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INTRODUCTION

Ginger (Zingiber officinale Rosc ) belonging to the family Zingiberaceae
1s an mmportant spice crop of the world grown and sold as fresh or dnied rhizome m
India and 1s believed to be origmated in India/China (Purseglove 1972) It s used m
medicine edible and soft drink products

In Kerala 1t 1s cultivated m an area of 14 040 ha with an annual produc
tion of 44 500 tonnes Kerala alone contributes for about 40 per cent of India s
production Ginger contributes about 15 5 crores of the export earmmngs from spices

to our country

Ginger 1s subject to a number of diseases leading to varymg degrees of
crop damage and yield reduction Well known among them are the rhizome rot
disease (Pyrfuum spp ) bactertal wit (Pseudomonas solanacearum) yellow disease
(Fusarium spp ) and leaf spot disease (Phyllosticta zingiberi) Among the diseases
the rluzome rot caused by the fungus Pyriuurn spp 1s the most serous threat to
ginger cultivation due to its widespread occurrence and devastating nature Apart
from the crop damage m the field the rluzomes stored for seed purpose are also
affected by these pathogens Several species of Pyrfuum are reported to cause
rhizome rot of ginger resulting m the death of the plant n the field and shrinkage
and rot of stored rhizomes Among them Pyriuum aphamdermarum (Fdson) Fitz
(Mitra and Subramantan 1928) and P myriorylum Drechsler (Uppal 1940 Park

1941 Bertus 1942) are known to be most common and potent pathogens

Mamly two sources of infection are wdentified viz infected seed

materials and overwintering oospores or hybernating mycelum in the soil The
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disease incidence 1s greater when infected seed materals are used for planting
resulting 1 pre emergence rotting So also seventy of the disease 1S more when

there 1s heavy ramfall resulting 1n post emergence rotting

Management of the disease under field conditions using chemuicals 1s very
difficult because of cost of chemicals cost of labour and more over i1s posing
problems of environmental hazards Application of chemicals m the soil adversely
affect non target orgamisms mncluding beneficial orgamisms and thereby causmg
derangement of the ecological balance For these reasons importance of biological
control and therr use as candidates for mnclusion m the arsenal of weapons for disease
management has mncreased during recent years Now biological control 1s regarded
as one of the basic components of the integrated disease management system in

modern agriculture

In recent years considerable success has been achieved by various
workers m the control of Pythium by mtroducing antagomstic fungr like various
species of Trichoderma Chaetomium Penictilium Gliocladium  Pyrhium and also
species of bacteria like Pseudomonas Corynebactertum Bacillus and Enterobacter
If the native antagomsts are found effective n checking the populanon of the
pathogen Pyrfuum they can best be utilised as brocontrol agents for controlling
rhizome rot of ginger Such a practice of management if evolved will be more
cheap long standing and not affecting the environment Considening these facts the

present study was undertaken with the following objectives mn view

o Isolation of the pathogen from the wnfected rluzomes of the host plant and
testing 1its pathogenecity

(1) Identification and charactenzation of the pathogen
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Isolation of the so1l microorgamisms from the rmzosphere of healthy ginger
plants among the rhuzome rot affected plants 1n the diseased field
Identficatton and characterization of the 1solated microorganisms
Evaluation of the 1solated microorgamisms for therr antagonistic properties
against the pathogen under laboratory and pot culture cond:tions

Evaluation of the microorganisms showing antagorusm for their antibiotic
producing ability

Assessment of compatibility of the selected biocontrol agents with the

commonly used fungicides for the management of rhizome rot



Joviow oﬁ Z[z‘emz‘wze




REVIEW OF LITERATURE

The most serious disease of gimger 1s the rhuzome rot caused by Pyrhum
spectes Rhzome rot of gmnger 1s of common occurrence m all ginger growimng tracts
m India Butler (1907) first recorded this serious disease of gmger 1 Gujarat caused
by a spectes of Pyrfuum which was later 1dentified as Pythium gracile Schenk Sarma
et al (1979? reported the prevalence of P aphamdermatum as the major pathogen
causing rhizome rot of ginger i Kerala Kannan and Nawr (1965) reported losses

upto 80-90 per cent due to rhizome rot of ginger m Kerala

Pythium spp have been found to survive m soil for periods of 2 12 years
(Hoppe 1966) but the survival structures i different species have not been
adequately demonstrated The disease 1s carried over and propagated through
diseased rhuizomes and restng structures of the causal orgamism McRae (1911)
considered the use of diseased rhizomes to be the principal factor i the dissemina
tion He has also stated that the fungy responsible for rhizome rot are common soil
dwellers and they have saprophytic ability to live m soil for a long tume even 1n the
absence of host QOospores and Chlamydospores reach the soidl from intected
rhizomes left to rot m the field or from the scales or the lower sheaths mav aiso
serve as importiant sources of mfectton High soil moisture 1s highly conducive to the

disease development The disease becomes seveie under poor dramage (Sarma er al

1979)
21 Screeming for host resistance

Among the available varieties Maran Suas showed the field resistance

agamnst P aphaudermarum when tested by Indrasenan and Paily (1973) Nadia and



Narasapattam are also found as moderately resistant m Kerala (Balagopal er al
1974) Nybe and Narr (1979) reported rluzome rot mcidence from 16-25 5 per cent
m variettes Himachal Pradesh Taiwan Tafingiva Rto de Jamero and 32 7 5 per
cent m varieties Maran Vengara Wynad local Wynad Manantody and Kuruppam
pady

22 Quantitative estimation of so1l microorganisms

Waksman and Curtis (1916 1918) and Jensen (1943) made attempts to
estimate the microflora of soil and reported that the population varied from 300
50 00 000 per gram of soil depending on soil types Skinner er al (1952) reported
several hundred thousands to hundred millions of bacteria per gram of dry sonl
Waksman (1952) observed that the fung1 were lesser in number than the actinomy
cetes and the population of fung: 1n soil ranged from few to as many as ten lakhs

per gram

When the sol depth increased the microbial population was found to
decrease A gradual reduction m mucroflora in deeper layers of soil was observed
by different workers (Amstovskaya 1951 1957 Waksman 1952 Rose 1954
Milosevic 1958 Tsao et al 1959 Corke and Chase 1964 Venkatesan 1964
Vmod 1988)

The <o1f mucrobial population was found to decrease as the organi. carbon
availability of the soil decreased (Waksman and Curtis 1916 1918 Starc 1942
Laudelout er @l 1949 Antovskaya 1951 1957 Rose 1954 Blue er al 1955
Zhukova 1956 Jagnow 1958 Tsao er al 1959 Popova 1963 Vinod er al
1988)



23 Disease control with chemucals

Park (1935) observed that unmersing seed ginger m 0 1 per cent mercuric
chloride for two hours either just after harvesting or just before sowing yielded many
more plants than untreated seed Thomas (1940) reported dipping of rhizomes m
0 25 per cent ceresan for 30 muutes to be effective 1 controlling rhizome rot m the
field Bhagwat (1960) reported that rhizome rot of ginger caused by P myriotylum
could be satisfactorily controlled by dipping the rhizomes m 2 2 50 Bordeaux
mixture and by application of the fungicide to the soil eight days before sowmng He
also reported good control of the disease by soil drenching with cheshunt compound
at the rate of 1 ounce/2 gallon of water Shahare and Asthana (1962) reported that
seed treatment of ginger by different chemicals was not effective but soil treatment
with Bordeaux muxture (4 4 50) O 35 per cent perenox and O 15 per cent dithane

