STANDARDISATION OF FOOD BASES FOR
SELECTED ANTAGONISTIC MICROFLORA
AGAINST SOIL-BORNE PATHOGENS .

By
MINI S. NAIR

THESIS -
-Submitted in partial fulfilment of

the requirement for the degree

Masgter -of Seience in griculture
Faculty of Agriculture ‘
Kerala Agricultural University

Department of Plant Pathology

COLLEGE OF HORTICULTURE
Vellanikkara, Trichur

1990



DECLARATICHN

I hersby desclare that this thesis entitlsd
“Standerdisation of food bases for selected antagonistic
microflora againat soil-borne pathogens® ia a bonafide
racord of reaeg:ch work done by me during the course of
research &znd that the thesis haa not pravicusly formed the
basis for the award to me of sny degree, Adiploma, agsociste-
ship, fellowship or other similar title, of any other

University or Society,

s

Vellanikkara - | .
915 =5e1090., MINI.S. NAIR



CERTIFICATE

Certified that this thesis entitled
“standardination of food beses for sslected antegonistic
microflore sgainst soil-borne pathogeans” is a record of
fesoexch work done indepsndently by Kunsri Mini.S.Nair under
ny guidsnce and supervision and that i1t hes no: previocusly
formed the baois for the award of 3ny dsgree, fellowship

or esscclateahlp to her,

W

ﬂgéigfigggf“  (Chairmen Advisory Committee)



Approved byt

Chalrmans;

W

Dr. P.V.Nair

Mamkera:s

Pr., Abi Cheeran

Dr. A1 JJA%%

N
/34\\\%‘!2 f\Ow\"L’L-\' )
Dr. Sally K. Mathew



ACKNOWLEDGEMERTS

I express my desp sense of grstitude and
indcbtednela to Dr. P.V.Nair, Professor, Department of Plant
Pathoiogy and Chairmen of my Advisory Committee for his
expert guidance, immense help znd constant encouragement
throughcut the cocurse of this investigetion and preparetion

of the thesis.

My profound gratitude is due to Dr.Abl Cheeran,
Assoclate Director of Research, Kerala Agricultursl University
end member of the Advisory Cownlttee for the keen interest,
constant encoursgement and critical suggestions received from

him during the courge of this study.

I express my hesrtfelt thanks to Dr. A.I.Josze,
Professor and Head, Department of Soil Sclence and Agricultursl
Chemistry and menber of the Advisory Committee for the veluable

suggestions rendered during the preparstion of the thesis.

My sincere thenks are due to\Dr. Selly K. Msthew,
Assoclate Professor, Depertment of Plant Pathology end member
Of the Advisory Committee for her help end valuasble suggestions
throughout the course of this investigation.

With ell regerds, I acknowledge the co~ope§ation
end help rendered by all the staff mermbers of the Department



of Flent Pathology during the period of the atudy.

I an thenkful to my friends particulerly
Sharina Ceorge, Ambika, S. ond Maghu, 8. for the help and
Co=Operation rendered in the successful completicn of

thesis,

Thonka are also due to Sri.V.P.Asokan for the
neat typing of the thesiz., The auard of Jgpior Reszarch
Fellowship for my post graduate progracme by the I.C.A.R.
i3 also gratefully acknowledged.,

Vellanikiisra, . ar o
25.5. 090 MINZ.S. HAIR



CONTENTS

INTROCUCTICN

REVIEW OF LITERATURE

MATERIALS AND METHODS

RESULTS

DISCUSBION

SUMMARY

REFERENCES

APPEKNDICES

ADSTRACT



w3

10

11

12

LIST OF TABLES

Antagonists znd focd bases selected for bilocontrel of
Rhiroctonla in cowpea, Fythium In ginger and

“Qytoghthora in black pepper.

Crowth and aurvival of Trichoderma harszlenum in different
food basen.

Orowth and survival of Trichoderms longlbrachisgfum i
different focd bases., ‘

Growth end survival of Aspergllius terreus in different
fcod basos.

Growth and survivel of Penicillium citrinum in different
fcod hases.

- Growth and survivai of Peniclilium simplicissimum in

different £ocd bazes,.

Growth and survival of Zacillus subtilis in different
£focd bases.

Colony forming units of Trichoderina herzisnum,

T. jlongibrachiatum, Aageggfllus terrsus and Bacillus
subtilis 4in the rhicosphers of ccupea amended with food
based antagonist.

CQIQny forming units of Txichoderma harziasnum,

2. loengibrachistum, Penicillium aimgliciaslnum and Bacillua
subtilias in the rhizosphere of ginger &mended jed with Food
basad &ntagonist.

cglony forming units of Trichoderms harcianum,

3. longibrachiatum, Penicillivm eitrinum and Bacillus
subtilis in the rhitosphore OF pepper smended with food
basad antagonizt.

Effect of different entagonists grown in variocus food
bases on discase incldance causad by Rhizoctonis golani
in cowpea.

EZffect of different antagonists grown in varicus feod

bases on disease incidence csused by Pythium myriotylum
in ginger.



36
11
12
13
14

15

LIS? CF ILLUSTRATIURS

Population of Trichoderma bharzisnum et different
intervals of incubetion in varicus food boses.

Population of Ixichcderma longibrachiatum at different
intervels of incubation in vericus food bzses.

Populetion of Aspergillus terreus at different intervals
of incubaticn in variocus fcod bases,

Population of Penieillium cltrinum at different intervals
off incubstion in vericus £ood baces.

Population of Penicillivm gimplicissimum at dilfferent
intervals of incubation in various food basen.

Population of HBacilluxy subtllis at different intervals
of incubstion iIn various £ocd bases.

Porulsticn of T. herzienum at diiferent intervals in
eoupea rhizosphere ohnonded with food based antagonist.

Population of T. longibrachiatum at different intervels
in cowpea rhizosphere amended with food bazed antegonist.

Pgpulation of A. terreus st dlfferent intervals in cowpce
rhizosphere smended with food baszed antagonist,

Fopulation of B, gubtiiis at different intervels in
cowpea rhilzogphere smended with focd besed antegonist.

Population of I. harsianum at different intervels in
ginger zhizasphaze amended with food besed antagonist.

Population of Z. lengibrachiatun at different intervals
in ginger rhizosphere amendsd with food based antagonist,

Population ©f P. gimplicissimum ot different interveals
in ginger rhizosphore amsndéd with food based antagonist.

Population of B. pubtilis at different intervals in

‘ginger rhizosphere amended with food based antagonist.

Fopilation of 7. herzianwn et different intervels in
bizck pepper rhizosphers amended with food based entagonist.



ic.

17

18

Populaticon of T. longibrachiatum at different
intervals in black pepper rhizosphere smended with
foud bosed entegonist,

Populetion of P, gitrinum et different intervals
in hleck pepper rﬂmsphere gmended with food based
antagonist.

Populaticn of B. gubtilis at different intervals in

black peprer rhizospheore emended with food based
sntageonist.



_Qm‘ta/ uction



INTRODUCTICH

Biologlecel control is regarded as one of the
basic components of the integrated disease management
system in modern agriculture. Intensive sesrch on basic
aspects of the intersction of the biocontrol agents with
other soil microflora haa gained momentum the world over.
Hovever, beceuse of the extremely complex nature of the
s0il microbiots little of this work has led to practical
applicetion. In order to make Liological control ad0ptabie
under field conditions resesrcn on cortain besic aspects

of the pesthogen as woll as the antagonlsts are neecded.

Promoting growth of antzgonistic orgenisms in
non-sterile soil is baaic to practicsl biological discase
centrol vwhich ¢en be aécomplished through menipulation of
the environment, host or antagonist or by mass introduction
of cne or more antagonists. Addltion of antagonists to
non=treated scll has the best chance of inltisting suceeasful
bioccontrol when epplied in such quantity es to swemp the
resident microblote or vhen the population of resident

microorgenisn has been severely diminishiazd by trestment.



The efficacy of biocontrol is dependent upocn
the adaptability of the introduced antagonist under the
prevailing environment as well as itas abllity tc persist
in the 30il for lengsr periods. To esteblish the antagonist
at population level high encugh to prcduce the desired
gffect by direct massive 304l augmentation, the organism
baing added must have addlticnal selective nutrients to
overcecma the funglstotic effects of the native microfiore.
Prasence of sporopriate food bases in scil will thus result
in the increazced growth and colonizaticon of the entagonist

and in turn will leed to antibilasis at the desired levsl.,

Unce tne ¢ffectiveness of any antogounlst is
esteblished the most criticel obataale to he clrcuwmvented
would be to develop meihod for meas culturlng ocnd dslivery
to fleld. The antagonistic preparatlon formulated should
be in a form which can be handled convenisntly by the
farmars and at the szme tine it should be effective and
econcimde. Thue the significance of £ood bases in formulating
antegonistic preparction is two fold. TFirstly the focd
bsgss provide additionagl nutricnts for the esateblizhment
of introcduced orgenism in sodl. Secondly the carrier based

preparation is convenient for trensport and use in the fileld.



In recent years several scil-borne diseases
have become serious causing heavy dsmage to many importent
crops in the state. Management of these Adizeases by
chemical methods is not often successful. Recent studies
conducted et the College of Horticulture, Vellanikkers proved
the strong antegoniem of five fungi and one bacterium isolated
from the forest soils of Kersla againast tha soilleborne

pathogens viz., Rhizoctonia. solani Kuhn, Pythium,

gg:iotylum Drechsler and Phytophthora palmivora {Butler)
Butler. Having demonstrsted the abillity of thess isoletes

to control these pathogens it was considered worthwhile to
standardise a technicue suiteble for the preparation of
entagonist inocula wvhich could be succesafully ucsed in the
blocentrol of some of the important soll-borne diseane
prevolent in the state. Therefore, the present investigation
was undertaken with the objective of standardising a technique
for mass multiplication and production of antagonistic
nicroflors recently isolated from the forest soils of

Kerz2la in the biocontrcl of soil-borne pathogens viz,,

Rhlzoctonia, Pythium and Phytophthore.
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REVIEW OF LITERATURE

The history of biological control dates back
to 1908 when Potter showed that plant pathogens could be
inhibited by tneir ouwn metabolic products. Garrett (1956)
defined blological control of plant discaeses as “any
condition under which or prectice whereby survival or
activity of & pathcgeh 15 reduced through the‘agency of any
- Other living orgenism (except man himself) with the result
that there ia & reduction in the incidence of the disease
ceused by the pathogen®. This involves the reduction of
inoculum density or disease producing activities of a pathogen
or a parasite in its active or dorment state, by one or more
orgenisms, sccomplished naturally or through menipulation of
the environment, host, or entegonlst, or by masgs introduction

ol one or more antagonists (Baker and Cook, 1974).

Biological control of plant pathogens accomplished
through host plant resistence and cultural practices '
centinues to be a predominant disease control strategy. In
contract, blologilcal control accomplished through introdu-
ctlion or encouragement of microorganisms antagonistic to

plant pathcgens has been slow to develop even though a few
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successful attempts to control disease .in naturally

infeasted soil heve beon reported. Blological control by
introcuction of antegonist into nontreated soil is difficult
to achleve bhocause it attempts to esteblish an alien
antagonist in e biologically buffered community (Baker and
Cock, 1974). Although this is Gifficult it can be done
when the right orgenlisms are obteined and properly used.

In attempting to introduce antagonistz into nontreated soil,
micyroorganizms isolated from s0il have %o ba scroened for
thelr antegonistic properties, and sslected individuals

hsve to ke grown in mass culture.

1. Importance of £food tases for multiplication snd
production of antagonistic microflora

Direct introduction of antagénistie micro-organiams
into the soil were effective sgainst certein soil-borne
plent pathogens in previocusly aterilized solls (Garrett, 1956).
But in natural soils, the selected microe-organisms,
antagonistically active ageinst pathogens in puée culture
were not able to exert any biological control on pathogens
when mixed in soll. The success in sterile soils mey be due
to thelr sbundant nutrients and to freedom from competition

by other micro-organisms.



The major problem of applying antagonists to soll
is their inability to become established in the ecosystenm
and to overcome the resistance of soll microflora to the
introduction of nevw micre-crganisms (Alexender, 1971 and
Booselis and Mankau, 1970). Lockwood (1877) reported that
vhen neked spores of most fungl are edded to natural solls,
fungistasls prevanis their gormination and preliferaticn.
Biccontrol agents introduced into the soll in the sbsence of
essiiy utilizable organlc matter may lyse or ravert to a
resting stege. This temporory inactivation could depress the
impact of massive introduction ©f antegonists that are
expaectad to overccme soll-borne pathogens sihile the antegonists
are still viaghle in scoll, Additicn of the proper focd base
to soll with the entagonist might overcome fungistasis and
thus enhance the chances of the antagonist to grow end

colonize the food base in =oil.

CGrowth and colonization by antagonists would be
ezsential 1f biologiesl control depended on producticn of
tonric substences, including antiblotics, Approériate food
beses in soil ero essential for producticn of sntibiotics
{Wright, 1955 and 1956). For sntibiotic production by
“dntroduced organisms to be of significance in the control of

pathogens, the antegonist must be eateblished, the antiblotic



must be produced, the toxin must sccumulate to laovels
that are inhibitory. end it must then persist for periods
sufficiently long for effectivenasss to be asasured

{Alexender, 1971).

Direct soil augmentation with blological control
egsnts for an impact on soil-borne plant pathogens has a
greater chance of success when tha agent is introduced with
rether than without, the propsr food base (Axhter, 19772
Mangenot and Diem, 19797 VWells gt sl., 1973). Vells ot al.
(1972) controlled Sclerotium rolfsii on tomatoes by
temporarily over whelming the infection court with Prichoderma
harzianum and a8 fresh food base and they stressed the
importance of fowd bases for successful bilocontrol. Hadaer gt al.
(1979) found that bran was the best food kase, not only for
growth and sporuleticn of the antagonist, bhut alsco for
suppression of damplng-off caused by Rhizoctonia solani on

beans, tomatoez and egg planta.

Lab grown conidia of Irichoderma app. snd Gliocladium

virens were sensitive to goil funglstesis {Beegle-Ristanic
and Pspavizaa, 1985). Thay observed thet chlemydcspores from
& liquid? fermentsticn system or from potato dextrose broth
germinated readily in soll. Thoy alzo cbserved thai the

number of propagules increased hundred fold when either of the



two gencra was.aﬂded in fermentor blomass containing
traces of 2 food base and eonsisting mostly ©f chlamydo-
syoreau Mukhar jes ot al. (1987) obtained more promising
regults when the antagonists were applied to the s0il on a

food base.
2. System of growth and delivery of antagonists into soil

One of the most critical obstacles to biclogical
control by direct messive s0il augmentation has been the
lack or scarcity of methods for mass culturing and delivering
antagonists to soil. Desp;te the limited progress,
scientists are attempting to develop effective experimentel
sfétems of growth and delivery of antagonists into soil.
For bacterisl antagonists, nutrient broth has been extensively
used (Mitchell and Hurwitz, 19657 Merriman et al., 1974;
HMangenct and Diem, 1979). Broadbent et sl. (1971) grew
potentlel bacterial antagoniqts in shake cultures of yeast
mannitol broth or nutrient broth. 3Bagillug subtilis was
cultured on potato dextrose broth for aprlving to kernels of
corn (Kommedehl and How, 197%). Sun and Huang (1978)
experimentaliy controlled watermalon wilt (cavased by Fusarium
oxyzporum £, sp. niveun). Theoy groew an At%?abactar Sp. on
& mixture of sugarcans bagasse ond urea and added the

cultures to the scll before planting the susceptibie host.



Fermulation of blocontrol agents as powders or
granules iz frequently possible. Iswaren gt a2l. (1969)
and Rao (1977) reported that peat-like materisl available
in India is @ good carrier for Rhigobium, & nitrogen fixing
bactexrium. Lignite is another carrier which is widely used
for preparation of Rhigobium incculant (Kandessmy end Prasad,
1971; Rao, 19877). Pestmoss, milled to a very fine pouder,
formulated with buffers and adjuvaents and adjusted to 30 to
50 per cent moisture is the classical formulation for
Rhizobium (Roughley, 1976). Of all the carriers tested,
pcoudered and steriliged form yverd menure (FYM) + scil, FYM
alonig or FiM + charcoal supporéed the survival of Azospirillum
upto 31 weeks (Laksluni gt gl.. 1977). Tilek and Rao (1978)
obgerved that mmong the 8ifferent carriers compared combina-
tiong Of indian pest s0ll, farm yerd menure, compost or
prasemud with charcoal (131) geve higher rhizobial count than
individual carrier. Paczkowski and Berryhill (1979)
demcpstrated that cosl-baged carrier containing Rhizobium are
accepteble incculents. Suslow gt al. (1979) suggested that
formulation of Pseudcmonos may be prepoared by coating the
cells with gums end polyseccharides thet stebilige them so

they can be formuleted es a dry péwder.

Cevelopment of growtn media for large-scale production

of antegonists and of comserclally acceptable carriers for



10

their prcduction into soils is brighter for fungi then
for bzcteris. vells et al. (1972) were the first to regort
use of Irichoderma hagzisnpum preparetions for field centrol

of Belerotium rolfsii. They graw Trichoderma harzianum on a

rye-grass soil medium. A diaten pcecus earth grenule
impregnated with a molasses solution wes found suitoble for
grovth and delilvery of I. harzianum (Backmen and Rodriguez-

Kabana, 1975).

Verticillium dahlias on cotton wes kest controlled

by Introducing octs infected by Trichederms (idezupov, 1976).
He also reported that the mustard plant litter ploughed into
the soil zcted ag & good substrote feor dovelopriont of

Irichogerme, Akhtar (1977) uwaed vheat otguw a5 the growth

medium for Trichoderma viride.

