff* tilZl&teStSm, and ffUtifftBB PfflMII*

In a number of studies conducted by various workers 
like Burrell (1968); Dennis and Webster (1971); Mandelbrot 
and Erb (1972) and Hunter and Butler (1975), Hucor spp* wss



found to bo parasitised by other obligate hyperparaaitea.

SyncsPhalastrum ap.

The myeoparasitism of hyphae of Aaperalllua nloer by 
gynosphalastrum racemosum was shown by Pidoplichko (195S).
Vyas and Jain (1976) reported that metabolites of S. roosmosws. 
Pen lei Ilium obacurum and Monilla sp. were found to be active 
in the growth promoting activity but however, culture 
filtrates of some fungi showed strong growth inhibitory 
response as well*

CunnInahsmells sp.

Many worker# have observed that CmJiBSfoiffitUd 
was inhibited by other fungal antagonists (Chu and Alexander, 
1972), Sneh et al. (1977). Jeslorska (1974) observed that the 
growth of Chalara eleaana could be inhibited in in vitro by 
C. elcoans.

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

W .
The antagonistic property of various speciss of 

Trlchoderma has been established es evident from the reports 
of many workers.



Weindling (1922) reports that TgfcBfflltBB* 
parasitised tha myoslia of Pvthlum spp* and Phvtoohthora 
2ft£ft2l&£ft* parasitism of mycella of Bhisoctonis solanl
by ‘E&stm&fJW* m *  »»* Psnlclllium vermlculatum was raportad 
by Boosalls (1956) • Ha found that hyphae of the host fungus 
wars invaded by penetration pegs developing from mycelium in 
contact with host hyphas. The hyperparasltlsm of T. vlride 
on numerous fungal hosts including fjElflftSlaAl sclerotlorum 
was observed by Pohjakallio and KakVonen (1957). Durrell 
(1968) observed the parasitism of the mycelia of Puaarluai
MSlMk* I -  SSCMBSim* £• MS&ml* eocfollldbolus H&VS£*
Rhlsopua orynee and several other fungi by T. vlride. Dennis 
and Msbster (1971) reported that hyphsl contact between T. 
hawatum and eeveral saprophytic or parasitic fungi was 
accomplished by curling of hyphae. The hyperparasitism and 
hyphal curling around the test organism by T. polvaoorum was 
reported by Chohan and ®ingh (1974). Beeves (1975) found that 
the hyphae of Phytophthora cltunmomi were lyaed and eeepore 
production induced by T. vlride. Hew jt (1980) observed 
that Trlchoderma spp. eoilsd around the sclerotia of R. soleni 
and made them inactive. KrlShnamoorthi and Bhaakaran (1987) 
screened T. vj^e, T. h££si^S». jjgfrHKfr 
subtilis end Pseudomonas fluereecens for their antagonism 
against Pythlum lndlcum and found that T. vlride and L. urvalla



produced « thermostable component which destroyed the host 
hyphae and in addition exhibited physical parasitism like 
coiling end invasion of the hoot hyphae* Fadoseeva al.
(1983) reported that among the fungi tested, two isolates of 
T. llanorura showed lytic activity and inhibited Ustllaao

The antimetabolite production by veriou* species of 
Trlchoderma was reported by several workers. Brian and 
He Cowan (1946) isolated a fuaidic acid like antibiotic named 
viridIn from T. vlride, which possessed antifungel properties.
He also reported similar antifungal metabolite production by

Shibata A)L* (1964) reported that the 
metabolite from T , polvaporum Included trichedermin, trichodermal, 
pachybasin and chrysophenol. Park and Robinson (1964) demonst
rated an uncharecterlsed acidic substance in ageing cultures 
of T. vlride with morphogenic effect on fungal hyphae. OaaUls 
and Webater (1971) reported that T. hamatum produced volatile 
and non-volatile metabolites having antifungal acitivity. 
Papavisas (19M) reported production of trichodermin by T. 
llanorum (T, vlride) and also opined that Trichoderma and 
Qliocladlure produced various ensymes such as sndo and 
exoglucanaae, eellobiase and chltlnase. Man!an and Paulsamy 
(1967) studied T. auriovlrlde Isolated from soil and found that 
its culture filtrate antagonised mycelial growth and selerotial 
initiation in R. solenl.



The use of T. vlride as bioeontrol agent against Pythian 
ultimum in beets (Liu and Vautftan. 1965), and against R. seleni 
(Roy, 1977) has bean established. Hetman et el. (1980) 
observed that treatment of seeds of reddish and pea with 
eonidla of T. hamatum protected seed and seedlings from R. 
solan! and Pythlum spp. and this was as effective as fungicidal 
seed treatment. The use of T. n tJ M  ««sinat C ^ a p f  
f usIforals causing ergot of peerl millet (Mohan s i 1967)
and P. gramlnocolum causing root rot of sugarcane seedlings 
(Padmanabhan and Alaxander, 1987) has also baen astablishad.

Dennis and Msbstar (1971) reportad the antagonistic 
properties of T. harxianum as coiling around or invading tha 
hyphae of many teat fungi. Mukhopadhyay and Xndullkaehandira 
(1986) studied the mode of antagonism of T. harxlanum against 
P. aphanldermatuw and found that it caused lysis and disinte
gration of protoplasm of the teat fungi when grown on potato 
dexteose agar plates In dual culture. They also found that 
T. harxlanum showed antibiotic activity towards P. aohanlder- 
aaSm* antagonistic proparty of T. harslanum against
different fungi was also reported by MarChiaio (1972). 
Nordbring-Harts (1973), Mew and Rosales (1984), Venkatasubfeaiah 
M l M l- (1984), Jharia and Khars (1986) and Padmakumari and 
Balakriahnan (1986).
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Agarwal s& JUL* (1977) mttltd that T. haraianun was 
antagonistic against |« rolfall and found that tha eultura 
filtrate inhibited tha growth of tha pathogen on potato 
daxtroaa agar.

Tha production of antimatabo 11 taa aa a proparty of 
antagonism by T. haralanwm was reported by Dbmech ||
(1980) and Mukhopadhyay and Xndulikachandra (1986)» Domsch 
at al. (1980) observed that carbondioxlde and athanol produeed 
by T. haralanum wera responsible for inhibition of growth and 
sporulation of ftffPtffflU&Mft fiJjSC «»d rhododanrl.

T. harmianum employed as agent of biological control 
of many crop diseases was reported by various workers. The 
control of p. *• lUUailSHB "®* reported
by Fajola and Alasoadura (1975) , Mukhopadhyay and Indullka- 
Chandra (1986) and Mukhopadhyay (1987). Control of R. aolaal 
using T. haralanum was reported by Xlad al. (1980) t 
Alagarsamy <j$ (1987) and Mukhopadhyay (1987). Sivan and
Chat (1986) found that T. haraiaaaaa from rhisosphere of cotton 
aaedlinga waa found to bo an antagonist against £. oxvsponsn 
on cotton, melons and wheat.

Komatsu (1976) reported that the antagonism exhibited 
by T. koninoli was by eoiling around the hyphae of Lentinus 
edodes and several other perasitie fungi.



Production of anti-fungal substances by f, konlneii 
was reported by several workers like Brian and Hemming 
(1947) and Park (1961).

Kukhopadhyay (1997) investigated tha bio-control 
efficiency of T. konlnqll and was exploited for the control 
of P. |t̂ >i5igiB|i£tt> *. so*jj>|# *. jffJtflM and £. oxysporum

*p * fi&flfrt*

The antagonistic properties of various species of 
Aspergillus ware reported by several workers and were mainly 
attributed to the production of antimetabolites.

The inhibition of growth of R* solanl by parasitising 
the hyphae by A. nloer was reported by Gokulapalan end Hair
(1984). The antagonistic property of A. nloer was also 
reported by Padaekumari and Balakrlshnan (1986) and they 
found that in dual culture# the antagonistic organism 
continued its growth and coveted the whole plate while 
£• solanl ceased its growth after contact with antagonist* 
Bora (1977) observed that A* nicer has shown greatest 
antagonism against R* solanl from agg plant# whan ita 
antagonistic property was estimated among other soil fungi*



The antibiotic production by K  nloer was reported by 
Broadbant (1966)• Tha antibiotic jsweherene was detected in 
the study.

Raietriek and Smith (1935) reported production of 
terrain by terreus. The production of geodin# terrlcin 
and terric acid was also rsportad (Marcus* 1947)• Zaehner 
at al. (1963) reported that the antibiotic properties of the 
metabolites of A, terreus wars due to flawipln# eridin* 
geodin, patulin* terric adds and eideramlne ferrichysln.

Trevinoc and Espinosa (1981) applied eonidlal suspension 
of diffsrent species of Aspergillus with potato saccharose 
agar to cocoa litter around the base and on the stem up to 
1.8 m against ggSfffifeSftSIl SflMSUa- Only A. tfjma was 
found to retard the start of disease by 30 days. Roy (1984) 
reported that A. terreus isolated from soil inhibited growth 
of R. solanl in jy& vitro.

t *  versicolor was reported to produce many metabolites 
having antibiotic properties. Sterlgmatocystin and everusin 
were produced by A. versicolor (Bullock al.. 1962# 1963). 
Pusey and Roberts (1963) found that everusin an anthraqainone 
waa produced by £. versicolor. An anti fungal substance 
versicolorin was also reported to be produced by versicolor 
(Dhar and Boss# 1968)•
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Many apecias of PsniciIlium ara wall known for tha 
production of antimatabolites and most of then ara anti* 
blotlca• Tha antagonltic proparty of thia group of 
microorganisms ia largely dua to antibiosis and various 
researchers have investigated for exploring their metabolite 
production*

Chand and Logan <1984) found that Penlcilllum 
CYCloplum and P. nlqricana were antagonistic to or paraaitie 
on ft. aolani in in vitro. Zn the dual eultura studies with 
P. cltrinum* it haa been raportad to hava strong antagoniatie 
activitiaa towarda Gaaumsnosnrcaa aramlnla and Pythium ap. 
(Domech, I960). R. fritlU«ll (Dhlngra and Khare,1973),
I* MSlMsaUaam *a*ena, 1975), s&u&ates&SM jasnt

SiMtfllUt typhi (Jafferya at al., 1953). Jharia and 
Xhare (1988) obaarvad tha digestion of sclerotiwn and hyphae
©* ft. togirtiapia by amigiiiiwi £• mseebitiB-
Mukharjee nl* (1987) reported that £. citrlnum waa found 
to bo tha moat affective among tha fungal antagonists ha 
triad against tjjffiKffiltogffiina tiUHtftllBS*



Tha antibiotic production by P. cltrinum has baan 
observed bfr many workers* Hethsrington and Raiatrlck (1931) 
found that eitrinin an aromatic polycycllc compound was 
produced by P. fiHauUoa* £• fiUfikBM *• reported to produce 
orcinol, protoeateehulc acid and other hydroxybenzenes, 
eitrinin and several related metabolites (Curtis al.*
1968) • Citrinln has been reported to have fungistatic and 
hyphae narrowing properties (Robinson and Park, 1966)•

Cieglsr (1971) established that penicillic acid
la produced by a large number of fungi including j_. simnll- 
ciaaimum. Weglner al. (1980) reported that Penitren-A is 
a tremorgin produced by a number of species of Psnlcllllum 
such as p.

Pseclloroyoss spp.

Many workers hava investigated the production of 
antibiotic substances by various species of Pasciloavcas 
which are antagonistic against many fungi. The colonisation 
of eclerotia of £. Ffi.ltreSififMB end R. tftlaaA reported by 
various workers like Karhuvaara (1960), Makkonen and Pohja- 
kalllo (1960) and Maelejowska and Williams (1961).
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Aral al. (1973) reported that tha paptlda 
antibiotic laucinostatln produced by P. Illacinus was 
effective againat soma gram positive bacteria and a vide 
range of fungi. Samson (1974) reported the production of 
lilacinin by £• lllacinus. Me Lennan and Ducker (1994) and 
Bilai jJ.. (1994) observed antibiotic activity of £. nibne 
against bacteria.

Talarosnroas sp.

The production of metabolites having antifungal 
properties by T. wortmannll was reported by Breen £3 jfcl. 
(1995); Brian jr£ al. (1957); Atherton £t al. (1998) and Basu 
and Majumdar (1969). Antibacterial activity of T, wortmannll 
waa also reported (Bilai j^.# 1994) • In dual eultura 
studies with S. ***•» *1- (1989) observed
that T. flavua waa a destructive hyperparasite which grew 
toward and collad around tha host hyphal cells.

Fuaarium ap.

The antagonistic property of |. oxvsporum by 
mycoparasitism was reported by Park (1993) against a number 
of fungi. Sneh al. (1977) observed the antagonistic 
property of £. 9¥T§S9Pm against Ffrgtagfrtftprfl fitfiSfflTEP
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Merehlslo and MIm i  (1984) raportad strong antagonistic 
proparty of f, oifMsrwi in dual cultures of fungi Isolated 
from root surfaca and rhisospherw of Abies alba Kill,

atraptomycas spp,

ftrcptemvcsa is the promising group of actinomycetes 
wall known for tha production of many different typa* of 
antibiotics. Many spacias among thasa group# of organisms 
produce specific antibiotics under idaal conditions, Thasa 
groups of actlnomycates have bean wall studied by research 
workers to reveal their antibiotic properties.

Streptomycin isolated from s, orleseus by Schats *£ al, 
(1944) was considered to be the first broad spetrum antibiotic 
discovered end found to be effective against the tuberile 
Safiiliaa. Chi (1967) found that s, rlmosus was strongly 
inhibitory to growth of £. jfiUBl* 5* S 2 lfiQl* Ya& X sA U iM  

flaEJAaa and V. MSJS&ra%Bm and slightly to P. debarvanum. 
Kewelgy jl. (1982) and Logan a£ Al* (19̂ 4) reported the 
selective nature of antagonistic property of StrsPtorovces spp. 
Kohsmed (1985) reported thet 8trsptomvoaa spp. inhibited the 
growth of R, eolanl and S. jsHeII* *»ndu and Nandi (1984) 
found that fiU aranaa and A, dulhmila isolated from field 
aoil under cauliflower cultivation showed antagonism against
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£• Jffilaai An in 3EltS£ and also la natural soil. Bothrock 
and Gottilieb (1964) observed that 5. hyqroscoplcus var. 
qsldanua reduced saprophytic growth and alao tha population 
of R. aolanl was inhibited by galdanamyeln# an antibiotic 
produced by 8. hvgroacoplcua. Ainsworth (1971) stated that 
anphotericine was a polyene antibiotic obtained from 
fitrnptomvcea sp. and was found to be antlfungal. The 
degradation of hyphae of P. upon contact with
soil particularly with some actinoiaycetes in JtB vitro was 
reported by Dbresch at al. (1960).

kerriinan (1974) reported that in biological
control of Thanatephorur cucumeris. seed inoculations of 
wheat or carrot with S# qrieeeus increased the yield 
significantly.

»PP*

Among the bacteria# Bacillus group produces diffsrent 
antibiotics possessing Inhibitory effect on other micro
organisms. Many workers have reported the antagonistic 
property of 8. aubtllla against many pathogenic fungi. 
Mitchell and Hurwlts (1965) established the effectiveness 

£• aubtllla aa a biological control agsnt against
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Phvtopfathora spp* and R. solanl. Similar results were also 
raportod by Aldrich sod Baker (1970), Broadbant al.
(1971), Michael and Kelson (1972) and Koaaaadahl and Mow 
(1975). Honls and Xnbar (1963) observed that tha matabolitas 
from B. eubtllia inhibltad tha growth of P. ultima. Tha 
antagonistic property of B. aubtllla against R. solanl was 
raportod by Olson and Baker (1968) • Bacillus spp. voro found 
to bo tha most important antagonists of F. udum which caused 
inhibition, lyaia and higher number of chlamydoapore foraation 
(Zasserni and foal. 1985). Podile and Dube (1987) reported 
that |« aubtllla waa antagonistic to plant pathogen V. dahlias. 
V. albo-atrum. £. oxyaporua f.sp. uduat. Phvtcch there drochalori 
and Bhlsopua nigricans. 8. aubtllla waa found to haws anti*
fungal activities and plant promoting activities.

Production of antibiotic substances by B. aubtllla 
was reported by various workers. Wtkhede and Rahe (1980) 
found that sir isolates of £• aUbtilla from sclerctia of 
SfilfffPUHP* .SSBBteSff produced antibiotics, antagonistic to 
growth of pathogen. Vasudava et el. (1958) reported product
ion of the antibiotic bulbifformin by B. aubtllla.

Merriman al. (1974) reported that In biological 
control of I, cucumarla. seed inoculations of wheat or carrot 
with J|. aubtllla Increased tha yield significantly.
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Tachen and K»o (1985) notlead that application of 
antibiotic fro* B, aubtllla eultura filtrate to rlca leaves 
inhibited growth of 9* m l M i  and prevented tha development 
of dlaeaee* Seed treatment with B. aubtllla appeared to bo 
promising for tha control of ohaaaollna
(Mukharjee al.. 1987) •



M a .te t i.c 1 L5  a n d  M e t k o d 5



21

MKftftXAlS AND METHODS

Tho evergreen for»«t« of Hyntd tnd Sdtitki districts 
wirt selected for the present study. In tiynsd district 
Ladysmith forsst of Tharlyodo range and la Xdukkl. Cherlye- 
kaasi of Thekkady range mere soloctod.

i

Tho soil a amp Isa tor* collected during December, It 89.
In each locality, sis pits mere dog for collecting soil 
samples st s dlstsaoo of fifty ami torus. Duo considoratioa 
was given for tho land topography while taking tho pits.
Tho sell samples were collected from throe different depths 
0-10, 11—20 and 21-20 am mod transferred to sterile ctiaafcere 
using soil auger. The available phanerogamic flora around 
SO meters of the profile pit mere collected for Identification. 
The rainfall data for last tan years ears taken.

PgStiHaffilteaM  a? and traialc t«rtgp mtini.siLig41

The soil samples of different depths collected from 
each locality mare analysed for soil reaction and organic



22

carbon by employing tha standard method* (Jackson, 1953)•

Quantitative estimation of microflora

The quantitative assay of microflora was carried out
by serial dilution plate tachnictuofstanier et al. 1977).
Ten g each of the soil sample was added to 100 ml sterile
distilled water In 250 ml conical flasks and shaken for
5 mln in orbital s banker- „ Ten ml of this soil dilution
was then transferred to another flask containing 100 ml
sterile distilled water to get 10~* dilutions. Later 10~*

-6and 10 dilutions were prepared from this by serial 
dilution*

Estimation of fungal population

One ml of 10”* soil dilution was pipetted into sterile 
petridishes to which 20 ml of melted and cooled Martin's rose 
bengal streptomycins 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*



Estimation of actinomvoato population

The estimation of actlnomyooto population was done 
with a soil dilution of 10 using Kenknight agar medium and 
the method followed was as in the estimation of fo£v̂ cxi 
population. Tha dlshos were incubated for seven days st room 
temperature end the actlnomyoete colonies were counted, using 
dark field colony counter and expressed as number of colonies 
per g of dry soil.