Z 78 suppressed the disease quite effectively

Kothart (1966) observed that treatment with mercuric chloride gave the
highest germunation of giger No germination took place 1n the plots even after two
months which were drenched with Bordeaux muixture Plots treated with thiram O 2
per cent (soil drench) showed poor development of gmger High percentage of
germunation was obtamed by drenching witk dithane Z 78 and difolatan and highest
yield with blitane (zinc + copper oxychloride) dithane Z 78 and difolatan when
used as so1l drench or drench plus seed treatments (Sarma er al 1979) Sharma and
Dohroo (1982) observed that seed dip in O 2 per cent solution of either dithane M 45
or dacoml was effective mn controlling the rhizome rot as well as increasing yield 1n

the field



24 Disease control with biological agents

In a peiod when study of antibiotics amounts to a fad and the growing
concern of both environmentalists and public health authomties on the mcreasing use
of potentially hazardous fungicides 1 agniculture become the prime constderation
the possibility of controlling plant pathogenic fung: by antagomstic microorganisms
added either as a substitute or as an additive to fungicides has been the subject of
extensive research The history of biological control dates back to 1908 when Potter
showed that plant pathogens could be wmiubited by therr own metabolic products
Sanford (1926) studymg the potato scab caused by the actinomycete Strepromyces
scabies brought the rather sudden reahization that other soil microorganisms must
exert a natural biological control even on root disease pathogens Garrett (1956)
defined brological control of plant disease as any condition or practice whereby
survival (or) actvity of a pathogen 1s reduced through the agency of any other living
orgamsm (except man himself) with the resuit that there 1s a reduction i the

mcidence of the disease caused by the pathogen

Antibiosis 1s a phenomenon employed m biological control and 1t means a
relation between organisms m which one orgamism the antagonist creates adverse
circumstances for the other for 1ts growth According to Park (1961) categonies of

antagorusm are antibiosis compeiition or exploitation

Baker and Cook (1974) stated "antagonistic potential resides mn every soil
microorganism and any random soil sample should yield antagomists to some
microorgamsms Metabolites are secreted and one of these would certamnly prove

mhibitory to some other microorgamisms” Biological control by mtroduction of



antagomist mnto non treated soil 1s difficult to achieve because 1t atterupts to establish
an alien antagomist m a biologically buffered commumty (Baker and Cook
1974) Although thus 1s difficult it can be done when the right orgamisms are
obtamed by screening the microorganisms 1solated from soil for therr antagomstic

properties and properly used
241 Antagonistic microorganisms

A considerable amount of work has been carnied out on the possibility of
biological control of Pythium species using different antagomistic microorganisims

which include fungr actinomycetes and bacterra
2411 Antagomstic fungi

Wemdling (1932 1934 1937) and Weindling and Emersen (1936) showed
that Trnichoderma hgnorum (— T winde) and Ghocladium fimbriatum common
mnhabstants of wet soils produce a substance ghiotoxin which mhibits the growth of
Pythium Thomas (1940) suggested the use of biological control for Pyrhuum spp by
application of T Iltignorum Reduction of tobacco damping-off (Pythrum aphamder
matum) by Trichoderma harzianum was reported by Fajola and Alasoadura (1975)
Among the fungi 1solated from soil and inhibiting the development of Pyrhuium spp
Permicrllium cyclopium and T lignorum were the most active antagonists (Shekunova
and Volkova 1977) Dumitras and Fratilescusesan (1979) observed T winde as
strongly antagomustic to Pyrhium debaryanum from sugarbeet pea and cotton
seedlings In i wivo tests T winde protecied the seedlings as effectvely as

fungicidal principles



In lab studies treatment of radish and pea seeds with comdia of Tricho-
derma hamatum n a methocel slurry protected seeds and seedlings from Pythium
spp or Rhizoctomia solam nearly as effective as fungicide seed treatments (Harman
etal 1980) Cheteral (1981) found i the attack by T hamarum on other fung:

parasitism followed by lysis rather than the involvement of antibiotics

Yema eral (1981) reported that T winde Strepsomyces gnseus and
Bacillus subnlis reduced damping off of tomato caused by P debaryanum
Phyrophthora (mconianae) var parasitica and Fusarium oxysporum £ sp lycopersict
in the glass house In dual culture T hamarmum mhibited radial extension of P
ultimum prior to byphal contact Dohroo and Sharma (1984) obtamned > 80 per cent
control of rhizome rot of ginger m storage caused by Pyrhuum pleronicum (wet rot)
and Fusarium equisen: (dry rot) with T viride Seedling root rot caused by Pythium
graminicola m canes did not occurred when T viride was incorporated m the soil
(Padmanaban and Alexander 1984 1986 1987) Sivan er al (1984) obtamed
efficient control of damping off mnduced by P aphanidermatum m peas cucumbers
tomatoes and peppers by application of wheat bran/peat preparation of T harzianum

to soil

Mukhopadhyay and Chandra (1986) achieved control of damping off of
sugarbeet and tobacco mcited by P aphamdermatum by the application of wheat
bran saw dust preparation of T harzanum at different Tayers to soil They also
studied the mode of antagomism and found that 1t caused lysis and disintegration of
protoplasm of the test fungi when grown on potato dextrose agar plates in dual
culture They also found that T haraanum showed antibiotic activity towards P

aphamdermarum Incorporation of the antagonists (T harzianum and T winde) to
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the so1l mme days before sowwng protected tobacco seedlings from damping-off
caused by P aphamdermarum upto 25 days (Nagarajan and Reddy 1986)

Bhardway er al (1988) obtarned good control of rhizome rot of ginger
caused by P aphantdermatum and F equisent during storage by steepmg moculated
thizomes m a spore suspension of 7 winide (or) smearmg with T hamatum
Bhardwaj and Gupta (1991) reported that all the three species of Trichoderma viz T
vinde T haruanum and T hamatum mhibited the growth of P aphamdermatum

and F equsen causing rhizome rot of ginger when tested by dual culture method

Thomas et al (1991) observed that the rhizome rot disease of small
cardamom (Eletarnia cardamomum Maton) caused by Pyrhium vexans and R solam
can be effectively controlled m mn vitro by T wirnide T harzanum Laetisana
arvalis  Aspergillus sp and B subnlis The antagomsts mteracted with the
pathogens by growth mlibitton anastomosis and hyphal lysis Integrated control of
Pythium damping off of sugarbeet by metalaxyl and 7 harzianum was reported by
Sawant and Mukhopadhyay (1991) Vmod er al (1991a) reported T harzanum
Trichoderma komngu and Trichoderma longibracheatum showing dual culture reac
tion of die back and disintegration of the test orgamism P mynorylum mdicating
mvcoparasitism as therr antagomstic property The :n vuro mhibition of hyphal
growth of P gphamdermarum by the 1solates of Trichoderma viz T harzanum Tgy
and Trichoderma sp NFg was observed bv Xu ef al (1993)

The anumetabolite production by various species of Trichoderma was
reported by several workers Brian and McGowan (1946) 1solated a fusidic acid like
antibiotic named vindin from T winnde which possessed antifungal properues

Dennis and Webster (1971) reported that 7 hamatum produced volatle and non
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volatile metabolites having antifungal activity Papavizas (1984) reported production
of trichodermin by T lignorum (T winde) and also opined that Trichoderma and
Gliocladium produced various enzymes such as endo and exoglucanase cellobiase
and chitinase When the 1solates of different Trichoderma species were tested for the
production of toxic metabolites using dual culture method and aiso agar layer
techmque many of them produced non volatile metabolites toxic to P aphanider
matum the common mcitant of damping off disease m many crop nurseries
mcludmng tobacco (Raju 1991) Devaki er al (1997) reported that T harzianum
suppressed the growth of P gpharidermatum and P myriotylum mfecting tobacco mn

dual culture by releasing a non volatile antibiotic 8 (1 3) glucanase

The antagomstic properties of various species of Aspergillus were reported

by several workers against other pathogens

Trevinoo and Espmosa (1981) apphed comdial! suspension of different
species of Aspergillus with potato saccharose agar to cocoa agamnst Phytophthora
palmivora Only Aspergillus terreus was found to rewrd the start of disease by 30
days Bora (1977) observed that Aspergillus mger bas shown greatest antagonism
agamst R solamt from egg plant when 1ts antagomstic property was estimated
among other soil fung: The mhibition of growth of R solani by parasitsing the
hyphae by A mger was reported by Gokulapalan and Nair (1984)

Mahadevamurthy et al (1988) noticed that germunatic of sclerota of
Claviceps fusiformis causng ergot of Penrmisetum arericanum was mhibited m sorl
amended with A niger Fusanum oxysporum T harzianum T wvinde and B
subrilis  Sclerotia colonized by the antagomists disintegrated and when fragments

were mcubated colomes of the antagomsts were obtained Gernunation of the host



seed was not affected Gaur and Sharma (1991) observed that the microorgamisms
(34 fung1 six bacteria and four actinomycetes) 1solated from the rhizosphere soil of
pigeon peas when tested for their antagomstic action towards Fusarmum udum on
Czapek s sucrose mitrate agar medum T viride followed by A mger Streptomyces
sp Pemcrillium sp and Bacillus sp were the most effective m controlling the
pathogen The antagomstic property of white stertle fungus A mger Penicilinan
cuninum and B subnhs agamst Xanthomonas campestris pv cyamopsidis causing
bactenal blight of Cyamopsis terragonoloba was reported by Sindhan er al (1991)

Parashar er al (1992) reported that the antagonmists P cizrinum whte sterile fungus