Many vworkers recorted the use of wheat bran as &
growth medium for T. herziapum (Henis et gl., 1978; 1979
Chet at al., 1979; Malti and Sen, 1985; Mukharjes ot al., 1987).
Henis gt sl. (1978) ohserved that after S-7 days of
incubstion wheat bran preparetion contained 4,1 x 109 conidia/g
of tha substrate. They appiied this preparaticn to soil for
controlling demping-off of radisnh seedlings csused by

Bhizoctonia soleni. Hadar gt al. (1972) reported that vheat

bren was the best medium for the growth and sporulation of
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%o hargisnum, Fﬁngal preparations contained 2.9 x 109
sporesz/g dry wt efter 8 deys of incubation of the medium
incculated with T, harzianum. Henis et al. (1879) concluded
that Eﬁ herzisnum preperation with wheat bran as e cerrier
is & long~term eff@céive biocontrol agent in artificislly
and naturally infested soil and cen be used to protect
funigated solls from reinfecticn with the pathogen. Maitd
and 8en (1985) reported thaet vhen wﬁeet bren formulation of
£. harzisnum was added to infosted soil, it reduced the
viebility of sclerctia of 3. rolfsii in the soil. Adding a
very high dose of I. harziapum (hyperpsrasitas) in soll on &

focd base (vheat bran) reduced secdling blight of jute

{Mukirarjee et gl., 1987).

Elad gt 2l. (1960} grew I, hersisnum on a wheet
brent saw dust: tep water mixture (3:1114 v/v). Abl-ele-moity
end Shatla (1981) raported that control of white rot of

enden (Sclerorium cepivorum) waa best wnen Z. herzianum grown

on barley grain was edde? te soll &t the time of slanting.
Anilkunsr and Gowda (1983) obtsined control of S. gélfsii
on gunflower by the incorporaticn of finger millet seeds
colonized Ly X. hporzispum inte soil contelning straws
pro-colonized with S. golfsii, They slso reported that

incerporaticon of straw picces colonized by 2. harzisnum into
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soll containing sclerotis reduced suxrvival of the pathegen.

A lignite-~stlllage carrier system was teatad by
Jones et azl. (1984) for applying biocontrol egﬁhtu to the
soll. Gliocladium virens a;d Z. harzisnum were uzed as
tast organisms. After storage of granules for four months
at 20°C fungal viability remained > 90 per cent as determined
by plagting of grenules. When coloniged lignite~stillage
corrier granules were applied to soil in growth boxes
artificially infested with R, aolani root rot ratings end
root end shoot dry welghts revealed positive effacis of

blocontrol agents and carrlez,.

Lewis and Papavizes (1984) used a mixture of
wheat bren, send and water to grow the esntsgonists vieg,.,
Z. viride, I. harzianum, Trichoderma hamatum, Glicciadium
roseum, G. virens, G. catenulatum, Talaromyces f£lavus
end Aspergillua ochroceous. Siven et sl. (1984) studied
the growth potential of T. harpianum on orgenic food bases
inciuding seversl lgricultural wastes like vheat bran,
wvihieat straw compost, ground wheat straw, ground cotton straw,
.peat and & wheat bran/peat mixture (i:1 v/v). ZThey found
that vheat bran/pesat was the best medium for the grovwth and
survival of 2, harzisnum. Whest bren/pest mixture vas

utilised for the preparation of T. harzisnum incuﬁlum



13

{Elad et 8l., 1986; Siven and Chet, 1986a; 1986br Sivan
ot 8., 1987). '

Fermentor bicomass contalning traces of a food base

was used for the growth of ITzichoderme spp. and G. virens

(Beegle-Ristanio and Pepavizas, 1985). They also reported
that populations of both the antagonists increesed in soil
planted with cotton to which fermentor bilomass was added.
Pelletized formulaticns of wheat bren or kaolin clay in an
alginate gel containing conidia, chlamydospores or fermentor
bicmass (FB) of soverol isclates of the blocontrol fungi
Zrichoderma spp. and G. virens vere prepared by Lewis and
Papavizaes (1985a and 1987). Higher population densities were
obtained when elginate pellets added to soil contsined
chlemydospores rather then conidia end bren rather than

kaolin &a the bulking agent.

A madium conalsting of egual volumes of wheat bran,
peatmoss and water wass used for culturing I. herzianum
(Chang ot al., 1966). (Mukhopedyay et al. (1986) prepared
Z» hsrzianum in ¢ vheat bran: saw duat: tap water mixture.
Biclogical control of sugarbect snd tobacoo demping-off was
achieved in tﬁe glaas house by the application of wheat bran

sawdust prepasration of I. harzisnum to Pytnium infested soilas
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{(Mukhopadyay -and Chandra, 1986). Nukhopadyay (1987) also
used wheat bren ssw dugt preparetion of I. harzianum and
I. koningli for the control of damping-off in. tomato and

brinjal and wilt and root totes in lentil and chickpea.

Mess multiplication of Z. viride in send sorghum
medium {(gend 100 g and soxghum 20 ¢) was reported by
Pedmanaban and Alexander (1986). T. viride was fully grown
efter 10 deys of incubation. Parakhla and Valshnav (1986)
prapered T. harzisnum inoculum in wheat husk bran and
incorporated into soil for controiling Rhilzoctonia bataticola

on Clecer arietinum, Conidle of Trichoderme were produced on

autccleved berley and sprayed con flowering plents

(Tronamo, 1966).

Trichoderme harzisnum was multiplied on sorghum

grein end applied to soll in fielé?ﬁo g/m row hefore sowing
for controlling S. roifaii csusing rcot rot in sugar beets
(Upadhyay and lukhopadyay, 1986). Of eighteen agricultursl
wastes and bya-prc;ﬁuct.s tested as substrates for I. parzisnum
and T, viride, tapioca rind, tapioca thippl, well decomposed
farm yard manure, gobar gas slurry, mushrocm spent bed,

paddy cheff and vheat bren wvere found to be suitable for

mass multiplicaticn (Gangadharan and Jeyarajsn, 1988).
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Potato dextrose'agar was ugeﬁ for culturing
Cheetomium globosum (Kommedahl and Mew, 1975) end
Pepticillium oxaslicum (Kommedahl and Windels, 1978). Turner
and Tribe (1975) and Ahmed and Tribe (1977) prepared the

inoculum of blocontrol agent (Coniothyrium minitans) of wnite

rot of onion in willed rica. Huang (1976) used barley,
rye and sunflower seed in the ratio 1:l:l for the production

of Co. minitans inoculum.

G. roseum was prepered in a mixture of peat, soll
and nutrients (Moody and Gindrat, 1977). The antegoniat
Corticium sp. £irst grown on corn leaf meal (CLM) aend
incorporated into Pythium infested field gave reduction in
the incidence of danping-off of table beet (Hoch and Abawi,,
1979).

Lactisaria arvelis was grown on wheat bran and used
for the control of damping-off cf tomato by Fythium sp.
and root rot of black gram caused by R. baiatieola (Martin
gt al., 1984), Venkatasubbeiah snd Safeeulla (1984) grew
Aspergillus niger on rawa me2l send medium with 2 per cent
suCrose sclution to faclilitate profuse growth. This was
nixed st 5 per cent (w/w) level with soil artificlally
infssted with R. solani.
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Cardosc end Chendi (1585) grow avirulent,:

Rhizoctonia-1ike binucleated fungi (BN) on sterilized

oat kernels and mixed with soil at the rate of 3 g of
kernels per litre of steemcd soil. Remert (1985) discussed
the importance of providing supplementary nutrients for the
antagoniats. '

3, Control of soll-borne plant pathogens through introduced

antageonlsts

i) Antagonistic fungi

After the well known experiments of Weindling (1932),
meny studies were made o explors the poesibilities of using

niczoblal ontegonists to control plant diseasses.

weindling end Fawcett (2938) showsd that Zzxichoderma
lignorum introduced into acidified scil as spores auppressed
damping-off of cltrus seedlings casused by R. goland.
Volovik et al. (1974) reported that treatment of seed
potatoes with a spore sugpsnsion of I. lignorum {L.viride),
one per cent polyoxin ond one per cent trichothevin reduced
infection by Rhizoctonim. & sterile bausldiomycete wes used
@3 en antagonist ageinst the charcosl root rot {iacrephomina
phaseolina) diseasse of slash pine seedlings (De La Cruz
and tiukbsll, 1975).
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T. viride reduced Rhizoctonis infection of
Phameolus lunatus and peas (Mall, 1975), controlled black
rot of lettuce casused by R. golani (Bedlan, 1985 and 19€8) s
and reduced sesdling disease of cotton incited by R.solani

(dlagarsamy et 2l., 1987).

Integrated control of R. goleni damping-off of
radish by PCNB snd T. harzienum was reported by lHenis
gt al. (1978). Xommedshl end Windels (1978) and VWindels
and Kommedahl (1978) found that seed treatment with spore
suspension of Penicillium oxelicum was as effoctive as
coptan in contreolling root diseases of pea caused by

Fusarium soleni and R. solagni:in green house experiments.

T. hazzienum reduced aeedling diseaase of been,

tomste and peenut coused by R. golani (Hedar ot sl., 1979).
Henis g;;g;; {1979) reported thet wheat bren preparation

of T, harzispum zdded to methyl bromide fumigated soils’
protected carnationa and straw berry plants from R. solani.
They also reported that'Trichoderma preparation added to

g01l protected tomano seedlings from 3. réfsii. Wheat bran +
saw dust preperation of T. harzisnum introduced intc the

5oll delayed the'pzogreas end incidence of demping-off of

beans ceused by S. rolfsii and R. solanl in the field for
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nine weeks, decroased the severity of d:l.seaag:%.ncreaaed
yield by twonty per cent (Elad et sl., 1980e). Eled et al.
(1980h) l-rsporte'd that incidence of R. goleni in & strovberry
nursery was reéuced by 20 to 46 per cent by applying

T. barzisnum after methyl bromide treatment.

In leb studies, traeatment of rsdish and pea seeds
with ‘conid:l.a oé T. hamatum in a Methcesl slurxy protected
seeds end ssedlings from Pythium sppe. or R. solani neerly
as effectively as fungicide sead treatments (Hurman et al,.,
19680) . Lewis and Pspavizas {1980) obtained contrcl of
cucumber frult rot csused by R. solani by augmenting soil
with T. harzianum, Someng {1980} observed thot T. vlride,

T. surgoviride and Penicillium funiculosum reduced the count

of gram wilt fungus (Rhizoctonias bataticolia) in the

rhizosphere of gram,

Tests in the £igld to suppress root xot and blight
of beans csused by R. golani and Dythium spp., respectively
with Z. harniapﬁm in ccmbination with chemical sesd treatment
was reported by Pspavizas &nd Lewis (1981). Tu and Vaartaja
(1981) showed that the presence of G. virens in soll artifi-
cielly infested with R. acleni reduced at planting the severity

of Rhizoctenia root rot in FPhassclus vulgeris. Thay found
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that root rot severity decreesed with increasing concen-

trations of G. yirens.

Marenall (1982) opined that bioccintrol of the
baezn (Fhasgolus vulgaris) disesse depends on gell reaction
and inoculum concentretion of the pathogen., Reduction in
diseasce incldence vwas observed when seeds coated with
conidia of T, harzisnum was planted in acidified R. solani
infcuted soils. Heweigy et al. (1982) obtained control of

damping-off in broad boan incited by Pugarium solani,

R. solanl and S. rolfsii by sead trestment with Bacillus ap.,

Streptomycas &p. and Trichodorma spp. Jager and Velvis (1984)

raported biloclogicel control of R. golani on potatoes by

antagonist Verticillium biguttetun.

Mew and Rosales (1984) reported that when T.harzisnum
waa lntroduced into zice £icld soil under rainfed conditions,
it decomposed rice straw and hy deplenishing the substrates
raduced the survivel of R. soiani, causel agent of sheath
blight of rice. Venkatasubbaiah and Safeeulla (21984)
raported that incorporation of Aspergillus nigeyr inoculum
to the s0il infested with R. solani reduced tha inclidence of
collér rot under glasshouse and f1leld conditions. Soll

incoxrporation of T. harzlanum incculum significently reduced
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collar rot of coffee seedlings incited by R. goleni
(V@ﬂkatesmbﬁiﬁh ﬁ_t_ g}'oc 1984) °

The bean plants were protected from root rot
coauzad by R. solanl when avirulent, Rhizoctonia-like
binucleated fungl grown on sterilized cet Kernels were
incorporated in the soil (Cardoso and Chendi, 1985).
Ichielovich-Buster et gl. (1985) reported thet a nonpathogenic
imolate of R. soleni (AG-4) suppressed damping-off of cotton,
radish ané wheat seedlings caused by virulent isolates of

R. solani and R. zeaa.

-

Mycellal preparations of most isolates of
Trichoderma spp. and §. yirens prevented demping-off of
cotton, sugarbest and radish seedlings ceused by R. golani
(Lewis and Papavizaes, 1985b). Lifshitz et al. (1985) reported
that seed treatment with conidiel suspensicns of I. harziapum
was effective in reducing incidence of Rhizoctonia damping-off
of radish. GStrashnow gt al. (1985a) obtained complete
control of R. solani in beon seediings with T. _herzisnum +
a reduced doss of methyl bromide. Application of T.harzianum
to s0il or coating tomato fruits reduced R. solani fruit
rot by up to 43 per cent and 85 per cent respectively under

laboratory conditions (Strsshnov gt el., 1985b).
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Ehackeran &nd Seetheraman (1986) reported that

seed treatmenﬁ with T. harzianum reduced the disesaso
1ncideqce qf black gram. Additlon of wheat bren preparation
£ T. herzisnum in greesn house planted beans (fhaseclus)

and coating melon sesds with I, harzianum cqnidial reducsd
disease incidence ceused by . phasaolina by 37 to 74 per cent
and 37.5 to 46.3 paer cont respectively (Eled ot al,, 19856).
Sekhar &nd Anahosur (1986) reported that sefflower cake +
T. viride significently suppreszed t¢he saprophytic survival
of M. phaseclina caussl agent of chercoal rot of sorghum in
soil. Under gresen house conditions Vyas and Khare (1986)
completely controlled dry root rot (R. bstaticola) of
soyebacn seedlings with T. harziasnum and a reduced dose of

carbendazinm,

In‘laboratory. green Eouse and field experiments,
I. viride performed well in reducing the growth of M.phaseolina
and root rﬁt discase in green grem (Arjunan et sl., 1987).
Amendment of soil with Trichoderma aurecviride controllsad
rica sheath blight discase (Manicn and Paulseamy, 1987).
Hukhcpadhyay (i987) reportad control of damping-off in tomato
and brinjai énd wilt and reot rots in lentil and chickpee

under glasas house asnd/or field conditions using Irichoderma spp.

Mukharjee st al. (1987) tested the potentiality
of certain antegonists viz., Aspergilius fumigstus, A. tarraus,
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Penicilliium citrinum, P. gipplicigsimum, T. haxzianum,

Streptoverticiltliivm sp; and Bacilius subtiliis against

M. phaszolina, Most effective cmong the fungsl antegonists

wes P. cltrinum. Cole and Zwvenyike (1988) achieved biologicsl
control of R. goleni end F. golanl infections in tobacco
trensplents by adding T. harzisnum to methyl bromide fumigated

seed beds befoxe souing of seads. Bren preparations of

Lagtdsarie sxvelis, C. minitans, Dendreostilbella sp. and

Cladorrhinum sp. prevented demplng-off of cotton caused by

R. goleni (Lewis and Pepavizas, 1988).

T. herzianum has been used by many scientists
against S. rolfsii.vells gt sl. (1972) obtained control of
Ss rolfail discases of lupines, tomatoes end posnuts by use
of T. harzisnum in green house tests and on tcmatoes in the
field. The incculum of I, harzisnum applied in the form of
dietomageous earth grenules to peenut flelds 70 to 100 days
after pﬁanting reduced southern blight (S. rolfsii) of
peanuts by 42 per cent and increamsed crop yields (Backmen
and Rodriguez-Kabena, 1975). In pot experiments Agrawal
gt 2l. {1977) obtained control of collar rot of lentil ceausad
by S. rolfsii by sced trestment with spore suspension of
Z» herziasnum. Wheet bran pzreperetion of ¥, harzisnum applied
_ to tha soil reduced peanut disesse ceused by S. rolfsii

(Chet et gl., 1979; Grinstedn gt gl., 1979).
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Anilkumar and Gowda (1983) observed reduction
in the survival of $. rolfisli vhen I. harzianum was added
to soll., aAddition of T, harzisnum to s0il reduced the
viability of sclerotia of S. polfsll in the soll (HMaiti and
Sen, 1985). Upadhyay and Hukhopadnyay (1986) reported
that epplication of I. harziasnum as infested sorghum grains
to S. rolfsii infested soil gave upto 76 and e8 per cent
disease control in the first snd second cycles of sugarbeet

socdlings respectively. They found that degree of control

ingreased with increasing amcunt of Trichoderma inoculum,

Lozano and Pineda (1977) reported control of
8. rolfsil on tomato seedlings by inoculating seedlings with
Poplcillium sp. énd then with S. zolfsil. Pineda end
Polanco {1981) obtained reduction in the incidence of

8. £olfaii on bean by the addition of Penilcillium notstum

grewn on dry milled Dicanthium aristatum seeds to the soil.
Raiti end 8en (1987) tested the sbility of an isolsate of

Gliocledium vireng to reduce stem=zrot Of groundnut caused

by S. rolfeli both in green house end £ield and it wes found

tc be potent eaocugh to reducs the disease, -

Huang (1976) reported that C. minitans czused a
97 por csnt reduction in the survival of sclerotia of

Sclerctinia sclerotiorum in soil 100 days after the
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mycoperesite was added to soil ertificiaslly infeéted uith
the pathogen. Lee and Wu (1984) suggested that

Tricﬁoaarma spp. end §. virens mey have potential 25 agents
for biologlcal control of $. sclerctiorum by reducing
survivel of sclerotiéisoilu Soil end seed treastments with
T, viride reduced infection of sunflowers by S. sclerotiorum
and Botrytis cineres in the glaas housge and prevented
infection in the £icld (Sesan gt al., 1984).