Estimation of bacterial population

Bacterial population was astimatsd using 10”* soil 
dilution iw nutrient agar medium. The method employed was 
the same as in estimation of fungal population. The dishes 
were incubated for 4# h at room temperature. The bacterial 
colonies developed were counted with the help of dark field 
colony counter end expressed as number of colonics per g of 
dry soil.

Qualitative estimation of microorganisms

Fungi
The young fungal colonics developed In dilution plates 

were transferred to potato dextrose agar medium (PDA). Pure 
cultures of fungi were obtained by single spore isolation



technique/single hyphal 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 morphological 
Characters, they were identified.

ActlnomYcstse

The single colonies of actlnomycetes developed in 
Ksnknights agar were transferred to slants of the same medium 
and maintained in pure culture. They were provisionally 
Identified on the basis of morphological characters.

Smaud*

The bacterial colonies developed in the dilution plate 
method were streaked in nutrient agar and single colony 
isolation was made. The pure cultures were maintained in HA 
as sla-nt cultures. Bacterial Isolates were identified by 
morphological and physiological characters.

The pure cultures of isolated fungi, actlnomycetes and 
bacteria ware sent to the Commonwealth Mycological Institute, 
Surxoy, England and got identified. It was found to be in 
conformity with that of this author.



Isolation and par* culturing of the tost organisms 

Pythlum myrlotylum Drechsler

Tha isolate used in tha study was obtained from 
naturally infected ginger rhlsomes collected from the ginger 
(Zingiber officinale) plot of the College of Horticulture# 
Vellanlkkara# by tissue isolation method. The isolate was 
purified by repeated hyphal tip plating and the organism 
was maintained on PDA by subculturlng periodically.

Phytophthora palmivora (Butler) Butler

The Isolate used in the study was obtained from
naturally infected pepper (Piper nigrum) leaves# collected
from the Pepper Research Station# Vellanlkkara by tissue 
isolation method. The isolate was purified by repeated hyphal 
tip plating and the organism was maintained on oat meal agar 
by subculturlng periodically.

JS&3&& Kuhn

The isolate used in the study was obtained from a
naturally infected rice plant collected from the rice fields
of the Agricultural Research Station# Kannuthy. The fungus 
was isolated and grown in PDA from the sheath portions of



infected plants showing characteristic symptoms of attack# 
employing tissue isolation method. The culture was incubated 
under laboratory condition. The isolate was purified by 
repeated hyphal tip transfer and the organism was maintained 
on pda by subculturlng periodically.

Growth rate of antagonists and test organisms

Fungi

An aliquot of 15 ml of pda was transferred into 90 mm 
petridishes. After solidification of the media# a 5 mm disc 
from actively growing zone of the fungus on PDA was lifted 
by a sterile 5 mm cork borer and transferred to the centre 
of the media in petrldish. The plates were incubated at 
room temperatures (28 + 2CC) and radial growth of the fungi 
was measured at Intervals of 24 h up to 15 days to know their 
respective growth rates.

Actlnomycetes

Actinomycete colonies were streaked on 90 mm petridishes 
with 15 ml Kenknights agar media and growth rate waa recorded 
every 24 h up to 20 daya.
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For estimating the growth rate of bacterial colonies# 
the bacteria were streaked at one end of the plates poured 
with 15 ml HA in 90 mm petridishes and measurements of growth 
of the colonies were taken for four days at intervals of 
24 h.

S*2*.Qggl»*ffig

£• wyrlotylum and R. solanl were grown in PDA and 
£• Palmlvora was grown in oat meal agar by adopting the 
method described in the case of fungi. Observation on radial 
growth waa taken at intervals of 24 h up to 14 days.

Screening the microorganisms for antagonistic property 
against test fungi

Qualitatively estimated microorganisms were subjected 
to antagonistic studies against the three test organims,
£. mvrlotylum, P. palmlvora and R. solani employing dual 
culture method (Johnson and Curl# 1972)•

Fungi
Tha antagonistic study with the fungal isolates was 

done by the dual culture method. The organisms were



Inoculated in dual culture after giving due consideration 
for the growth rate of both the test organism and the 
potential antagonist. An aliquot of 15 ml of FDA was 
transferred into 90 mm petridishes. After solidification 
of the media a 5 m  disc from an actively growing tone of 
the fungal isolate on pda was removed by a sterile cork 
borer and transferred to one end of petridish. A disc of 
5 mm of the test fungus was similarly transferred from another 
plate and pieced at the opposite end# towards the periphery. 
The time of inoculation of the test organism was decided 
after taking into account its growth rate with respect to 
antagonist. When the test organism employed was P. palmlvora 
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 film 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 exhibited was 
recorded. Five replications were maintained for each 
antagonistic fungus. The test organism and the antagonist 
grown in monocultures served as control. The isolates 
possessing good antagonistic property were identified.
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Actlnomyeataa

In the case of antagonistic study of the actlnomycetes# 
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 OKA was poured and test organism P. anrriotvlun*
R. solanl or £. palmlvora was inoculated respectively* The 
time of inoculation of test fungi was delayed due to the 
slow growth of actlnomycetes* The growth; of antagonist and 
test organisms was recorded at intervale of 24 h* The 
types of reaction and antagonism exhibited were also recorded* 
Replications and control were maintained as in the eese of 
fungi*

Bacteria

The antagonistic study with bacteria using tha test 
organisms was done by the method as described in ease of 
actincmycetes* The bacterial antagonist was streaked 
horizontally against the test organism towards the periphery 
of the dish in the double agar technique* The growth of 
antagonist and test organism was maaeured and recorded^

The types of reaction and antagonism exhibited 
wire also recorded.
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Assay of culturs flltratsa of tha antaqoniata

The isolates showing good antagonistic properties were 
grown in liquid cultures and were utilised for conducting 
the culture filtrate studies* fifty ml of the potato 
dextrose broth was taken in 250 ml Srlenmeyer flasks and 
sterilised at IS lbs pressure for 20 min. The broth in the 
flasks was then inoculated with 5 mm mycelial discs of each 
of the fungus grown on PDA. They were then incubated at 
room temperature (28 + 2*0 for 14 days in shake cultures*

Aetlnomyeete 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 loopful 1 of each of the 
isolates into 50 ml of broth contained in 250 ml flasks.
They were also Incubated for 14 deys at room temperature 
(28 + 2*0 in sheke cultures*

The cultures of fungi# actlnomycetes and bacteria were 
filtered by coarse filtration using Buckner flssks. This
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filtrate was again filtered through mlllipore filters 
(pore sise 450 iw*) 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 organises £. 
myriotylum, P. palmlvora and R. solanl by employing the 
poison food technique (zentmayer# 1955)• A quantity of 
0*3 ml of the culture filtrate was poured into 90 nan sterile 
petridishes and 20 ml of PDA was poured in case of £• 
mvrlotvlum and R. solanl and 20 ml of OKA in case of £• 
palmlvora. The petridishes were rotated veil for mixing 
thoroughly. After solidification a 5 mm disc of an actively 
growing culture of the test organism was placed at the centre 
of the dish* Growth measurements were recorded on the day 
when the test organism reached 90 mm in control. Five 
replications were maintained in each case mid control plates 
were also maintained by adding 0.3 ml of sterile distilled 
water.

The inhibitory properties of culture filtrates of the 
antagonists were essayed againet the three test organisms.
£. sXti&SXJje* £• palmlvora and R. solanl and expressed



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

Growth in oontrol - Growth la treatment 1Q0 m Per cent
Growth in control inhibition

Antibiotic Assay

The antibiotic production by the antagonists was 
assayed using their culture filtrates.

Becherchls cell (NCTC 10418) was used as the test.------ ------jc--------- ------------

organism. It was grown in peptone water for 6-8 h and waa 
seeded with sterile cotton swab on solid bactc antibiotic 
assay medium No.3 with 15 g/1 agar in petridishes. Sterile 
Whatman filter paper discs of 5 mm diameter (antibiotic 
sensitivity discs) were soaked in the sterile culture 
filtrates of the antagonists and after allowing the excess 
filtrate to flow off. the discs were placed on the bacteria 
seeded plates. It was inoculated overnight and the diameter 
of each sone of inhibition was observed and recorded.
Standard curve was draw in respect of a range of concentrat
ion of Tetracycline hydrochloride (Me Coy, 1976). Comparison 
of the diameter of 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 soil sample collection

The soil samples were collected from evergreen forest 
areas of Wynad and Idukkl districts. The Ladysmith forest 
of Tharlyode in Wynad and Cheriyakanom of Thekkadl in Xdukki 
were selected. Soil samples were collected during 1989 as 
described in materials and methods.

The average annual rainfall in Wynad and Xdukki for 
the period 1978 to 1985 was recorded as 1997.27 am and 
1783.88 tm respectively (Table 1) • The Wynad region has e 
dry spell of two to four months while Xdukki has only one 
to three months.

Florestlc composition

A total of 84 species of plants distributed among 40 
phanerogamic families has been identified from areas 
designated for the collection of soil samples. Of the 84 
species of plants# 10 were common both in Xdukki and Wynad 
tract but 25 species were restricted to Wynad alone. Thus 
a total of 35 phanerogamic species in Wynad which included 
25 trees# five shrubs, three climbers mod two herbs were 
distributed in 29 families (Table 2). Xdukki area had a



T«bl« 1. Annual rainfall data of Wynad and Idukkl foraat
Rainfall in mm 

Wynad forest Idukkl forest

1978 731.86 1402.96
1977 1417.27 2030.26
1978 1474.28 1100.42
1979 1634.12 1520.75
I960 1778.73 1441.00
1981 1629.30 2598.20
1982 1090.65 1710.00
1983 835.08 2138.55
1984 1122.09 1951.00
1985 1259.54 1747.50

Average 1297.27 1763.88
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Tabla 2* PhaMio9«le flora «t the alto of collaetioa
81.No* Phanarogaoic flora Matura of Locality growth

I Acanthacaae
1* Strobllanthua butatiMi Haaa Shrub

XI

XXX

XV

V

VI

VII

VIII

XX

XX

XIX

a sm M fam
*• v a n  filUifll# Xoadag oara 
Aaastrfliisraf
3. Haolfora lndlca. Linn Traa
Anonacaaa
«• f iiA to lll  TflvSlM * * «»*• Traa

s . Ayif^slg^iAa Ixtflsi*

6t Haaldaawma lndlcua
•icnaonlacaaa 
7* Staraoaparmuw cha If WigSt
Blxaeaaa
8. Hydnocarpua Xaurlfolla 

(Dannaat.) Staunr
- Mas?canwg B l M

Saimrtfittt
*• CjBirtip *©«*»
Cawpanulacaaa
*©• M>a,Ua nlwUimifftUi 
S a ten & a a m
11. TiartaiUf pufew^i^a# Roth 
Pigtoyofflmi5?fio
12. Hopaa glabra.

Shrub

Harfe

Traa

Traa

Traa

Harb

Traa

Traa

Wynad fcXdukki

Cllafear Xdukki 

Xdukki 

Wynad 

Wynad 

Xdukki 

Wynad

Xdukki

Xdukki

Xdukki

Xdukki

Wynad

Contd.
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Table 2. Continued

xzzz rn su m *
13. Rhododendron artoitai. Wall

XZV Euphorblaeoae
14. Bradalla re tuna. Sprang
15. Blachogia Javanlea. Blune 

Wacaranoa roxburgi, Wight
17. Kanlhot olanlovil. Muall. Arg

XV Outtlferae
18. Oarclnla xtnthoehwai. Hook
19. Maaua ferraa. Linn

XVI Lanraoaae
2 0 .  M & B flfllB ife lB l

21 • Clnnnowuw aulphuratum, Baas
22. Machllua roacrantha. Beee Wight
. ^ s a r ^ c 8i g » »

23. £S£2XS tyfaQgaj. RoXb 
xvzzz .LajgiiBiSiag

24. Aaroearpua fraalnlfollua. Wight
25. Dalbarola latifolia. Bnb
26. Dalbarala oanlculata. Roxb
27. Brvthrlna atruta. Roxb
28. Mueuna olaantoa, DC, Brit
29. sg^ipfont 5a2Sasal# ••»«*

XZX Igthracajg
30* Laqaratraaala lancaolata. Wall. ax. Wight

XX Kalvaeaaa
31. iidfi H mrtaLfeJUi

3

Traa

Traa
Traa
Traa
Traa

Traa
Traa

Traa
Traa
Traa

Traa

Traa
Traa
Traa
Traa
Cliatbar
Woodyclimber

Traa

Herb

4

Wynad

Wynad
Zdukki
Zdukkl
Zdukki

Wynad
Zdukki

Zdukki
Zdukki
Wynad

Wynad

Zdukki
Wynad
Zdukki
Zdukki
Wynad
Wynad

Wynad A Zdukki

Wynad
Contd.
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Tabla 2. Continuad
1  2

xxz mUMS&aa
32* Cadrlla toona, Roxb Traa

TraaMtlit aaadarach, Linn
XXII Moracaaa

34. Artocarpua hlrauta. Lamk, Wight Traa
35* Artoearpua In taarl folia, Linn, TraaRoxb
36. Ficus banaalanlla, Lin, King Traa
37* Flcua callosa, Willd# King Traa
38. Ite m  *©**>♦ Traa

xxizz WyyHUfiflfffM
38. Hygifftigg iftttBttllli# Wall, TraaKing

King Traa8 0 .  M y sifft^g fl 

XXIV Mvrtacaaa
83* 5”gff.a.ll 222X2* 211# * raa
4 2 ‘ h w « i i  iatatoolana.  Lair, Wight T raa

43. Syayqlum cruralnl T raa

XXV Olaacaaa
44* Olaa dlolca, Roxb, Wight

XXVI

XXVII P
47.

Traa

Cliafear
Traa

Pandanua tactorlua, Solander Shrub

or PjLlaJtt 
48* Calaana retanq, Linn
46. Carvota urana. Linn

Wynad 6 Xdukki
Xdukki

Wynad A Xdukki
Wynad 6 Idukkl
Xdukki
Wynad
Wynad

Wynad
Xdukki

Xdukki
Xdukki
Wynad

Wynad

Wynad AXdukki
Wynad 6 Xdukki

Wynad

Contd.
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xxvnx Plumbaulnaceae
48 • aagfefgs 

xxix Pgijflilftgyff
49.  f lM I im f l l '  *©**> T*ee

xxx a>flBtnigijB>
50- Llaiphua nlaoaa# I* * * , Wight Shrub

xxxx Rtf?4ac?««f
51. A^SBA Wtfifeiil (Roxb) Ho©* T« «I. ex. Brandis
**• gfflj&EUMB ftkflBffltt Shrub
51. Coffee spp., Linn Tree

54. fejlftBiilA TilafelJCA.gfl
55. Clauaena iBjUSft* Oliver Tree

XXXIXX Sapindaceaa
55* Wephellug lonqaaa# Camb Tree
57. S^Jutl^iga *Tllaa«» Willd, TreeBedd

XXXIV Sapotaoeae
58. M u m l'v *  n lU sU m m * B«»th Tree

xxxv isgaaaiagM
59. Helietereue leora. Linn# Wight Shrub

xxxvx §5yy«»,if
80- glMtffrCTt IfilSlS** *©**>♦ W±S*»* Tree 

XXXVII Tillaceae
61. OssHift Millall*# v«*l Tree

Wyned

Wynad

Wynad

Xdukki
Idukki
Xdukki

Xdukki
Wynad 6 Xdukki

Xdukki
Wynad

Wynad &Idukki

Xdukki

Wyned

Wynad &Idukki
Contd.



Table 2. Continued
1  2  3  4

xxxvnx Thymelffogja
8 2 * Leeioelphon eriocephalua. Bedd Shrub Wynad

xxxxx uimmmm
83. S ia M l flllMIMHIMM* Wndl Tree Xdukki

x * * *  H t i i > l P i « a »

84. Clerodendron XlSSBSBS* v« Bt Xdukki
-  Sliffja>.<jtBdBBB lafg g tw tsw a*Qaertn



phanerogamic 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 
year.

Zn this tropical# moist# evergreen forest# most of the 
tree species were evergreen and the plant species which were 
decidous# shed their leaves only for a short period# thus

outgiving the forest an evergreen appearance through^ the year.

Soil reaction and organic carbon status

Zn both the localities# Wynad and Idukki, the soils
inwere lateritlcAorigin and they were typically forest soils. 

The soil reaction and atatua of organic carbon of both 
foreata are given (Table 3)•

Both the forest soils were acidic in reaction# but 
Wynad soil was found to be more addle in reaction with pH 
range 4.9 - 5.5, while that of Idukki ranged from 5.4 - #.7. 
The maximum pH obtained was in 0 - 10 cs layer of the soil in 
both the localities and pH decreased as the depth increased 
end minimum pH 4.9 - 5.2 cm was obtained in 21 - 30 cm layer 
of the soil in Wynad and that of Idukkl was 5.4 - 6.0.



Table 3. Soil reaction and organic carbon statue ofWynad and Xdukki
Wynadlocation (on) PH Organic 

Carbon %

0*10 1.50 2.53X 11*20 5.00 1.9321*30 4.90 1.72
0*10 5.50 2.54XX 11*20 5.20 1.7521*30 5.20 1.72
0*10 5.30 2.55XXX 11*20 5.00 1.8821*30 4.90 1.70
0*10 5.10 2.37XV 11-20 5.00 1.7021*30 4.90 1.85
0*10 5.40 2.48V 11*20 5.30 1.6521*30 5.20 1.51
0*10 5.30 2.41VI 11*20 5.10 1.7421*30 4.90 1.16

tha foreat aolla of

Xdukki
pH Organiccartoon %

6.70 3.776.50 2.625.60 1.33
6.10 4.846.10 1.705.70 1.40
6.60 4.886.50 2.926.00 1.25
6.50 2.956.20 1.595.40 1.37
6.70 2.356.50 1.206.40 0.47
6.70 1.286.50 1.206.50 0.43
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The organic carbon was generally low in Wynad toll 
(1.16 - 2.55 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 cm recorded the maximum organic carbon
(2*3? - 2.55 per cent in Wynad soils and 1.28 - 4.88 per cent
in Xdukki 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 Xdukki. The data 
showed a negative correlation between the depth of the soil 
and organic carbon per cent (Table 3, Fig. 1).