A mger and B subnlis reduced the incidence of bacterial blight of C tetragonoloba
caused by X campestris pv cyamopsidis compared with untreated controls when
used as seed dressings or spray treatments and culture filtrate sprays of P cutrinum

A mger and he wiite stenle fungus were also effectve i reducing the

mcidence

Dhedlt er al (1990) observed Aspergullus furmgatus as an effective
antagonist to F oxysporum f sp ciceris causing vascular wilt of Cicer arteninum

in vitro studies

Masroor and Chandra (1987) reported that of 27 fungal 1solates tested.
agamnst X campesiris pv curt the mertant of citrus canker the highest activity was
shown by Aspergillus flavus Aspergillus clavatus and A miger The nonvolatile
activity of A flavus agamst the growth of Sclerortum rolfsu was reported by Dep
(1990) A flavus mhibited F oxysporum £ sp I from flax and F oxysporumn f
sp lycopersict from tomato by 28 2 and 26 per cent respectively (Dwived: er al
1993)
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Rasstrick and Smith (1935) reported production of terretn by A ferreus
The production of geodin terricin and terric acid was also reported (Marcus 1947)
Zachner et al (1963) reported that the antibiottc properties of the metabolites of A
terreus were due to flavipin eridmm geodin patulin terric acids and sideramine
fermichysin  The anttbrotic production by A miger was reported by Broadbent

(1966) The antibiotic jawaherene was detected m the study

Mukhopadhyay (1991) observed that species belonging to the genera
Glocladium and Trichoderma have proved highly effective 1 controlling plant

pathogens especially soif borne ones like Pyr  m spp

In the dual culture studies with Penmicdlium cizrine. 1t has been reported to
have strong antagonistic activittes towards Gaeurnanomyces gramints and Pythium
sp (Domsch 1960) Seed treatment with comuia of Pemcillium oxalicum reduced
seed rot and damping off of chickpea caused by P ulrmmum m naturally nfested
soils (Kaiser and Hannan 1984)  Sharif (1988a) observed in plastic greenhouse
treatment of cucamber plants with mycehal preparations of Penicillium pinophilum
P suptatum T harganum effectively controlled P aphardermatum  Efficient
control of dampiag off mduced by P agphamdermarun 1 cucumber was obtamed by
Penicillium stpuearum and T harzianum (Shanf er al  1988b) Knshr .moorthy and
Bhaskaran (1991) obtained an 1solate of Peniciliium from soil which was found to be

most mnubitory to Py h.um indicum 1 dual culture

The antibiotic production by P currum has been observed by many
workers Heth~rington and Ramstrick (1931) found that citnmn an aromatic
polycyltc compound was produced by P citmnum  Citniin has been reported to

have fungstatic and hyphae narrowing properties (Robmson and Park  1966) The
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dual culture reaction of mhtbition at a distance and disintegration of P mynotylum
by P cunnum was reported by Vinod (1988) He also found that the cell free
culture filtrate of P curninum showmg 100 per cent inhibition agamnst P mynorylum

mdicating the production of antibiotics by the antagomst
2412 Antagomstic actnomycetes

Strepromyces 1s the promusing group of actinomycetes well known for the
production of many different types of antibiotics Many species among these groups
of orgamsms produce specific antibiotics under 1deal condittons These group of

actinomycetes have been well studied by research workers to reveal their antibiotic

properties

Amsworth (1977) stated that amphotericne was a polyene anubrotic
obtawned from Streptomyces sp and was found to be antifungal The degradanon of
hyphae of P aphamdermarum upon contact with soil particularly with some actmo-

mycetes m i1 viro was reported by Domsch er al (1980)

Yehia er af (1981) found that the antagomsts T winide Strepromyces
gniseus and B subnlis effectively reduced damping off disease of tomato seedlings
caused by P debaryanum Strepronyces spp 1solated from peat effectively mhibited
the growth of P debaryanum causing damping off of sugarbeet both m vitro and in
vevo was reported by Tahvonen (1982) Tahvonen (1988) observed that spraying the
peat substrate with a suspension of Sireptomyces spp reduced root diseases of
cucumbers caused by Pytfuum spp Rath and Wolf (1992) controlled seed rot and
damping off of sugarbeet caused by P wulrimum by combined application of Pseudo-

monas fluorescens B 5 and Strepromyces sp A 102
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2413 Antagomstic Bacteria

Tedla and Stangheilim (1992) observed that m tripartite rhuzosphere (host
fungus and bactena) interactions bactenial antagomsm was found to be responsible

for the general suppression of P aphamidermatum activity at low sotl temperature

Henis and Inbar (1968) observed that the metabolites from B subnlis
mhibited the growth of P ulttmum Vinod er al (1991b) reported that an 1solate of
B subalis obtamed from forest soils showed good antagomstic and aatibiotic
properties agamst the test fungt P mynotylum P palmivora and R solamt In dual
culture studies B subnlis parasitised P myriotylum and caused lysis and distintegra
tion P ulnmum causing damping off i Pus sylvestris was mhibited by selected
stramns of Pseudomonas Pseudomonas putida and B subtlis m both n vitre and by
seed and soil applicattons (Zaspel and Suss 1992) Smuth er al (1993) reported that
application of a suspersion of B cereus stram UW 85 to cucumber fruits protected

them aganst cottony leak disease caused by P aphamdermatum
25 System of growth and delivery of antagonists mto soil

One of the most critrical obstacles to biological control by direct massive
soil augmentation has been the lack or scarcity of methods for mass culturing and
dehvering antagomsts to soil Despite the lmited progress scientists are attempt
mg to develop effective experimental systems of growth and delivery of antagomsts
mto soil For bacterial antagomsts nutrient broth has been extensively used
(Mitche'l and Hurwitz 1965 Merniman ef al 1974 Mangenot and Diem 1979)

Broadbent et al (1971) grew potential bacterial antagomsts in shake cultures of
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yeast manmtof broth or nutrient broth B subnits was cultured on potato dextrose

broth for applyimng to kemels of corn (Kommedahl and Mew 1975)

Formulation of biocontrol agents facilitated better apphication Suslow er al
(1979) suggested that formulation of Pseudomonas may be prepared by coating the
cells with gums and polysaccharides that stabilize them so that they can be
formulated as a dry powder

Development of growth media for large scale production of antagomsts
and of commercially acceptable carriers for therr production mto soils 1s brighter
for fungt than for bacteria A datomaceous earth granule mmpregnated with a
molasses solution was found sutable for growth and delivery of T harzanum
(Backman and Rodriguez Kabana 1975) Akhtar (1977) used wheat straw as the
growth medmm for T wiride Many workers reported the use of wheat bran as a
growth medwmm for T haraanum (Hems er al 1978 1979 Cheteral 1979 Man
and Sen 1985 Mukharjee er al 1987) Elad er al (1982) reported high lytic
activity of T harzanum m wheat bran culture of the fungus and m soil moculated
with the culture Lewis and Papavizas (1984) used a mixture of wheat bran sand
and water to grow the antagomsts viz T wride T harzaanum T hamatum
Ghocladium roseum Gliocladium wirens Gliocladium catenulatum  Talaromyces
flavus and Aspergrilus ochraceous Sivan et al (1984) studied the growth potential
of T harzanuwn on orgamc food bases including several agricultural wastes like
wheat bran wheat straw compost ground wheat straw ground cotton straw peat
and a wheat bran/peat muixture (1 1 v/v) They found that wheat bran/peat was the

best medmum for the growth and survival of T harzianum
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A medmum consisting of equal volumes of wheat bran peat moss and water
was used for culturmmg T harzianum (Chang er @l 1986) Mukhopadhyay er al
(1986) prepared T harzanum m a wheat bran sawdust tap water muxture
Biological control of sugarbeet and tobacco damping off was achieved 1n glasshouse
by the application of wheat bran sawdust preparation of T harzianum to Pythuum
wnfested soils (Mukhopadyay and Chandra 1986) Mass multuphcation of T
vinde m sand sorghum medum (sand 100 g and sorghum 20 g) was reported by

Padmanaban and Alexander (1986)

Truong et al (1988) mass produced T Aarzitanum i a mixture of rice
bran rice hull water (3 1 1 2 v/v/v) and the culture was incorporated wnto baked and
unbaked silt/loam soil at 50 cc per Iitre of soil effectively controlled P aphamider
matum causing damping off on tobacco T harzianum when grown m a sem solid
fermentatton medium on wheat bran peat effectively controlled diseases of Pythium

spp 1n green house tests (Ordentlich and Chet 1989)