&ppiicaticn of mycelium snd spores of T.harzdanum
decroased Sclerotium gepivorvm infection of onicn in pots,
glasshouse plots and in the field (Abd-ol-moity and Shatls,
1981). BGl=-Rozik et al. (1985) raeported that applicetion of
suapansions of Peébillium godlecwskii and Aagé;gillus éandidua
(2 = 10> and 4 x 10° propagales/ml) to soll infested with
S. gepivorum 15 @ before transplanting onions decxeaszed the

percantege of white rot in glesshouse tests.

(Qright (1556) obtainsd control of Pythium
infecticn of white mustard by seed inoculation with T.yiride
ond Liu and Voughan (1965} controlled demping~off of beet
caused by Pythium ultimum by seed treatment with . viride.

Reduction of tobacco damping-off-(Pythium asphanidsxmatum)

by I. harzianum was reported by Fajola end Alesosdura (1975).
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Kommedahl and Mow (1975) suggested bioccontrol of corn
rcot infection in the fleld by seed trestment with
Chaetomium globosum.

An laolate of Corticlwn sp. was effective in
controlling pre-a2nd posteemergence damping-off of teble
beats ceused by Fythium ultimum (Hoch and Abawi, 1979).
Yenia gt al. (1981) xeported thet T. viride, Stroptomyces
griseus and Baéillus subtilis reduced damping-off of tomato

cauged by Pythium debsryepnum, Fhytophthora (nicotianaa) vor.
parasitice and Fuasspium oxysporum £. sp. lycopersici in the
glasshouse, Seed treatment with conidia of P. gxelicum
raduced seed rot and danplng-0ff of chickpea caused by

E. yltimum in naturally infested soils (Kaiser and Hannen, 1984).

Seedling yeot rot caused by Pythium creminicoln

in canes did not occurred when T. viride wes incorporated

in the soil (Padmanabana@ Alexander, 1984; 135867 1987).

Sivan gt sl. (1924) obtainzd efficient control of Ssmping-off
induced by P. gohanidermatum in peas, cucumbers, tomatoes

and péppers by application of wheat bran/peat preparation

of . hexzienum to soil. Teyes and Dirks {1965) reported

that isolates of Glioeladivm catenulatum, €. virsns, Myrothecium

verrucaris apd I. hametun suppreased rcot rot csused by

2. pltimum in both steamed and unsteamed soil, but they wore



26

not effective in reducing root rot ceused by E. goleni f.sp.

plsi in steexmed scoil.

applicetion of conidia of isclates of I. héxzianum
or T. koningii to pea zecd reduced the incidence of
pre-emergence damping-off induced by Pythium op. (Lifshite
et al., 1986b:).

Martin gt 21. (1986) observed that decrease in
digease incidence in beet seedlings and finel P, ultimum
inoculum densities vwere linearly related to increasing
population density of the antegoenist Lestiserla arvelis in
raw field soils and infested ateamed scils. lukhopadhysy end
Chandra (1986) echieved cont:ol of damping-off of sugorbeet

and tcbacco incited by P. gphsnidermatum by the applicaticon

of wheat: bran saw dust preparation of . hasrzisnum at

different layers to soil. Incorporation of the antagoniste
(Z. harzienum snd T. yiride) to the soil 9 days before
sowing protected tobacco seedlings from damping-off up to

25 days (Nagarajan and Reddy, 1986).

Seed tresatment with conidia of rhircaphere competent -
mutants-of'go harzianum reduced the incidence of disease in
bariey, cucumber, pea, radish and tameto induced by P.ultimun

(Anmad and Baker, 1988). Out of 17 Trichoderms atrs tested,
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threm were offective againat damping~-cff of sugarbeat

coused by Pythium end Aphanomyces spp. (Camporota et al., 1588).

Khaxe (1968) ob=ervaed that A. fumigatus,

A, orchreceous, Cheestomium globosum, Gliocladium deliqueccens

and Penicilliiun sn, were antagonistic to Phytophthora

fragariae both in vitro and in vive. Batter control of

foot rot (Phytophthora paragitica var. pipsrina) of Piper betle

was obtained when an antagonistic strain of T. viride wes
inocculated with the patheogen after fumigation of the soil
with carbcn disulphide (Tiweri and Mehrotra, 1973). Orgsnic
emendments of cotton seed meal and g?oundnut,c&ke'completely
suppressed Phytophthora palmivors ceusing black pepper wilt.
Among the antsgonists isoleted from trested soil, the wmost
effective were Tslaramyces wortmendi and Penicillium

verieble (Dutts and Hegde, 1987). 8mith &t al. (1988)
reported that Phytophthora root rot end crown rot of apple
seedlings were controlled in green house trials by addition

of selected 1solates of Trichoderma to scoil.

ii) Antagonistic bacteria

Cordon and Haenseler (1939) were among the firat
to use an antagonistic sirein of Bacillus simplex to inhibit
R. soloni. Addition of a bacterial suspensicn to green house

soil gave control of seed decay and damping-off in cucumber
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‘and pea scedlinga. Working with lettuce seedlings
Wood (1951) achieved a significent control of damping-off
of lettuce caused by R. solani by addition of cultures of

Streptomyces and Bacillus sp. Naim {1966) reported control

of dsmplng~off of cotton seedlings ceused by Re. solani
with 2. subtilis str.II., Direct inoculation of B, subtilis
isolate to pre-stcamed soll depressed damping-off of

radish caused by R. golani (Olsen and Beker, 1968).

Soaking wheat grains in B, subtilis suspension
and then planting in pasteurized green housae soil.or in
field s0il protected plaents fiom infection by Re. solani
(Merrimen et al., 197¢). In field tests, treatment of seed
pleces and whole tubers with B. subtilis reduced the
frequency of charcoel rot (#. phassolina) and Botrzodielodia

solani tuberosi at harvest (Thiruualachar and O'Brien, 1977).

They suggested thet bioclogical control with a bocterial
entegonist may supplement the cultural practices used in
contzol of the disease. Vargas and Ramirez (1983) reported
reduction in the seedling demage from 69 to 49 per cent in
801l inoculated with R. solsni by treatment of cotton sceeds

with Becillus megoterium,

“schen and Kuo (1985) obtained control of demping-

Off of mung been (Vigna radieta) cauvsed by R. soleni by
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addiny B. subtilis to the soil. Trestment of coffee seeds

. with B. subtilis increased percentage seed germination and
reduced disease lncidence in field and green house tests
with soils naturslly end artiiiclally infested with R.solani
(Vcnkatasubbsish, 1965). Mow and Roselez (1986) noticed
that the fluorsscent and nonfluorescent bacterle lsclated
from the rhizosphere of rice plants vwhen used for seed
bacterization suppresscd the disease and protected the rlce

plant from infection by R. solanil (sheath blight of rice).

Zight app. of bacterisl anteogonists (Bacilius

cereus, Entercbacter closcae, Flavobacterium balustinum,

Jenthinobacterium lividum, Pseudomcnas fluorescens biovar

Il1i, B. putida, £. gtutzerl =nd Xanthemanas maltoohila induced

suppression of Rhilzoctonia demping-off in container media

emended with composted hordwocd tree bark (Kwok et al., 1987).

In in yvivo tests there was a considerasble
improvement in wheat germination and stand in soil infested
with S. rolfali after seed treatment or scil drenches with
B. gubtills (Hegde gt al., 1980). Ordentlich gt al. (1987)
found that Serratia marcesans was the best control agent of

Se Xolfsii under green house conditions (up to 7% peor cent

disease reduction). They else reported that S. marcesans
significently reduced damping-off incidence of bean caused

by R. sclanil by S0 per cant.
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Saed treatment with B. subtilis gave protection

of onicn ageinst Sclerotium cepivorum (white rot of onion)

under field conditions (Utkhede and Rahe, 1980; 1983).
Zamzerni and Tosi (1985) reported that treatment of sunflower
gecd with a str. of B. subtilis and an unidentified bacterium

reduced infection by Sclerotinia sclerotiorum (Lib.)

de Bary in glasshouse triels in which soil was inoculated

with the pathogen.

Podile and Duke (1983) suggested that amendment
of wilt sick solls with an isclate of B. subtilis might

provide blological control of fungel wilt discase.

in the greenhouse, demping-off of tcmeto caused

by P. debaryanum was controlled by soaking seeds in cell

suspension of Arthrobsascter sp. {(Mitchell and Hurwitz, 1965).
(Howell and Stipanovic (1980) reported that trestment of

cotton se2d with pyoluteorin (from cultures of str. Eseudomonas
fluorescens - 5) or P. flucrescons at plenting in Pe ultimum
infested soll lincreasesd geedling survival from 33 to 65 per cent

and from 28 to 71 per cent respectivaly.)

Out of 21 B. gubtilis isolates from local and

exoti¢ sclerotlia of 8. gepivorum, six isolates providad

significant reductions of infection by Phytophthora cactorum
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(croun rot of appla) on McIntosh apple seedlings in
groenhouse (Utkhede, 1984). Lifshitz gt al. (1986a)

reported that streins of Pseudomonas putids ox P. fluorescens

reduced rcot rot of soybean when the seedlings vere

inoculated with 10° zoospores of FPhytophthors megasporma
fo 8BDe S!l Eeine!h

Tne foregoing amcunt of literature indicates thet
there is greet potentiel to bring about reduction of the
soil-borne plent pathogens (Rhizectonia, Eythium end

Phytophthora) by selecting correct antagonists end spplying

it to the field &t the correct time. Thercfore it seems
that search for o suitable technique of mass multiplicetion

and delivery of antegonists to the field is relevant.
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MATERIALS AND METHODS

1, Antagonistic microorganisms

The antagonists vig., Trichoderma harziasnum Rifai,
I. Jongibrachiatum Rifsl, Aspergilius terreus Thom,
Penicilliium gitrinum Thcm, B. simplicissimum {(Oudem.) Thom
and & bacterial isolete Bacillup subtilis Cohn, emend
avsilable et the divisicn of Pient Pathology, College of
Horticulture, Vellanikkars were used for the study. These
orgenisas were izolatsd from the forcst solls of Idukki end
Wyned districts of Kerala. ' The fungol isolates uere-maintéincd
on poteto dextrose sgar (20 g potato, 20 g dextrose, 15 g
agar and volurne made to 1000 ml with distilled weter) and the
bacterial isclate on nutrient ager (S g peptone, 3 g beef
extrect, 15 g egar snd volume made to 1000 ml with distilled

water) .
1.1. Crowth of antagonist in various food basas

The following seven foocd bases were sclected for
tho study.

1. Rica

4. Whaeat bran

3. Plddf straw

4. Rice bran

5. Cowpea

6. Forest soil

7. B0il + dried ecowdung (111)
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1.1.,1. Preparation of growth media

Twenty £ive g each of varicus food bazes viere
welghed and tranesferred to 250 ml ¢onical {lssks
peporately. Wheoat bran, rice brzn and ground paddy straw
were sterilised following the method adapted Ly Henia et al.
(1979;) with slight modifications. Fifty ml of water was
added t5 each flask and sutoclaved at 1.04 kg/cm2 pressure

for 1 hh on two succesaive days.

For sterilization of cowpee and milied rice,
the proczdure given by Ahmed and Tribe (1977) was follcwed.
Twenty five nl of wvater was added and sutoclaved 2t
1.4 kg/en® for 20 min. 8oil + dried cowdung (131) and
forest aclil vere aterilized by autoclaving at 1.04 kg/cm2

pressure for 4 h (Reo, 1977).

1.1.2. Incculaticn of food bases with antagonists

Spore suspensions of I. harrisnum, T. longibrechiatum,
A. texreus and P. citrinum were prepared from 12 day old
colonies growing on potato dexntrose sgar. Since the growth
of B. Eimplicigaimum was slow three week old colonies on
potato dextrcse agar were used for preparing apore suspenszion,
The suspension contain?d approximately 7 x 104 conidia per ml.
The bacterisl isolate was grown in nutrient broth (5 g
peptons, 3 g beef extract &nd 1000 ml distilled weter) for 72 h.
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Bach food bease was inoculated with one mi suspension of
sntagonist end incubated for twWo weeks at foom tamporaturs
till maximum growth wae noticed. Six flasks vere kept for
each treatment.

1.1.2.1. Population dynamics of the antagonist in food bases

The survival of antagonist in various food bases
was estimated by serial diluticn and plate count technique
(stenier ot al., 1977 &t 15 days, 45 days, 75 days, 105 days,
135 deys and 165 days sfter ineculatiocn.

Serial dilut;ena of the sntogoniatic cultures wore
prepared up €0 one in &Oa depanding on the growth of the
antegonist in varicus gcod besea. One ml of thoe appropriate
diluticn was pipetted.to sterile petriplates and melten but
coocled medium was added. The plates were then incubated at
room temperature. Martin'’s rose bengal streptemycin agar
(20 ¢ dextrose, 5 g peptone, 1 g potessium dihydrogen
pPhoasphata, 0.5 ¢ margnesium sulphate, roge bengsl {1 part in
30,000 paerts of the medium), 30 mg streptomycin, 20 g agag
and 1000 mi water) (Mertin, 1550) for fungal antagonists snd
nutrient agar for bacterisl isclate werc used. Colonles of
Z. harzienum and T. Jlongibrachiatum were eounted on the
third day of plating end coloniss of A. terreus, P. gigg:lmm;
aénd B. mimplicisaimum on the fourth dsy. DPacterisl colonies




vere countad after 48 h of incubsticn. %he populetion
of sntagonlsts in different foecd bases éera axprossed as
nurber ©f colony forming units (cfu) per y substrate on

oven dcy basis. The data were enelysed statistically.
1,2. Selection of promising food bezes

The moat promising fcod bases. for cach antagonist
vere selected bssed on the grouwth and asporulaticon of

antagonists for two weeks in various fosd basss.

Aategonists food bases
Irichoderma harzienum Rice, vheat bran, paddy straw
Zrichoderma longibzachiatum Rice, rice bran, cowpsa
Aspergilius tepreus ¥Wheat bren, cowpes, rice
Penicillium citrinum - ¥Yheat bran, cowpes, rice
Penlcillium agggliciasimum‘ - Rice, whes{ bran, cowpea
Bacillus subtllis Rice, wheat bran, rice bran

2. Effect of corrier based entegonlsts in controlling
soft rot of ginger (2ingiber officinesle Rosc,) causad

by Bvthiue myriotylum, collar rot and web blight
of cowpza (Vigns uncquiculata (L) Walp) csused by
Rhircotonla solzni and quick wilt of black pspper

Pipexr pigrum L.) csused by Phytophthora paimivors.
2.1, Experimental detalls

A pot culture experiment wes laid out during
the pericd from March to Septenber, 198% at the College of
Horticulture, Vellanikkara.
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For each crop four antegonistic cultures
grown in three different food bases weras used. An
untreatad control was also kept. Thus a total of 13

traatments wvere thare for each erop (Table 1),

The experimental design followed was CRD with

£ive repliecstionas.

The expprimant was conducted under non-sterile
conditionsg. About 8 g of potting mixture containing sangd,
‘dried snd povdered cowdung end top soil in the ratlo

1t1:1 was taken in earthern pots (30 cm).

T

Covwpaa sseds of the variety 'Kenskemony® were
sown at the rate of 10 seeds per pot. Ginger crop was
raised by planting three rhizome bits with sprouted buds
per pot. The vét}aty ‘Haran' was used. One year old

Panniyur-1 varicty of pepper was used for plenting.

Cultural operations were carried out ss per the

Packege of Praectices recommendations (Anon, 19886).

2.2. Application of antegonists to soil

The antagoniosts ware grown in melacted food bases
for 13 days. This carrier based antagoniats were applied
&t the rate of S50 g per pot after 110 days of planting of

peppor and gingaer and after 30 deys of sowing of cowpsa.
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Table 1. Antegonists end food beses selected for bilocontrol
of Rhizoctonia in cowpee, Pythium in ginger and
Fhytophthora in black pepper

A g SO el A 8 iy SRR A e D SR - S RS

Ty s e oy i W o -

Pood bases

Crop Pathogen Antagonists
Cowpea Rhizoctonia Irichoderma harzisnum Rice, wheat bren,
paddy streaw
Z. longibrachietum Rice, rice bran,
cowpea
Aspergilius terrsus vheet bren, cowpea,
rice
Bacillus subtilis Rice, whoeat bran,
rice bran
Ginger  Pythium T. haraianum Rice, whest bran,
paddy straw
2., dongibrechiatum Rlce, rxice bran,
coupes
Penicillium Rice, wheat brean,
air-plicisaimun covpea
B. subtilis Rice, wheat bran,
rice brap
Bleck  Fhytophthora T, hergiaman Rice, whest bran,
pepper poddy straw.

I, loagibrachliatum

Penlcillivm citrinum

B. gubtilis

. - -

Rice, rice bren,
covpea

Wheat bran, cowpees,
rice

flecs, wheat brén,
rice bren
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2.3. Inoculation with the pathogen

Incculetion with pure cultures of the
.respective pathogens were done one weeak after the intro-
duction of antegonist. Pythium was grown on oet moal agaz
in petripletes for 7 days and mycelisl mat wos mixed with
the goll. Rhizcctonis was grown in choppad paddy straw
for 15 days eand this preparation containing scierctis were
used for srtificlsl inoculation. Zoospore sugpengion of
Favtophtnora was used for artificie) incculation. This
was prepared by placing one week old culture in sterile

water for 3 days.