Quantitative estimation of microflora

The total populations of Microorganisms as well as 
the population of fungi* actnomycete and bacteria were 
estimated from six localities of the two districts as 
described in materials and methods. In each locality soils 
from three depths namaly 0 - 10# 11-20 and 21-30 cm were 
subjected to estimation. The data axe presented in Table 4# 
5# 6# 7 and 8 and Fig. 2# 3# 4 and 5.

Total microbial population

Tha maximum population of mleroorgani mas waa observed 
in the top layer of soil (0 - 10 cm) in both Wynad and



Table 4. Total Microbiol population* in Wynad and Xdukki forest soil*
Total microbial * Total microbial ,Depth of soil population in IQ/g population la 10 /g(cm) Soil on oman dry basis soil on oman dry basis

Wynad Idukki
I 0-10 37,805 57.88311-20 5.002 11.11821-30 0.586 0.845

0-10 34.328 47.178II 11-20 10.650 11.86721-30 0.517 0.865
0-10 38.748 48.685III 11-20 6.867 14.50521-30 0.525 0.856
0-10 35.272 44.481IV 11-20 7.463 12.46721-30 0.621 0.648
0-10 34.240 40.140V 11-20 8.352 8.32421-30 0.581 0.467
0-10 38.248 36.420VI 11-20 8.317 7.45521-30 0.541 0.433



Table S. Population of fungi in Wynad and Xdukki forest soils in 10*/g of dry soil

Wynad Xdukki
locations Soil depth in cm Soil depth in cm

  0-10 11-20 21-30   0-10 11-20 21-30
X 4.48 3.18 2.S8 5.34 4.75 2.50
XX 4.80 3.10 2.65 5.84 4.85 2.53
XXX 4.88 3.74 2.48 5.53 4.45 2.60
XV 4.23 3.25 2.05 5.06 3.72 2.88
V 4.25 3.18 2.08 5.02 2.38 1.88
VX 3.83 2.72 2.05 3.40 1.54 1.32

Total 26.48 18.18 13.81 30.18 21.50 IY m

Mean 4.41 3.18 2.32 5.03 3.58 ™ . 2 S



Table 6. Population of aetlnomycstea in Wynad and Idukkl forest soils la 10®/g of dry soil
Wynad Idukki

locations Soil depth la can Soil depth in can
________ 0-10 11-20 21-30_______0-10 11-20 31-30

Z 0.21 0.18 0.05 0.33 0.18 0.08
IX 0.21 0.17 0.08 0.46 0.22 0.07
III 0.20 0.18 0.05 0.48 0.2S 0.09
XV 0.23 0*18 0.04 0.46 0.24 0.11
V 0.20 0.17 0.05 0.49 0.25 0.10
VX 0.21 0.18 0.03 0.49 0.24 0.09

Total 1.28 1.08 0.28 2.71 1.38 ~g7s2~
Haan 0.210 0.176 0.047 0.451 0.230 0.087



Tabla 7* Population of bacteria in Wynad and Idukkl forest soils in lO^b dry soil
Wynsd Idukki

Locations Soil dspth in ce Soil depth in cm
0-10 11-20 21-30 0-10 11-20 "lUio"*

z 37.61 4.79 0.51 57.60 10.89 0.76
IX 34.07 10.45 0.43 46.66 11.60 0.77
III 38.50 6.65 0.45 48.16 14.21 0.84
IV 35.00 7.25 0.56 43.98 12.19 0.51
V 34.00 8.15 0.52 39.60 9.05 0.35
vx 38.00 9.11 0*49 38.88 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

CT'



Tabla 8. IcUtionship of coll depth and microbial population la paired *t? test

Depthofcoll
Xdukki 
A B

Wynad _ 
A B

 Xdukki and wynad
r a I f

Bamarkc

a — b
a — c

4.176 2.32 14.27 14.48 S.04 7.5 It.90 19.95 7.51 0.2678 18*98 18.95
13.039 17.98 16.56 16.84 36.63 22.36 42.16 42.36 16.34 8.253 20.54 20.426

S.S 30.36 6.6 11.853b - c 1.1965 22.74 11.04 11.20 5.90 23*41 8.89 9.08

a - 0-10 cm 5 % 1 % fb - 11-20 cm t5 2.571 4.032 Ac - 21-30 cm tu  2.201 3.106 8
t
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Idukkl district*. In general, the population was high la 
eoil* of Idukki being If.42 - 57.98 x 106/g of soil whila 
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 la eoils of both the districts, la 
Idukki, it ranged from 0.433 - 0.954 x 10®/g of soil, while 
in Wynad microbial population was wary low ranging between 
0.517 - 0.421 x 10*/g in 21 - 30 cm depth of soil layer.
The sens trend was observed la the middle layer (11 - 20 an) 
in both Idukki and Wynad.

Statistical analysis by paired *t* test rewealed 
that the depth of soil and total microbial population have 
direct relationship. When the depth increased, the microbial 
population significantly decreased in both the foreat aolla. 
The total microbial population differed significantly in all 
three depths of soil. The pooled analysis of data also showed 
significant difference (Table 8).

Population of fungi

The maximum fungal population was recorded in 0 - 10 cm 
depths of soil in both Wynad and Idukki.
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The population of ftnfi in tho surface layer 
(0 - |0 cm) of Wynad and Idukki ranged between 3.83 - 4.88 
and 3.4 - 5.84 x 104/g of dry soil respectively, mean being 
4.41 and 5.03 x 10*/g of dry soil respectively (Table 5).

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 l04/g of dry soil respectively, mean being 3.19 and
3.38 x loVg of dry soil respectively.

in the third layer (21 - 30 cm), when compared to
other two layers, the fungal population decreased considerably 
in both the forest soils but the decrease was more pronounced 
in Idukki. The fungal population ranged from 2.05 - 2.65 x 
10V g  in Wynad as against 1.32 - 2.89 x 104/g of dry soil in 
Idukki.

When compared to Wynad soil, the decrease in f ungel 
population from the second to third layer was high in Xdukki. 
In the former, the mean population of fungi, dacreased from 
3.19 to 2.31 x 104/g of dry soil while in the latter it 
decreased from 3.S8 - 2.55 x 104/g of dry soil (Table 5,
Tig. 3).

The statistical analysis by paired *t* test revealed 
that there was significant difference in the fungal population



of different layers of the soil except between the second 
and third layers of Xdukki soils where it was not signifi
cantly diffarsnt (Table 8).

In three locations of Xdukki, the fungal population 
was low in the second and third layers and difference between 
the fungal population in the layers was also negligible. But 
pooled analysis of the date for Wynad end Xdukki showed that 
there was a significant difference of fungal population in 
all the three layers.

Population of actlnomvcetas

Tha aetinomycete population was ganerally high when 
compared to that of the fungi. Maximum population was 
observed in the top moat layer of soil in Wynad and Idukki 
districts. It ranged from 0.20 - 0.23 x loVg of dry soil 
in Wynad with an average of 0.21 x ie*/f of dry soil. Xn 
Xdukki soils it was much higher which ranged from 0.33 -
0.49 x 106/g with an average of 0.49 x 10*/g of dry soil.
In the second layer (11 - 20 cm), the population ranged from
0.17 - 0.18 x 10ft/g of dry soil with a mean Of 0.24 x loVg 
of dry soil in Idukkl. Almost similar trawl was observed 
in the third layer (21 - 30 on) in Wynad range being 0.03 
to 0.06 x 106/g of dry soil with a moan of 0.047 x 10*/g of
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dry soil while that la Xdukki it ranged from 0,06 - 0.11 x 
10®/g of dry soil with a mean of 0,067 x 10®/g of dry roil 
(Table 6).

Statistical analysis revealed that there was signifi
cant difference in the actinomycete population in different 
layers of soil except the fleet and second layers in Xdukki,
Xn all other cases, the population was significantly higher 
in the top layer and than it significantly reduced in the 
sub soil layers. The pooled analysis of actinomycete 
population of Wynad and Xdukki revealed that there was no
significant difference between the first and second layers,

\

but there was significant difference between the second and third 
layers.

Population of bacteria

Among the microorganisms, the bacterial population was 
found to be the maximum in all the three layers of soil in 
both the districts. Like fungi and actlnomycetes the maximum 
bacterial population was found in the top layer of soil which 
ranged from 34,2 - 38,5 x 10®/g of dry soil with a mean of 
36,196 x 106/g of dry soil in Wynad. Xn Idukki the population 
was much higher than Wynad, ranging from 38.88 - 57.62 x XoVg



of dry soil, mean being 45,613 x 10*/g of dry soil. But
there was a sudden dsersass in bacterial population in the
second layer (11 - 20 cm) of both forest soils. Zn Wynad,
it ranged from 4,79 - 10,45 x 10®/g of dry soil, mean being
7.73 x 106/g of dry soil while in Idukki it was 7.20 - 14.21 x
10*/g of dry soil, with a mean of 10.856 x 106/g of dry eoll.
In the third layer the decrease in population was much

6pronounced ranging from 0.43 - 0.56 x 10 /g of dry soil, with 
a mean of 0.493 x 10*/g of dry soil in Wynad and in Xdukki it 
ranged from 0.33 to 0.64 x 10*/g of dry soil, with a mean of
0.593 x 106/g of dry soil (Table 7 and Fig. 4).

Statistical analysis revealed that there was significant 
difference in the population of bacteria in different layers 
of soil in both tha districts. There was significant decrease 
in bacterial population with the Increase in depth of soil.
The pooled analysis of data in Xdukki and Wynad also showed 
similar results (Table 8).

The maximum population of bacteria was observed 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.



Qualitative estimation of microflora

The qualitative estimation of the soil microflora was 
studied both in Wynad and Xdukki 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 Xdukki while 17 
of them present in Wynad. Mine species were common in both 
the localities (Table 9)•

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

Out of the four Bftgl^g spp., B. and Bggj,Hif -1
are common both in Wynad and Idukki whereas Bacillua-2 and 
Bacillus 3 are present only in Xdukki (Table 9).

Identification of soli microflora

The microorganisms Isolated from the soil were brought 
in pure culture as described in materials and methods. The



T«bl« 9. Qualitative estimation of soil microflora la Wynad and 
Idukki forests

Locations - from where they
of mlcioory.nl. *—  b” n ________

Wynad Idukkl Beth fromWynad « 4  Idukkl

1. Mueor sp.
2. Svncaphalaatrum racemosun
3. Trichoderme Jqp&pgU 
*• Trlchodersia
5. Trlchodetma

tilfflPtlffi** fllfflgmf
7. Cunninghams!la eleoans
8. Absidla corvntoefsra
9. Aspergillus versicolor 
10. Aspergillus g&jsug

ixiteffll
12. AaTaerolllus terreus
13. Aspergillus elflsjr
14. Penlclllum slmpllclsslmgm
15. Penlclllum cltrlwuw
16. Talaromrcss W S P »m k
17. Paecllomyces lllfclatts 
38* Tusarlusi oxysporum
19. Unidentified fungal flora having spare* growth without any reproductive structures
20. Unidentified fungal flora having profuse growth without way 

reproductive structures

« * *

* « *
* o o
* * *
o * o
* o o
* o o
* * *

* o o
o * s
* o ©
* o ©
o * o
e o ©
* * *
* * *
* o ©
* * *
* * •

* * *

Coatd.



Tabla 9. Continual 
1

Actiaowwitoi
*• jftppiwrfft *p *(with straight sporophorwa) 
2* StfPtOIBYCW «p.

(with fl«mo«i sporophoras)
3. iSiSlSaBCSSl «P*

(with fiieicltd sporophoras)

i -  SasHIlag fu frM llt
2* B«cillua-1
3. »acillua-2
4. Bacillus-3

0 - Abaanca 
* - Praaanoa



slide eultura of all tha fungi and actlnomycetes vara 

prepared and datailed morphological study was made and vara 

identified. The fungal# Actlnomycetes and bacterial cultures 
were sent to Commonvealth Kycological Institute# Raw# Surrey# 
Kngland for identification and were confirmed.

Fungi

1. Absldla corymbsfara (Cohn) Saoe A A. Trotter)
Mottabrock# H# Scholar# H.J. A Wall# M. 1974.
SifeSMtafllt* tf* 64-74 •

2. Aspergillus malleus Yukawa
■ A. guerclnus (Bain) Thom A CL 1926
■ Btsrlqmatocystls cruerclna (Bain 1881)
Thom# C. and ftapar# K.B. 194S. A Manual of tie Asperallll 
pp. 276-8.

3. Aspergillus nlqer Uan Tlsgham
Thom# C. and Raper# K.B. 1941. A Manual of the Asperallll 
pp. 216-9.

*• Aspergillus sydowll (Bainier A Saxrtory) Thom A Church 
Thom# C. and Raper# K.B. 194S. A Manual of the Asperallll

S. &fBt,ES&U»g frtEItUB «»■
Thom and Church 1918. £&• J. Bot. 5*85-6.
Sacchardo# P.A. 1931. Byll. Fung. ||i659.



Thom# C. and Rapar# K.B. 1945. A Manual of tha Aspergill! 
p p .  195-7.

6. Aspergillus eepslgftlpj (Vuillemin) Tiraboschi 
Ann. Bot. (Rome) 7»9, 190B.
Saeeardo# P.A, 1913. B r i l . Fung. 22*1261.
Thom, C. and Raper# K.B. 1945. A Manual of the Aspergill! 
pp. 190-2.

7. Cunnlnohamella eleoans Lendaer
» Cunninghams11a hertholletiae Stadd 1911 
Cutter# V.H. 1947. The Oenus Cunnlnghawella 
Zm ISuH a , 2# 321-345.

8# Fusarlum oxvsporum Sghl. ex Fries.
Byst. Mycol. 2*471*1732.
Subramanian, C.V. 1954. J. Madras Only. JL2 22 ~ 34.

9. Mlcroascus cine reus (Bmile-Weil A Oaudin) Cursl 
Bull. Stay. Veg. Roma H. s . l|*60 (1930)
Scopularlopsis cinerea Bmile-Weil 6 Oaudin 
See 1931* Byll. Fung. |2*681.

10. Mucor sp. Mich, ex St. Am.
Mucor Mich ex Fr.
Sace. VII. 190.
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11* Paacllomvoaa UltciBtt* (Thom) Samson
• panclIlium lllaclnum Thom 1910. Rappar, K.B, and Thom, C.
Sftss* XXII» iw*- k J -m m *

Piaasmia- pp. 285-8.
12. Panicllllum (Thom)

Rapar, K.B. and Thom, C. 1949. A Manual of tha Panlclllla 
pp.345-50. Saeehardo, P.A. 1913. Byll. Fung. 22*1266.

13. PonlclIlium slmpllelsalmum (Oud.) Thom
• Splcarla slmpllclsslma Oudamans 1903
Rapar, K.B. and Thom, C. 1949. A Manual of tha Panlclllla 
pp.304-5 & 81, C.D.
Sacc. XVIII, 538.

14. Synoaphalastrum raoamoaum Cohn ax Schrottar 
Taxtar, R. 1897 Maw or Paanllon Zygomycats II. 
Syncanhalastrum and Syacaphalla Bot. Ga*. 24, 1-15.
Boadljn, K.B. (1988). Motas on tha Mucoralas of

§ m n ih  &  321-342.
33* ‘Talaromycaa nartmanni (Kloekar) C.R. Banjamln

• Panel Ilium wortreannl (Kloekar 1903) Rapar, K.B. and 
Thom, C. 1949. A Manual of tha Panlclllla. pp.583-4.

24. Tjcij&ftflapKa hanlaBiB? ***•*
Rlfai, M.A. 1949. A rarlalon of tha Ganua Trlchodarma. 

Mycol. pop. 114, 1-54.
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17* Sslifegg«ia toning**
Rifal, M.A. 1969* ftJEII*a*9n-g.L..tJ31.3»BMt Tgififo9fllBBli 
Myool. pap. 119, 1-38.

*«• lQ<M,il>g>*flht*t;Mn Wfal
Rlfai, M.A. 1969. j SlYlfiWt ...gf tt¥» 99BH TE*9toti«M« 
Mycol. pap. 119, 1-38.

aSti5SBX2E$S£
tttreptogycea Wakaman and Heuricl, 1943.
Uowr-Bact, |f, 1943, 339)

G»l»
(Boltraaa Z. Biol, d. Fflanaen. 1. Haft 2, 1872, 148 and 17S)

1. BifiUlM l Cohn, amend

PrasBOwakl, 1880 (Cgfaiu, S»l$Ea S<..PW t .3* Lf Ja
1872, 174)

2* Badllua-1. Almoat identical to •« aubtllla
3. S»«ll called Bacillus ap. with fact growth in

nutrient agar.
4. *msO U M z 2 » •»«!! called lifting# «P. with alow growth in

nutrient agar.



Isolation of fat organisms

Thrae aoil boma fungi via. Pythlum myrlotylum caualng 
•oft rot of ginger# Phytophthora palmlvora caualng foot rot 
(quick wilt of pepper) and Rhlaoctonla solanl caualng ahaath 
blight dlaaaaa of rica hava been leolatad as described in 
materials and method*. The auxenie eultura of R. aolanl was 
maintained in PDA at zoom temperature, while those of 
£• mvrlotylum and P. palmlvora ware maintained in OKA at 
20~22*C in BOO incubator. Thaae fungi were used as teat 
organisms for further studies.

Orowth rate of antagonists and teat organisms

A good understanding of rate of growth of antagonist! 
and teat organisms is highly essential for judging tha time 
of inoculation of thasa organisms in dual cultures for 
studying the antagonistic properties.

The growth rats of the antagonists which comprised of 
18 fungi# thrae actlnomycetes and four bacteria and tha three 
teat organisms wars studied as described in materials and 
methods. The results sre presented in Table 10a# b and e.



Tabla icfe> Growth rata of antagonists and tast organic <■»>

*1.Mo.