Potato dextrose agar was used for culturing Chaerormium globosum
(Kommedahl and Mew 1975) and P oxalicurn (Kommedahl and Windels 1978)
Modified Czapek liquid medium was used to obtamn highly active culture filtrate of
A clavatus A flavus and A miger which are active agamnst X campesms pv cun

causing citrus canker (Masroor and Chandra 1989)

G roseum was prepared 1n a2 mixture of peat soil and nutrients (Moody
and Gindrat 1977) Lumsden er al (1992) noted that G ren produced detect
able levels of ghotoxin when grown with an alginate wheat bran food base d=Inery

system 1 peat moss vermiculate soil less medium (PV medium)
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The antagust Corrctum first grown on corn leaf meal (CLM) and
mcorporated mto Pyrfuum mfested field gave reduction 1n the incidence of damping
off of table beet (Hoch and Abaw1 1979) L analts was grown on wheat bran and
used for the control of damping off of tomato by Pythuum sp and root rot of black

gram caused by R bataticola (Martin et al  1984)

The foregomng amount of lhiterature indicates that there 15 gre t potential to
bring about reduction of the soil borne plant pathogen Pythzum by selecting correct

antagomsts and applymg them to the field at the correct time
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MATERIALS AND METHODS

The laboratory and pot culture experiments were conducted at the College
of Horticulture Vellamikkara dunaog the year 1994 95 for the selection of promusing
antagonssts both i1 wiro and in vivo agamst the pathogen incifing 1‘uzome rot of

ginger
31 Isolation and 1dentification of the pathogen

The orgamism causing the rluzome rot disease was isolated from the
mfected rhizomes of diseased gmger plants by employng standard 1solatton methods
(Riker and Riker 1936) The culture of the fungus was maintamed 1n oatmeal agar
medium For studymng the morphological characters actively growing culture discs
of the fungus were kept m stertle distifled water for 74 h and 1t was observed

under the microscope

The measurements of the pathogen were carr  out by using Olympus
research microscope with maximum possible magnificatton The morphological
characters like colour and thickness of mycelum size and shape of sporangia size
and shape of cogomum and antheridum and therr attachment were observed and

recorded
32 Pathogenecity test

The pathogenecity tests were carried out in both iz viiro and w1 vivo  For
artficial 1noculanon the detached ginger rhuzomes were clearly washed in running

water to remove the soil particles and 1t was then surface sterihized with absolute
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alcohol Small holes were made on the surface of rhizomes 1th sterilized 5 mm
cork borer and young mycehal discs (5 mm culture discs) were placed n 1t under
aseptic condinon The moculated rhizomes were kept 1n aseptic moist chambers and
mncubated at room temperature (24 to 30°C) till complete rotting of the rhizome took

place

One month old potted plants were used for proving pathogenecity test The
mycelial mat of P aphamdermatum grown on oat meal agar medium was mixed
with top 5 cm so1l and wet cotton wool was placed over the moculated soil surface

for 48 hours The development of symptoms were observed at weekly 1ntervals

33 Collection of so1l sample

The so1l samples were collected during October 1994 from the rhuizosphere
of healthy ginger plants among the rhizome rot affected plants i the diseased field
The samples were pooled shade dried and were quant  vely and qualitatively

estimated
34 Quantitative esttmation of microflora

The quantitative assay of mucroflora was carnied out by seral dilution plate
techuique (Johnson and Curl 1972) The soil sample (100 g) was added to
100 ml sterrle distilled water 1n 250 ml concal flasks and shaken for 30 mm
orbital shaker Ten m! of thus soil dilusor was then transferred to another flask
contamng 90 ml sterile d stilled water to get 10 2 diutions Later 10 4 and 10 6

dituttons were prepared from this by senal dilution



341 Estmation of fungal population

One m! of 10 4 so1l dilution was pipetted 1nto sterile petr1 dishes to which
20 mi of melted and cooled Martin s rose bengal streptomycin agar media was
poured Three petr1 dishes were kept as replications for the sample The petnt
dishes with the media were swirled thoroughly to get umform distribution After
solrdification the dishes were incubated at room temperature for three days The
fungal colomes developed at the end of three days were counted using dark field

colony counter and expressed as number of colonzes per gram of dry soil
342 Estimation of actmomycete population

The eshmation of actinomycete population was done with a soil dilution of
106 usitng Kenkmight s agar medium and the method followed was as 1n the
esttmation of fungal population The dishes were mcubated for seven days at room
temperature and the actinomycete colomes were counted usmg dark field colony

counter and expressed as number of colonies per gram of dry soil
343 Estimation of bacterial population

Bacterial population was estimated using 10 6 soil dilution 10 nutnent agar
medrum The method employed for the estimation of fungal population was
followed The dishes were mcubated for 48 h at room temperature The bacterial
colomes developed were counted with the help of dark field colony counter and

expressed as number of colonies per gram of dry soil



35 Qualitative estimation of microorganisms
351 Fungt

The young fungal colomes developed m dilution plates were transferred to
potato dextrose agar medium (PDA) Pure cultures of fung: were obtatned by hyphal

tip 1solation method and they were mamntained m PDA

Morphological characters of the fungi in pure culture were studied by
growing them 1n petr1 dishes slants and shide cultures On the basis of the morpho

logical characters they were 1dentified
352 Actmomycete

The smgle colomes of actnomycete developed in Kenknight s agar were
transferred to test tube slants of the same medmum and maintamned m pure culture

They were provisionally identified on the basis of therr morphological characters

353 Bactena

The bacterial colonuies developed m the dilution plate method were streaked
m nutrient agar (NA) and single colony 1solation was made The pure cultures were
mamtamed on NA slants Bacterial 1solates were 1dentified as gram positive and

gram negative based on therr gram reactions

The pure cultures of 1solated fungt and actinomycete were sent to Indian
type culture collection Indian Agricultural Research Institute New Delhi and the

idenufication was got confirmed



36 Growth rate of antagonists and pathogen
361 Fung

An aliquot of 15 ml of PDA was transferred 1mto 90 mm petr1 dishes
After solidification of the media 5 mm disc from actively growmg zone of the
young fungus culture on PDA was Mfted by a sterile 5 mm cork borer and
transferred to the centre of the media 1n petr: dishes The plates were incubated at
room temperatures (2842°C) and radal growth of the fungt was measured at

mtervals of 24 h upto 14 days to know therr respective growth rates
362 Actnomycete

Actinomycete was grown m Kenkmight s agar by adopting the method
described 1n  the case of fungi Observations on radial growth was taken at

tervals of 24 h upto 18 days
363 Pathogen

For estimating the growth rate of P aphanidermarum the pathogen was
grown 1n oat meal agar by employmng the method as m fungr and measurements were
taken for three days at mntervals of 24 h
37 Screeming the microorgamsms for antagonistic properties aganst the

pathogen

Qualitatively estimated microorganisms were subjected to antagomistic

studies agamnst the pathogen P apharmidermarum employmg dual culture method
(Johnson and Curl 1972)
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371 Fung

The orgamisms were moculated as dual cultures after giving due considera
tion for the growth rate of both the pathogen and the potential antagomists An
aliquot of 15 ml of PDA was transferred mto 90 mm petr: dishes After solidifica
tion of the media a 5 mm disc from an actively growing zone of the fungal 1solate
on PDA was removed by a sterile cork borer and transferred to near periphery of
one half of petr1 dish A disc of 5 mm of the pathogen was simularly transferred
from another plate and placed at the opposite haif of petr1 dish towards the
periphery The tume of moculation of the pathogen was decided after taking nto

account 1ts growth rate with respect to antagonist

The growth measurements were taken at intervals of 24 h upto ten days
The types of reactions exhubited were recorded Five replications were mamtamed
for each antagomstic fungus The pathogen and the antagomist grown m monocul
tures served as control The 1solates possessing good antagomstic properties were

1dentfied
372 Actimomycete

In the case of antagomistic study of the actinomycete dual culture method
was employed with the dovble agar techmque (Johnson and Curl 1972) Nutrient
glucose agar was used as basal medium and over that PDA was poured and the
antagomust and pathogen were moculated as described m case of fungt The time of
moculation of the pathogen was delayed due to the slow growth of actinomycete