2+4. OCbservations
2.4.1. AsB8y for coloﬂy forming unite cof antagonists

introduced dnto the soil

The population count of the antagonlistic

microflora intrcduced into the soil was asseaszed at intervals
following serisl dilution and plate count technicua.
Composite rhizosphere soil szmples were obtained by
pocling semples from five replicetione under each treatment
at 7. 30 and 60 days wfter the incorporation of antagonista
into soil for the estimation. Populations vwere expressed

as coleny forming units per g dry weight of aoil,

Z2e4.2. The intensity of diseane was record as percentage

¢f infected plants.
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RESULTS

Six entagonistic microflore viz., Trichoderma
herzisnum, T. longibrachiatum, Aspergillus terrcus,
Penicillium citrinum, P. gimplicissimum and Bacillus subtilis

were grown in seven different food beses @3 described in

Materials and iMethods.

1. Population dynemics of antegonists in focd bases

1.1. Trichoderma harziaaum

Reaults on the populetion count of I. herzianum in
different growth media ere summeyrised in Teble 2 and Fig.l,.
The data contaln the number of colony forming units (cfu)
per ¢ dry weight of food base at 15, 45, 75, 105, 135 and

165 days after incculation.

After 15 deys of growth, the highest population
count was reccorded by rice (4827.58 x 106 cfu par g of
substrate) followed by wheat brem (833.33 x 10° cfu per g
of substrate) but soil + couvdung recorded the least count
(70.55 x 10° cfu per g of substrate). The growth of the
antagonist showed different trends at 45 days of incculation.

In rice the count was increased from 4627.58 x 106 to'



Teble 2. Growth &nd survivel of Trichoderma harzianum in different food bases

rood bagse

Ricge

Wheat bran
Paddy straw
Rice bran
Cowpaa
Forest acil

Solil + Grled
ccowdung (121}

o

Colony forming units (in millions

- -

incubation time of

o i A R e T S YT A S SR N €N S MU S S - Sy - SIS S AR

) per ¢ dry weight of food base after

Lalade T2 0 - L

1% doys 45 days 75 days 105 days 135 days i35 dsys
4827.53 7966, 10 3855.41 16.69% 3.00 0.40
833,33 1016.39 0.02 0.019 0.005 0.003
{6.725) (6.924) (""3.912) ("3;963) ("5.298) (-5»809)
473,43 471.54 368.65% 313.33 293,47 251.70
(6.160) (6.158) (5.854) (5.747)} (5.681) (5.528) .
248.72 573.33 271.19% 199,22 148.14 108.70
{(5.516) (6.351) (5.602) (5.204) (2.998) (4.688)
279.07 52.47 0.0008 0.00 0.00 0.00
{5.631) (3.960) (~7.130)
239,74 39,15 18.00° 10.66% 10433 1.66
(5.479) (3.657) (2.890) (2.366) (2.335) (0.506)
70.55 32.64 17.77° 16.00% 9.67% 10.06
(4.258) (3.485) {2.877) (2.772) (2.269) {2,302)

- - oy O e .

-

G i e A ok At S Sy G W P i ST W S MR e

Values of each colwan followed by the same lotter do not differ significently (P= 0.05) using

Duncan's multiple range test.

Logarithmic trensformation was used for énalysls. Trensformed vslues are given in parentheses.
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intervals of incubation in various food bases.
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7966.10 x 10°

cfu per g of substrate. The ssme trend wvag
chservad in rice bran end vheat bran but in all other
food bases the population count decreased, The reduction
was very iess in paddy strow (473.43 x 10° to 471.54 x 10°
cfu per g of substrate) while it was very much pronounced

in cowpea (279.07 x 10% to 52,47 x 10° cfu per g of substrete)
snd forest soil (239,74 x 10° to 39,15 x 10° cfu per g of
substrate). In the cage of s0il + cowdung, more than

50 per cent of. reduction was observed.,

In all the food bases, the viable count considerably
reduced at 75 days andé it was much proncunced in cowpea

 t0 0.0008 x 10° efu per g of substrate) and

(52.47 x 10
whoat bran (1016.39 x 10° to 0.02 = 10° cfu per g of
substrate). Least reduction in the vieble count was obssrved
in paddy straw (26,07 per cent) followed by soll + cowdung
(45.56 per cent). In rico, rice bren and forest soll, the

reduction in vieble count were found to be more than 50 per cent.

The visble count was very much yxeduced in all the
food bases except peddy strav &nd rice bren at 105 deya of
incculation. No viable count was observed in cowpea but
it was very negligible in whest bran (0.019 106 éfu per g
of substrete). In rice, forest soil &nd soll + cowdung, the

viable count recorded was between 10 x 106 and 16 x 106 cfu



&

per g of substrete. The same trend was observed et 135

and 165 deys of incubation.

Anong the substrates tested, rice was found to be
superior to all other focd bases tried up to 75 days of
incubation but meximum growth wes obteined at 45 days. Next
to rice, wheat bran was found superior to other food bases
at 15 and 45 days of incubeticn. Later it was found to be
vary poor in maintaining the visble count. Even thcugh the
initial count was not high, paddy straw was found to be a
good focd base for the aurvival of the antegonist for a

long period of incudation. The viable ccocunt of 473.43 x 106

st 15 days of incubeticn shoved slow reduction to 251.70 x 106
cfu per g of substrate at 165 days. Almost the seme trend
was noticed in rice bran. The meximum colony count was

6

racorded gt 45 days of incubation (573,33 x 10° cfu per g

of substrate) and it gradually declined to 108.70 x 106 cfu

per g of substrate at 165 days of incubation.

This study revealed that rice was the best fcod
base for obtalning maximum nunber of propagules at 45 daye.
Paddy straw was found to ke superior to all others for the

survival of antagonist'eVeu at 165 days of incubation.
1.2. Zrichcderm2 longibrachistum

Date on tha number of cfu in different growth

media at differsnt intervoels sre presented in Table 3 and



Table 3, Growth and survival of Trichoderma longibrachiatum in different food bases

- =y - L ]

: Colony forming units (in millions) per g dry weight of food bass after
Food hase

incubation time of
1S5 days 45 deys 75 dsys 105 deys 135 days 185 daya
Rice 277,762 20.00% 5.00 1.67 0.57 0.08
(5.626) (2.995) {1.609) (0.512) (-0.030) («2.525)
Wheat bran 4.00 £83.33 16.32% 5,00% 0.50 0.05
(1.386) {4.422) (2.792) {1.609) ( 18.308) {~2.595)
Paddy straw 21.66 25.33%0 26.26 15.60 8.33% 5.56%
{3.075) (3.231) (3.268) (2.747) (2.219) {1.715)
Rice bran 204.11% 234.04° 50.00 31.34 12.73 5.61%
(5.683) (5.455) (3.912) (3.444) (2.543) (1.724)
Couwpea 125,00 20.00° 0.00 0.00 0.00 0.00
{4.528) {2.995)
Forest soil 12,20 23.16 P 14,662 3.682 3.66 3.66%
(2.501) (2.142) {2.685) {1.297) (1.297) (1.297)
Soil + drigd cowdung  28.64 30,222 14.51% 10.20 10.00 ¢ 5.66%
(3.354) (3.408) (2.674) (2.322) (2.302) (1.733)

Al Sk T M . s -

Values of each column followed by the sace latter do not differ s

Duncan®s multiple renge tes:.

Logarithnic transformation wes used for analysis.

ignificantly (P= 0.05) using

Transformed values ere given in pagentheses.

£y
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Plg.2. Rice bren and rice were found equally geod and
superior to all other focd bases tried at 15 days of
incubation. The growth of T. longibrachistum in other food
beges differed significently. The population count in

rice bren and rice were 294.11 x 10% and 277.78 x 10°% cfu
per g of substrate respectively. In the case of rice,
there was sudden decline in the number of viable propagules
efter 15 days of incculation. Though a reduction in
ropulation ccunt was observed in rice-bran also, rate of
decline was very less at 45 days. &Azong all the food bsses,
this.was found to harbour‘maximum number ¢f propagules at

45 days of incubetion.

The rice bran and rice were followad by cowpee
(125.0 x 10% cfu per g of substrote) st 15 days of incubation
but the populatian count in this medium declined to great
extent (20.0 x 106 Efu per g of substrate) at 45 daya and no

viable count was recorded aftar 7S daye of incubation.

The groweth cf the sntegonist in soil + cowdung,
peddy strow, forest soil end whest bran was pocr et 15 days
annd then increaszed up t2 45 dsys of incubation. The increase
weés much pronounced with wheat bran where the population
count increesed from 4.0 % 106 to 83.33 x 106 cfu per ¢ cf

substrate at 45 doys. In the case of paddy strew, a slight



incresse in the count was observed up to 75 days of
incubation and thereafter the viable count declined.
At 105"znd 135wbayu of incubation, rice bron was fquné
superior to all other food bases but at 165 davs it was

on par with paddy straw and soil + cowdung.

Arong the fcod bases tried, rice bren was found

to be superidor throughout the period of observation.

1.3 Aspergillug terreus

Ameng the food bases tried, vheat bran was found
to be the best medium even though no statistical difference
could e cbserved among wheat bren, cowpea znd rice (Tablg 4
and Fig.3) after two weeks of incubation. Population count
of 24692.13 x« 106 cfu per g of substrate was recorded by
wheat bran followed by cowpea end rice with 2058.82 % 10°

and 2000.0 3 10°

cfu per g of substrate respectively.

The least population count was cbhserved in soil + covdung
(32,81 % 20° cfu par g of substrate) followed by forest soil
(40,00 x 10° cfu per g of subatrata) and rice bran (462.96 x

106 cfu per g of aubstrate st 15 days of incubaticn.

In the cese of rice bran, pa2ddy straw and soll +
cowdunyg, growth of the antagonist increassd after 15 davs

but the lattor showed the highest per cent of increase in



Table 4. Growth and survivel of Aspargilius

torreus in different food baszes

Colony forming units (in millicns) per g dry weight of food Lase after
incubztion time of

Food bape
15 dGeys 45 days
Rice 2000.00% 793.65%
(7.600) {6.576)
Wheat bran 2469,.13 @ 882,35 &
{(7.811) {6.762)
Paddy strew 1250.00 2008.3S
(7.130) {7.644)
Rics bran 462.96 697.67°
(6.137) (6.547)
Coupes 2088.82% 0.00
(7.629)
Forest soil 40.00° 26.33
(3.688) (3.270)
Sodl + dried cowdung  32.81° 337.71
(121) (2.490) (5.822)

75 days

650.41
(6.477)

499.23
(6.213)

1941.74

{(7.571)
830.41
{6.721)

000

26.00
(3.258)

24B.96
(5.517)

105 days

D S Al s e ol ey SIS M e S A Sl M ik vl ol A S Y Y A6 S

299.62
(5.702)

30.77
(3.426)

966.18
(6.873)

670.88
(6.508)

G.00

21.66
{3.075)

223.33
(5.403)

135 days 165 days
186.67 ° 136.66
(5.229) (4.917)
11.52 0.98
416.66 210.52°
(6.032) (5.349)
203.512 176.66%
(5.315) {5.174)
0.00 0.00
168.66 13.33
(2.928) (2.590)
160.00° 160.00°
(5.075) (5.075)

Values of each column followed b

Duncen’s multiple range test.

e s -

Y the same letter do not differ significantly (P = 0.05) using

Logarithmic transformation was used for analysis; Transformed values are given in par=ntheses.

S7
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population count. In &1l other cases, reduction inl
viable count was noticed but in cowpea no vieble colony
was obtalned after 15 days of incubation. The rote of
docline was slow and steedy in paddy strow. At 165 days,
the viable count in paddy otraw was 210.52 x 106 cfu per ¢
of substrate followed by rice bran (176.66 x 106 cfu pazr g

of substrate) and was on per with soil + cowdung.

A perusal of the dats zrevealed that the maximum
cfu per g of substrate was obtainad in whoast bran at 15 days
of incubotion but it waa found to be on par with cowpea
and rice. Even thcugh growth of the antagonist in paddy
ptrow (1250.0 X 106 cfu per g of gubstrate) was not as much
in cowpea snd vheat bran, populéaticn count in the foxmer
increesed up to 208B8.,35 % 106 cfu por g of substrate at
45 days and malntained its superiority during the remsining

pericd of incubation.

1.4, Penicillivm ciirinum

Results of the population estimasticon of.g¢citrinum
in differont food basaes at diffeorent intcrvels ere presented
in Table 5 and Flg.d. Wheot bren recorded the maximum
populotion of 5833,33 x 106 ¢fu per g of substrate sfter

two weaks of incubation. 7This vwas followed by cowpes



Table 5.

Growth and survival of Penlcilliuvm citrinum in different food hases

Colcny forring units (in millicns) per g dry weight of food base
after incubeation time

Food base
15 days 45 deys 75 Gevs 105 days 135 days 165 days=
Rice 2038.09 863.54 197.65 126,61 19,92° " 5.61
(7.619) (6.761) (5.206) (¢.841) (2.991) (1.724)
Wheat bran $833,33 1989 .66 1285.91 956.52 420.76% 224.47
(2.671) {7.595) (7.159) {6.853) (6.042) (5.413)
Paddy strew 166.66 666.66 759.33 702,29 578.54 503.54
(5.115) {6.502) (6.632) (6.554) (6.360) {6.221)
Rice bran 527.77° 508,66 627,70 590,27 406.66 280.060
(6.2¢B) (6.394) (6.442) (6.380) (6.007) (5.634)
Cowpea 2571.42 323.10 0.00 0.00 0.00 0.00
(7.852) {5.777)
Forest soil 54.23 29,33 ' 28.33 25.66 25,00% 17.33
(3.993) (3.372) (3.343)" (3.242) (3.218) (2.852)
soil + dried condung 582,012 91.67 _ 40.66 29.33 18.66° 7.66
(131) (&.366) (4.518) (3.705) {3.378) (2.926) {(2.0386)

Values of eech column followed by the seme letter do not differ significently (P=0.05) using
Duncan's multiple reange teat.

Logarithmic transformaticn was used for anelysi=. Transformed values are glven 1n parentheses.

87
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(2571.42 x 106 cfu per g of substrste) 2nd rice (2038.09 x

106

cfu per g of substrate). Statistical snalysis revealed
that vheat bren was supericr to all other focd bases at

15 days of incubation. The least population count was
obscrvad in forast soil (58.23 » 10° cfu per g of substrates)
followed by paddy straw (166.66 = 10° cfu per g of substrate),
rice bren (§527.77 x 10° cfu rer g of substrate) and soil +
cowdung (582,01 x 106 cfu per g of substrate). The fungal
population in vheat bren msdiun was found to decline to one
third at 45 days and the reduction was gradual in subseguent
obserﬁaticns. A pudden decline in.populqtion was noticed
with coupea after two weeks of incubation (2571.42 10G to
323,10 x 10° cfu per g of substrzte at 45 daya) and no
éolcny count was obtained in subsequent observatiocns., &
similar reducticn wes found in rice, scii + cowadurng and
forest soil after two weeks of incubaticn, The growth rate
of the sntagonist in paddy atrsw showed an increasing trend
up to 75 days of incubation 2nd thereafter a gradual dscline

was noticed. The scme trend was noticed in rice bran also.

The maximum colony count ver g of substrate was
recorded by vwheat bren at 15 cdays of incubatiocn. This food
base was found to be superior to eil other food bases up to

105 days. Even though paddy straw showed & zlew initial
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growth, it was found superlor tc all other suvbatrates at

135 and 165 days of incubation.

1.5. Peniciliium simplicisgimum

The obmearvations on the population count are
embodied in Table € end Fig.5. Cut of seven substrates
tried, ripe wee found to be the best with & population count
of 5137.84 x 106 cfu per g of substrate fcllowed by vheat
bran (3956.56 x 10° cfu rexr g of substrete) shd then cowpea

(385 x 105

cfu per g of substrate) ot 15 days of incubation.
The growth wazs very poor in rice bren, forest soil and

peddy gtraw, There was no significant difference msmong thesze
food beses. The soil + dried cowdung recorded the minimum

€

population ccunt (4.1 x 10° cfu per g of substrste) after

two wesgks of incubation.

In all the growth media tried, the viable count
of the antagonist was found to decrease after two wgeks of
incubation except in cowpea and rice bran. In cowpe2 and
rice bgran, populetion counts increased up to 45 days and
thereafter a declining trend was noticed. In soil + cowdung,
no count was recorded in last three estimations (105, 135

and 165 days of iuncubaticn).

Tha data revealed that rice was the best medium

for ylelding maximum cfu per ¢ of substrate and survival



Table. 6. Growth and survival of Panigtllium gimplicigsimum in different food bases

Colony forming units (in mfllions) per g dry welght of fcod base sfter

Food b"'. ;nadbition time of
15 days 45 days 75 days 105 Gays 135 Zays 165 days
Rice 5137.04 1552,.20% 850.16% £93,35% 428.57% 249.12%
(8.5¢4) (7.347) (6.755) (6.385) (6.060) (5.517)
wheat bran 3986, 56 1557.82% 662.43° 586.56% 362.33% 195.65"
(8.283) {7.376) (6.759) (6.374) (5.892) (5.276)
Paddy atrew  35.08% 19.20 10.15 5.63° 3.87° 1.39°
(3.557) (2.954) (2.317) (1.728) (1.353) {0.329)
Rics bran 41.66* $0.37 34.70 18,35 14.56 4.23
(3.729) (4.503) (3.546) (2.909) (2.676) {1.465)
Coupea 385,33 435.18 361.58 225.35 71.16 37.41
(5.954) (6.075) (5.890) (5.417) (4.26¢) (3.621)
Forest soil ~ 37.64% 35,39 13.66 £.66° 4.23° 2.00°
" (3.628) (3.566) (2.614) (1.539) (1.465) (0.693)
Sodl + dried cowdung 4.10 1.18 0.24 0.00 0.00 0.00
(131) (1.410) (0.165) (~1.427)

Values of each column followad by the same letter 30 not differ significantly (P= 0.05) using
Duncen's rultiple range test.