Antagonistic fungi

1 2 3
1 Manor sp. SO
2 Absidia corvatbafara 2S 35 98
2 5nw4P^*^gtjEi» s m s m m 25 40 90
4 alaoann 18 20 40
5 25 SS 74
4 I- teninoi 28 40 84
7 *• longlbndii^tai 32 58 74
8 AWfggmiii sXUsstf. 2 4 9
t s & m 10 27 35
to A* SmiSanii** 4 9 13
11 A* targaas 2 5 9
12 it* Taraiaplag- 28 35 29
12 PanlcllH*—> altfiaM. 2 5 8
14 £. Ml m i  1 ■mlfflfflB 2 5 9
IS 2 10 14
IS M w w f w  wertwau 2 5 7
IT Microsacua cijaaraaa 2 5 818 g o m s i w 1 4 8

Days aftar inoculation
4 5 4 7 t 9 10 11 12 13 14 15

72 87 90
~ * • as* - * - - - - - -
51 45 75 87 90
87 90
90
88 90 - - - • - - - «a - -
11 13 15 17 20 21 23 25 24 28 30 32
40 44 49 55 40 44 71 74 81 85 90
18 24 20 35 42 52 43 72 80 88 90
11 14 14 18 21 23 25 28 30 33 35 37
42 45 50 54 59 43 47 71 75 79 83 87
10 12 15 18 20 22 24 27 29 32 35 38
13 18 21 23 24 28 31 34 34 38 40 42
21 24 30 34 41 48 54 41 47 72 78 85
9 10 13 15 17 20 23 25 28 31 33 34
10 13 17 21 25 28 31 34 38 41 45 51
13 19 24 30 35 39 45 52 57 43 49 74



T a b l*  U h »  < * 4  Growth r « t *  o f O BtspM liti ***** to st ocgwtlMNt Cmr) 
d»l m tiw n n l  ■ l l n  •B tix M m o o to

•1*
Mfe SflMI Daya af tl®*T a t̂o**

1 2 t 4 i t f • 9 18 11 12 12 14 IS 14 I f i t i t  it
1 . SJfflotttHBMHI op* 

iwncn stri& su t
2 5 t 12 It 22 IT 29 21 Ml s 28 40 42 44 47 49 Ml s i S t

MMitptMHPiil
1* 1 4 f u It 28 24 Ml SI Ml 29 42 44 44 47 44 49 S t St 52

•JPCmPÔmICmĈ Ip#
1 . MIHIPOI 2 4 4 9 12 IS 19 23 I f 28 22 24 29 41 42 45 44 49 4 t 49

■iBnaphn— l

§«§ M MM MM titSt tMMtOXTSi
*« Iflfillta ft wahfcilla 45 Ml i t i t t» • m m mm «M Mi Mi * m «* m m mm •  -

a* 45 i t to ft • Mi m M» m • Mi mm • m m m m mm m  m

3. mrnZLMrnamSk 40 •2 90 it * • mm • • «M • • - m • • mm mm m «

4* BactHoa«»3 24 59 82 it m

<d) T M t  i r g l t  —
*# Q S Q H i 9kB3MeE3hNMI J« Ml m M»

a* gbartophthoga 5 1 ) as 21 41 44 $4 42 49 95 f i 42 87 90 4M> «• m • • <



Fungi

Tha growth rata of tha fungi including 18 antagonists 
and tha thxaa tast organisms variad widely* All tha 
mucoraceous fungi warn found to bs fast growing* Of thasa 
tha unldantiflad sp* covered tha antiru 90 mm petri-
dish within two days followed toy 8* raaawosum within thraa 
days. However# £. alagans and A. corymbs fera ware found to 
too slow growing and thay took sight days and six days 
respectively for covering tha 90 mm petridiah (Table 10a).

Tha growth rats of three Trlchodarma spp. was not 
having much variation and thay covered the entire 90 mm 
petrldlsh within four to five days (Table 10a)*

Tha different species of Aspercrllll vary in their 
growth rate. A. milieus and A* terreus were found to toe slow 
growing fungi with a radial growth of 32 and 37 mm dis 
respectively after 15 days whereas# £• versicolor grew 87 mm 
within 15 days and A, nloer and A. svdowll covered the 90 mm 
petridiah within 14 days (Table 10s)•

In general PenciIlium group of fungi was found to be 
very slow growing except T. wortmannl which covered 85 mm 
growth within 15 days* All othsr fungi of this group



including 21s clatftti. growth rate was very alow toeing 
36 - 51 mm in 15 days (Table 10a) .

The Fuaarium sp. was found to toe moderately growing 
fungus which grew 76 mm within 15 days (Tatola 10a)•

Actlnomyoatea

The growth rates of three species of Actlnomycetea were 
studied. All of them were very slow growing organisms and 
recorded only 43-47 nan growth within 15 days. Due to their 
eery slow growing habit the petridlshes were incubated for 
another fiwe more days and the growth recorded was 49-59 mm 
(Table 10b).

gas*ii&»

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

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



wry fast and majority of Panel Ilium spp. growing wry slow 
only. Among tha protophyta all tha Btraptomveets spp. wars 
found to toa vary slow growing organisms while tha Bacillus 
spp. growing rapidly.

Considering tha growth rata of tha taat organisms 
P. myrlotylum was found to ha a fast growing fungus which 
covered tha 90 mm petridish after third day of inoculation 
while ft. solani took aavan days and P. palmlvora 14 days for 
tha same (Table lOd).

Screening tha microorganisms for antagonistic property 
against tha testfungi

Tha qualitatively estimated microorganisms ware 
brought in to axenlc cultura and ware tasted for antagonistic 
properties against tha soil borne pathogens vis. P. Wvriotvlum. 
£• &• iSltal toy adopting tha dual cul tore
method as described in materials and methods. The 
microorganisms which ware tested for antagonistic property 
ware called as 'antagonists' and tha soil borne fungi 
against which they ware tested, called tast organisms. Tha 
growth rata of tha antagonists as wall aa taat organlams was 
known (Tables 10a# b, c and d) and slow growing organisms



were inoculated sufficiently earlier than the fast growing 
organisms when they were grown in dual culture. The reactions 
of the organisms in dual culture were observed and results 
presented (Tables 11 to 35).

ismbc »p*

£• mvriotvlum

The antagonist was Inoculated on the same day with 
test organism in dual culture. As the antagonist and test 
organisms were having almost same growth rets, on the second 
day both the organisms grew over each other and covered the 
entire petridlsh.

The reaction obtained in dual culture was mere 
intermingling and no other antagonistic properties observed 
(Table 11).

£. gjlffAlPITt

Test organisms was slow growing compared to the 
antagonist and so inoculated four days prior to the antagonist. 
The test organism in the dual and mono culture grew only 
45 am after six days. The antagonist grew 90 mm within two 
days.



Tha reaction shown in dual eultura was only mere 
intermingling and no antagonistic property observed 
(Table 11).

R. solanl

Whan compared to P. palmlvora. R. solanl waa found to 
be a fast growing organism and it was inoculated one day 
prior to antagonist In the dual culture method. The 
antagonist completely covered the petridish within two days 
while test organism grew only SB wm during the same period 
in dual culture.

Here also reaction was mere Intermingling and ovsr 
growth and no antagonistic property observed (Table 11).

The Hucor sp. is not having any antagonistic property 
against any of the test organisms and the reation observed 
was intermingling and overgrowth.

Abaldla oorwbefere

£. myrlotylum

Test organism was inoculated one day aftar tha 
antagonist because of the slow growth rate of the antagonist.



77

The test organism and the antagonist recorded normal growth 
rate on first day in dual culture. On the second day 
antagonist showed normal growth rate but the test organism 
grew only 5 am. When the antagonist 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 antagonist reduced to 8 mm on the third day. Mo 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 days (Tabla 12)•

In dual culture# the antagonist and test organism 
showed limited or no growth after the normal initial growth 
for two days. Mo antagonistic properties have been observed.

P. palmlvora

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 period of observation and they freely 
intermingled and overgrew each other. Mo antagonistic 
properties wars shown (Table 12)•



Teat organism and antagonist ware inoculatad on tha 
sama day. In dual culture the growth rate of both organisms 
on tha first and secondly wee normal. On tha third Bey# 
antagonist 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» corvmbefera is not having any antagonistic property 
against P. mvrlotvlxar and P. palmlvora but it has shown 
mutual inhibition on contact in the cese of R. aolanl.

syncaphalestum racemosum

P* myrlotylum

Antagonist and tast organism were Inoculated on the 
same day in dual eultura as both of them were equally fast 
growing* On the third day both the organisms completed their 
growth in the petridiah and freely intermingled each other 
(Table 13). No antagonism was observed.



Plate 1

Plate 2

indue! growth
(1) Dual culture

X 1* ael«il 
»r i days

(2) Control

frtMwfliif frtralmw * £• m a f W w  in dual culture on the eecondday
(1) Dual culture (2) Control



Plate 1
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£. pairs Ivor*

Tha antagonist was lnoculatad one day after tha tsst 
organism* Both tha organisms grew almost at the same rata 
of their growth in mono culture and intermingled each other. 
Tha antagonist cowered the 90 mm pa tridish on the third day 
but tha test organism reached 69 mm on the nlneth day only# 
though it has intermingled freely with antagonist.

The two organisms did not show any antagonistic 
properties in dual culture end reaction was mutual interming
ling of two organisms (Table 13)•

£• laiiBi

The antagonist and test organisms ware having more or 
lees same growth rate and they were inoculated on the same 
day in dual culture. Initially# both organisms had see 
rate of growth in mono culture and dual culture. On the 
second day# antagonist grew 90 mm# while test organism had e 
growth of 40 mm. It was observed that there was no mutual 
intermingling but the growth of teat organism was inhibited 
on contact (Table 13).



Cunningham#11a alagans

P. mvrlotylum

Sue to the slow growth rate of the antagonist, 
inoculation of test organism in dual culture was done one 
day aftar antagonist. Upto fourth day both tha organ!warn 

grew freely as in mono culture. Thereafter antagonist 
reached a growth of 65 mm and the test organism 85 mm and 
no further growth was observed in either of the organisms. 
Ths two organisms grew by intermingling (Table 14).

The growth behaviour indicated mutual intermingling 
and no antagonistic proparty was observed.

£. palmlvora

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 noticed on the 
fourth day. The test organism did not grow aftar the sixth 
day while growth of antagonist ceased from seventh day 
onwards (Table 14).
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The reaction observed was mutual Intermingling without 
any antagonistic property.

R. aolanl

The test organism was inoculated on the same day in 
dual culture because of almost equal growth rate. These two 
organisms showed almost same growth rate both in mono culture 
and dual culture. They grew and intermingled each other on 
the third day without showing any antagonistic property 
(Table 14).

Trlchoderma harzlanum

P. myrlotylum

The antagonist and test organism were inoculated on 
the same day in dual 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 mono and dual culture# the test organism rather 
grew slowly in the dual culture (35 mm) as against its growth 
in mono culture (82 mm) (Table 15# Plate 2) • The antagonist 
further grew at a reduced rate over the test organism causing 
its die-baclc.
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Th« growth of test organism was reduced considerably 
to 26 mm on third day# 8 aw 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. harslanum against P. mvrlotylum. On contact of the hyphae 
of the antagonist, die-back and disintegration of test 
organism were resulted# while the former continued its growth 
at a reduced rate.

P. palmlvora

Test organism was Inoculated three daye prior to the 
antagonist due to the fast growing nature of the latter. In 
mono and dual culture. Initial growth of both the organisms 
waa same. On second day onwards# antagonist had sama growth 
rate in mono and dual culture whereas the test organism had 
a radial growth of 35 mm in dual culture aa against 41 mm in 
mono culture. On the third day# growth of test organism 
decreased to 17 mr and on fourth day further decreased to 
4 mm (Table 15). The antagonist inhibited the test organism 
on contact. Bvsn aftar contact with test organism# antagonist 
grew at a reduced rate in dual culture, resulting in the 
die-back and disintegration of taat organism.



Pl»t« 3
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R. aolanl

The antagonist and tast organism wars inoculatad on 
tha aaaa day in dual eultura. On tha first day# antagonist 
and tast organism maintains*! almost tha same growth on mono 
eultura and dual eultura* On tha second day# growth of 
antagonist was tha same in mono and dual eultura* while tast 
organism grew only 35 am in dual eultura as against 43 nm in 
mono eultura (Table 15)* The antagonist and tast organism 
contacted each other* and tha former grew over tha latter 
resulting in tha die-back and disintegration of tha latter. 
Tha disintegration continued upto seventh day and tast 
organism remained as a narrow strip of 2 mm while antagonist 
grew 88 mm (Table 15)•

The result showed that whan antagonist grew over tha 
taat organism, die-back and disintegration of the latter 
occurred.

Trlchodarma konlnall

P. mlfttylurn

The antagonist and tha taat organism wera having tha 
same growth* and hence inoculated on the same day. Initially 
both tha organisms had same growth in mono eultura and dual
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culture* On the second day# they shored • decreased growth 
rate in dual culture as against normal growth In mono 
culture. When the test organism and antagonist earn in 
contact on third day# the antagonist grew over the test 
organism resulting in die-hack of the latter with a reduction 
in its radial growth from 40 mm to 25 mm (Table 16# Plate 41*. On 
fourth and fifth day# the same trend was observed and due to 
the overgrowth of the antagonist on test organism# the 
disintegration and die-back of test organism occurred with 
cnly 10 mm growth of teat organism remaining in duel culture 
on fifth day. The antagonist grew further at a reduced rate 
and reachad a growth of 8? mm# eaualng disintegration of 
teat organism and reducing its growth to only 3 mm (Tabla 16)• 
Tha result indicated a dafinlta antagonistic property of 
T. konlnall on P. mvrlotylum by disintegration and die-back.

£. palmivora

The teat organism was found to be a alow growing 
organism when compered to antagonist and so inoculated four 
days prior to the antagonist. On the first day in mono and 
dual culture# the antagonist grew 38 mm while growth of test 
organism was 41 mm (Table 16). On the second day# the 
antagonist reached 50 tm but the growth of the test organism
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reduced to 40 nm establishing contact between thorn. On 
third day* *h« antagonist overgrew 20 on on tho toot organic** 
resulting disintegration of tho latter. On the subsequent 
days antagonist overgrow tho tost organism at a reduced rate 
causing disintegration* recording the final growth of 4 an 
for tost organism and 64 nm for tho antagonist (Table 16) •

Tho result showed tho antagonistic property of 
1 * fconipqii on P. palmlvora by disintegration and die-beek 
of tho latter on mutual contact.

R. solanl

The tost organism was inoculated one day prior to 
antagonist in the dual culture. On the first day both tho 
organisms had same growth in mono and dual culture* but on 
tho second day in dual culture* test organism had a reduced 
growth of 40 mm and antagonist 90 mm* resulting contact with 
each other. On third day* tha antagonist overgrow tho tost 
organism by 19 mm and tha region of overgrowth was completely 
disintegrated. On fourth day tho antagonist grow further 
at a reduced rate over the test organism and it continued up 
to sixth day. By that time* the antagonist has grown 84 mm 
resulting disintegration of test organism and reducing it to
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6 an growth. There was no further growth of antagonist and 
disintegration of test organ!am (Table 16)•

The results indicated the antagonism of T. konlnqll 
against R. solani by overgrowth, disintegration and die-ba*** 
of hyphae.

Tylgho^sgan

£• mvrlotylsn

The antagonist and test organism were placed on the 
same day in dual culture as they 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 56 mm in mono and dual 
culture, but the test organism had only 32 rm in dual cultura 
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 tho 
test organism and caused die-back, disintegration and reduced 
growth of test organism by 8 mm On subsequent
days the antagonist grew at reduced rate over the test 
ogrenlsm and finally reached e growth of 88 am ae against 
only 2 mm growth of the test organism (Table 17). Just like



the other two species of Trldhodama. T. lonolbrachl a turn 
eleo showed clear antagonistic property against P. myrlotvlum 
by overgrowth resulting in die-back and disintegration of 
test organism.

£• PlMyorf

The test organism wss inoculated three days prior to 
antagonist# because of compardtlvely slow growth of the 
former. On the first day# both the organisms had seas growth 
rata in mono and dual culture. On the second day# the 
antagonist grew at the same rate as in monoculture# but test 
organism had very slow growth rate# and contact of the 
organisms was established. On third day# tha antagonist 
overgrew the test organism by 12 am and tha 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 ora on fifth 
day (Table 17)•

The result indicated the antagonism of T. lonalbrachlettw 
against P. palmlvora by overgrowth, disintegration and die-back 
of hyphae.



£• ftolsal

Both the organisms ware inoculated on the ewe day in 
dual culture. Initially they showed normal growth rate in 
dual culture. On second day, antagonist grew at normal rate 
while teat organism showed diminished growth rate. They 
contacted each other on sseond day with 58 mm growth for 
antagonist and 32 mm for teat 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,
3 an, 2 mm and 1 mm on third, fourth, fifth, sixth, seventh 
and eighth days after inoculation respectively. The region 
of overgrowth was marked by disintegration and dls-bsck of 
hyphen of test organism (Table 17, Plate ).

The result indicated the antagonistic property of 
T. lonalbrachlatum against ft. solan! by overgrowth, disinte
gration and die-back of hyphen.

Aspergillus roflleus

P. ffigteSlllW

The test organism was inoculated five days aftsr the 
antagonist in duel culture because of the slow growth of the 
letter. Both the organisms grew at seme rate in mono and



Plate 5

Plate 6.

Trlehoderma loaolbridilatai x *• aolanl Ln dual culture after eight daya of inoculation
(1) Dual culture (2) Control

Aepfratllltta nicer x {» ■vrlotvlum indual culture after five dam(1) Dual culture (21 Control
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dual cultur* on the first and second day and showed 
intermingled overgrowth of tha two organism*. On the third 
day# slightly raducad growth rata was recorded with 20 tm for 
antagonist and 82 tm for tast organism and thara waa no 
further growth (Table 18). The result indicated free inter
mingling and overgrowth of tha two organisms without any 
disintegration or die-baek*

P. palmlvora

The tast organism was inoculated two days aftar tha 
antagonist due to slow growth of tha latter. Zn dual eultura 
growth rata o f tast organism and antagonist was tha same as 
that of mono eultura without showing any inhibition (Table 18).

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

R. solanl

The tast organism was inoculated five days aftar 
antagonist in dual eultura because of slow growth of tha 
latter. During first thrae days both antagonist and tast 
organism had asms growth in tha mono and dual eultura# but 
from fifth day# a decreased growth rate was observed in both 
tha organisms in dual culture, loth antagonist and test
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organism contacted each other and no further growth was 
observed (Table 18).

The result indicated that the antagonist and the test 
organism showed a character of mutual inhibition on contact 
in dual culture.

Aspergillus nloer

The test organism was inoculated two days after 
antagonist in the dual culture because of comparatively slow 
growth of the latter. Initially both the organisms had the 
same growth in mono and dual culture. On the second day 
onwards, antagonist grew at its normal rata in the dual 
culture whereae the teet organism recorded more than fifty 
per cent reduction in the growth vis., 40 mm as against 82 ms 
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 
fifth day and after that it remained constant.