The growth of antagonist and pathogen was recorded at 24 h mtervals The type of
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reaction exhibited was also recorded Replications and control were mamtamed as

the case of fung:
373 Bactera

The antagomsstic study with bacteria using the pathogen was done by the
method as described m case of the actinomycete The bacterial antagomst was
streaked horizontally agamst the pathogen towards the periphery of the dish m the

double agar technique and observed for therr antagomstic effects

38 Assay of culture filtrates of the promising antagomists selected from

dual culture

The four 1solates of fung:r showwng good antagomstic propertrtes i  dual
cultures were grown m liquid cultures and were utiised for determuming the produc
tion of secondary metabolites by the antagomusts Fifty mi of the potato dextrose
broth was taken m 250 ml conucal flasks and sterilised at 15 Ibs pressure for 20 min
The broth 1 the flasks was then moculated with 5 mm mycelial discs of each of the
actively growing young cultures of promusing antagomstic fungus grown on PDA
They were then mcubated at room temperature (2842 C) for 14 days i shake

cultures

The cultures were filtered by coarse filtratton ustig Buckner flasks This
filtrate was agamn filtered through m_Ilipore filters (pore si.e 450 nm) and stored
m vials for studymng the production of secondary metabolitess The culture filtrate
containing secondary metabolites stored 1n vials were assayed for their antagonstic
action agamst the pathogen by employing the poisoned food techmique (Zentmayer
1955) A quantity of 03 ml ot the culture filtrate and 20 ml of PDA were
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poured 1nto 90 mm sterile petrt dishes The petr1 dishes were rotated well for mixing
thoroughly After solidificaion a 5 mm disc of an actively growing culture of
the pathogen was placed at the centre of the dish Growth measurements were
recorded tll the day when the test orgamsm reached 90 mm i control Five
rephicattons were mamtained 1 each case and control plates were also maintamned by

adding 0 3 ml of sterile distilled water

The hibitory properties of culture filtrates of the antagonsts were assayed
agamnst the pathogen and was expressed as per cent mhibition using the following
formula suggested by Vincent (1927)

Growth m control Growth n treatment Per cent

—_ - - x 100 = mhibition
Growth m control

39 In witro effect of recommended fungicides on the antagomsts and the
pathogen

The following fungicides were used for the in vitro evaluation

Common name Acuve mngredient Concentration
(per cent)

B(:rd—eaux ;uxn:re N (_3;15043_Cu(0H)2 o - 7 o

Fytolan Copper oxychlonde 02

Emisan 6 Methoxy ethyl mercuric chloride 01

Indofil M 45 Mancozeb 03

The effect of different fungicides on the growth of the fungi was tested
by the "Possoned food techmque" (Zentmayer 1955) The required quanuty of

fungicides were added to the 100 ml sterle molten PDA so as to get the
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required concentrations of the fungicides mixed well and poured mto sterile petrt
dishes at the rate of 15 ml each Mycelial discs of 5 mm diameter were cut and
placed mn the centre of each petrs dish contatning the poisoned medium Control petnt
dishes of PDA medmm alone moculated with the fungus was also mamntamed
Three replications were mamtamed for each of the chemicals The mocutlated petr1
dishes were ncubated at room temperature and the observations on the radial growth

of fungus were taken when the control dishes completed full growth
310 Pot culture expertment for testing the efficacy of antagomsts

Pot culture studies were carmied out during the period from May to
December 1995 to find out the efficacy of the four antagomstic microorganisimns viz
Aspergillus mger Aspergillus fumigarus Aspergillus flavus and Trichoderma vinde
selected from dual culture studies

Fifteen days old antagonists grown m milled rice were used for the
studies Twenty five gram of milled rice was weighed and transferred to 250 ml!
conical flasks separately Stenirzation of milled rice was done following the
procedure given by Ahmed and Trbe (1977) Twenty five ml of water was added
and autoclaved at 1 4 kg/cm2 for 20 min Ten flasks were kept for each antagonist
A 5 mm disc from an actively growing zone of the antagonistic fungi were removed

separately by sterile cork borer and transferred to the growth media

The pot culture expertments were conducted without the sterilization of
the potmg muxture Eight kg of potting mixture contaming sand dned and
powdered cowdung and sick soil (soil from fields heavily infected with rhizome rot)

m the ratio 1 1 1 was taken in earthern pots (30 cm) Ginger crop was raised by
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planting one healthy sprouted rhuizome (15 g) per pot The variety used was

Rio-de Janeiwro

The experimental design followed was CRD with 20 treatments and five

replications The treatments were as follows

Healthy seed rtuzomes pre moculated with A mger by smearing the
cultures shade dried and planting done 1n diseased soil

Do- using A fumigatus

Do- usmg 4 flavus

Do- using T vinde
A mger grown m media was tncorporated nto the diseased sois at the
rate of 60 g per pot m pits of 5 cm depth at the time of planting and then
planting done
A fumigatus used as m Ty
A flavus ysed as n Ts

T winde used as n Ty

A mger mecorporated into soil after first top dressing (60 days after plant
mng)

A furigarus used as 1n Tg
A mger used as m Tg
T wnde used as mn Tg

A mger mncorporated mto soil after first and second top dre-sings (60 and
120 DAP)

A fumigatus used as in Tq3
A flavus used as m T3
T winde used as 1n Ty3

Treanng the seed rhizomes as per Package of Practices recommendations
(KAU 1993} and then planting



T1g Drenching the pots with copper oxychlonide 0 3% when the disease
mcidence first noticed

Tig Drenching the pots with mancozeb 0 3% when the disease mncidence first
noticed

Thg Control (without antagonists/chemicals)

Cultural operattons were carried out as per the Package of Practice

Recommendations (KAU 1993} except fungicidal application
The following observations were made from the pot culture studtes

(1)  Number of mfected tillers at monthly intervals from 120 days upto 180
days
2) Yield

Statistical analysis of the data of the pot culture expeniment was done
with transformed values Treatment means were compared usmg Duncan s Multiple

Range Test (DMRT)



}?eﬁu/ 4 drm( p[d cussion




RESULTS AND DiSCUSSION

Rhizome rot a destructive disease of ginger assumes alarming propor
trons during the monsoon periods resulting m yield loss as well as reduction m the
quality and germunabuity of rhizomes In India eventhough a few workers have
studied the control of rhizome rot of ginger with chemicals (Park 1935 Thomas
1940 Bhagwat 1960 Shahare and Asthana 1962 Kothann 1966 Sarma er al
1979 Sharma and Dohroo 1982) effective control has not been obtamed so far In
view of the sertous nature of the disease the present study was undertaken to 1solate
the native antagonusts and to screen them agamst the pathogen so as to select suitable

biocontrol agents to be used for effective management of the disease
41 Isolation and Characterization of the pathogen

The rhizome rot pathogen was isolated from mnfected rhizomes and
mamtamned as pure culture on potato dextrose agar and oat meal agar medum

The pathogenecity of the 1solate was also established

The morphological characters of the pathogen causing rhizome rot of
ginger were studied and the pathogen was identified as Pyrhuum aphamdermarum
(Cdson) Fitz The mycelum hyaline coenocytic and measured 3 6 pm hyphal
thickness The growth of the fungus was rapid on oat meal agar medmum with
cottony white mycelium which covered 90 mm petr: dish withun 48 hours Sporangia
sparse n  solild media but abundant in the oat meal broth Large number ot
sporangia were observed within 24 hours when a culre disc from solid media was

transterred to aerated water Sporangia filamentous i the mitial stages later swollen
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and produced lobulate inflated branches cut off by a cross wall from the vegetative
hyphae lobes varied 1 9 (Plates 1 to 3) A long emission tube ending m a vesicle
was formed from the sporangmm prnor to zoospore formatton The oogoma
termunal smooth  spherical and measured 16 523 1 pm (mean 21 14 gm) mn
diameter (Plate 4) Anthenidia mostly termnal rarely ntercalary barrel shaped or
broadly clavate measuring 125231 pm x 3387 pm (mean 162 x 6 4 pm)
(Plate 4) COospores spherical smooth and very loose m the oogonmum The
morphological characters agreed with the descriptior of P aphanidermarum given
by Fitzpatrick (1923) The identity of the fungus was further confirmed by the
Head Division of Plant Pathology 1AR1 New Dellu The ability of P aphamder
matum to cause rhizome rot of ginger was reported by several workers (Butler
1907 Subramamam 1919 Park 1937 Thomas 1938 Uppal 1940 Berms 1942
and Indrasenan 1972) Apart from P aphamdermatum four other species ot
Pythum wiz P mynotylum (Uppal 1940 Park 1941 and Bertus 1942) P
gramirucolum (Park 1935) P deliense (Haware and Josht 1974) and P vexans
(Ramakrishnan 1949) were also reported to cause rluzome rot of gmger However
these species of Pyrhuum were not found associated with the rhuzome rot of ginger

during the present mvestigation
42 Quantitative estimation of soil microorgamsras