Logarithmic transformation wasz used for snalysis. Transformed values are given in pasrentheses.

g
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of the antagonist for prolonged perlod of incubation
(165 daya). Even thcugh wheat bren was found to be a
best food base only next to rice at 15 days of incubation,

in later cbservations it was found to be on par with rice.

1.6. Becillus subtilis

The data on the growth and survival of B.gubtilis
in diff=srent food bases are prescented in Table 7 and Fig.6.
Obsarvation et 15 days of incubation indicated that rice
was the mogt suitable medium for the growth of antagonistic
bacterium followed by vheat bren. Rice bran was ranked as
third with regard to itz =fficacy as & growth medium followed
by ccwpea., No significant differsnce between soll + cowdung
and psddy straw could be obaerved at 15 days of incubstion.

roreszst moil was found to ba the least effective as a food basc.

Maximum grouth of bacterilum, was observed in rice
{3137.25 x 106 colaonies per ¢ of substrate) followad by

wheat bran (1249.34 x 10°

colonies per g of substrate) and
riéa bxan (729.97 x 10% colontes ner g of substrate).

Forest scil recorded the least bscterlal ccunt of 5.84 x 106
colonies per g of substrote at 15 days of incubation,

The bscterlal count declined after 15 days in all the food

bases except paddy straw and forest scll, In the case of

paddy strow, maximum count was ncticed at 45 days of incubation



Table 7. Growth and

survival of Bacillius subtilis in different food bases

gy

Colony forming un

incubation time of

its (in millions) per

g dry weight of food base after

Pood bLase

‘ 15 Gays 45 Jdays 75 days

Rice . 33137.25 2913.90 864.95
(8.051) (7.977) (6.785)
Wheat bran 1249.34 649.35 429.40%
(7.1390) (6.475) (6.062)
Paddy straw 180.26% 499.00 . 471.09%
(5.194) {(6.212) (6.155)

Rice bran 727.97 367.34 228.20
(6.590) (5.906) (5.430)

Cowpea 308,24 290.52 . 134.83
(5.730) (5.571) (4.204)

Forest molil 5.84 6.00 - 6.33
. {1.764) (1.791) (1.845)

S0l + dried cowdung 208.692 185.59 . 100.00
(1:1) {S.348) (5.223) (4.605)

S R iy Sxix AP LTI B W

630.18
(6.445)

2268.24
{(5.430)

386.20
(5.956)

157.93
(5.062)

123.33
(4.814)

13.66
(2.614)

50.00
(3.912)

135 dsys

Velues of gach column
Cuncan's multiple rang

Logarithmic trensformaticn was used for analysis.

followed by the mame lette
e test.

347.43%

156.94 -
(5.055)

342.46%
{5.836)

112.22%
{4.720)

113,330
(4.730)

16.66
(2.813)

43.33
(3.768)

165 days

TR Bk A SED D G A d oy

270.002
{5.598)

87.62°

(8.473)

319.142
(5.765)

62.43
(2.134)

93.33°

(4.536)

13.33°
(2.590)

16.33°
(2.793)

r do not diffar significantly (P=0.05) using

Iransformed values are given.in parcntheses.

£
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and in forest soil at 135 deya of incubaticn. Though
an incra=ase in popyulation wes noticed aftexr thrae months
of incubation, forest soil recorded the minimum number of

vieble propagules throughout the perlod of cbsexvation.

Arong the focd bases tested, rice was founé €0

be significently superior o all other f£e¢cd bases during

tne pericd of incubaticn followsed by wheat bren.

2. Population dynemics of antagonists in the rhizosphere
of coupea, ginger snd blsack pepper 28 affected by
different carrier based incculants

Based on the growth and multipliceticn of the
antegenists 58 cbgerved in in vitro studles, three food
bases were selected for oach antegeonist for mesps cultivation.

The carrier based entagoniots were tested in pot culture

trials to study the populaticn dynamice of the entegonist

in the rhizosphere cf cowpes, ginger and black pepper.

A ccmpérison of the guantitetive estimates of the
antagonist in-the trected and untreated rhizﬁsphere'samples
vere made and the results are presented in Tables 8, 9 and 10.
In all the cases, the rhigospnere smended with food based
antegonist yiclded the colonies of the respective antagonist.
But the numper of colony forming units veried depending on

the food béae, crcp and peried of incubation. The control,



a5

where the rhizosphere was not emended with antagonist
did not yleld any of the antageonist tried in thils study.
This clearly indiceted that the rhizcsphare of test
Plants were elmcost free from any of the antagonist usad
in this study.
2.1. Enumeration of antagonistic microflera in cowpea
rihlzoasphere -
Results on the aestimatlion of introduced antagonist
assoclated with the rhizosphere of cowpeca are summerlsed
in Table 8. The deta embodies the nunber cf cfu per ¢ of
soil at one week, one month ond two months of inculation
in the rhizosphere emended with antegonlst grown in different

food basaes.
2el.1. Trichoderma harzisnum

anong the three food bages tried, the rhizosphere
amended witn wheat bran-T. harzianum preparstion yielded
the maximum number of cfu after one wesk of epplication,

iee., 528.0 x 10%

in the seriel dilution and plate count
method (Tuble:a and Pig.7). An estimatod number of 78,43 x
10% cfu per g of soil was racorded with rice-T. harsianum
prepsration while paddy strew gave the minimum count of

i6.06 x 10d ciu por ¢ of soll. The trestiieats were £ound



Table 8.

S A ——— .

amended with food baged antagonist.

Colony forming urnits of Trichoderma hargisnum, T. longibrachisztum,
dspergillus terreus and Bacillus subtilis in the rhizosphere cf cowpea

s O o L

"Colony forming units (in 10,000s) per g of soil

aAntagonists Food bases 7 days after
application
Irichoderma harziamum Paddy straw 16.88 (2.826)
" H Wheat bren 528.00 (6.269)
Rice 78.43 (4.262)
CD (C.05) 0.057
Trichoderme longibrachiatum Rice bran 58.00 (4.060)
H u Rica 28.90 (3.2860)
. " Cowpea 0.97 (=0.030)
co (0.05) 0.097
Aspergillus terreus Cowpea 2615.00 (7.869)
Z Wheat bran 8409.00 (9.037)
k" e Rice 897.43 (6.799)
co (0.05) 0.039
Boclillus subtilis Riece bren 377.59 (5,933)
= H Eice 721.15 {(6.580)
1 n Wheat bran 651.42 (6.479)
CC (0.065) 0.039
Untreated control 0,00

T - o - -

Logarithmic trepsforma

in parentheses

30 days after
application

60 days after

application

11,26 (2.421)
77.30 (4.347)
76.30 (4.334)

0.069

12.63 (2.536)
8.33 (2.119)

0.82 (-0.198)

0,087

© 1057,00 (6.963)
1222.49 (7.103)

879.17 (6.778)
0.039
200,66 (5.301)
294,12 (5.683)
140.15 (4.542)

0.021
2.00

6.79 (1.915)
9.67 (2.269)
34.90 (3.552)

0.075

2.08 (0.732)
3.10 (1.1231)

0.083

52.17 (3.954)
115,03 (4.74%)
1059.16 (4.692)

0.086
73.26 (4.294)
23.22 (3.147)
42.09 (3.739)

0.112
0.00

b - - D Y

- -

tion was used for enemlysis. Trensformed values are given
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Fig.7. Population of T. harzianum at different
intervels in cowpes rhizosphere amended with
food based antagonist
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to be statisticelly significant. The same trend was
obzerved st 30 days of inircducticn. bBut the estimated
nunber of T. harzisnum propegules in the rhizosphere at
60 days of introduction indicated the superiority of

rice as 8 food base over wheat bran and peddy straw.

A compariscn of the porulsaticn ét different
intervals rovealed thaf the.rate of murvival differed
congiderably among the three fcod hazes. The rate of decline
of the entagonlst in the rhizosphere smended with rice
Z. herzisnmum preparation wes low when corparad 4o paddy
atraw and wheat bran ducing the perzicd of observation.

After 30 deys a fester vete of decline in the population
ccunt was noticed in thye rhizosphere amended with wheat
bran--entagonist preperstion but Lt was less with paddy straw

and negligible with rice.

2elea Irichederma longibrachiatum

The estimation of rhizcsphere soil amznded with
rice bren--sntegonist preparation gave & count of 58,0 2 104
cfu per g of soll et 7 days (Teble 8 and Fig.8). This vas
followed by rice yielding a ccunt of 28,50 x 104 cfu per g
of soil. Cowpea antegonist praparation gsve the loweat

count (0.97 x 10% cfm per g of soil).
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Fig.8. Population of T. longibrachiatum at different
intervals in cowpea rhizosphere amended with
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Statistical snslysis revealed that there was
significent difference among the treatments. T. longibrachiatum
grown in rice bran wes found superior to rice and cowpza at
one week and one month of introduction to soil. In all the
treated pots, the antagonist population was found to decline
after one week of application but it was more pronocunced in
the case of ricé bran I. longibrachiatum preparation. ©On &0th
day of application, rice antagoniet preparation yielded maximum

count f£ollowed by rice bran and cowpea.
2.1.3. Aspergilius terreus

At 7 days of inoculation, the rhizosphere soil
amended with the antagonist grown in wheat bran gave the
meximum population count (8409.0 x 109 cfu per g of soil)
followed by cowpea (2615.0 x 10% cfu rar g of soil) and rice
(697.43 x 109 cfu per g of soll). Thereafter a audden
decline in population count was ohbserved in rhiéosphere soil
amended with wheat bran (1222.49 x 10% cfu per g of soil) and
and cowpea (1057.0 x 104 cfu per g of soll) antagénist prepa-
raticns. But the rhizosphere soil treated with rice antagonist
mixture shoued a slight reduction of 18.26 % 10% cfu per g of
soil in population count at 30 days of in&culation (Teble 8 =nad
Fig.8). On the sixtieth day after introduction of food based

antsgonist preoparation, further reduction was observed but

5\
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meximum count was obtained with wvheat bran (115,03 x 104

4

cfu per g of =0il) followed by rice (10%.16 x 10" cfu per

g of szoil) and cowpaa (52,17 x 10% csu per g of mcil).

The difference &mong the treatments wvere
significant with regasd to the peopulation count estimated
at 7 days and cne month of introduction of food Lased antagonist
preparaticn to soll. At two months of introduction of
carrier baged antagonist wheet bren ylelded the mexdmum

count but it was on par with rice.

2e1.4. Bacillus subtilis

Among the three food bases tried, the antegonistic
bscterium grown in rice survived better in the rhizosphere
soll of cowpea than in wheat brén or rice bran (Teble 8 and

Fig.10)., The population count was 721.15 x 109

colonies
per ¢ of soll for rice antagonist preperation followed by
wheat bren (651,42 x 10° colonies per ¢ of soil) and rice
bren (377.55 x 10% colonies per g of soil). In all the
caseg population count declined after 7 days of inoculetion,
The decline was much proncunced with rice and whest bran
based 3. subtilis where the count reduced to 294.12 x -10°
and 140.15 = 104 coloniea per g of soll respoctively at

30 days of inoculation. But the reduction in colony count

was vexy less with rice bren entagonist properstion. At
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Fig.10. Population of B. subtilis at different
intervals in cowpea rhizosphére amended with
food based antagonist.
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60 days after inoculation, the maximum count was obtained
with rice bron antagoniat preparetion (73.26 x 104)

followed by wheat bran (42,09 x 104 colonies per ¢ Of soil).
The entegonist proparaticn which ylelded the maximum countg
in the early periods recorded the least count (23.28 x 104

colonies per g of soil) at 60 days.

The treatments were significant thrcughout the
period of observation. Rice wes supericr to wheat brsan and
rice bren based antsgonistic preparation in the f£irst two
obscrvaticns. But at 60 days rice bran based preperation
was better than wheat bren and rice.
2.2+ Epumeration of entagonistic microflere in ginger

rhizosphere

Data on the estimetion of population cof the

antagonist in the rhizosphere of ginger are prescnted in

7able 9, Fig.l1l1, 12, 13 &nd 14,
2:2.1s Trichoderma hargisonum

Among the three focd lases used, wheat bran
I. herzienum prepsration yielded the maximum count in the
rhizosphere of ginger (4952.56 x 10% cru per g of =zoil) at
7 days of introductlion of scill. The paddy strew end rice

Dased cultures gave much leaser ccunt %Zhsn wheat bren.



Table 3. Colony forming units of Trichoderms harzian

oI+ longibrachiatum, Fenicilliuvm

ixmplicissisrum and Bacillus subtilia in the :hizoaphar- of ginger zmended

s
Ith focd

besed antagonist

ﬁqtagonista

Colony forming units (in 10,000s8) per g of soil

Food bases -
7 days after 30 days after 60 days after
application application applicaticon :
Trichoderms harzianum Paddy straw 292.03 (5.676) 15.95 {2.769) B.24 (2.109)
" - Wheat bren 4952.56 (8.507) 225.99 (5.420) 171.05-(1.41)
. " Rice 143.88 (4.968)  74.91 (4.316) 53.96 (3.988)
cd (0.05) 0,081 0,105 £ 0.085
Trichoderma longibrachiatum Rice bran 118,10 (4.771) 12.18 (2.499) 15,39 (2.733)
“ .o" Cowpen 4.46 (1.495) 11.17 (2.413) 10.18 (2.320)
cp (0.08) 0.033 0.056 0.767
Peniciliiun simplicissimum Cownea 2.84 (1,043) 0.85 (-0,162) 0.009 (-4.710)
" - Wheat bran 633.20 (6.4597) 19.10 (2.949) 0.72 (-0.328)
“ " Rice 142.86 (4.961) 21.37 (3.061) 2.46 (0.900)
cp (0.05) 0.104 0.304 0.146
Bacillus subtilias Rice bran 134.40 (4.900) 44.12 (3.786) 12,05 (2.489)
“ ' i Rice 421.94 {6.044) 240.00 (5.480) 15.64 (2.749)
" " Wheat bran. 727.13 (6.589) 327.64 (5.791) 15.00 (2.708)
CL (0.05) ‘ - 0,056 0.194 0.082
Untreated control - 000 ‘ 0.00

0.00

Logarithaic transformation was used for analysis.

Transformed values are given in parentheses

o
Sy
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The counts were 292,03 x 10‘ and 143.88 x 10% cfu per ¢

of soil xespectively., & substential reduction in populsticn
count was noticed in the case ¢f wheet bren and paddy straw
antagonist preparationsvhile the reduction in rice--antagonist
preparation was very less., The former preparation recorded
five per cent of the initial count as ageinst 52 per cent
by the latter. At 60 days of incculation, the maximum
count was observed with wheat bran (171.05 x 104 cfu per g
of soil) but per cent of reduction in count was only sbout
25 when compared to the count at 30 days. This wes
follovwed by rice where the cocunt was 53.96 x 104 cfu per g
of soil. The maximum reduction in population count at

60 days was observed in peddy straw based antagonist

(8.24 x 10%).

Stetistical asnalysis revealed that wheat bran was
superlor to rice end peddy strow based antagonists throughout

the period of observetion.

2+2.2. Trichoderma longibrechiatum

The rhizosphere of ginger treated with rice bran
I. longibrachistum preparation yielded the maximum population
count (118,10 x 10% cfu per g of soil) at 7 deys of inocu-
lation (Table 9 and Fig.12). The population counts in the

rhizosphere amended with rics--and cowpas - antagonist mixtures
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vere 3.05 x 104

aﬁd £.46 x 104 cfu pexr g of soll reope-
ctively but an increasse in population ccunt waes noticed
at 30 days (48.72 x 10% ond 11.17 x 16% cfu per é of soll
respectively). In éhe cagse of rhilzosphere soill amended
with rice b:enmantagoniét mixture, the population count
declined to 12.18 x 10% cfu per g of soil at 30 days but

& alight increase ©o 15.39 » 18G

cfu per g of soll was
cbsoexved at 60 days of inoculaticn. Aafter 30 daye of
inoculation the rate of declline in the population count
of the antagonist in the rhizosphere soil smended with
cowpea--antegonist mixture wos less when compared to rice--

antegonist preparstion.

Stotizticel enalysis revoaled the superlordty
of rice bran to rice end cowpea at 7 deys of incubation.
But at 30 days rilce wag found to be superior te riée bran
end cowpea, There was no significent difforence betueen

cowpea and rice at 60 days.

24243. Pepleillivwn simplicissimum

kheat bran waa found to be ths bast food bage
for the survivel of P. sioplicissimum (623,20 » 10% cfu
per g) in the rhizoasphere soll when compared to rice

(142.86 x 10”) and cowpea {2.84 x 104) at 7 dsys of introduction
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into soil (Tsble 9 and Fig.13). A reduction in population
count in the rhizosphere soil was obmerved after 7 Jdays

with all the tﬁree food based antagonist cultures triled

but the reduction was more with vheat bran P. simpliclgsimum
culture., The antsgonist grown in coupaa recorded the .
minimun nunber of propagules in the rhizosphere soll throughout

the pericd of estimetlon.