Tha antagonist showed clear inhibition of tast organism 
at a distance, with a clear i om of IS mm in the culture dish
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(Plat* (?). Thereafter, the antagonist grew further and 
disintegration of test organise was observed (Plate 17>«

The result indicated the antibiotic property of A. nlaer 
against P# eyrlotvlua. However# there was no total destruction 
of the test organise#

P. palndvora

The test organise was inoculated on the sane day in 
dual culture because of wore or less see* growth rate. The 
growth of antagonist was 10 ee on the first day and test 
organise attained 5 an (Table it) • Opto fifth day# both 
antagonist and test organise were having the saee growth rate 
in mono and dual cultures attaining a growth of 44 ee and 
41 ee respectively. On the sixth day the antagonist grew 
normally# reaching 49 ee while growth of test organise 
reduced from 41 ee to 30 mm causing disintegration from the 
growing tip (Plate O. On subsequent days antagonist grew 
further# but the disintegration of tsst organism continued 
upto eighth day diminishing its growth to only 15 am (Table It)• 
Zt showed the Inhibition end disintegration of tost organism 
without contact of antagonist#

The result indicated definite antagonistic property 
of A# nicer against j?. palialvora. by production of biotic





Plata 7



substance which inhibit and disintegrate the growth of test 
organism.

R, solani

The test organism was inoculated one day after 
antagonist. Upto two days both the organisms had same growth 
in mono and dual cultures. Later the antagonist grew 40 ms 
in mono and dual culture on the third day while teet organism 
showed a reduced growth of 48 mm in dual culture as against 
65 mm in monoculture (Table 19) • The antagonist Inhibited 
the test organism at a distance. Antagonist continued its
growth at the same rate upto the ninth day and no further

(plateS)growth after nine days. Disintegration of growth of testA
organism from the tip started on fourth day onwards # 3 - 5 mm
per day and it was 6 10 mm on eighth day recording the growth 
of 22 mm and remained constant thereafter (Table 19) (Plate 10).

The results clearly indicated inhibition of growth of 
R. solani by A. nlger at a distance and further disintegration 
of hyphas.

Aspergillus sydowll

jp. reyriotylum
Because of the slow growth rate of the antagonist, the 

teet organism wee inoculated six days after antagonist in the



Plata 9 Agptndllig Aisas * I* aalialeultura aftar nine daya
(1) Dual eultura (2) Control

Plata 10. £ . nlaar x R. aolanl In deal eultura aftar eight daya
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dual culture. Tha antagonist and tast organism wars having 
normal growth in tha dual culture upto tha third day whan 
tast organism completed its growth in tha dish. Latter tha 
antagonist grsw in tha normal rata over tha tast organism 
without its disintagration and die-back (Table 20).

Tha results indicated mutual intermingling by over
growing of tha antagonist and tast organism and abaanea of 
antagonism.

£. ralevlvora

Tha tast organism was inoculatad in tha asms day as tha 
antagonist because of the same growth rata. Tha antagonist 
and tast organism grew at normal rata in tha dual cultura as 
in monoculture upto eighth day* On eighth day intermingling 
and overgrowth were observed and further no more growth of 
either of tha organisms was noticed in dual cultura though 
their increase in growth was visible in monoculture (Table 20).

Tha results indicated no antagonistic property of 
A. svdowll against P. palmlvora and showed only intermingling 
and overgrowth.
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R. solanl

The test organism was inoculated four days aftar 
antagonist dua to slow rata of growth of tha antagonist.
Tha antagonist and tast organism had normal rata of growth 
during firat two days in dual eultura* Later# tha antagonist 
grow at normal rata whila tast organism at a reduced rata by 
10 mm on third day (Tabla 20). by tha tlma hyphae of both 
the organisms mat each other. Thereafter antagonist 
continued its normal growth causing disintegration of taat 
organism and reached 80 mm on eighth day leaving only 10 mm 
of the tast organism and thereafter both remained constant 
(Table 20).

Data revealed that S. avdowil can inhibit and dlslnte-» 
grata the growth of R. solanl by overgrowing and showed its 
antagonistic property*

Aspergillus terreus

£• M Fteto& 'm

The test organism was Inoculated five days after tha 
antagonist. The growth rata of both tha organisms waa tha 
same in monoculture and dual culture* On tha second day* 
tha taat organism overgrew tha antagonist and on tha third
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day it oovered tha petridish wtuin tha antagonist graw at a 
reduced rata being 18 an and 21 ram respectively on saoond 
and third days. The antagonist had the same reduced rata 
cf growth in the monoculture also. Evan after tha complete 
occupation of tast organism tha antagonist grew further as in 
tha monoculture and it was 33 ms. on eighth day (Table 21).

Tha result revealed that in dual culture, A. terrene 
and P. myrlotylum can grow by intermingling without any 
interference, showing no antagonistic property.

£• Palmivora

The test organism was inoculated five days after the 
antagonist in the dual culture. There was no difference in 
growth of the two organisms in monoculture and dual culture 
through out the period of their growth. The test organism 
overgrew the antagonist on eighth day and remained constant 
in mono and dual culture (Table 21). The antagonist and 
test organism grew freely without any interference and 
overgrowth was observed only very late due to the slow growth 
rate of both the organisms.

The result clearly showed that £• terreus had no 
antagonism against £• pslmivore.
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R* aolanl

The test organism was inoculated five days after the 
antagonist, due to slow growth of the latter* The antagonist 
and test organism initially grew at seme rate in mono and 
dual cultures* On the second day, while the antagonist had 
its normal growth, test organism showed a lesser growth rate* 
From third day onwards, it did not grow further (Table 11). 
The antagonist ceased its growth in dual culture after the 
second day onwards* But in monoculture, both the organisms 
were having further growth after third day*

The result revealed that these two organisms were 
having mutual inhibition and a 12 mm clear inhibition sone 
was created (Plate 11)• This indicated that the biotic 
substances produced by these two organisms were inhibitory 
to each other.

Aspergillus versicolor

P* myriotylum

The test organism was inoculated one day after the 
antagonist in dual culture due to the slow growth of the 
latter* The growth rate of both the organism* on the first 
day was the same in mono and dual culture. Hhile the



Plate 11* Aspergillus terreus x R. solenl ip deal culture after f days



Plats 11
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antagonist grow at ncrmal rata In dual eultura on second 
day# tast organism grew only 44 mm as against 68 mm in tha 
monoculture (Tab!a 22) • Tha antagonist grow 42 mm and 45 awn 
in mono and dual culture on the third a n d  fourth day 
respectively# whereas test organism grew only 45 mm in dual 
culture as against 90 mm in monocultus*. On subsequent daya# 
the growth of both organisms remained constant in the dual 
culture.

The result indicated mutual inhibition on contact and 
a clear demarcation between the growth of antagonist and tast
organism was visible.

£. BfrhnlJSO

The test organism was inoculated two days after the 
antagonist in dual culture due to the slow growth of the 
latter. The antagonist and tast organism showed same growth 
rata in mono and dual eultura. But on fourth day# both tha 
organisms cams in contact# and overgrew each other without 
any interference (Table 22)•

The result revaled the reaction of overgrowth and 
mutual intermingling without any antagonistic effect.



R. solani

Tast organism and antagonist war# lnoeulatad on m m  
day In dual cultura because of tha aawe growth rata* Tha 
first and second day growth rata was sama for both tha 
organisms in Mono and dual cultura. On tha third day# thasa 
organisms cams In contact and no further growth for aithar 
of tha organisms in dual cultura waa noticad (Table 22)•

Tha rasult revealed that thasa two organisms wara having 
mutual inhibition on contact and a damareatlon can ba aaan at 
tha point of contact.

Panlcllllus citrinum

Tha taat organism was lnoeulatad five days aftar tha 
antagonist dus to tha slow growth of tha lattsr. Initially 
tha growth of tooth tha organisms w^a same in mono and dual 
culture. On tha second day# tast organism reached 82 mm in 
monoculture and 00 mm In dual culture while antagonist grew 
18 mm in both. Thera was no furthar growth of tast organism 
opposite to tha antagonist# but a lateral growth of almost 
about 80 sai was observed. Tha antagonist grew 24 mm in 
monoculture and 22 mm in dual cultura on fifth day* There
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was no further growth in dual eultura# hut raaehad 38 an 
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 (Table 23) • She disintegration of the test 
organism toy producing lesions was 60 mm width in centre. 
Dense growth of test organism was observed towards the 
periphery of petridiah and thinner towards the middle end e 
clear lesion was seen at a distance of 15 mm from the 
periphery on both sides (Plate 12# 13). Thia indicated the 
production of powerful antifungal biotic substance after 
eight days of growth of the antagonist. The antimetabolite 
diffused in the media and caused death of teat organisms in 
the central region where it diffused first.

£• cltrinum produced powerful antifungal metabolites 
which inhibited P. myriotvlum at a distance and caused 
destruction.

£. palmlvora

Xn dual eultura# teat organism 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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13* ffalrtiiligft fiilrtmw «  £* wrrtatirlwduel culture on the tenth day (enlarged)

4. PffingAium sUrtma * £* sateixasm *«duel culture on the tenth day



Plate 13



seventh day in monoculture and duel culture. On eighth day 
onwards there was no growth for the antagonist while only 
2 nm growth was observed in the ceee of test organism 
(Table 23) • After reaching 29 an growth for antagonist and 
50 am for test organism# a clear inhibition none of 11 ten in 
the centre wee obeerved (Plate 14).

The observation clearly indicated that P. citritium 
produced very powerful antlfungal biotic substances which 
inhibited the growth of £• palmlvora# at a distance,

R. solanl

Zn dual culture# teat organism wee inoculated five days 
after the antagonist due to alow growth of the letter. 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 nm more in mono and dual eultura and both 
the organisms thereafter remained constant in dual culture 
(Table 23) • A clear inhibition sons of 3 mm was developed 
in between the two organises in dual culture.

The results indicated that P. cltrlnum produced some 
toxic metabolites which inhibited the growth of A. solanl 
at e distance.
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£• gmstyluw»

In dual culture, the teet organism was inoculated 
flee 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 shewed same growth in mono 
and dual culture whereas the test organism grew only 60 tm 

in dual culture as against 81 mm in monoculture. Antagonist 
and test organism did not grow further on the third day but 
a  7 mm clear sons of inhibition was seen in dual culture 
(Plate 15) • Prom fourth day onwards# inhibition of growth 
with die-back and disintegration of hyphee of the test 
organism # 10 mm per day was observed upto the seventh day# 
recording a growth of 20 tm mid remained constant thereafter 
(Table 24). The die-back and disintegration was not observed 
in the periphery of the petridisti (Plate 16# 17).

The result indicated the production of antibiotic 
substance by £• slmpllclsslreum diffusing into the media and 
causing die-back and disintegration of hyphaa of £• myrlotylum*



Plate 15. fftajfllUll ■IfflPllflfgllWin A £• wxxjn%xXm lit dual culture on third day

Plate >• Itiu A S telLm  liEeUStitolBB X £• exeM;in duel culture after seven days (1) Dual culture (2) Control
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In dual culture# teat organism was inoculated five 
days after antagonist due to slow growth of the latter. The
growth rate of antagonist and teat organism was the same in
mono and dual eultura for the first three days. On the third
day# antagonist reached e growth of 23 nm end remained
constant thereafter (Table 24) • But the teat organism showed 
almost 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 sons between test organism and antagonist 
waa observed (Plate 18)•

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

R. aolanl

The test organism was inoculated five days after the 
antagonist in the duel culture due to slow growth of the 
latter. The teat organiam and the antagonist grew at more 
or leas the same rate for the first two daya in monoculture 
and dual eultura. On the third end fourth day# the antagonist 
grew almost at the same rate attaining 28 mm and remained



Plate
in dual culture after seven days (enlarged)

Plate 18. Pj|4€Uilypj g^PUslfftlEW> * £• p*1»1*or *  in duel culture after ti^it days



Plate 17



constant in dual culture while its growth reached 42 rsi on 
the tenth dey in monoculture. In duel culture# test organism 
grew at normal rate initially but on the third day 10 sm 
reduction of growth wee noticed when compared to the growth 
in monoculture# thus reached 55 mm and remained constant 
(Table 24). In dual culture e clear inhibition sone of 7 n  
between the test organism and antagonist with sparse growth 
of hyphen of test organism towards the end was observed.
The production of sclerotic by the test organism in the duel
culture was very scanty whan compared to mono culture

'9*(Plate 10)•

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

Paeellomyoee lllacinus

£. mvriotvlum

In dual culture# test organism was inoculated five 
days after the antagonist because of slow growth of the 
latter. Initially# the antagonist and test organism bed the 
same growth in mono and duel culture. On the second day# 
while the antagonist had normal growth rate in mono And dual 
culture# test organism showed reduced growth of 50 mm in



Plate 19. PfBiqUllB llffiBUiUljiaB * *• duel culture on tenth day
(1) Control (2) Dual

aolanl in 
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Plate 20. gmls&Ulwn iJjPFU.SlfjJLrag * *• £2lJfii in duel culture on the tenth day (enlarged)
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dual culture as against 82 mm in monoculture (Table 25) • 
on the third day# the antagonist grew almost at the normal 
rate and came in contact with teat organism# which did 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 rate of the test 
organism reduced considerably and on contact# the teat 
organism and antagonist showed mutual inhibition.

P. palmlvora

The test organism was inoculated five days after the 
antagonist in duel culture due to slow growth of the letter. 
Till the seventh day# the antagonist end the test organism 
showed almost the same growth rate in mono end duel culture 
with mutual intermingling in duel culture from the fifth day 
onwards. The test organism showed no further growth after 
the seventh day (Table 25).

The date showed the character of mutual intermingling 
of £• lllecinua and P. palmlvora in duel culture without any 
antagonistic property.



£« aolanl

Zn dual culture# that organism was inoculated five 
days after the antagonist due tc slow growth of the latter. 
The growth of antagonist and teat organiam in mono and dual 
culture for seven days wee almost at the same rate. On the 
third day onwards# both the organisms showed Intermingled 
growth character end continued till test organism completely 
covered the petrldish (Table 25).

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

Talaromvcee wortmannl

P. Mvrlotylum

The test organism was inoculated five days after the 
antagonist in duel culture due to the slow growth of the 
latter. On the first day# the antagonist and the teat 
organism were having almost similar growth in mono and duel 
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 eultura



(Table 26) * On the third day# antagonist further grew and 
contacted the teat organism which was stationary in its 
growth. There was no further growth for both the organisms 
in duel culture after their mutual contact (Table 26) •

After establishment of antagonist In duel culture# 
the teat organism showed a slow growth rate end on contact 
they exhibited mutual inhibition.

£• P«lmIvors

in dual eultura# the teat organise waa inoculated five 
days after the antagonist due to the slow growth of the 
latter. Ujpto the seventh day the antagonist and test 
organism had almost similar growth rate# in mono and dual 
culture. On the eighth day# the test organism showed s 
reduced growth of 55 nm in duel culture as against 63 mm in 
monoculture end on ninth day# contact with antagonist was 
astsblishsd. Later thare was sc further growth for either 
of the organisms (Table 26).

The observations revealed that the antagonist and teat 
organism ware having mutual inhibition on contact.

2* aolanl
In duel culture# test organiam was inoculated fire days 

after tha antagonist due to alow growth of the latter.
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Initially, antagonist and tast organism showed tha same 
growth rata in mono and dual eultura. On the fourth day, 
tha antagonist and tast organism grow 20 am and 70 mm 
respectively and came in contact in dual eultura. La tar, 
there was no further growth for either of the organisms 
(Table 26).

The result clearly revealed that T. wortmannl and 
R. solanl were having mutual inhibition on contact.

Mlcroaacus cinereus

£• !SX!tt9*X.\W
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 mono and dual culture. But on the second 
day, the antagonist grew at normal rate whereas tast organiam 
had a reduced growth rata in dual culture, when compared to 
monoculture and established contact between them in duel 
culture. The growth of antagonist remained stationary on 
subsequent days but taat organiam continued to overgrow till 
the fourth day end further both the organisms remained 
stationary in dual culture (Table 27).
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data rewealed that tha antagonistic organism 
•howad inhibition of ita growth on contact with tast organise, 
but tha tast organism owargrow in a limited araa ower tha 
antagonist.

£• palwlwora

Tha tast organism was inoculated fiwe days aftar tha 
antagonist in dual cultura das to slow growth of tha latter. 
Tha antagonist and tast organism grow almost at tha soma rata 
in mono and dual cultura and contaetad aach othar on tha 
•ewanth day in dual cultura. Thay eontinuad thair growth by 
intarmlngling in dual cultura with almost tha swna rata of 
growth in monoculture (Table 27)•

The result showed that both tha organisms could grow 
wary freely in dual cultura with intermingling growth 
character.

ft. solani

Tha tast organism was inoculstad five days after 
antagonist In dual cultura due to slow growth of tha latter. 
Both tha organism# showed the same rata of growth for tha 
first two days in mono and dual culture. For tha next two
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daya, tha tast organiam grew at a reduced rata and on the 
fourth day thay contacts* aceh other, and further, both of 
than eaaaad to grow (Table 27).

Tha result dtovtd mutual inhibition of tha tast 
organism and tha antagonist on thsir contact.

rosarium QKvsporum

£. BTflotylum

Tha tast organism was inaculatad semen days aftar 
antagonist in dual eultura# dua to tha slow growth rata of 
tha latter. On tha first two days, tha growth in dual 
culture for both tha antagonist and tast organism was tha 
same as that in monoculture. At that time thay started 
intermingled growth and on tha third day also thay further 
grew by intermingling. Later on# tho antagonist grew over 
tha tast orgsnism end tha tast ergsnism became stationary in 
dual eultura (Table 28) •

Tha rasult indicated that there was no antagonistic 
property for these organisms and thay showed intermingled 
growth character in dual culture.



£* oulwlvora

In dual culture* teet organism was inoculated one day 
aftar tha antagonist due to slightly reduced rata of growth 
of tha latter* The antagonist end tast organism grew et the 
same rate in mono and dual culture# throughout tha period 
under observation* On the eighth day onwards they showed 
mutual intermingled growth (Table 28) *

The data revealed that both thasa organisms could 
freely grow in duel culture by intermingling# without any 
antagonism.