Soil microorganisms were 1solated from the rhizosphere ot healthy ginger
plants m the rhizome rot affected fields for testing therr efficacy i mhibiting P
apl.anidermarum  the ncitant of rhizome rot of ginger by employmg standard

methods as described 1n materials and methods



Plate 1 Pyrhuum aphamdermatum showing single lobed sporangium (720x)

Plate 2 P aphanidermatum showmng b lobed sporangium (720x)






Plate 3 P aphamdermarum showing multilobed sporangta (720x)

Plate 3 P aphan dermatum sh ving ual reproductive structures (7 0x






The results of the quantitative esttmation of soil mucrobes are presented
m Table 1  The bactenal population was found to be maximum followed by
actmomycetes and fung1 The results agree with that of Skinner er al (1952) who
reported several hundred thousands to hundred mullions of bacternia per gram of dry
soil Waksman (1952) also observed that the fung: were lesser mn number than the
actinomycetes and fungal populatton m soil ranged from a few to as many as ten

lakhs per gram
43 Qualstative estimation of microflora

The results of the qualitative study of microflora revealed nine species ot
fung: belonging to four genera one actinomycete and four species of bacteria The

fung: present were as follows

[

Rhzopus sp

Aspergillus carneus
Aspergillus niger
Aspergillus furmgatus
Aspergillus flavus
Tnichoderma vinde
Aspergillus flavus (sclerotial)

Eupenicillium javanmicum ITCC No 4 595

W oo Ny AW

Eupemaillium javanicum ITCC No 4 596

Only onme genus of actinomycete was observed belonging to Strep
tomyces and 1t comprised of flexuous sporophores The four bacterial spp obtamed

were distinguished from each other based on thewr colony characters shape and
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Table 1 Quantitative estimation of rhizosphere microflora

SI' Name of the Dilution No of colones/plate Mean  Population/g

No orgamsm - — of soil on dry
I R T T B weight basis -
1  Bactera 100 833 633 543 6 69 5030 x 106

2 Actmomycetes 100 400 433 433 422 317x100
3 Fung 104 1533 966 1633 1377  1035x 10
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gram reaction and were designated as By By Bg and B4 The colony characters

observed were

By rod shaped gram negative,yellowish on PDA

B, rod shaped gram negative shght browrush on PDA
B3 rod shaped gram negative whitish on PDA

B4 spherical gram negative shmy creamy white on PDA

44 Identification of soil microflora

The mucroorganisms 1solated from the so1l were brought nto pure culture
as described i matentals and methods The slhide culture of all the fung: and
actmomycete were prepared and detatled morphological study was made and on that
basis 1dentification done The tungal and actinomycete cultures were sent to the
Head Division of Plant Pathology IARI New Dellu and got the identification
confirmed

45 Growth rate of antagonists and pathogen

A good understanding of the rate of growth of the antagonists and
pathogen 1s highly essential for judging the tme of moculation of these organisms m
dual cultures for studymng the antagonistic properties The growth rate of the
antagomusts which comprised of mmne fungt and one actinomycete and the pathogen
were studied as described in matenals and methods The results are presented 1n

Table 2
451 Fungi

The growth rate ot the fung1 including mine antagomists and the pathogen



Table 2 Growth of antagomsts and pathogen
(Mean radiat growth mn mm of the antagontsts and pathogen of 3 replications)

Sl Name of organism Days after mnoculanon

Mo 1 2 3 4567 8 91011121314 15 16 17 18
Antagonsuc fungl

1 Rm.opus sp 61 90 — - - - - - - - -

2 Aspergillus carneus 914 20 25 29 4553 61 68 76 81 87 90 — — - — -~

3 Aspergillus mger 17334963748 %0 -~ - — — — — ~ — - -

4  Aspergillus fumigarns 15 35 5471 86 90 — — - - - - - -

5 Aspergiilus flavus 1731 384654 647382 W0 — — - — - — - — -

6 Tnchoderma vinde 2479 90 - — ~ = — - = - - - - - - =

7 Aspergillus flavus 17 31 48 60 70 83 90 — - ~ -— - - - = -
{scleronal)

8 Eupemallium javanicum 919 2528 31 37 44 48 59 62 68 7582 90 — — — —
ITCC No 4 595

9 Eupercillium javanicum 8 11 24 32 4] 53 61 71 80 90 — — - = - - -
ITCC No 4 596
Antagonistic achnomycete

Y Swrepromyces sp 2 5 811 15 1820 23 25 26 28 29 31 33 35 37 37 38
Pathogen

1 P aphamdermarum 58 82 90 - - - - - - - - - = -

5¢
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vanied widely The umdentified mucoraceous fungus Rizopus sp was found to
be fast growmng covering the entire 90 mm petndish within two days However
Eupencillium javamcum (ITCC No 4 595) took 14 days for covermg the 90 mm
petrt dish while £ javarncum (ITCC No 4 596) covered 1t m 10 days (Table 2)

The growth rate of Aspergullus spp was found to be highly varymng 4
carneus was found to be slow growing covering the 90 mm petndish m 13 days
followed by A flavus m mne days A flavus (sclerotial) and A miger both m seven
days and A firmigarus 1z six days (Table 2)

Trichoderma vinde was found to be fast growing and covered the 90 mm

petnt dish m three days (Table 2)
452 Actinomycete

The growth rate of the actinomycete Streptomyces sp was found to be

very slow and recorded only 38 mm within 14 days (Table 2)
453 Bactena

From tbe results of a preliminary screeming for the antagonistc property
1t was tound that all the four 1solates of bacterta did not possess antagonism against
P aphamdermarum Hence growth rate of the 1solated bacteria was not studied as 1t

was not having relevance 1n the dual culture studies for determining antagonism

454 Pathogen

The growth rate of the pathogen P aphantdermarum was tound to be

very fast and covered the 90 mm petr1 dish 1n three days
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46 Screening the microorgamisms for anmtagomstic property aganst

the pathogen

The microorgamsms 1solated from the rhizosphere of healthy ginger plant
i the rhizome rot affected field were brought into axenic culture and tested for
antagonstic properties agamst the pathogen P aphamidermatum employmg the dual
culture method described in materials and methods The growth rate of the
antagomsts as well as the pathogen was determuned 1 monoculture (Table 2) and the
antagomustic property was studied 1n dual culture by inoculating the pathogen m three
different ways vz on the same day with the antagonist one day pnor to the mocula
tion of antagomst and after the moculatton of antagomist i case of slow growing
antagonustic orgamisms The reactions of the orgamisms m dual cuiture were

observed and recorded and results presented 1n Tables 3 to 12

Johnson and Curl (1972) bas reported five types of reactions of mi

croorganmisms 1n dual plate techmque viz

(1) Intermingling and over growth

(2) Inhibition at a distance and disintegration of pathogen
(3) Daeback and disintegration of pathogen

(4) Mutual mhibitton on contact

(5) Mutual mhibition at a distance

The character of mtermunghing and overgrowth 1 dual culture cannot be considered
a property of antagomsm as these organisms have no adverse effect on the growth
of the pathogen The antagonists showing similar type of reactions with the pathogen

m dual culture are grouped together and discussed (Table 13)
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The microorgamisms which showed conspicuous antagomstic characters
n the dual culture agamnst the pathogen were then selected and their cell free culture
filtrates were employed m poisoned food techmque as described m matenals and
methods to determine the presence of mhibiting actions on pathogen The resuits are
presented 1n Table 14

461 Rhizopus sp

The pathogen was moculated with the antagomst m dual culture on the
same day one day before and one day after the moculation of the antagomist As the
pathogen and antagomst were having almost same growth rate both the organisms
grew over each other and covered the entire petn1 dish on the second and third days

respectively (Table 3)

The reaction obtamed m dual culture was only interminghing and over

growth and no other antagonistic properties obtamed

462 Aspergillus carneus

4621 Inoculation on the same day

The pathogen and the antagomst were moculated on the same day On
the fourth day the pathogen came n contact with the antagomst and on fifth day
overgrew the antagonist and on the eighth day it covered the petridish when the
antagonist grew at a reduced rate bang 52 mm  Even after the pathogen completed
1ts growth m the dish the antagonist grew further as in the monoculture and reached

63 mm on tenth day (Table 4)
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4622 Inoculation prior to the antagonist

On moculation of the pathogen one day prior to the antagomst 1t over
grew the antagonist on second day and covered the petridish on third day The
antagomst ceased 1ts growth m dual cuiture after sixth day (Table 4)