At 7 dova of introduciicn, whesat bran besed
antagoniat was found to be superior to rice znd cowpes.
But at 30 deys of introduction rice béaea antogenist was
found superlor to cowpea and was on par with vwheat bran.
Rice recorded the mesdmum population count (2.46 x 10% csu

per g of soil) at 60 deys after eprlicatiocn,.

2.2.4. Boaclllus subtilias

Rﬁizosphere of ginger regceiving wheat bran based
8. subtilis recorded the maximum numrber of colonles
{727.13 x 10% colontes per g of soil) at 7 days of
inoculation when compared to rice (421.94 x 104) and riée
bran (134.40 x 104) based antagonist culturez (Teble 9
and Fig.14). Even though the population count declined
with regard to ail the threes food base sntegonist mixtures,

the scme trend was also noticed at 30 deys of inoculation.
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Fheat bren was found guperior to rice and rice bran
based entagonist mixturea up to 30 days of inocculeticn,
But at two months, there was no significent difference
between rice and wheat bran-antegonist preparation and
rice bran--antegonist preparation recorded the least popu-
lation count.
2.3. Enumeraticn of entagonistic microflora in black
peprer rhizosphere

2.3.1, Irichoderma harzionum

Rhizosphere soil amended with wheat bran based
I. herziaspum herboured meximum number of propagules up to
two months of estimation (Teble 10 and Fig.15). At 7 days
of inoculation populatlion count in the rhilzoaphere soil
emended with  wh@at bran basad antegonist (147.65 x 104)
was followad by paddy stravw (136,85 x 10% cfu per ¢ of soil)

and rice (22x10%

cfu por g of soil)., The population count
1ncreaagd in the rhizospnere scil treated with whest bren
(166.66 x 10% cfu per g of scil) and rice (132,18 x 10%
cfu per g of soil) antagonist preparation up to 20 days

of inﬁculation. The rate of increase was more with rice -
antagonist preparetion but the population count declinad
after 30 days. In the case of paddy straw antagonist
preporation, the populaticn count daclined after 7 days of

introduction. At 30 deys and 60 deys of applications paddy



Table 10. Colony forming units of Trichoderma harzienus, T. lonoibrachietum, Penleillium
- -gltrinus epd Bacillug gubtilis in the rhizosnnera of black pepper amended with
food bkased entagonist

Colcny foxming units (in 100008) per g of sﬂil
Food bases

Antagonists

ity < W Ty -

Tricnoderms harzianum
2] €

U A W S Sl ke S e R W . R G W

7 Qays after
app;icatipn

30 days afterx
applicetion

60 days after
spplication

— - Sy S o, i W - Ay S 08

Paddy straw

136.85 (4.518)

14,49 (2.673)

4.51 (1.506)

¥heat bran 147.65 (4.594) 166.66 (5.115) 69.36 (4.239)
e u Rice 22.10 (3.095) 132,18 (4.884) 63,05 (4.143)
CoB, (0.05) T 04150 0.063 0.097
T. longibrachiatunm Rice bran " 22,12 (3.096) 19.95 (2.993) . 5.87 (1.769)
H Rica 25.64 £3,244) 263.08 {5.572) §.98 (1.69085)
. Cowpea 15,56 (2.744) 10.49 (2.917) 1.43 (0.343)
CeDe (0.05) 0.106 0.039 - 0.064
Penicillium eltriaum Cowpea 220.26 (5.394) 163.14 (5.094) 69.10 (4.235)
[ theot bren 2302,63(7.741) 231.02 {5.442) 89.29 (4,491)
a " Rice 656.46 (6.486) 288,22 (5.663) 55.74 (4.026)
C.D. {0.05) 0.038 0,061 0.135
Bacillus subtilis Rice bran 270,27 (5.59%) 114.09 (4.736) 16.25 (2,.788)
T TR Rice 542,55 (54298) 282.05 (5.642) 23,26 (3.146)
- . f ¥heat bran 407.02 (£.008) 166.66 (5.,115) 16.95 (2.830)
CoD. {0.05) 0.010 ' 0.030 0,021
Untreated control ) 0.00 0.00 Q.00

Logarithmic trensformation was used for analysis.
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Trensformed values are given in parentheses.
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straw based antagonlst recorded the minimum population
counts. VWheat bren-antagenist preperation wes found
to be superior to all other food bases tested during the

entire period of cbservation.

2+3.2. Trichoderms longibrachiatum

Rica bagad entagonist recorded the maximunm
nurker of propagules (25.64 x 10% ceu per g) in the
rhizosphere soil at 7 days followed by rice bran (22.12 x 19%)
and covpea (15.56 x 10%). The seme trend was also noticed
at 30 days of incculation (Teble 10 and Fig.16). In the
case of rice, a sudden increase in the population count
to 263.08 x 10% cfu per g of soll was observed at 30 days
ond thoreafter the populstion count deelised (4,98 x 10%).
The population count in the rhizosphere soil emended with
Ccwpea entagonist preparetion slightly increaped to 30 days
of incculation but declined subsequently. The numbsp of
propagules in the rhizosphere soil amended with yice bran
baged entagonigt declingd after 7 deys but it racorded |
the maximum population count at 60 days. Minimum count
of the population at 60 days was noticsd in rhizosphare

soll smended with coupsa.

There wes significant differonce amnong the treat-

ments. Rice based antagonist was found to be superior during
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the first two observatione though during the last chser-
vation rice bran outeyiclded to rice @nd cowpez. Cowpoa
based sntegonist recorded the minimum population count

thrcughout the pericd of chbszervetion.
2363+ Penicilliium citrinum

hmong the food bases used for 2+ gitrinum wheat
bren besed entagonist recorded the maximun count at 7 days

of inoculation (2302.63 x 10%

cfu per g of soil) followed

by rice (656.64 x 10%) and cowpea (220.26 x 10%).

The populetion count in the rhiaosphere'aoil declined with
regard to all three food bases during subsequent cobservetions.
But at 30 days, rate of decline was more with wheat bran-
antagonist preparation. Rice--sntagonist preparation recorded

the mazimum population count at 30 days@%.n).

Wheot bran was found suvperlor to other fcod
bases at 7 deoys of inoculation but ot 30 days rice wes
found to be the best. At 60 Aasys of inoculation, vheat bren

proved %0 be suporicr vwhile rico end cowpee wera on par.

2¢3,4. Bacillus subtilis

The maximum gopulation count was recorded in the

rhizosphere soll amended with rice 3. subtilis preperetion
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followed by wheat bran and rice brsn throughout the
paricd of observotion. At 7 days of inoculation, rice-
B, subtilis preperation ylelded 542.55 x 104 colonies
per g of soll followed by wheat bran (407,02 x 10%) ana
rice hbron (270.27 x 104). The population count declined
uith regard to all three foud bases tried after 7 days

of incculation (Fig-18).

There was s;gnificant difference among the
treastments and rice based antegonist was found to be
auparior to wheet bran und rice bran throughout the period
of obsarvation.

3. Effect of carrier bosed aentagonists in controlling
collar rot and web blight of cowpaes caused by
Rhivoctonia solani, soft rot of gin?er caused by
Bythivm myriotvlum end guick wilt {foot rot) of
bleck pepper caused by Phytophthore velmivoras

The fouy sntagonistic microorganisms which ware
found 5 be effective in ipn witro studies ggeinat R. goleni
B. myriotyium and 2. palmivorsn wers appliasd to stending
crops of gowpes, ginger and pupper raiged in pots as
mentioned in Materlsls and Methods. In all the cases, the
plants vere inoculsted with the conecerned pathogen after

7 days of intrcduetion of food based antagonista to =2o0il,
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70

3.1. Collar rot snd web blight of coupea incited by
Re z0lond

Four antegenistic microorganlsms viz., I. harzianum
‘i. longibrachlatum, Ae. torreus and B, subtilis were applied
to stending crcp of cowpea., after 7 days of application of
entegonist, the plants were inoculated with pure culture

of R. solant.

The symptom of collar rot first apreared on
untreated plants after 7 deys of inoculation with the
pathogen. EZven in control pots no web blight symptoms could
be cbserved during the perlod of observation. Tabie 11

summarises the data on the obzervations.

The discase incldence was 93,33 per cent in control
pots vhich did not recelve any antagonistic orgonism but
inoculated with the pathogen. When compared to untreated
control, disease incidence was less in plants which received
entagenist snd on on average 42.78 per cent dissase wes

notlcad,.

Of the four antegonists tried, Z. longibrachiatum
was found to bs most effective in checking down the infection.
Gvercll only 37.75 per cent infection was observed.

The lowest infection per cent of 26.67 was observed on plants

zecelving . longibrachiatum groun in rice.



Teble 11. Effect of different antegonists grown in verious food hasea on disease
incidence caused by Rhizoctonis solani in cowpes

Treatment No.CF Ho.of plants  FParcentege
. plants infected of infected
plants

Agproarglilus terrzus grown in rice k [5] 20 66.67
" " . grewn in whaat bran 30 ' : 10 33.33
" . grown in cowpea 30 11 36.67
Trichoagrma longibrachiatum grown in rice 30 _ 8 . 26.67
®  grown ia rice bran . 30 . 12 ‘ 40.00
" “ grown in cowpea : 30 - 14 B 66,67
Z. herzisnum groun in wheat bran ‘ 30 11 ' 36.67
" o grown in rice 30 ' 15 50.00
" » grown in paddy straw 30 _ 16 o 53.33
Bacillus subitlilis grown in wheat bran 30 . 14 46.67
“ *  grown in rice bran 30 : 9 30.00
f “  grown in rice 30 14 46.67
Untreated control 30 ' 28 o 93.33

I
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Be gubtilis was also found to be effective in
checking down the infecetion. The pércentage of infection
recorded was 41,11, Among the three focd bases tried, rice
brsn ~ Be. subtilis preparotion recorded a minimum of

30 per cent of infection.

&e terreus ond T, harzienum also proved to be
effective in checking doun disease incidence when conpared
to control. 1In &. terreus treated plants, everage infection
was 45,55 per cent and the 1eas£ infection (33,33 per cent)
was noticed in plants treated with wheat bran - A terreus
preperation. I. herzianum also showed the seme trend with -
46,67 por cent disease incldence. ¥Wheat bran~T. herzianum
praparation recordad the minimum disease incidence

(3¢.67 per cent).
3.2, Boft rot of ginger inclted by B. myriotylum

The diseasse symptcn was £irst observed on
untreated plaents on the 7th day of inoculation with the
pothegen, Subseguently infection was noted in trosted
plsnts slgso. Tho date on dicsease inclidence in different

trostments axe presented in Table 12,

Both P. gimplicisaimum and T. longibrachiatum

were found to be effective in checking down the infection.



Teble 12. Effect of different antegonists grown in various focd bases cn
disease incidence caused by Eythium myriotylum in ginger

- L. T ] -

Treatment . Ho.of No.of plants Percentage of
plants infectad infected plants

Paniclillium simplicissimun grown in wheat bren 15 2 13,33
? @ grown in rice 15 0 0.00

“ o grown in ccuwpea 135 2 13.33
Irichoderma longibrachiatnam grown ip cowpea 15 3 20.00
" “ grown in rice 15 0 0.00

" » grown in rice brsn is 3 33.33

2. bherzisnum grown in wheat bran 1% 15 180.00
o grown in paddy straw s 15 100.00

= grown in rice 15 13 86.67
Beciliug subtilis grown im rice bran is 14 23.33
" grown ia vheat bran  §:3 11 73.32

“ grown in rice 1% is 100.00
Untreatsd control 15 15 100.00

€L



Cut of 45 plants treated with food based P. gimplicissimum,

only 4 plants were found to be infected by the pathogen,
i.2.,8.89 per ca5t. Rice based 2. gimplicisaimum was found

to be the.best treatment end no disease incidence was noted

iﬁ this cese. In the casze of T. longibrachiatum, 17.77 per cent
disease incidence was obgerved end plants receiving

Lo longibrachiatum grown in rice did not show any symptom of

soft rot.

" In B. gubtilis and T. harzienum treasted plsnts
infection per cents were 88.89 snd 95.96 respectively. In

control, cent ner cent infection was ncticed,

Qf the four antegonists tried egainst P. myriotylum,
Pe gimplicissimur and T, longibrachiatum were found to be
effective in checking the infection. 2. pubtilis and
I. harzisnum were not at all effective ln suppressing the
disease aymptoms.

3.3. Quick wilt (fcoot rot) of black pepper incited
by P. pelmivors

The attempt to produce symptoms of guick wilt in
potted plents by artificizl inoculation 4id not succeed.
This may be due to lack of congenisl environmental conditions
for infection during the period of study. Therefore the

effact of the antagonisss on the disaoase were not obtained.
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DISCUSSIOH

Biocontrol agents reprasent & living dynamic
system, The development of a formulation contalning a
vieble micrcorganism is cne of the moat Aifficult
challenges in biological control. In the attempts to
develop effective systems of growth and delivery of anta-
gonists, scientiasts have proposed the possibiliﬁy of using
differont carrier based formulations., The fact that
direct =zoil augmentation with biccontrol agents has & greater
irmpect on seil-borne plant pathogens, when the agent is
intreduced with a proper food bose rather than without,
hes provided an impetus to search for new food base scurces
for mass multipllication. A veriety of materials such as
coreal grains, agriculturel bye-prodﬂcts end peat has been
put to eveluation in in vitrc by several workers (Turner
and Tribe, 19757 Ahmed and Triba, 1977; Henis gt ol., 1978;
1879; Givan gt 2l.. 1984:; Pedmoncben snd Alexander, 1986).

In the present study efficacy of different focd
bases vas determined by incculating the same with the
solected. antagonist and estimating the pogulation dynamics

at different intervels cf incubation. The growth pattern and
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survivel ability of six antegonists in different food

basas are discussaed.

1. Population dyneomics of entegonist in food bases
1-1. Rice

Rice was found to be the best medium for growth
aénd sporulation of T. harzisnun (Tsble 2 and Fig.1).

The growth of T, longibrachietum 4in rice was better than

in all other food bases except rice bren (Table 3 and Fig.2).
For A. ter;eus and FP. gcitrinwn, rice was found to be a
pronising food base bssed on the coclony count st 15 days of
incubsation (Table 4). Rice recorded the maximum number of
colony ferming units of 2. simplicissimum (Table 6 and

Fig.5) and B. gubtilis the minimum number (Table 7 and Fig.6)
after two wesks of incubation. Por B. subtilis the meximum
number of visbhle colonies was recorded in rice up to 135 deys

of incubation when compared to other food bases.

Among the sixz entagonists tried, F. gimplicissimum
recorded the maximun count end T. longibrachistum minimum
count in rice. Tha low plate count cf 2. longlbzachiatum
inay be attributed to 1ts lesser ability of sporulation when
comparad to the other test fungi. The visble cocunt of =211
the organisms declined after 15 dsys of incubation axcept

I+ harzisnum whera it incressed up to 75 days and thereafter



77

it declined. %he main orgenic €fraction in ricé is atarch
which is an esslly utilisable form of substrate for
orgenisms and this mey be the roason for the decline of
population noted after prolonged incubation. 1In general
milled rice was found to be a promising growth medium for

almost all the isclates tested.

This was the first attempt to £4ind out the suita-
bility of rice as a food bame for the antegoniats tested
in the present study. Milled rice has baen successfully
used by Tugner and Tribe (1975) and Ahmed end Tribe (1977)
for mass multiplication of Coniathggggg,gégigggg. This
infoxmation together with the rosults of the prescat study
indicatas the sultability of milled rice as a food base for

a variety of antegonlsta.

1.2, Whest bran

The growvth ond multiplicaticn of all the isolates
in the focd base wheat bran was guite promising except
I. longibrachiatum, Whaet bran was Zound to be a good medium
for the growth of T. harzisnum (Table 2 and Fig.1). Heny
workera reported the use of vheat bren as & growth medium
for Z. harsianum; Hodar gt 2i. (1979) found that wheat bran
was the best medium for growth and sporulation of T, harziznum.

Gangadheran end Jeyarajan (1983) obtalned good growth of
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Z. harzianﬁm and T. viride in wheat bran. The population
count recorded werae 22.0 x 106 and 21.9 x 106 cfuper g

of substrate respectively. In addition to this, reports

on fhe gultabllity of whest bren as & major component in
growth medium heve appesred recently (Elad st al., 1980y
Lewis and Papavizas, 1984; Siven et al., 1984; Chang st 2l.,
19667 Mukhopadyay et 2l., 1986).

in the case Of T. longibrachiatum., growth was

glow in the initial steages end profusa mycelial grouwth vag
obacrved after two weeks of incubation (Tzble 3 and Fig.2).
The growth of A, terreus (Tzble 4 and Fig.3) end P. egitrinum
(Teble 5 cnd Fig.4) wzs best in wheat bron based on the
colony count cbtained at 15 days of incubation., Wheat braen
was found to be & good mediun for P. gimplicissimum

(Teble 6 and Fig.5) and B. pubtilia (Toble 7 and Fig.6).

The viable countas of all the orgini=sme declined after 15 Gays

of incubation except that ¢f Trichederma appre. where it

increased up to 45 deays and then declined. 2, citrinum
recorded the maxzimum pumber of colony forming units in vheat

Pran end T. longibrachiotum the lesst after two wechs of

incubation. The gsporuleting ability of Z. lengibrachiatum‘
is low when compared to other fungel antagonists tried end

this may bz the reason for low count, High populaticn count
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of P, citrinum indicates that wheat bran may be best

sulited for growth of this fungus.