R. «ola«l

In dual culture# teet organism wan lnoeulatad four 
days after the antagonist# due to alow growth of the latter. 
The first two days# the antagonist and test organism showed 
seme growth rate in mono and dual culture. On the third day# 
while the antagonist showed normal rate of growth# the growth 
rate of test organism was m m  reduced considerably. On ths 
fourth day# tha test organism and antagonist cams in contact 
and no further growth for both of thsm was observed after the 
fourth day (Table 28)•

The result revealed that both the organisms inhibited 
on contact.
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Btreptoagroas sp# (with straight sporophorwa)

£• aanr*ff.Srte

In dual cultura, tha taat organism waa lnoeulatad seven 
days aftar tha antagonist dus to alow growth rata of tha 
lattar* Tha growth of taat organism and antagonist waa a ana 
in mono and dual cultura on tha first day aftar inoculation# 
but rata of growth of tast organism waa raduead in dual 
culture on tha second day (Table 29). On tha third day, tha 
tast organism oontlnued its growth at a raduead rata and tha 
antagonist and tast organism cams in contact# Tha flattening 
of hyphae of test organism on tha aides nearest to the 
antagonist was observed in an area of 12 mm (Table 29#
Plata 21).

Streptomrcms sp# (with straight sporophoxes) was not 
having any strong antagonistic property but on contact it 
showed adverse effects on growth of tha tast organism by way 
of flattening of hyphae on the sides nearest to the antagonist.

£. palmivora

Tha tast organism was inoculated seven days after tha 
antagonist# in tha dual culture dua to slow growth of the 
latter# Ths antagonist and taat organism grew almost at tha 
same rata throughout tha observation period in mono and dual



Plate 21. gtnptMMMM sp. (with atrsight sporophoras) 
* £• gnAaHlaw iB <**•* culture on tha seventh d«y
(1) Dual eultura (2) Control

Plata 22, BglB&KXSSft *P- straight sporophoras)x A, solanl in dual culture on the ninth day (lT Control (2) Dual culture
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cultura. On tha seventh day# the two organisms contacted 
in dual cultura and thereafter they grew by intermingling 
without any adverse affact (Tabla 29).

Tha data revealed that tha two organic** could grew 
togathar in dual cultura without any adverse affact showing 
mutual intarmlngling.

£• aolani

Tha tast organism was lnoeulatad savwn days aftar 
tha antagonist# In tha dual cultura dim to clow growth of 
tha latter, for tha first two days# tha growth of both tha 
organisms in dual and monoculture waa almoat tha same. 
Tharaaftar upto fifth day thay grew at a raduead rata, whan 
compared to monoculture. On tha fifth day# tha antagonist 
and taat organism came in contact and no furthar growth for 
both of them waa saan (Table 39# 9lata 33).

Tha observation claerly indicated that tha itraotomveaa 
ap. (with straight sporophorea) and ft. solani wore hawing 
mutual inhibition on contact.

B & s m s s m *. ftP*
(with flaxuoua sporophorea)

P. mvrlotvlum
Tha taat organism was lnoeulatad seven days aftar tha 

antagonist in dual cultura. Tha growth of both tha organisms



if) dual culture on the first day was found to be normal* but 
on tha second day the teat organism shewed a 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 came in contact and no further growth for both 
them (Table 30).

The date revealed that the JSSilB^SBXSaS *P* <"ith 
flexuous sporophores) and P. mvrlotylum expressed the 
character of mutual inhibition on contact.

£• MjfrlYgn

Zn duel culture* test organism was inoculated seven 
days after the antagonist due to the slew growth of the 
latter. Throughout the period under observation, both the 
organisms showed same growth rate in mono end duel culture.
On the sixth day* these organisms came in contact with each 
other in dual culture. Thereafter 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 affect.
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|, solanl

The tfft organiam In dual eultura waa inoculatad 
eeven daya aftar tha antagonist. For tha flrat two daya, 
growth of both organiama in mono and dual eultura waa tha 
amaa. But on the second day, tha taat organiam ahowad 
raducad growth and on tha fourth day they came In contact 
and no further growth for either of the organiama waa 
obaerved In dual eultura (Table 30)•

The data revealed that 8traptoaivcaa ap. (with flexuoua 
aporophoree) mod R. aolanl in dual eultura ahowad tha 
character of mutual inhibition on contact.

Straptomvcaa ap.
(with faaelelad sporophores)

P. myriotvlum

Zn dual eultura, the taat organiam waa Inoculated 
eeven daya after the antagonlat due to alow growth of tha 
latter. On the first day# growth of both tha organiama waa 
tha same in dual and monoculture but on tha second day tha 
taat organiam showed a reduced growth rata. On the third 
day both the organisms came in contact and there waa no 
further growth for either of them in dual eultura (Table 31).
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The above observation clearly shoved that Strsptomvcss 
sp. (with fascicled sporophores) and £* myrlotylum inhibited 
each other on contact*

£• BjWfMBI

Zn dual culture, the teet organism was inoculated 
seven days after the antagonist due to slow growth of the 
latter* Throughout the period of observation, the two 
organisms grew at the sane rate in mono and dual culture*
On the seventh day, both the organisms came in contact end 
further grew over each other in dual culture dd? the same 
rate of growth in monoculture (Table 31).

The result indicated that these two organisms could 
grew without any interference in duel culture, shewing the 
character of mutual intermingling*

R. solani

In dual culture the test organism was inoculated seven 
days after the antagonist due to slow growth of ths letter* 
for the first two days, both ths organ Ians grew at same 
rate in mono and dual culture and on third day, test organism 
showed a reduced growth rate. At this statue, the two 
organisms cams in contact, and there was no further growth
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for either of the organism* in dual cultur* (Tabl* 31) •

Tha data revealed that Strsptoiayce* sp. (with fascicled 
sporophoras} and R. aolanl mutually inhibited tholr growth 
on contact In dual eultura*

£• mvrlotylum

Th* tost organism and tho antagonist war* hawing almost 
sens growth ratas and thus inoculated cn tha sama day in dual 
culture. On tha first day# both tha organisms grow 45 mm 
•ach in dual eultura but tha growing tip of tha tast organism 
had a m t  back eventhough its rat* of growth In dual cultur* 
was slightly mor* than that of monoeultura (Plata 23). On 
tha second day# tha antagonist grew further and disintegrated 
tha growth of tast organism mid reduced to SO m  and occupied 
tha rest of tha space in tha petridiah (Plata 24). Tha same 
growth pattern of tha antagonist and tast organism was 
continued on tha next day also and than tha growth slse of

adtast organism was diminish to 10 mm and rest occupied by 
antagonist. Thereafter# growth of both tha organism remained 
stationary (Table 32)fRl«te 25).
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The result indicated disintegration and die-back 
of £. myrlotvium by B. subtllia in dual eultura whan tha 
lattar continuad ita growth.

£. palmlvora

Oua to tha alow growth of tha taat organiam, it waa 
inoculatad five daya prior to tha antagoniat in dual eultura. 
Tha taat organism grew at normal rata in mono and dual 
culture. But in dual eultura antagoniat grav at considerably 
reduced rata baing 10 mm as against 45 mm in monoculture on 
tha first day and BO mm on tha sacond day. Thara waa no 
further growth of the antagoniat and the tast organism till 
the and of the observation (Table 32# Plata 25).

Tha result revealed that tha antagonistic bacteria In 
tha presence of tha tast organiam reduced its cam growth 
rata, while the second day onwards, it completely checked tha 
growth of tha taat organiam and a son# of inhibition developed 
between the two colonies# showing mutual antagonism. Thus 
inhibition at a distance and mutual antagonism were tha net 
result.

R. solanl

The tast organism was Inoculatad one day prior to 
antagonist in the dual culture. The taat organism had normal
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Plata 26. Bacillus ipp, x R. solani in dual culture aftartlra days
(1) Baclllus-2 (2) Bacillus subtlllau> n g n S - a  t«) c a i i S - r ” *“ *(S) Control
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growth rat* in dual culture on tha first day but antagonist 
had a vary slow growth rata baing 45 tm in monoculture and 
10 am in dual cultura. On tha second day onwards tha re was 
no furthar growth for both of tha organisms till tha 
observations war* completed (Table 32) (Plata 26)•

Tha data clearly revealed that in dual culture the 
antagonist and tha tast organism could inhibit each other and 
a son* of inhibition developed between them.

Bacillus-1

P.

Tha antagonist and tha taat organism were inoculated 
on tha same day in dual culture due to almost the satna growth 
of these two organisms. On the first day* both tha organisms 
grew 45 rm in dual culture and contacted each other. On the 
contacting point* tha thickness of mycelium of test organism 
was found to be reduced. The growth rate in dual culture 
waa slightly higher than in monoculture for the teat fungus. 
But on the second day onwards disintegration of growing tip 
of hyphae of the test organism was noticed* seducing its 
growth from 45 mm to 32 mm and further to 10 tm , the remaining 
space in the petrldish being occupied by the antagonist. Me



further growth of either of tho organisms was observed 
(Table 33).

The result indicated disintegration and dla-back of 
P. sryriotvlum by tho bacterium which was idantleal to 
£• subtilis and lattar eontinusd ita growth in dual culture.

£. palmlvora

Tha teat organism was inoculated five days prior to 
the antagonist in dual cultural due to the fast growing 
character of the letter. On the first day* tha antagonist 
showed a very raduead growth of 10 mm in dual culture as 
against 45 mm in monocultura. But tha tost organism grow 
at normal rata* in mono and dual culture, on the first day. 
On the second day onwards* thers was no furthar growth for 
either of the organisms end it continued till the end of 
observation (Table 33).

The result indicated that tho antagonistic bacterium 
waa having reduced growth rate in presence of the teat 
fungi. L*tar both the organisms inhibited each other and a 
clear sons of inhibition was developed.

ft.
The teat organism was inoculated one day prior to that 

of the antagonist in dual cultura duo to fast growing nature



of the latter. On the fir at day# the test organiam ahowad 
a normal 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 onwards# there was no further growth for the 
antagonist and tha taat organism and it continued till the 
end of observation (Table 33) (Plate 25).

The result revealed that the antagonistic bacterium 
and test fungus showed mutual inhibition and a clear none 
of inhibition was produced.

issmsi-2

P. mvrlotylum

The test organiam and the antagonist wers inoculated 
on the same day in dual culture. On the first day# the 
antagoniat grew at normal rate in mono and dual cultures# 
but test organism showed a faster growth rate in dual culture 
than in monoculture (Plate 27)• On the second day# the 
antagonist advanced its growth disintegrating the mycelium 
of teat organiam and reduead its growth from 50 mm to 15 mm. 
Later, there was no further growth of either of the organisms 
in dual culture (Table 34) (Plate 28)•



Plate 27. lisWg»-2 * £. ■jrifftTlW' on the first day

Plate 28. g f t f l l . * P. myrlotvluw in deal culture after two days



' ■—    ---
Plate 27
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The result indicated disintegration and die-back of 
P. myriotvlum by the bactarium which was small celled Bacilli. 
Tha antagonist continued its growth initially and later 
ceased to grow.

P. Palmlvora

Tha tast fungus was Inoculated in dual culture, five 
days before the antagonist, due to tha slow growth of tha 
former. On the first day, tha test fungus had same rate of 
growth in mono and dual culture, but the antagonist showed 
a reduced growth rate in dual culture. On the second day 
antagoniat grew only 12 am in dual eultura aa against 82 mm 
in monoculture while test fungus grew 52 mm in dual culture 
as against 54 tm in monoculture. Neither of the organisms 
grew further from tha third day onwards (Table 34, Plata 29).

The data revealed mutual antagonism and a sons of 
inhibition waa developed between tha two organisms.

R. solanl

Tha tast organism was inoculated one day prior to tha 
antagoniat in the dual culture due to fast growing nature of 
the latter. On the first day, the test organism showed tha 
same growth rata, in mono and dual culture, but the antagonist



P l a t *  a t .  S i s i n m - 3  x  p & xs a s fc i& s ii* M O f t l y g r a  « * t * r
thra* day*

Plata 30. Kona of Inhibition by call fraa cultura filtrataa of antagonist* in *« coli 
(l) T. longlfegachfatm» ~



Plate 29



showed a very raduead growth of 10 ran la dual cultura as 
against 40 sn in monoculture. On tha aaeend day# both tha 
taat organism and tha antagonist showed raduead growth of 
55 ran and 20 am respectively as against <5 am and 82 am 
respectively in monoculture. Ro furthar growth for either 
of the organisms in dual culture was observed (Table 14#
Plata 20) • Later# no growth was observed for tho tost fungus 
end antagonistic bacterium in dual culture (Table 34#
Plata 20).

Tha result indicated mutual inhibition# between tha 
two organisms and development of n clear sono.

liSUiift-*

Dua to similar growth rate of tost organism and tha 
antagonist# they ware inoculated on tha same day in dual 
culture. The tast organism and tha antagonist grew almost 
at same rats in mono and duel culture on ths first day. The 
antagonist grew at ths same rats in mono and dual culture 
on the second day also but tast organism had a considerably 
reduced growth of 31 mm in dual culture as against 82 ran in 
monoculture. Tha reduction In growth of tast organism



continued on subsequent days and readied 10 ms on fourth 
day and remained stationary whoa ita growth in mono eultura 
already completed in tha petridiah. Tha antagoniat had a 
reduced growth rata on tha third and fourth day in dual 
culture when compared to monoculture and it attained 80 mm 
on tha fourth day# thus disintegrating tha tast organiam and 
remained stationary afterwards (Table 35) •

Tha rasult indicated that die-back and disintegration 
of the test organism occured on contact with antagonist while 
the latter continued to grow.

P. giMvgrt

Due to the slow growth of the test organiam# it was 
Inoculated three days prior to the antagonist in dual culture. 
On the first day# tha test organism showed same growth in 
mono and dual culture but tho antagonist grow at a slow rate 
having 10 mm in dual eultura as against 26 mm in monoculture. 
The growth of the antagonist remained constant during further 
period of observation. Tha test organism grew at the same 
rate in mono and dual eultura during tha second and third 
day but with a reduced growth on the fourth day. After 
reaching 50 s» on the fourth day it remained stationary 
(Table 35).



The result revealed that the antagonist could not 
grow at tha normal rate and inhibited in the presence of 
test organism P , ps Ini vers end on the fourth day onwards it 
cheeked the farther growth of test organism and a sone of 
inhibition developed between the two showing mutual 
antagonism st a distance.

R. solsni

The test organism was Inoculated one day prior to tho 
antagonist in duel culture due to feet growth of tho lattor. 
On the first day# both the organisms had the same growth 
rate# in mono and dual culture# but on ths second day both 
of them had reduced growth in duel culture in contrast to 
their growth in monoculture. The antagonist reached 30 am 
and test organism 48 am growth in dual culture on second 
day. Thereafter no growth was observed in either of the 
organisms in dual culture while their growth Increased in 
monoculture (Table 35).

The result revealed mutual inhibition at a distance 
with s clear sons developed in between the two.

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



Call free culture filtrate studios

Tha microorganisms which ahowad conspicuous antagonistic 
characters in tha dual eultura against any of tha teat 
organiama were selected and their Mil free culture filtrates 
were employed in poisoned food technique, as described la 
materials and methods, to estimate tha inhibiting actions on 
test organism. The results ara presented (Table 37, Plates 
30-33).

The antagonist T. koninoli inhibited tha growth of teat 
organiama by 22 par cent in Casa of P. mvrlotylum. 20 per east 
of £. palmlvora and 24 par cant of R. aolanl (Table 37) •

Call free culture filtrate of T* haralanum gave 
inhibition percentages 20, 22 and 16 in case of P. myrloty lum, 
£• Palmlvora and R. aolanl respectively (Table 37) •

T. inhibited tha growth of
P. wrrlotvlum. P. palmlvora and R. aolanl at tha rate of 24,
13 and 26 par cant respectively (Table 37) •

f i l t r a t e

Cell free culture^ of A. evdowll has shown slight 
antibiotic property, only against R. aolanl which was 20 
per cent (Table 37).



Table 37. Iffect of cell free culture filtrates (Poison food technique)

threo days afterinoculation(an)
1. T. konlngli 70 22
2. 2- hafKlMIMB 72 20
3. 2* lonait^achlatue •8 24
4. svdowil 90 —
S. terrene 90 —
6. A. niflir 811 100
7. P. Nil 100
e. P. citrlnam 811 100
9. B. « M I U « Mil 100
10. Control 90

of antagonists on the growth of test organl

Phyto^thore palplvpra »>^19gt9Ria M liaA
Growth Per cent Growth Per centManned inhibition measured inhibition14 daysafterinoculation(sea)

seven days afterinoculation(an)
72 20 48 24
70 22 78 18
78 13 87 28
90 — 72 20
90 20 78
Mil 100 Mil 100
27 70 29 88
12 87 38 80
20 78 27 70
90 — 90 —



Plate 31. Zone of inhibition by cell free culture filtrates of antagonists in £• ooli (1) “
( 2)(3).
(4)(5)

Plata 32. Zona cf Inhibition by call free eultura filtrates of antagonists la I. coll
<2) p. sitsrAawr(3) TalaromYces wortmannl

I» ismtm &k(5) Control



Plat# 31



Plate 33. Zone of inhibition by cell free culture 
filtrates of antagonists in E. cell
(1) |tg»£t9trYce? sp.(2) geclllus aubtllla;3 PftSLlpn jces IjJ.ac^ps(4) Control





&• has no Inhibitory action against
p. mvrlotylum and P. palnivora while it inhibited *. aolani 
considerably, having 78 par cant inhibition (Table 37)•

The powerful toxic antibiotic produced by A. nloar 
gave 100 par cant inhibition of all the three teat organisms 
(Table 37).

£• siapliclsslmuw also produced powerful toxic 
metabolite which has inhibited 100 per cent growth of 
P. mvrlotvlum, 70 per cent of P. palmlvora and 68 per cent of
». asdaak <*•*>*• 37).

P. citrlnum also produced more or less same inhibitory 
metabolite like P. simpllcissimiai and gave inhibition of 
growth of 100 per cent of JP. arrrlotylum. 87 per cent of 
£• Palmlvore and 60 per cent of *• eolanl (Table 37}.

Aa regards inhibition by the antagonist B. aubtllls. 
it was 100 per cent agalnat P. myrlotylum, while it was 78 
and 70 per cent in respect of P. palmlvore and R. eolanl.

The antagonlata which showed at least few antagonistic 
reactions in dual culture against any of the three test



organisms# P. mvrlotylum# P. palmlvora and R. solani# and 
also tha isolates which were known to produce antibiotics 
were subjected to antibiotic assay as described in materials 
end methods*

A total of 14 microorganisms were screened against 
Eechenehia coll and the inhibition sone developed was 
compared with that of standard antibiotics as described in 
materials and methods. The results obtained are presented 
(Table 38) (Pig. 6) (Plates 30# 31, 32, 33).

Of the 14 microorganisms tested# the cell free culture 
filtrate of P. eltrinum has shown the maximum antibiotic 
property having 11 mm inhibition sone which is equivalent 
to 325 ppm tetracycline hydrochloride. Streptomycee ep. 
(with straight sporophorea) was second In the order giving 
an inhibition sone o f 10 mm which is equivalent to 250 ppm 
of tetracycline hydrocholoride.