4623 Inoculation after the antagonist

The pathogen was moculated one day after the antagonist The antagonist
imtiaily grew at the same rate as m monocuiture and ceased 1ts growth after seventh
day The pathogen overgrew the antagomst on fourth day and covered the petridish
on seventh day (Table 4)

The observattons revealed that im dual cuiture 4 cameus and P
aphamdermaruym can grow independently by intermingiing without any interference
showing no antagomstic property The results of the dual culture studies showing the

reaction of the antagonusts with the pathogen are presented m Table 13

Riuzopus sp and A carneus were also tested for their antibiotic proper
ties against the pathogen by using cell free cuiture filtrates The results showed that
the cell free colture filtrates have no etfect on the pathogen P aphamidermarum
This cell free culture filtrate technique further confirms the results of dual culture

studies

463 Aspergillus mger
4631 Inoculation on the same day

The pathogen and the antagomst were noculated on the same day 1 dual

culture Imitally growth rate of both the organisms was slow when compared to
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that in monoculture On the third day contact of the orgamsms was established
(Plate 5) and thereafter the antagomst steadily grew reaching 66 mm on the ninth
day while growth of the pathogen was reduced to 49 mm as agamst 70 mm on the
fourth day showing disintegration from the growing tip (Plate 6) On subsequent
days antagonist grew further causmg disintegration of pathogen upto fifteenth day
and dimumshing 1ts growth to 21 mm (Table 5)

The results revealed that A miger disintegrated the mycelial growth of P
aphamdermatum on contact with each other finally bearing a clear zone 1 the cul

ture dish on tenth day
4 6 32 Inoculation prior to the antagonist

The pathogen was inoculated one day prior to the antagomist On the
fourth day of the moculation of the antagomst the pathogen recorded a maxunum
growth of 89 mm while the antagomist recorded 15 mm growth The antagonist
continued 1ts growth upto seventh day of its moculation attaining 30 mm and mhibit
mg the pathogen at a distance The pathogen recorded 76 mm on the seventh day as
agamst 89 mm on fourth day (Table 5)

4 633 Inoculation after the antagonist

The pathogen was moculated one day after the antagomst On the second
day both came 1 contact recording 59 mm and 35 mm growth respectively
(Plate 7) On the fourth day antagomist grew at its normal rate whereas the
pathogen showed reduction 1n 1ts growth by recording 51 mm as agawnst 59 mm on
the second day (Plate 8) Antagomst still grew at the normal rate showing clear

mhibition of the pathogen at a distance with a clear zone m culture dish by



lable 5 Growth of P aphamdermatum and A mger in dual culture
(Mean radial growth m mm ot 3 rephications)

lime of moculaton Days after moculation

of pathogen - e - - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AP APAPAPAPAPAPAP APAPAPAPADP AP AP

Same day with 12 41 25 59 31 67 37 70 44 65 52 62 58 58 62 55 66 49 71 42 74 39 77 34 80 29 82 24 82 21
antage mist

One day prior 10 358 B69 11 81 15 89 21 84 27 78 30 76 30 76 30 76 30 76

10tag nist

One day atter 27 38 35 59 41 55 48 51 56 47 62 39 66 31 71 24 75 16 81 12 86 888 88 88 88 8§
antagomist

Table 6 Growth of P aphanidermatum and A furmigatus 1n dual culture
(Mean radial growth 1n mm of 3 replications)

Time of mnoculanon Days after moculation
of pathogen - S - - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AP AP APAPAPAPAPAP APAPAPAPAPAPATP

Same day with 249 958 13 70 17 79 21 85 26 78 31 72 34 68 37 65 40 62 44 58 46 51—48 49 48 49 48 49
antagomst

One day prior to 273 48 69 690 690 690 69 690 690 - - - -
antagonist

Three days after 20 38 24 69 28 82 30 71 34 62 37 53 40 47 45 40 48 36 51 33 55 30 61 28 61 28 61 28 -
antagonist

A Antagomist P Iathogen

o~
| g%



Plate 5 Aspergillus mger x P aphanmidermatum (mnoculated on the same
day) m dual culture on the thurd day

Plate 6 A niger x P aphamidermarum (inoculated on the same day)
m dual culture on the ninth day
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Plate 7 A mger x P aphanidermarum (moculated one day atter)
it dual culture on the second day

Plate 8 4 niger x P wphamdermarum (moculated one day after)
1n dual caiture on the tourth day






disintegrating the growth pomt of the pathogen The pathogen recorded only 8§ mm
growth on eleventh day (Table 5)

The results indicated definite antagomstic property of A miger against £
aphamdermatum as 1t showed the dual cuiture reaction of inhibition at a distance and
dismtegration of pathogen (Table 13) The cell free culture filtrate studies using
antagomst A miger also showed 100 per cent mhibition against the pathogen mdicat
mg the production of antibiotics by the anmtagomsst wiuch mhibited the pathogen
completely (Table 14) Thus result of cell free culture filtrate study strongly supports
the result of dual culture techmque

The antagomst A miger have produced some diffustble metabolite into
the medium which have strong antibiotic and some lytic activity aganst the pathogen
P aphamdermarum The antagomst have produced the antibiotic which diffused 1nto
the substrate slowly and thus intubiting only the growth of the pathogen nearer to
the antagonist while growth of the pathogen 1 the periphery was not affected The
disintegration of hyphae of the pathogen was also noticed indicating the lytic
property of the metabolite The antibiotic producing abulity of A miger 1s a well
established fact and the properties ot mhibition and lysis of the fungus was reported
by many workers (Broadbent 1966 Bora 1977 Gokulapalan and Narr 1984 Wu
etral 1986 Vmod 1988)

464 Aspergillus fumigarus

4641 Inoculation on the same day

The pathogen was moculated on the same day with the antagonist

Imtially winle the pathogen showed same growth rate the antagomst re.orded
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reduced growth as agamnst thewr growth 1n monoculture On the fifth day both came
m contact and the antagonst and pathogen recorded growth of 21 mm and 85 mm
respectively The antagorust further grew at a reduced rate over the pathogen causing
its die back The growth of the pathogen was reduced considerably to 68 mm on
erghth day 62 mm on tenth day and then further to 49 mm on 13th day onwards
(Table 6)

4 6 42 Inoculation prior to the antagomist

Inoculation of the pathogen one day prior to antagomist showed
complete coverage of petrt dish on third day while the antagomst recorded 6 mm

growth and thereafter remained constant (Table 6)
4 643 Inoculation after the antagonzst

The pathogen was moculated three days after the antagomst due to the
slow growmg nature of the latter In mono culture mmitral growth of both the
organisms was almost same In dual culture they came m contact with each other on
the third day and thereafter the antagonist grew at a reduced rate over the pathogen
On sixth day the antagonist recorded 37 mm growth whule that of pathogen
decreased to 53 mm as agamnst 82 mm on third day  The antagomist grew over the
latter by die back and disintegratton The disintegration contmnued upto twelth day as

the pathogen and antagonist recorded 28 mm and 61 mm respectively (Table 6)

The observations revealed that inoculatton of the pathogen after the
antagenist sufficiently wnhibited the pathogen as the pathogen recorded 28 mm
growth on 12th day as agamst 51 mm when the antagonist was wmoculated on the

same day with the pathogen
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465 Aspergillus flavus

4651 Inoculation on the same day

Inoculation of the pathogen on the same day with the antagonmust imitially
showed reduced growth of the antagomst because of comparatively slow growth rate
while the pathogen showed normal growth (Table 7) The pathogen after attaining a
maximum growth of 87 mm on the third day (Plate 9) showed gradual reduction 1n
its growth rate attaiming a growth of 57 mm on 10th day as the aatagonist grew over
it (Table 7 Plate 10) Disintegration of the pathogen was noticed at the growing
pomnt @ 3 4 mm per day from fourth day onwards upto 10th day and after that 1t

remained constant.
4 652 Inoculation prior to the antagomist

The pathogen was wmoculated one day prior to the antagomust Because of
the fast growing nature of the pathogen 1t covered the petr1 dish on the second day
itself while the antagomist grew to a maximum of 13 mm on the thurd day and atter
that no further growth observed (Table 7)

4653 Inoculation after the antagonist

The pathogen showed faster growth rate when compared to the antagonist
and so 1t was moculated three days after the antagorust The antagonist grew at a
moderate rate while the pathogen showed slow growth rate and conmtact of the
organisms were established on the second day (Plate 11) On the fourth day the

antagonist overgrew the pathogen and the overgrown region of the pathogen was



lable 7 Growth of P uphamdermarum and A flavus 1n dual culture
(Mean radial growth mn mm of 3 replications)