1.3. Paddy straw

Padsy straw was found to be & good medium for
ggowth of T. hargzianum only nexnt to wheat bren end rice
{(Table 2 and Fig.1l). £Evsan thcugh the populstion count
declined after two weeks of incubstion, it harboured the
meximun number oé viazle propegules at 105 deys of incubation
when compared to other food bases. Colony counts reccr@ed
at different intervols ravealed thet the growth éf |

T. longibrachistum (Tsble 3 and Flg.2) end 2. gimplicissimum

{(Tabie 6 and Fig.5) was poor in paddy strew when compared
to other test fungi. In the case of A, gerreus (Table 4 ond
Fig.3). paddy straw recorded a moderately good number of
coloeny forming upite &t 15 dsys gnd the populaticn count
increaped up o 45 deys znd therecafter declined. In the
initiz) steges of incubation, the growth of 2, éitrinum
{Table 8 ané Fig.4) and B. subtllis (Teble 7 and-Fig.6)

w88 slow but thereafter an increase was cbserved up to

75 Gays end 45 days raepoactively. The surﬁival ability of

all the orgsanisms tried except P. simplicissinum was better

in peddy atrovwe. The major organic frection in paddy straew

153 celluloze and this component is comperatively resigtant
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to microbial degradation. The residual carbon present

in the substrate may brovide the source for subsaqguent
géowth and survivel, " Among the antagonists tried,

A. terreus recorded the maximum population count in paddé'
straw and I. longibrachiatum the minimum count.

Gangadharan and Jeyerajan (1968) cbscrved poor
growtn of 2. yiride and T. harziaspnum in paddy straw vhen
compared.tc 2ll other subatrctes tried. They ontained a
population count of 10.1 x 106 end 11 = 105 cfu per g of
substrate for I. virids and I. harzianum respectively. Wheat
straw eand cotton stravw vwere used as substrates for growth
of T harzisnum by Sivan et al. (1984). After 7 days of
incuvbation, they obtelned e bopnletion count of 490 x 106
and 210 x 106 cfu per g of substgate respectively. In the
present study, the populatisn count recorded 1q paddy astraw
after two wesks of incubatiqn was 473,43 x 106 cfu per g
substrate., Pade striaw vwas found to be the gocd foqﬂ baone
for the survival of the antagonists for a prolonged period
of incubation especially in the.casm of Z. ha;miahum,

#e Lorreus, P. citrinum and B, aubtilis,

'1-4. Rica bran

dmong the seven focd bases tried for T. harzienum

rice bran was found only better then soll + dried cowdung
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and forest soll (Table 2 2nd Fig.1l). Rice bran proved

to be the best medium for I. leongibrachiatum ss Obsexved
from the porulastion count et 15 days of incubation

{(Tebie 3 and Fig.2). Rice bren alsc recorded maximum
viakle count of the test fungus throughout the perloed of
observation. For B, pubtills rice bran was found to be e
promising grovwth maedium (Table 7 ond Fig.6). Rice bran

was found to harbour a moderate number of vieble propagules
of Fe. gitrinum (Teble 5 end Pig.4) ond A. terreus (Table 4
and g}g.a)a Vilth regard to rice bran, 2. gubtiiis recorded
the maximum nunber of colonies and P. shenlicissimum

(Teble 6 and Flg.5) the lesst. Rice brazn wes not a good
medium for mass multiplication of T. yizide and T, harzisnum
{(Gangedharan and Jeysrajan, 1988). This is in egreement

with the present study.

1.5. Cowpea

The growth and sporulation of T. harzianum in

cowped wWas better than in rice bron, forest soll end soil +
cowdung at 15 days of incubaticn (Table 2 and Fig.l).

For I. lenginrschistum, rice bren snd rice were followed by
cowpea in the efiilcacy a5 @ f£ood base which recorded a
population count of 125 x 106 cfu per g substrate (Table 3

and Fige.2). Cowpea was found to be o geod medium for growth
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and sporulation of A. terreus (Todble 4 and Fig.3) and

P. citrinum (Teble 5 and Fig.4) at 15 days of incubation.

The vigble counta declined after two wecks of incubati&n

with respect to the sntagonists T, harziasnum, T. lengibrachiatum
and P. citrinum, o count wes chtained from 75th day onwards.
in the case of A. terrcus, no viable count was recorded from

45th day of incubation. The growth of P. simplicissimum

increesed up to 45 days and therecfter it declined (Table 6
and Fig.S5). The population count of g; subtilis declined
after two wasgks of incubation (Table 7 and Fig.6). The major
orgenle fraction in cowpes is p;otain which is &n easily
utilisable form =nd since the residual carbon scurce is
negligible, the survival ahility of the antagcﬁists might
have lost. 2. cltrioum recorded the maximum number of colony
forming uni¢s in cowpes and Z. longibrechiatﬁm the minimum
count.

There &re neo csrlier studies on the use of cowpea
&8 a8 growth medium for fungal or bacterial antagoniats.
The present study revealed thet coupea was not a gocd medium

fer any of the entagonist tested compared to other food

bazes under investigation.

l.6. Forest goil

The growth of antagonists in forest soil was poor.

Among the antagonists tried, T. harzisnum recorded the maximum
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count (Table 2 end Fig.l1l) and B. subtilis the minimum

count (Teble 7 end Fig.6) at 15 days of incubstion.

The poor growth may be attributed to the low organic content
wvhen compared with other substrates used, This result
confirma the eérlier £indings of Gangadhsran and

Jayarajan (19885. They obscrved pooé growth of . harzianum
{212.0 x 10° cfu) end T, viride (10.0 x 10° cfu) in peat soil,
The decline of population during prolonged incubation

puriod was'not so pronounced in the case of foreat soil.
Apart from this, the population of B, subtilis was on en
increasing trond from the initisl pericd upto 165 days of
incubation. Singe the orgenic matter in forest soll is in
the form of humua which is dominetad by cellulose and

lignin, it is presumable that there will be enough source

Of carbon to support the growth of the microorgsnism for
longer periods. ZIaweran et sl. (1969) and Roo (1977) have
succassfully used peet-like materiol aveilable in Indias

for mess multiplicetion of Rhizobium, a nitrogen fixing
bacterium. Zven though forest soil did not yield high

¢olony ccunt throughout the pericd of incubation, the survival
ebiility of antsgoniatz was better in this medium when

coiparaed €0 other food bages tried.
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1.7. 5041 + Aried cowdung (1:1)

in s0il + cowdung &lso, the growth of antego-
nizts was poor. Gangadnaran and Jeyerajan (1988) tested
the efficecy of dried farm yerd manure as a substrate for
Z. horzienum and I. yiride. They observed poor growth of
these orgenisms in this medium, In the present‘stuéy soil
cowdung was found to be 2 poor medium for growth of
I. harzismum. The growth of 2, citrinum (Teble 5 and Fig.4d)
and B. subtilis (Tsble 7 ond Flg.6) was better in soill <+
cowdung then in forest soil. This mey be due to the addsd
effect of cowdung prescent in the medium. In addition to
carbon, cowdung provide nutrients which are eagliv utilised
by microorganisme. Lakshmi gt al. (1977) reported that farm
yard manure (F¥M) + soll, FYM elone or FYM + charcosl ‘

supported the survival of Azospirillum upto 31 weeks.

Based 'on the growth hebits of the different
isolates in the verious medis, three promising food bages
wore salscted for each antagonist for further evaluation.
Rilce wes gelected 88 2 common medium for all six antagonists
while wheat bran was vged for all except T. lonoibrachiatum.
Rice bran was chosen for T. leongibrachnietum and B. gubtilis.
Cowpea was selected for T. lengibrachietum, A. terreus,



Z. gitrinum and P. simplicissimum. Paddy stréw wes used

a5 & focd base only for T. herzisnum.

2. POt culture experiment

The three food bsses asselected for each antagonist
based on the growth and survival were tried egainet the
20il borne pathogens viz., Rhizoctonia, Evthiuvm and FPhytophthora,
The efficacy of f&oa bazes were evalusted in POt culture
based on the pogulatlon size of the introduced antagonist
in the rhizosphere of crop plonts end the percentage of

disease incidenca,
2.1. Enumeration of antégonists in crop rhizosphere

The population of introduced entagonist in the
rhizosphere ves estimatced ot one week, one month and two
months of introduction by serial diluticn end plete ccunt

techniqume.

Arong the three food bases txied for Zo horzisnum,
vheat bran prepsration was found to harhour the maximum
number of propagules in the rhizosphicre of all the three
crop plents viz., cowpea, ginger end pepper by the first week
©f inoculetion (Table 8, 9 and 10). Though there was a
graduel reduction in population of antegonist in the

rhizosphere of cowpea end ginger, @ slight increcase was
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noted in case of pepper after one ﬁetk. A similar trend

was also noticed in the pepper rhizoaphere emended with

rice - I. hargisnum preparaticn. Among the three crops,

ginger wes found to have a pronounced rhirosphere effect

in the proliferstion of wheat bran bazed sntagonist in the
rhizosphere. But a guentitative estimation attempted by

Lewis and Popavizas (1984) in non-rhizosphere soil has revealed
the possibility of multiplication of carrier based antagonists
introduced into the soil. They heve reccrded an increase

from 108 to 5 x 107

ciu per g of =201l by the third waek of
incubation and thareafter the population was found to
stobilige followed by a decline in viable count and reaching

104 cfu per ¢ of soil.

The growth of T, longibrachiaﬁum was favoured in
the rhizosphere of ginger ond cowpea amended with rice bran -
X. longibrachiatum preparation when compared with other food
beses (Table 8, 9 and 10). 7The antagoniet grown in rice wes
found to perform better in ginger and pepper rhizosphere
20il 05 evidenced by the estimated population counts at one

monéh of introduction.

R terreus wes tried only ageinst R. soleni.
Based on the estimation, wheat bran was found to be the most
suitable food base with regard to survivel of antegonist in

cowpea riiizosphere (Table 8 and Fig.9). The fact that a
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falrly high population of the antsgonlst recorded at
different intervels indicates that the other two food beses
can alsc support the growth oOf the antagonigt in rhizcsphere

soil of cowpet.

“heat bran was found to be & better substrate in
maintaining the populstion of Be simplicissimum in the
rindzosphere of ginger (Table 9 and Fig.13). This fungus was

only tried ageinst Pythium.

The antagonist grown in wheat bran survived better
in tne rhizosphere of pepper after introduction into soil
when compered with othor two food bases trled for P. gltrinum

(Teble 10 &pd Fig.l17). -

The only becterial sntagonist used in this study
was ¢rlied agelnst all three pathogens. The £cod base rice
was found to exhibit a pronounced effect on the multiplication
of the antagonizt in the rhizosphere of cowpea and pepper
8% indicated by higher population counts recordsd up to one
month of introductién. But contrary to this, rate cf
multiplication of B. gubtilis in ginger rhizozphere amended
with wheet bren - B.gubtilis preperation, was more vhen
cempared to xice brzn ~ B, subtilis end rice - B. subtilis

rxepagation (Tsble B, 9 and 10).



The data recordsd cn population size of the
antegonist in the rhizosphere soll of cowpea, ginger snd
peprer omended with carrler based antagonist showed a
grzdual decline in the population. Exceptions are

rice - . longibrachistum and cowpea - . longibriachiatum

prepsraticn in glnger rhizoasrhere ond vheat bren;

rice - I. harzisnum, rice-znd cowpes -~ I. longibrechiztum

in pepper rhizosphere. The decline in population count
indicated thst the antagonlst falled to proliferete in the
rhizosgphere. This may be due to many environmentsl factors
such as competition for food by native soll microbes and

the antagonlistic effzct ¢f the microbizl flora in the soll.

On 8 perusal of the data of in vitro evaluation
on the growtn and survivallof antagonists in dlfferent
food bases and the population o2ize estimated after introcduction
of antagonist in crop rhizosphere indicated no releation
between the population count in the food base and survival
ebility of entegonist in rhizesphere moll. This variation
ey be attributed to the prevalling biotic and abiotic
envirornment which may enhance or inhibit the growth of the

pazeliecvlar entagonist.

The present study oa the estimation of antagonistic

populaticn in the rhizosphere of three different crop plants
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revealed that there exista difference in stimulation of
thie antagcnist in the rhizosphere not only with regard to
cerrier metarieal but sleo crop plants. The influence of
different food basea on the growth of the antegonist may
ke eyplained in terms of nutrient content of food bases.
vright (1953) and (1956) has already found thet appropriste
food kasss cyre egsentisl for the prcduction of antiblotics.
The pregenca of nutrlents within the presparaticn prcbably
faveurs the establlishment and activity of the antagonist

in the =il giving it some advanteges over the soil
nicroovrgonisma (Mangenot end Dlem, 1979). The difference
with regecd to crop plants may be attributed to the
rhizosphere effect which indicates the overall influence

£ plant roots on soll microorganisms. Ssveral factors
such as scll type, pH, moisture, tempersturs and age and
conditione of plenta are known to influernce the thizosphere
affect. One of the most important factors xesponsible for
rhilzoaphere effect is a great variety of orgenic substances
avelleble at the root region by wey of exudates from roots
which directly or indirectly influence the quality =nd
quantity of micraérganiama in the recot region. The substances
exuded by plént roots include amino agids, sugsrs, organic
aclds, vitemins, nucleotides and many other unidentified

subrtances. The nature and amount of substances thus exudad



are dependent on the specles of the p].ant.. age end
environmental conditions under which they grow (Reo, 1977).
2.2. Control of collar rot of cowpea, soft rot of ginger

and quickwilt of pepper using cerriler basgd antagonists

Among the four antagonists A. terreus, T. harzienum,

T. longibrachiatum and B. subtilis tried sgainst Re. soclond,
7. lomgibrachiatum was found to be the best antegonist in
checking down the coller rot symptcms in cowpea. Several
studies have been conducted in India and sbrosd to sssess
the potential of different species of Irichcderma againat
the pathogen R. golani end the rosults on the successful
control of dismeases caused in meny crop plants are available.
Hajority of the reports highlight the efficacy of 1. herzianum
2s a successful sntagonist egainst Rhizoctonis (Akthar, 1977;
Hader et al., 1979; Henls et al., 19797 Eled at al., 198032
1580bs Lewis and Papevizaas, 19802 Lifshitz st al., 1985;
Eled gt al., 1986y Cole and Zvenyika, 1988). Meny workers
have used wheat bren a@s a food base for the introduction
of T. harzienum to scil (Hedar et gl., 19797 Henls gt al.
19783 1979; Elad et sl., 1986). Elad ot sl. (1980a) obtained
successful control of damping-off of beans caused by R.zolani
by using whestbran + sawdust mixture &8s & carrier for

Z. harzisnum. But the present atudy clearly showed the
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superiority of T, longibreschistum over I. harzispum in

chacking the disease., Out of the three food bases used
for T. longibrachiatum rice based preparation recorded the
minimum discase severity indicsting the efficacy of rice.

as a fcod base for the entsgonist T. longibrachiatun.

There was a reduction in diseese aeverity in

B. gubtilig pots also when comparad to other two antogenligts

viz.., d. tarreus end I. harzisnum. Similer reports on the
control of meny crop diseases incited by R. 3olani’using
Be gubtilis cre aveilable. Demping off +bfi radish (Clsen
end Baskar, 1968), demping-off of pepper (Broadbent et al.,
1571) &nd wvheat rot disease (Merriman et al., 1974) ere
some of the Rhizcctonla diseases successfully controlled by
the antagenist B. subtilis. Among the three food bases
tried in tne present etudy, rice bran besed antsgonist
exninited the maxinum efficacy in checking down the collar
rot symptom. A. terreus grown in wheat bren end cowpea
alzso shoved 2 fairly good emount of discase suppreésion.
Hovwever the sare antagonlist muliiplied in rice recorded

the maximum disease severity among all the treatmonts.

A comparison of the datas recorded on the nunbsr
of colony forming unita with the data on the percentcge

incidence of disecase lndicseted thet a direct correlation
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exlsts only in the case of A. terzeus wherein wheat bran
based antagonist recorded the maximum population density
in the cowpea rhizosphore &s well as minimum disease
severity. However the antagondsts I. havaianum,

T. longibrachiatum and B. gubtilis did not show any direct

correlation.