Cell free culture filtrates of three organisms vie*
T. lonjib̂ flchlftwn# P. almpllclsslmum and A. versicolor 
produced an inhibition sone of 9 mm which is equivalent to 
150 ppm of tetracycline hydrochloride. Cell free culture 
filtrate of A. nioer produced 8.4 mm inhibition and that was 
equivalent to 90 ppm of tetracycline hydrochloride. Cell



Table 38. Antibiotic essay of cell free culture filtrates of antagonists
81. Hams of Mo* antagonists Zone of equivalencyinhibition to Tetracyclineproduced by hydrochlorideculture filtrate (ppm)

(am)

1 T. konlnail 7 SO
2 T. harslenum 6 50
3 9 150
4 9 150
5 a . svdovli 8 so

6 A. terraus 7 so

7 A. nlaar 8.4 90
8 P. JlE£ii£ill4fiBffi 9 150
9 £• 11 325
10 T. wortaanni 6.6 so

11 £• UlifiAnq* 6 50
12 £• s m s s o R 7.4 50
13 StreDtotsveaa so. 1.0 250
14 B. isteUlll 8 SO
15 Control 0
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i o tt 12 1 3  14- C O N T R O L

I. Fnichodtknt* k o *i»g i  

Z. T /tt choda t  »ra. 6 * * 3

3 .  TlichocletvtA foxgibiacJtiatum
4. AspxHgitfas Veksicofot

5. Afpxtgiituf -f  if do uric 

6■ Ajpxngittus

7. Aspt*gitf*s nig**.

8- P*nci//tum  SimpCi'cifStmum.

9. JU *ciM i«i* cithinu-m

10. FalaHoxfyces HJOkt>nannc

I I . Paxcifomycts ti/acixu*

12 . FuSotium  oxyopohum 

*3 Stleptom gcxs 6pp

14. &acitf«4 Ju&tidts

F I G .  6 . g r a d i n g  a n d  c o m p a r is o n  o f  z o n e  o f  in h ib it io n  PRODUCED BY THE c e l l ,  f r e e  c u l tu r e  
f i l t r a t e  o f  ANTAGONISTS in £7. cotl WITH t e t r a c y c l i n e  h y d r o c h lo r id e .



free culture filtrates of two organisms vis* A. avdowll and 
B, subtilis produced 8 a n  inhibition sons which is equivalent 
to 50 ppm of tetracycline hydrochloride.

Six organisms namely T. konlngll, T. harelanum,
A. ter reus, T. wortmannl. P. lllacinua and P. oxvaoorum 
produced very lees antibiotic substances in culture filtrates 
and their sons of inhibition ranged from 6.0 ~ 7.4 am which 
le equivalent to less than 50 ppm 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 a continual state of change end this dynamic 
state is maintained at a level characteristic of the flora. 
The composition of micro flora of any habitat is governed by 
the biological equilibrium created by the association and 
Interactions of all individuals found in  the community 
(Alexander, 1977)•

th e undisturbed, moist evergreen forest soil is one 
of the most ideal substrates for the existence of the native 
mlcroflore. Apart from the rich organic content of the 
soil, 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 
competition, antibiosis and predation or parasitism. Thus, 
the ecological axiom is expected to be maintained in such 
soils.

ro



In Kerala/ no attarr.pt has baen 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 producing micro
organisms. The locations selected for soil sample collection 
in the study were having divergent vegetation comprising
mostly of evergreen shrubs and trees. There were 35 and 39

2phanerogamic spp. Identified 50 at area around the
alte of soil sample collection in Wynad and Idukki districts 
respectively. This dense growth of vegetation and continuous 
wet period for a major part of the year made this area ever
green humid forest.

The Idukki soils were generally rich in organic carbon 
when compered to the Wynad soil. In both the places, the 
organic carbon decreased with Increase in depth of soil, and 
maximum accumulation of organic carbon was noticed in the 
first layer (0-10 cm) of top soil. This may be due to the 
fact that the soils are undisturbed and accumulation of 
organic matter will be always in the surface soil (Table 3).

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



layer of top soil <0-10 cm) of Idukki which ranged from 
39.42 to 57.983 million* while In Nynad it ranged from 
34.242 to 38.74 million. In the next layer (11-20 cm) the 
microbial population further decreased both in Wynad and 
Idukki soils and again further reduction was noted in the 
bottom layer (21-30 cm). Zt was only 0.43-9.56 million in 
Idukki and 0.517-0.621 million in Wynad. The date clearly 
revealed that when depth increased, the microbial population 
significantly decreased in both the forest soils (Table 4 
and 8)• This finding is in full agreement with those of 
earlier workers (Alexander* 1977)• The reduction in 
microbial population as s result of increase in depth of 
soil is due to the fact that when depth Increases the organic 
carbon decreases and soil reaction also decreases slightly 
and there is every possibility of less aeration in deeper 
layers. The combined effect of these three factors creates 
s condition which is not congenial for the growth and 
reproduction ofthe microbes resulting in the decrease in 
microbial population. Organic carbon being the only source 
of energy for the soil microbes# is the major factor 
that determines the microbial population. This observation 
is in conformity with the findings of earlier soil microbio
logists (Waksman and Curtis# 1916# 1918* Stare# 1942#
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Laudelout al*. 1949; Arlstovskaya# 195%, 1957/ Rosa# 1954/ 
Blue ft al*. 1955/ Zhokort^ It SC# Jagnow# 1958# Taao at ■!.. 
19St# Popova# 1963# Rangasweni and Venkatasan, 1963 and 
Rangaswael £t al*. 1967)• f

Tha maximum fungal population was observed in tha top 
aoila of both Wynad and Idukki districts# Tha population 
dacreaaad with incraaaa in dapth axcapt in Idukki where thara 
was no significant dlffaranoa batwaan tha sacond <11-20 as) 
and third layer (21-30 as)* But in pooled analysis there 
was significant difference in fungal population in different 
dapth of soils# as depth increased tha population decreased 
(Table 5 and 6)• A gradual reduction in microflora in 
deeper layers was observed in tha present investigation and 
is fully supported the earlier findings of Arlstovskaya 
(1951# 1957)# Waksaan (1952). Rose (1954)* Milosevic (1958)* 
Tsao jst al- (1959)* Rangaswaaal and Venkatasan (1963), Corke 
and Chase (1964)* Venkatasan (1964) and Rangaswami £& al. 
(1967).

The actinomycete, population in general was found to be 
maximum in top layer# both in Wynad and Idukki soils. But 
in Idukki# there was no significant difference between the 
first (0-10 as) layer and second layer (11-20 can). The
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pooled analysis of actinomycete population of Wynad and 
Idukki revealed that thara was no significant dlffarenca 
between tha first two layer, bet there was significant 
difference between the second (11-20 cm) and third layer 
(21-30 cm) (Table 6 and 3)• The reduction of actinomycete 
population waa observed with increase in depth but drastic 
reduction was noticed beyond s depth of 20 cm. This nay 
probably be due to the comparatively low pH in lower layers 
and actinonycetes prefsr generally higher pH. These findings 
are also in conformity with the findings of earlier workers 
(Waksnan and Curtis, 1916, 1918; Jensen, 1943; Jones, 1943; 
Aristovsksya, 1951, 1957; Rose, 1954; Vojnovic and s«vic, 
1954; Jagnow, 1956; Zhukova, 1956; Milosevic, 1958; Ssabo 
et al.. 1958; Teplyakova and Makshimova, 1958; Tsao £t al., 
1959; Popova, 1963; Rangaswami and V#nkatesan, 1963; Corke 
and Chase, 1964; Venkatesan, 1964 and Rangaswami gt al.,
1967).

Like the fungi and actinonycetes, the bacterial 
population also decreased with increase in depth. But the 
reduction of population was very much pronounced than the 
other two groups. This progressive decline in population 
of bacteria with increase in soil depth is mostly in line
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with tha result of earlier workers (Waksman and Curtis*
1916, 1918; Landolout et al.. 1949; Marssewska-Zimiecka and 
Oolebiowska, 1949; Rose, 1954; Vojno Vic and Sevie, 1954;
Blue al.. 1955; Milosevic. 1958; Tsao ££. al.. 1959; 
Rangaswami and Venkatasan, 1963; Corke and Chase, 1964; 
Venkatasan, 1964 and Rangaswami 1967).

In Kerala, the major soil borne diseases are caused
by the different species of fungi like Pythlum, Phytophthora 
and Rhlsoetonla. In the present investigation the micro* 
otganiams obtained in the soil dilution plates were screened 
against the major soil borne plant pathogens,Pythlum

irevrlotylum. Phytophthora palmlvora and Rhisoctonla eolanl 
for antagonistic properties by the standard methods.

In the dual culture method, 18 identified fungal 
species were screened against the three soil borne plant 
pathogens. The five dual culture reactions described by 
Johnson and Curl (1972) were observed and from these, those
showing antagonistic properties 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.



(1) Intermingling and overgrowth
(2) Mutual inhibition on contact
(3) Flattening of colony of the teat organism on the aides 

nearest to the antagonist
(4) Mutual inhibition at a distance
(5) Inhibition at a distance and disintegration of test 

organ! an.

Eleven spp. of fungi and three spp. of actinomycates 
have shown the character of intermingling and overgrowth in 
dual culture. Of these. MssBE Sm&BSbamUSk AlSSSBA
showed this character in dual culture against all the three 
test organisms. But Absldla oorvmbefsra, Syncephalastrum 
raataosw« Aspergillus malleus. A. avdowli. A. terreus. 
Mjcroascus cinereus and Fusarlum oxvsporum showed their 
ability to live along with the test organisms P. mvriotvlum 
and P. palmlvora by intermingling and over growth. But the 
above soil microorganisms have some reaction against R. aolaai 
(Tabla 26).

Paacalomvoaa lilacinus showed the character of inter
mingling and overgrowth in the case of P. palmlvora and 
R. solani in dual culture. But it has shown some reaction 
against P. mvriotvlum.



&• veralcolar and three »pp. of Straptomrces can grow 
freely by intermingling end overgrowth along with P. palmlvora 
but they have shown some reaction against P. mvrlotvlum and 
R. selani (Tabla 22). Earlier workers like Porter (1924), 
Newhook (19S1) and Johnson and Curl (1972) have also reported 
this type of reaction in dual culture.

A. svdowll and A. terreus. which have shown sost 
reaction against R. solanl. were also tested for their 
sntlbiotle properties against the three test organlssui by 
using osll free culture filtrates. The result showed that 
the oell free culture filtrates have some inhibitory reaction 
against R. solanl but no effect on P. mvrlotvlum and P. 
palmlvora. This oell free culture filtrate technique further 
confirms the results of dual culture studies. This finding 
is in agreamsnt 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 
organisms.

Another reaction in dual culture is mutual inhibition 
on contact. Eight species of fungi and three types of 
gtraptomyces ap. have shown this reaction against more than



one test organism (Table 36). Both the test organisms and 
the antagonists showed normal growth rate In dual culture, 
but when they came In contact, further growth was stopped. 
Talaromvcea wortmannll has shown this reaction against all 
tha three test organisms. However, two types of Btraptomvoas 
sp. (flexuous sporophores and fascicled sporophcres) and
A. veralcolor have shown this resctlon against P. mvrlotvlum 
and R. solanl. But they have shown intermingling and over* 
growth character against P. £ftlfifc22£B-
has shown the character of mutual inhibition on contact with 
£. mvrlotvlum but it has established a free intermingled 
growth in the case £• palmlvora and R. solanl.A

Five fungi y i* . &• S* IS£S5£E»* * •

S&SESM* S&ftlfi* I • oxysporum and streptomvces sp. 
(straight sporophores) have shown the reaction of mutual 
inhibition on contact in dual culture with R. solanl. Sxcapt 
tha Streptoaiveaa sp. (straight sporophores) all these fungi 
have shown intermingling and overgrowth character with P. 
ggfariB3Mg «*** £• BftMlSTft *«» duel culture.

Streptonryoea sp. (straight sporophores) has shown three 
different reactions against the three test organisms. It hss 
shown intermingled overgrowth with P. palmlvora but mutual
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inhibition on contact with ft* aolani and a good antagonistic 
property, dicback and disintegration of tast organism, with 
P. myrlotylam*

Qna organism may show good antagonistic property against 
one or a few pathogens bat against others it may not haws any 
adverse effects. There are ample evidences for such behaviour 
of the soil microorganisms* The selective nature of the 
antagonistic property of dtrsptomveos sp* has been reported by 
earlier workers (Neweigy e£ al., 1982# Kundu and Hand!, 1984# 
Logan jtt al*. 1984 and Mohamad, 1985).

Of 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 control of 
soil borne pathogens, because, 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 test 
organism exospt checking the further growth.

The dual culture reaction, mutual inhibition at a 
distance clearly showed that ths antagonist and test organisms 
were producing some biotic substances diffusing into the 
media and acted inhibitory to each other* Of the organisms 
tested, £• terreus has shown this property only against



£• J&ls&i# while, against other two teet organisms the 
reaction was intermingling end overgrowth (Table 21). This
indicates that biotic substances produced by jV. terrace and
£• solani are diffusible in egar medium and are inhibitory
to each other. Hone of thia biotic substances was self
inhibitory, because in monoculture both the organisms grow
normally (Table 21) • The coll free culture filtrate studies
using the antagonist A* terrene also showed that it was having
high inhibitory action (78 per cent) against R. solani.
This finding also supports the results of dual culture
technique (Table 37)•

The antagonistic property of £• terroua against A. solani 
has been reported by earlier workers (Zeehner £& *1., 1963#
Roy, 1964)• The present investigation confirms the findings 
of the earlier workers.

Penlcllllum citrimum and P. simpllclasimum have shown 
the reaction of mutual inhibition at a distance with P. 
palmlvora and R. solani (Table 36) • But they have shown soms 
other antagonistic property against P. mvriotvlum. The 
ability of P. citrlnum and P. simplleiasimum to pro duce 
antibiotic substances inhibitory to P. palmlvora and R. sol»»* 
waa further established in the cell free culture filtrate
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techniques employed in the present investigation. There 
were 70 and 87 per cent inhibition in case of P. palmlvora 
and 68 and 60 per cent in ease of R. solani toy the culture 
filtrates of £• slmpllciaalmuro and P* cltrlnum respectively 
(Table 37).

It is a well known fact that the Penlcllllum spp. can 
produce biotic substances which are inhibitory to many fungi 
which include Phytophthora and Rhisoctonla spp. (Raioji and 
Stan# 1975i Odlgie and Ikdtun# 1982; Haral and Konde# 1983; 
Logan al.. 1984 and Jharia and Khsre# 1986).

Bacillus subtllls and other three types of Bacillus 
spp. Isolated during the present investigation also showed 
mutual inhibition at a distance in the case of P. palmlvora 
and R. solanl (Table 36) • But these bacteria have shown 
different antagonistic property against p. myrlotylum. In 
call free culture filtrate studies also B. subtllls hss shown 
78 and 70 per cent inhibition in case of P. palmlwore and 
R. eolanl respectively (Table 37) • The antagonistic properties 
o* HfftUlMF «PP- !• subtllls sgalnst R. solanl have baen 
sstsblished toy sarlier workers (Olsen and Baker# 1968;
Keweigy fit j^.# 1982; v®nkitaaubbiah, 1985). Bacillus spp. 
aod B. subtllls have shown the antagonistic properties



•gainst different »pp. of Phytophthora as reported by 
Utkhede (1984) and Fodlla and Dube (1987).

In tha biological control of soil borne plant 
pathogens* the usefulness of |. subtills especially against 
£. solani and Phytophthora spp. Is a wll established fact 
(Mitchell and Hurwits, 196Si Olsen and Baker* 19681 U4rl«h 
and Baker* 1970; Broadbent a).. 19711 Michael and Kelson* 
1972i Marriman |j[ al.. 1974 and roam sdahl and Mew* 197S) •

The dual culture reaction of inhibition at a distance 
and disintegration of the test organism was shown by three

*v,Tfungal antagonists Tit. A. nicer. P. citrinum and P.slanpllcla- 
aimum (Table 36). Of these antagonists* A. nicer has shown 
the above reaction towards P. and R. solani while
It has shown another type of reaction towards P. palmlvora.
The other two antagonists P. SAMMM! and £• slmpllclaalmun 
showed the reaction of inhibition at a distance and disinte
gration of test organism against £. mrriotvlum. They also 
showed the reaction of mutual inhibition at a distance 
•gainst P. Balaton end m lm i <*able 16).

The cell free culture filtrate studies using the 
antagonists £. j£fit£* P. j& toilttW  «** £• else



showed 106 psr wit inhibition against f. evrlotylum 
indicating tha production of antibiotics by ths antagonists# 
which inhibited the test organise completely. The culture 
filtrate of A. nicer has also shown 100 per cent inhibition 
of £* solanl and P. nalmlveru while that of P. almpllelaalaum 
and P. citrlnum have shown 70 and 07 per cent inhibition of 
P. oalnlvora. and 68 and 60 per cent inhibition of |« eolanl. 
This result of oell free culture filtrate studies strongly 
supports ths results of dual culture technique (Table S7) •

The antagonists A. nicer. £. ■<T>i**iaaiHum and 
P. citrines have produced sons diffusible metabolites Into 
the medium which have strong antibiotic and sons lytic 
activity against the test organise P. wvrlotvlue. The 
antagonlata have produced the antibiotics which diffused 
into the substrata slowly and thus inhibiting only the growth 
of tost organism nearer to antagonist# whila growth of teat 
organise in tha perlphary was not affeetad. The disinte
gration of hyphae of the tost organise was also noticed 
Indicating tha lytic proparty of ths metabolites. The 
behaviour of tha antibiotics produced by A. nlaer towards 
£• evriotvliSB and moimni was similar, whereas towards 
£• oalmluora it was different. P. alMmliclaslmna and
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P. cltrlman also behaved in a similar manner towards 
P. mvriotvlum. but their behaviour towards palmlvora and 
R. solani was mutual inhibition at a distance without causing 
any lysis.

Tho antibiotic producing ability of A. nicer. P. 
cltrlnum and £. simpllclsslreua is e well established fact 
and the properties of inhibition and lysis of the pathogenic 
fungi were reported by many workers (Dorasch, 1960; Broadbent# 
1966; Robinson and Park. 1966; Relcu and Stan, 1975; Bora# 
1977; Fedoseeva et jJ,.# 1983; Gokulapalan and Hair# 1984;
* y  f t i  £ & •»  1984) .

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 Trlchodorma 
vis. T. harulanum. T. konlncll and T. lonolbracheatum. against 
the three test organisms P. migtylum# P. 2S M S S m  

R. solani (Table 36)• The antagonist when contacted the test 
organism# parasitises it and slowly caused the dieback 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 disintegration. This is evident from the fact
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that tha antagonist continued its growth even after meeting 
the hyphae of the test organism causing the dieback and 
disintegration. The hyphal parasitism and production of 
inhibitory substances by different species of Trlchodsrna. 
resulting in dieback and disintegration of test fungi like 
Pvthium, Phytophthora and Khisoctonia were reported by many 
workers (Weindling, 1932; Boosalis* 1959; Durrelt I960;
Mew j£<», 1980; Elad 1983; Logan £t 1984;
Sivan gt al«. 1984; Mukhopadhyay and Zndullka Chandra , 1988; 
Mukhopadyay,1987; Manian and Paulaamy# 1987). Tha present 
investigation also clearly demonstrated the ability of theae 
three spp. of Trichodsrma to cause dieback and disintegration 
of the above soil borne plant pathogens.

Ths cell free culture filtrate studies using 
1" iaifiaaas* I* I- loiiglbraclieatMa also showed
evidence of production of biotic sustances which Inhibited 
the growth of teat organism to some extent (Table 37)• The 
inhibition percentage observed on the test organisms by the 
above three species of Trlchodensa ranged between 13*26 per 
cent.

The present investigation has proved that the above 
three species of Trlchodsrms have the ability to rihow their
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antagonism against Prthlm. Phytophthora and Rhlsoctonia 
and that it ia mainly dua to tha parasitism and to some 
axtant dua to production of biotic substaneas which are 
toxic to tast organisms*

A. nlcar has shown tha antagonistic proparty of 
dlaback and dislntagratlon against tha tast organism 
P. palmlvora (Table 36). This indicates that A. nlqar can 
parasitise on P. palmlvora causing disintegration and tha 
biotic substaneas produced by this antagonist ara found to 
be toxic to the test organism* The bloassay studies using 
cell free culture filtrates clearly demonstrated 100 per cent 
inhibition* not only against P* palmlvora but also against 
P. mvriotvlum and R. solani (Table 37) • The production of 
antibiotic substances having lytic activity by A. nlqar 
against P. palmlvora is a well established fact and has been 
reported by earlier workers (Broadbent* 1966i Raicu and Stan* 
1975; Bora* 1977; Trevinooand Espinosa* 1981; Fedoseeva 
at al.* 1983; Gokulapalan and Heir# 1984; By al.. 1984; 
Padeakumari and Balakrishnan, 1986) • The ability of 
producing strong antibiotic substances by A. nlcar against 
the three important soil borne pathogens £. mvriotvlum.
P. palmlvora and R. solani ia elaarly demonstrated in the 
present investigations.
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A. svdowll has cauMd tha dieback and disintegration 
of tha tast organism |« aolanl by overgrowing and parasit
ising it (Table 36) • There was no considerable inhibition 
of the test organism in the dual culture which was evident 
also from the data of cell free culture filtrate studies# 
where A. avdowil showed no inhibitory action on P. mvrlotylum 
or £• Palmlvora while it recorded 20 per cent inhibition of 
test organism R. aolanl (Table 20). The present investigation 
indicates that A. svdowll is not able to produce any strong 
Inhibitory substances against the fungi tested and the 
antagonistic property of A. svdowll against R. aolanl is 
mainly by parasitic activity*

In the case of atreptomvces sp* (with straight 
sporophores) there was no clear indication of the antagonistic 
character of dieback and disintegration* but flattening of 
hyphae of the test organism £• mvrlotvlum on the sides nearest 
to the antagonist was observed in dual culture. The antago
nistic activity of Streptomvces spp* against Pythlum was 
reported by earlier workers (Chi# 1967; Domach al.. 1980)• 
But in the present investigation* the species of 8treptos»vcss 
used have not shown any antagonistic property against the 
three test organisms but showed adverse effect on growth of



£. eyrlotylue by way of flattening of hyphae nearest to 
antagonist.

la tha present study* four speeies of bacteria haws 
been isolated and studied. Of these* one ie identified as 
8, subtil is and th» other thsws isolates are found to bn 
identical to B* subtllls but hawing different cell nine of 
Bacillus sp. All those bacteria have shown good antibiotic 
property to all tha organises tasted. In duel culture with 
£• erriotrine ell of them hare shown dleback and disinte
gration property* but with the other two teat organises they 
shewed the character of mutual inhibition at a distance 
(Table 36) •

The cell free culture filtrates of Bacillus subtllls 
inhibited 100 per cent growth of |# errio trine whereas it 
was 78 end 70 par cent in rsapeet of nalmlrora end 
2* solani respectively.

Ths antagonistic and antibiotic properties of 
|» subtllls and other app. of Bacillus, are noil established 
as evident free tho reports of oarliar workers (Benia and 
Xnber* i960; Olsen and Baker* lHti Agerwal || j£.« 1877#



Ashour £t al»« 1980/ Utkhade and Rahe* 1980/ Odigle and 
Ikotun, 1982/ Tschen and Kao# 1985/ Mukherjee al.. 1987 
and Podila and Dube. 1987).

The importance of this group of bacteria for the 
management of soil borne diseases by means of biological 
control is getting great attention of plant pathologists 
all over the world.

Antibiotic bioassay studies reveal that some of the 
isolates especially £• cltrlnuc, £. aimpllclaalmuu and 
Streptomyces spp. are producing very powerful biotic 
substances which are equivalent in their antibiotic property 
with 325* 150 and 250 ppm respectively of tetracycline 
hydrochloride against Escherichia coll. The different spp. 
of Trlchoderma and Aspergillus have shewn some antibiotic 
property against 1. coll which was equivalent to 150 ppm of 
tetracycline hydrochloride.

The antibiotic properties of the organisms especially 
Penlcilllum and Streptomyces are well known and abundant 
literature is available on this subject.

The present investigation has shown that the forest 
soils of Kerala are very rich in microorganisms especially
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fungi. Of these, many of thaw have shown good antagonistic 
property against the notorious soil borne pathogens vis,
£. mvrlotylum, £. palmlvora and R. solani. Due to the 
continuous cultivation, the ecological equilibrium of the 
population dynamics of the microbes in the soil has been 
disrupted, and cultivated soils are having generally more 
plant pathogenic organisms than the antagonistic organisms. 
The following organisms Isolated and studied during the 
present investigations vis. T. harsianuro. T. konlnoll,
T. loncibracheatum. A. niqor. £• cltrinum. P. almpllclaalmum,
B. g.g|>ti.U» and allied species of bacteria are found to be 
very powerful antagonistic and antibiotic producing organisms 
which can be very successfully utilised for the biological 
control of the major soil borne plant pathogens of Kerala 
like £• myrlotylum, P. palmlvora and £• solani. The proper 
development o f food bases and method ci application of these 
antagonistic microbes in the field will help to get better 
result for management of the soil borne plant diseases by 
means of biological control.



Su.
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SUMMARY

1. The antibiotic producing and antagonistic micro-organisms 
in the forest soils of Kerala were studied and the 
results are presented in this thesis. Soil samples were 
collected from the moist evergreen forest areas of Wynad 
and Idukki districts. In both localities the soils were 
laterltlc in origin and they were typically forest soils 
with acidic reaction. The average rain fall for the last 
ten years was 1297.27 ma 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 and it was found 
that Idukki soils were very high in microbial population 
with 39.422 - 57.98 x 10® per g of soil while that in 
Wynad it ranged from 34.24 • 38.74 x 10® per g of soil.

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



The mean fungal population In different depths of Wynad 
soil ranged from 2*32 - 4*41 * 10* per g of dry soil 
and that of Idukkl# it ranged from 2.25 - 5.03 x 10* per 
g of dry soil. Twenty different species of fungi were 
isolated. Of these# 18 were identified upte species 
level. The predominant genera of fungi were Mucor, 
Synceohalastrum, Trlchodarma# Microaecus, Cunnlnohamella, 
Absldla# Aspergillus# Panic!Ilium# Talaromyces# 
Paecelomycea and Fusarium. In Wynad# seventeen species 
of fungi were isolated whereas it was only twelve species 
in Idukkl district. Of these# nine were common in both 
the districts.
The actinomycetes population in different depths of soils 
was generally high when compared to fungi and ranged from
0.047 - 0.210 x 10* per g of dry soil in Wynad and 0.087 -
0.451 x 10* per g of dry soil in Idukkl. Three species 
of actlnomycetes were identified upto generic level.
Two species were common in both the soils and one was 
restricted to Xdukki alone.
Among the mlcro~organiaros# bacterial population was 
maximum in all the three layers of soils in both the 
districts. It ranged from 34.2 - 38.5 x 10* per g of dry
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soil In Wynad. It was much higher In Xdukki and ranged from 
38.88 * 57.62 x 10* per g of dry soil. Four types of Bacillus 
spp. mire identified. Of these* two were common in Wynad 
and Idukki. while the other two spp. were restricted to 
Idukki district alone.

8. The antagonistic properties of all the Isolates were studied 
by using three Mil borne plant pathogens vis. Pvthlum 
mvrlotvlum. Phvtophthora palmivora and Rhlsoctonla solani as 
test organisms by dual culture method.

9. The dual culture characters of the soil micro3>rganisms 
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
(d) Inhibition at a distance and disintegration of test 

organism.
(e) Die-back and disintegration of test organism.
Of the above reactions, intermingling and overgrowth did not 
show any antagonistic or antibiotic property. The reaction 
of mutual inhibition on contact showed only slight antagonistic 
property.
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10. Mucor sp. and Cunnlnqhamella slogans showed the reaction 
of intermingling and overgrowth with all the three teat 
organisms. Absidla oorymbefera. Syncaphalastrum 
reeemoaum. Aspergillus meleus. A. svdowll. A. terreus* 
Mlcroascua clna.gjua ®nd iM M kW . m m m  showed the 
reaction of intermingling and overgrowth with Pythlum
myrlotylum and Phytophthora SiM22£l- fflgSllSffimi 
111acinus has shown intermingling and overgrowth character 
in dual culture with P. pfMvggj and R. jftlaai-

11 • 'rnlntx>mvceg wortmannl has shown the reaction of mutual 
inhibition on contact with all the three teat organisms 
in dual culture. A. versicolor. Streptomyces sp. (with 
flexuous sporophores) and Streptomyces sp. (with faciled 
sporophores) showed the reaction of mutual inhibition on 
contact with P. myrlotylum and R* solanl in dual culture. 
On the other hand. Absidla corvmbefera. Svncenhalaatrum
SSSESSSE* & S B S Z S L I U M  "SiSSl* ^cffijffcuff S & 3 2 E S M *  

Fuaarlum oxyaporuro and Streotoanrces sp. (with straight
sporophores) showed this reaction only with R. aolanl.
But Pascalomycss llladnus showed this reaction only with
£. myrlotylum.
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12. raniclIlium dtrlnusu £• almplicisslmum, Bacillus 
aubtilla and thrae unldentlfiad spacias of Badllua hava 
tha dual cultura reaction of mutual Inhibition at a 
diatanca against £. and R. solani. Nona of
tho abova spacias has shown this raaction against
P. myrlotyluro.

13. A. nlqar showed tha reaction of inhibition at a distance 
and disintegration of tast organisms in dual culture with 
£• rcvriotyium and R. solani. while £• cltrlnum and £• 
slmpllclsalmum have shown this reaction only with P. 
myriotylum. Nona of thasa organ!sirs showed this reaction 
with £. EtMmS**

14. Three species of Trlchodsraa via. T* harsiamsn. T. koninoii. 
T. longibracheatum hava shown tha dual cultura reaction of 
dieback and diaintagration of taat organisms, with all tha 
three plant pathogens testad. A. niqer has shown this 
property only against R. solani. Streptomycas sp. (with 
straight sporophorea), Bacillus subtllls and three other 
species of Bacillus have shown this character against
P. mvriotvlum a Iona.

15. Tha microorganisms which showed conspicuous antagonistic 
characters in dual culture against the three test



15^

organisms were selected and further studied for production 
of antibiotic substances by moans of assay of call fraa 
cultura filtrates by employing poisoned food technique 
with the three soil borne pathogens. The three species 
olf Trlchoderma inhibited the growth of all the test 
organisms to some extent which ranged from 13-26 per cent, 
while A. avdowll has inhibited 20 per cent growth of 
R. solani and against the other two test organisms no 
Inhibition was showad. A. tarreua haa no Inhibitory 
action against Fvthlum mvriotvlum and Phvtoohthora 
palmlvora# but it inhibited 78 par cent growth of 
R. eolanl.

16. A. nicer produced very powerful toxic metabolite and 
inhibited 100 per cent growth of all the three teat 
organisms while £• aimpliclsaimum produced powerful toxic 
metabolites which inhibited 100 per cent growth of £. 
mvriotvlum and 70 and 68 par ©ant growth of £. palmlvora 
and R. JSllfii respectively. P. ffltelaw waa found to 
produce more or lass the same inhibitory metabolites 
which inhibited 100 per cant growth of £. myrlotylum.
87 per cent of £. palmlvora and 67 per cent of R. solani.
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17. The cell free culture filtrate* of Bacillus subtllls 
inhibited 100 per cent growth of P. myrlotylum whereas 
it was 78 and 70 per cent in respect of £. palmlvora 
and R. solanl respectively*

18. The antibiotic properties of the antagonists were studied 
and showed that £. citrinum produced maximum antibiotic 
property which is equivalent to 325 ppm of tetracycline 
hydrochloride* followed by Streptomyces sp* (with 
straight sporophores) which gave an equivalence of 250 ppm 
of tetracycline hydrochloride* T. lonolbrache a turn.
P* simpllclssiiaum and A* versicolor produced their 
antibiotic property equivalent to 150 ppm of tetracycline 
hydrochloride. Gf the 14 organisms studied for their 
antibiotic property* all the other 11 organisms produced 
only less than 100 ppm equivalence of tetracycline 
hydrochloride •
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ABSTRACT

The antibiotic producing end antagonistic fungi# 
actinomy cates and bacteria in tha evergreen forest soils 
of Ladysmith forest of Tharlyodo in Wynad# and Cheriyakanom 
forest of Thokkedi in Zdddl districts of KOrels State 
were studied*

Tho ^uMiofsaie flora around tha sites of soil sample 
collection in both localities were identified*

The total microbial population was studied in relation 
to tho depth of soil* The microbial population was maximum 
in the top layer and deoroasod with Increase in depth of 
soil. The total microbial population was higher in Idukki 
and In both district## population of bacteria was maximum 
followed by actlnomycates mod fungi* A diversified group 
of fungi consisting# &£&£« FfMsaii«MU
SSisittttffBig* MftLi* iftgBtraUUm* £sb4s1U4»*
TftliiaaaCBM* £MSllSSXS*a Fwartlff was present* Throe 
typos of sctinomycetos U s *  ffUtBfflmTBti *P* with straight 
sporophores# flexeous sporophores and faseleled sporophoreo 
were present while four types of heetorla via,. |« subtills.

»P. identical to £• DfefcLUft* fafiUiM »P* with 
small cell and fast growth in BA and Bacillus sp, with small 
call and slow growth in BA wore present*



Antagonistic properties of the isolates were studied 
with the test organises £QM « i  M XiQ% Tlm * PfrrtPPtoftgtt 
EfchBfaRga •»* ISllflA*

Huoor sp. and înnilnfltT ITTl 111 slogans showed intermingling 
and overgrowth with all tha test organisms while Abaldla 
oarfbsferg, SyBfffPHilailiail O S m ta m * ftfPfWAUtti BtlttE# 
h* terrsua. Mlcrosscus fljjaimi •«* IfrflSlWB MHT1B9IMB showed 
this character with £. ffiYrtPtYiJff •»<* £• £*£&&&£§• later- 
mingling and overgrowth character was observed in £iiflllfiami 
lllecinus with £. galilam  «*<* £• Jfili&l whsreas A* UBilflBlftg 
and three species of Streptorovces showed this character only 
with F. palmlvore.

Mutual inhibition on contact was exhibited by Talarsanrsea 
wortmannii with all the three test organisms, while A* SlSSJr 
color and Btreptomrcsa spp. with flexuous sporophores and 
fascicled sporophores showed this character with £. mvrlotvlunt 
and £. boImiI. This character waa observed in ease of A*
corymbs fora, £. USSS&SB* *• ESiSHl* £• SiBtlSBfi' 1* fflBWMMs 
and Strentoanroaa sp. with straight sporophores, with salami 
while £. lllamlnwa showed this with £. mvriotvlum.

Mutual inhibition at a distance was shown by Penicillium 
S M t K k a m * £• UtoilfitlltiBBi !• iafeiilU •»<* the other three 
Bacillus spp. when tested with £. aitffdMUm £• MlilttU but 
j M S B E H B  showed this rssction only with R. soisnl.



Ail

Inhibition at a diatanoa and disintegration of teat 
organism was shown by A* il»| with £. «*"* £• J&liBA
while P. eitrlnuBi and £• aimpliciaalmurn shewed this charactar 
only with P. Bglt&XiMh

All tha thraa spp* of Trlchodarma showad die-back and 
disintagration of all tha thraa tast organisms, whila A. niaar 
showad this character only with P. palmlwore and £. awdowll 
showad this character with A. solanl only. Straptowrcas sp. 
with straight sporopheres# B. subtllls and tha othar three 
Bacillua spp* showad this charactar with £• mvriotvlua alona.

Inhibitory properties of antagonists using os 11 fraa 
culture filtratss wars astimatad and found that A. nloar 
Inhibited 100 per cant growth of all tha thraa tast organisms
whila £• s iM tim * £• ItiEliSiMlBHB snd B. m j& U U  showad 
100 par cant inhibition of P. myrlotwlum and a ranga of 57-87 
par cant in caaa of £• oalmlwora and £. solani. A. tarraus did 
not inhibit £• anrrlotvlum and £. inhibitss 78
par cant of £. solani. All tha thraa Trlchodarma spp. modarataly 
inhibited all tha thraa tast orgsnlsms (13-26 par cant) while 
£• ■vdowii showad 20 par csnt inhibition of £• solani only.

Antibiotic property of tha antagonists was determined and 
£• cltrlnum exhibited maximum equivalent to 325 ppm tetracycline 
followed by Strantomvces with straight aporophoraa hawing



250 ppm* 1* JflfflUtogftfafran* £. iteFUffUflMBP « *  *• 
mrileolor ctcorted antibiotic property equivalent to 150 n *  
tetraoyeline hydrochloride while the other iaolatee had <[100 
ppm equivalence of tetracycline hydrochloride*