Among the four antegonists viz., Z. herplanum,

L. longibrachiatum, B. simplicissimum and B. subtilis tried

ageinst Pythium inciting soft rot of ginger, P. simplicissimum -

and T. longibrachiatum were found to bs tha most promising
antagonists. There are no earlier studies on the uae of

P. simpliciassimum and I. longibrachistum os a blocontrol

egent of Pythiom myriotylum, Many workers obtained control

of Pythium infocticn in various crops with Trichoderms spp.
(Uright, 19567 Liu end Vaughan, 19657 Fajola and Alascadure,
1975; ¥Yehia et gl., 1981; Padmensban and Alexender, 1984
1986, 19877 Siven &t s8l., 19843 Mukhopadhyay and Chandra, 196867
Lifshite gt 8l., 1966a and Ahmad and Baker, 1988). Sivan

at al. (1984) and ukhopedhyay and Chandra (1986) cbtained
control of Fyt‘;uma demping off when carrier baged T, harsianum
wes added to soil. A cooparison of the three food bases used
to culture the antagonist inoculun ravesled the efficacy of
‘rice a3 a growth medium over the other food bases tried fof

B. simplicissimum (wheat bran and cowpea) and T. longibrechiatum

{(rice bran and covpea). While no disease symptoms could be
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observed in any of the plénts treated with rice based

P. simplieisaimum inoculum, whsat bran and cowpas& based
gntagoiiist recorded a sames peroentege of discase incidence
(13.33), £. longibrechisztum was also found tc give a
reasonable contrel but Z. harzisnum and D, subtilis did not

show any profound effect in checking down the disease,

The superiority of rice as a growth medium for
I. longibrachistum over the other subatrates wss also
eviﬂencad.by the completo suppression of disezse symptoms
in potted plants. The only becterial antagonist tried 4id
not show any effect in checking down the pathogen. Though a
direct correlation between the number of colony forming
units of aﬁtaqoniat present in the rhizosphere 2nd the disease
saverity could not be observed during the early days of
inoculation, the populaticn estimate done cné mcnth.zfter
application indicated that the rhizosphere amended with rice
besed antagonists harbosured the maximunm number of propagules.
The populaticn size during the flrst week of epplication was
more in rice bran besed T, longibrachiatum treatments and
wheat bren based P, gimplicissimum treatments. EBut a
feaster rate of decline in population was noted in thess
treatmants comparxed to {reatments which recelved rice boaed

antegonist.



gfflcacy of different fcod based antagonists
in the control cf guickwilt dizease of pepper was not
possible from the present study due to the failure in
inducing éiaease symptons ortificielly. This may be dve
to the prsvelence of unfavourshle environmental conditions
for the developmant of discase ﬁuring the pericd of study.
Rhizosphere soil zmended with food bsse - P. citrinum
preperation harbcured good nunber of visble propggules
at cne wezk after introduction to soil. Among ths three
food bases tried, vheztbran - D. citrinum preperation
viclded meximum number of viable propsgules in rhizosphere
soil. |

Though meny workers have reported that reduction
in the ectiv;ty of & pathogen is often cerrelsztod with an
increase in the populstion of the sntagonist as assessed
in rhigosphere soil samples (Papavizas and Davey, 1960;
2entmyer. 1963; Vruggink.‘197os Vojinovic, 1973:; Atkinscon
at al., 1975) no such correlaticn wes obsarved in the present
study. This nmay be attyxibuted to the inherent drawback ‘
cf the dilution plate count technigue which often Gives an
over estiication of wviasbla count of profusely sporulating
fungus then those which are poor spore nreducers such as

Z« lopgibrachiatum as observed in the present study,
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An overall review of the data on the growth
of antagonist in diffarent food bases, establishment of
introduced ant&goniet in the rhizosphere cf crop plants
and the effect of introduced antagonist on Adlsease
incidence revealeé that the treatment responses dre quite
variable, Tha &ntagoniatic activity of mic:oorganiams
in 304l is influenced by the type of the antagonist, host

ang existing environmental conditions. T. lonaibrachiatum

grown in milléé;xice was found to b2 tha best carbinetion
in reducing t§§ discase inecldence both in the caga of
cellex rot of éownea cauged by R. solanl and soft rot of
ginger csused hy'g, myriotylum. Apart from this lisolats,
E. admplicissimum grown in rice wes found to be equally .
geod in contro;linq s8oft rot. Beosides rice, cowpsa and
wheat bran weré 8130 found promising as a2 growth medium for

Be pimplicissimum. B. subtilis - wheat bran preparation

and T, Qg;g;snhm - whest bran preparation were also found

to be effective in reducing disesse incidence in cowpea,
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SUMMARY

Techniques for mass multiplication and production
of zntagonistic microflora recently isclated from the
forest soils of Kerala for the biocbntrol of soil-borne
pathogens vigz., Rhizoctonia, Pythium and Phytophthora were
investigated. The antagonists used were Trichoderma

harsisnum, I. longibrachistum, Aspergillus terrous, Penicillium

gitripum, P, simplicisaimum and Bacillus subtilis. The food
bases tried were rice. wheat bran, p2ddy strew, rice bren,

cowpea, forest soil and soll + dried cowdung. The growth

and survivel of the antzgonist in various food bLases were
astimated by in vitro evaluation. A pot culture experiment
was leld out during the period from aaréh to September, 1989
at the Collegs of Herticulture, Vellanikkera to assess the
population dynamics of the introduced antagonist in the
rhizosphere of crop plents and to £ind cut the effect of
caxrier based antagenists in controlling collar rot of cOwWpea
caused by Rhigoctonia soleni, soft rot of ginger caused by
Pythium myriotylum and quick wilt (foot rot) of black peprer
caused by Phytcphthora pelmivora.

A. Growth of antagonists in varicus food boses

1. Milled rice wes found to be a pramising growth
medium for all the isclates tasted.
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2. Wheat bran was also found egually gooé for

sll the isolates e:cept for I. longibrachiatum.

3, Rice bran was found to encourage the growth

of T. longibrachiatum as well as B, subtilis.

4 Cood growth of A, texreus and ¥. cltrinum end
modérate growth of I. longibrachistum and E. simplicissimum

were racorded with cowpea as a food base.

S. In generol paddy straw, forest soll and soll +
cowdung were found to be poor substrates compared to others.
However, paddy straw was found to be a good focd base for
the survival of antegonists for a prolonged periocd of
incubation especislly for I. hzrzianum, A. terreus, P. citrinum
end B, subtilis

B, Population dynamics of intrcduced entagonists in
rhizosphere of crop plants ’

1. Irxichcderma herzisnum wheat bran preparction

was found to ha;bour the moximum number of propagules in the
rhizosphere of ginger, cowpea and pepper up to 30 deys of
soll inoculation. AtISOth day of introduction, rice based
an#agonist recorded the meximun number of viable propagules
in cowpea rhizosphers and wheat bran based a2ntagonist in

ginger and pepper rhizospheres.



2. The survival ability of T. longibrachistum

grown in rice bran was better in the rhizosphere of
ginger and cowpea after introduction into s0il. In pepper

rhizosphere, I. longibrechiatum grown in rice survived

bsttexr when compared to rice bren and coxpea antagonist

preparations.

3, Wheett bran was found to ba the most suitable
food bese for the suxvival of A. terrsus in couwpes rhizosphere

throughout the periocd of chservaticn.

4. The rhizosphere of ginger amended with whaat
bran based P, simpliciasimum harboured the masimum number
of viable propagules up to 30 days while rice based

B. mimplicisaimum recorded the meximum number of visble

propagules at 60 days of introduction.

S. B. citrinum grown in wheat bran survived better
in the rhizosphere of pepper vhen compered with other food

based antagonist,

6. Rice was found to be the best food bése for the
survival of B. subtilis in the rhizosphere of cowpea end
pepper up to 30 days ©f introducticn. But after two menths
of soll inoculation, rice bren bmssed B. subtilis recorded the

maxizum gumber of viable propagules in cowpea rhlzosphere.



7. Survival of B. subtilis was better in ginger
rhizosphere incculated with whest bran B. subtilis preparation.

8. A decline in populaotion count of carrier based
antegonist was observed in the rhizosphere of ginger,
cowpea'and pepper aftar-a week of introduction into soil.
But contrary to this ginger rhizosphere amended with rica

T. )ongibrachiatum and cowpea T. longibrachiatum preparation
and pepper rhizosphere with wheat bren I. harziesnum,

rice T. har7ianum, rice T. jongibrachjatum and cowpes
T. longibracniatum preparation shcwad an increase in the number
of viable propagules.

C. Control cof collar rot of covpes, soft rot of ¢ginger and
quick wilt of pepper uaing carrier baged antagonlsts

1. Trichcderma longibrachiatum cultured in rice
was found to be the most effectivé antagonist in checking
down eollar rot of cowpea followed by tice bran based

B. subtilis and vheat bran based Aspergillus te:icul.

2, Rice based B, simpliclasimum ond I.longibrachiastum

were @ffective in suppressing soft rot symptomsin ginger.

3. Efficecy of antagonists based cn the disease
lupprussioh could not be assesssd in the ctse of pepper crop

since development of symptoms by ertificisl inoculstion was

not succesaful,
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4, No correletion betwsen tha rhizosphere
populztion of antegenists end discesze severity could be
noticed in most of tne orgenisms tested except A. terregus

with cowpea and I. longibrachiatum with ginger.
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Appendix. 1. Analysis of varisnce for growth and survivel of T. harsianum in different
focod base2 .
Mean squares
Source . as
15 days 45 days 75 Qays 105 days 135 Cays 165 days
Treatmaent ' [ 3 6.315%* 12,473%* 88.283*%* 6. 184%% 10.67** 15.838%**
Exror 14 ‘ 0.004 0,002 0,172 ' 0.050 0.015 0.04¢ -
Total 20
Appehdix 2. Analysis of veriance fox gzoeth and survivel of I. longibrachistum in different
: food busts ,
. Mean sqL.i-a-;;s. - -
Scuzce af - .
15 days 45 days .75 days 105 days 135 dQay= 165 deys
Treatmant -6 8.089%%* 2.610%* 1.796%* 3.902n* 3.566%% 10.32B%*
Srror 14 . 0.019 0.014 0.02¢ 0.047 0.013 0.080
ZTotal 20

*4¢ Significant at cone per cent lovel



Appendix.3. Analysis of variance for growth and survival of A. tarreus in different

food bases
Tt o Me&;-;quares )
Scurce qf
_ 15 days 45 days 75 days 105 days 135 days 165 days
Treatmant 6 10.528%+ 6.842%% | 5. 598%w ToAT2%4 6.358%% 13.524**
Zyrox . 14 D.015 0.026 0.007 0.005 0.023 0.035
Total 20

. e A o - L e W A L S S A — - -

Appéndix 4. Analysis of varisnce for growth and survival of 2. citrinum in different focd bases

N Al S W Sap SN mie e W ol W e ST S S YR S R W Y W — - - - - - s £ S T G D SN M M gy S W A T ) WY NS S v S -

Mebn sqguares

Scurce - af

15 days 45 days 75 days JO5 davs 135 Aays 165 davs
Treatment 6 B.033%% Go4242%% 7.692%¢ 7.939%% 8.50%% 12.050%*
Exrror 14 0,011 0.002  0.008 0.005 0.030 0.008
Total 20

- - ) o S W R R Y A Sl YU dals sl - - -

** Significant at one per cent level



Appendix 5. &nalysis of varioence for growth and survival of P. simgliciaaimum in different
fcod bases
ﬁean squares

Source af

15 days 45 days 75 days 105 days 135 days 165 days
Treatment - € 21.399%* 20.435%% 2G . 825% % 15.506%# 12.258%+ 16.216%%
Error 14 0.010 0.002 0.028 0.015 0.037 0.128
Total 20
Appendix &. &Analysis of veariznce for growth and survival of B., gubtilis in different food bases

Hean sﬁuu:es

Source ag

15 days 45 days 75 days 105 days 135 days. 165 days
Treatment € 12.205%% 10.,897%% 7.936%* 5.016** 3.605%* 4.573%%
Exror 14 0.017 0.010 0.008 0.007 0.023 0.016
Total 20

“* Significant at cone per cent lewvel



Appendix 7.

Analysis of varlence for populstion of L. herzisnunm
in covwpee rhizosphere

L R . AT - S O i S

Mean squareg

Scurce arf

7 days 30 days &0 days
Treatment 2 14,.97%% ' 22,26 £,03%%
Error 12 0.002 0.003 0.003
Total 14

Appendix 8.
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hnalysis of veriance for population of I. longibrachiatum
in cowpea rhizosphere
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Mean sguares

Source af

% days 30 days 60 days
Treatment 2 23140 T ThE® 2,68
ELrror 1z 0.008 0.002 0.004
Total i4
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%% Bignificznt at one per cent level



Appendix 9. Ansalyasis of variance for populetion of A. terrsus
in cowpea rhizosphere
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Mean scuares

Source 4as

7 Qays 30 days 60 days
Treatment 2 G.26%% 0,135%* 1,02%~
Error 12 0.001 0.001 0.004
Total 14
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Appendix 10. Anelysis of vardsnce for population of Ba. subtilis
in cowpea rhizosphere
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Maan aquares

Sourca : df

7 deya 30 days G0 days
Treatment 2 0,60 0.69%s 1.66%*
Error 12 0.001 0.0002 0.01
Total 14
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** Significunt at one per cent level



Appendix 11. Analysis of veriance for the population of
T, harzianum in ginger rhizospheze

- D i w5 - . e ol e XY

Mean sgquares

Source as

7 Aays 30 days 60 days
Treatment 2 17.54%% 8.83%% 11,73%*
Erzor 12 0,003 0.006 0.002
Total 14
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Appendix 12. Analyais of varisnce for the populcetion of
T, longibrachiatum in ginger rhizosphere
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Mcan sgueres

Scurce - as

7 days 30 days 60 deys’
Treatment 2 20.18%% Je41%» 45.61%¥
Erxor 12 0.001 0.002 0.31
Toteol 13

** Significent at one per cent level



Mppendix 13, Analysis of varisnce for the populstion of
P, gimplicissimum in ginger rhizosphere

” . - Sk ol B N S T A W R

Hoan scuares

Source g2 =

7 days 30 days €0 days
Trectment 2 39.11%> 13,17%w 28, 39%n
Error 12 0.006 0.05 0.011
Total 14
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Appendix 14, Analysis of varliance for the repulation of
Be. paubtilis in ginger rhizosphere

M2an sgueres

Source as

7 cays a0 days €0 days
Treatment 2 3, 7% 5, GOWW 18, 34w+
Error 12 0,002 0.02 0.08
Totsl 14
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** Bignificant at one per cent lavel



Appendix 15. Analysis of verisnce for population of 2. harzianum
in black pepper rhizosphere
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Meen squares

Source ag 7 days 30 Gays 60 days
Treatment 2 57480 G.09%x 12.01%*
Exxror 12 0.01 0.002 0.005
“Dotal 14
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Appendix 16, anelysis of variance For population of L.longibrachiatum
in black pepper rhizosphere
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Yean squares

Scurce as

-7 days 30 days 60 deys
Treatmant 2 0.33%» 11.42%s 3.044*
Exror 12 0.01 0.001 0.002
Total 14
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** Significant at one per cent level



Appendix-17. Anelysis of variance for population of P, citrinum
in black pepper rhizosphere
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Mean squares

Sourca df

7 days 30 days 60 days
Treatmant 2 6.89%% 0.41%» 0.33%%
Zrror i2 0.001 0.002 2.01
Total i4
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Appendix 18. Analysis of variance for population of B, subtilis
in black pepper rhizospherc
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Source at Mean squares

! 7 doys 30 days 60 day=
Treatment 2 0. 61&%* 1,032 0.19%*
Error 12 0.0001 . 0.001" 0.0002
Totel 14
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*% Significant at one per cent lavel
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ABSTRACT

Technigues for mass multiplicetion and
production of entagonistic microflora isolated from the

forest soils of Kerala for the biccontrol of soil-borne

pathogens viz., Rhizoctonla, Pythium end Phyiophthora
were investigsted. The antegonists used were Trichoderma

harzianum, T. longibrachistum, Aspergillus terreua,

Penicillium citrinum, P. simplicissimum and Bacillus subtilis,

The f£ood bases tried were rice, vwheat bran, paddy strow,
rice bran, cowpea, forest soll and soll + dried cowdung.

The growth and survivel of antagonists in veriocus food
beses were cstinated in wvitro. A pot éﬁlture experiment was
1aid out durling the periocd f£rom March to Septembsr 1989 at
the College of Horticulture, Vellanikkars to aseess the
populetion dynemics of the introduced entsgonists in
rhizosphere of crop planta and tc £ind cut the effact of
cérrier hasad antegonist 1n‘COntrollinq collar rot of cowpea
ceused by Rhizoctonia solanl, soft rot of gingef caused by
Pythium myriotylum &nd qQuick wilt of black pepper caused
by Phytophthora palmivors. '

Milled rice was found to be the most promising

fcod boase for all the isclates tested. WKheat bran was elso



found good for all the isoletes except T. lonoibrachiatum.
T. lengibrachiatum aé well as B, subtilis were found to
grow well in rice bran. é._terfeus and P, citrinum "
;xhibited gocod growth while mcderate growth of

2. longibrachiatum and E. g;malicgézmum was observed with

cowpes a3 & food base. In general paddy straw, forest
soil and soll + covdung were found to be poor substrates
éompared to other food bases. But in peddy sttew, Z. harziasnum,

A, terreus, P. citrinum and B. subtilis survived better

ccnpared to other food bases.

The maximum number of viable progagulés in the
rhizospheres of ginger, coupea and pepner was recorded with
wheat bran I. harzisnum preparaticn up to one month of
introduction to soil. Riée baéed antegonist recordsd moximum
population in cowpea rhiz§Sphere while wheat bran based
antegonist recorded the meximum in ginger and peprer
rhizospheras efter two months of esoil inocculeticn. The survival

ebility of T. longibrachiatum grown in rice bren was hetter

in ginger and cowpea rhlzospheres after introduction to soil
while in pepper rhizonphexc,|rice based 2. longibrachiatum
racorded maximum populetion compared to other food based
antagonists, ¥Wheat bran was ioune to be the beat food bese
for the survivel of A. terreus in cowpea rhizosphers. -

Wheat bren P. aimplicissimum preparation recorded the



maximum population count in ginger rhizosphere up to

one month while rice bosed P. simplicissimum was

supericr to others at: two months oflintroduction. P.cltrinum
grown in wheat bran survived better in the rhizosphere of
pepper than other focd based antagonists. Ricé{ﬁ.gubtilis
preparation recorded the maximum population count in

cowpea &nd pepper rhizospheres up to one rmonth. But after
two months of soll incculetion, rice brah besed B. subtilis
?acorded the meximum pepulation. Survival of B. subtills
was better in ginger,rhizospherc inoculated with whest bran
B. subtilis preparstion. A decline in population count was
observed in ginger cowpea and pepper rhizospheres amendéd

with cerrier based antagonist.

T. longibrachiatum grown in rice was found to be
the most affective in checking down collar rot of cowpea.
Rice based P. simplicissimum end T. longibrachiatuﬁ were
effactive in suppressing soft rot symptoms in ginger.
Efficacy of food based antagonists on the cpntrol-of aquick
vwilt disease could not be assessed due to failure in inducing

symptoms artificially.