I1me of inoculation Days after wmoculation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AP APAPAPAPAPAP AP APAPAPAPAPAPATP

Same day with 6 40 11 69 15 87 22 83 31 79 37 71 43 68 46 65 50 63 52 57 52 57 52 57 52 57

antage nist
One day prior to 669 990 13 90 13 90 13 90 13 90 -
dnlag, nist
Three days after 38 3% 46 55 53 59 59 56 66 51 71 48 77 43 79 37 79 30 79 23 79 23 79 23
antagomist
Table 8 Growth of P aphamidermatum and T virtde m dual culture
(Mean radidl growth in mm of 3 rephications)
Time of noculation Days after mnoculation
of pathogen - - - - - - - - - el R e e
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AP AP APAPAPAPAPAP APAPAPAPAPAPATP
Same day with 21 41 40 51 53 46 64 35 6927 73 1879 12 84 9 9 09 O -
dantagontst
One day prior to 14 67 23 B2 31 68 48 49 69 26 851490 09 O0 9 09 © -
antagonist
One day after 47 30 61 35 70 23 83 1590 790 09 09 0 9% 09 O -
antagonist

A Antagonist P Pathogen

3%



Plate 9 A flavus x P aphamdermatum (inoculated on the same day)
n dual culture on the third day

Plate 10 A flavus x P aphamdermatum (mnoculated on the same day)
n dual culture on the tenth day






Plate 11 A flavus x P apharudermarum (inoculated three days atter)
n dual cuiture on the second day

Platc 17 4 flovus x P aphantdermatum (inoculated three days after)
in dual cultur on the tenth day






completely disintegrated The antagonust further grew over the pathogen dimiushing
the growth ot the pathogen to 73 mm on 10th day (1able 7 Plate 1?)

The results mdicated that the moculatton of the antagonist prior to the
pathogen was more effective 1n reducing the growth rate ot the pathogen thin when
wocuiated on the same day or one day prior to the antagonist Inoculation on the

same day was also eftective but there was no total destruction ot the pathogen

466 Trichoderma viride

4661 Inoculaton on the same day

The pathogen and the antagonist were moculated on the same da 1n dual
culture Imtially while the growth of the antagonist was same 1t mono and dual
culture the pathogen showed reduced growth rate in dual culture On the second
day though the antagomst and pathogen showed reduced growth rate than n m no
cufture the antagomst grew further at a reduced rate over the pathogen ausng ts
die back (Plate 13) The growth ot the pathogen was reduced considerably to 35 mm
on fourth day 18 mm on sixth day and thereatter completely parasinsed by th

antagonist (Table 8 Plate 14)
4667 lnoculation prior to the antagonist

The pathog=n was noculated one day prior to the angonist e aally the

ant., r st showed redu ed growth rate when compar d to m no ulture B v

&
furtber over the patho, n and the growth of the pawro_en was reduced ¢t 63 mm ¢
third day as against 8 mm on second day 14 rm= on sixth day and . rer

comple ely parasitised by 7 virde (1able 8)



Plate 13 frnichoderma vinde x P aphanidermatum (inoculated on the same dav)
1n dual culture on the second day

Plate 14 | wnde x P aphamdermarum (inoculated on the same da )
mn dual culture on the unth dav






4 6 6 3 Inoculation atter the antagonist

The pathogen was moculdated one day after the antagonist Ihe pathogen
recorded a reduced growth rate of 35 mm on the second day (Pu4 5 and
gradually completely parasitised by the antagonist on the sixth dav (labe 8

Plate 16)

T'he results showed that the antagonist was ettective when moculd ed or

all the three ways

The dual culture reaction characterized by die back and disint rau a of
the fungal patho.en atter meeung the antagonist was shown by A fur w4
fAlavus and I winde  agpainst the pathogen P aphamdermamum (1able The
antagomists when contacted the pathogen parasiused 1t and slowly cau J the d
back and disintegration The biotic substances produced duning the jrowth t the e
antagonists tnhibited the pathogen and also observed mycoparasiusm re ulury 1n
disintegration  This 1s evident from the tact that the antogonist contmued s zrowth

even after meeun, the hvphae ot the pathogen causing the d  back and 4 ntegra

ton
A fumigatus caused the die back and disinte raton ot the ps 1P
apfan aermartum by © er.r wing and parasiusing 1t (lable 6) But th an
ons & rable nh binon of the patho.en n the cell tre cuiwre nltrate tud her

1t re orded 4 per cent nhubition ot the patho_en P aphar o 17 wium
Ih pres nt n estigauon ndicates that the antagomstic property t 4 r o
dgdin t Poaphamdcrmaren s mainly by parasiti actviny and t ¢ b

pr du ean stron, nh bt ry sub @nees aga n tthe path yen lher were Uu e



Plate 15 [ winde x P aphamdermarum (mnoculated one day after)
1 dual culture on the second day

Plate 16 I virde x P aphamidermarum (1nculated one day atter)
m dual culture on the sixth dav






on the antagomstic property of A fumrgarus on Pyrhium spp But Mukherjee and Sen
(1992) observed A fumigarus A terreus P curinum and P stmplicissimum when
tested tor their antagomism towards Macrophomina phaseolina 1n in vitro studies
only culture filtrate of A fiermgarus whibited fungal growth and sclerotial germuna
tion Mixed culture moculation after different periods of incubation showed that
competiton for food was the pnmary mode of action and that antibiosis played a

secondary role Thus 1s 1 conformity with the present study

A flavus has also shown the antagomstc property of die-back and
disintegration aganst the pathogen P aphamidermarum (Table 7) This indicates that
A flavus can parasitise P aphamdermatum causing disintegration and the biotic
substances produced by the antagonist were found to be toxic to the pathogen The
broassay studies using cell free culture filtrates demonstrated 62 per cent mhib
tion (Table 14) The antagomstic property of A4 flavus agawnst many pathogenic
microorgamsms has been reported by Masroor and Chandra (1987) and Deb (1990)
though not specific agawnst Pyrhium spp

The hyphal parasiism and production of mnfubitory substances by
different species of Trichoderma resulting n die back and disintegration of £ythium
spp were reported by many workers (Wemdling and Emerson 1936 Brian and Mc
Gowan 1946 Denms and Webster 1971 Chet er a/ 1981 Papavizas 1984
Mukhopadhyay and Chandra 1986 Raju 1991 nomaseral 1991 Vinod er af
1991a) The present investigation also clearly demonstrated the ability of the Tricko

derma sp to cause die back and disitegration of the pathogen

The cell tree culture thiltrate studies using T winide also showed

evidence of production of biotic substances which mhibsted the growth of the
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pathogen to some extent (Table 14) The mhibition observed on the pathogen by

Trichoderma vinde was 20 per cent

The present mvestigation has proved that Trichoderma wvinide has the
ability to show its antagorusm aganst the pathogen and that it 1s mamly due to
parasitism and to some extent due to the production of biotic substances which are

toxic to the pathogen

467 Aspergillus flavus (sclerotial)
4671 Inoculation on the same day

When the pathogen and antagomst were moculated on the same day both
came m contact on the third day On the fourth day the antagomist and the pathogen
recorded 33 mm and 88 mm growth respectively On the fifth day the antagomsst
grew over the pathogen reducing 1its growth to 85 mm The pathogen and the
antagomst recorded 40 mm and 82 mm growth respectively on the sixth day and
showed no further growth thereafter (Table 9)

4 672 Inoculation prior to the antagomst

The pathogen was moculated one day prior to the antagomst. Both the
antagomust and the pathogen contacted each other on the fourth day and no further
growth was observed (Table 9)

4 673 Inoculation after the antagonist

The pathogen was moculated two days after the antagonst m dual culture
to favour establishment of the latter Imtially the growth rate of the antagonist was

same as m mono culture and contacted pathogen on fifth day The antagomst grew



Table 9 Growth of P aphanidermatum and A flavus (sclerotial) n dual culture
{Mean radial growth 1n mm of 3 replications)

11me ot inoculation Days after moculation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

APAPAPAPATPAPAPA AP APAPAPAPAPAPATP

Same day with 11 43 22 58 29 73 33 88 37 85 40 82 40 82 40 82 40 82 40 82

antagonist
One day prior to 577 10 90 12 90 14 S0 14 90 14 90 14 90 14 90 14 90 14 90 -
antagonist
Two days after 29 32 41 49 47 62 51 73 57 88 59 86 62 86 65 84 67 82 67 82 67 82 67 82 67 82 67 82 67 82
antagonist
Table 10 Growth of P aphanidermatum and E javanicum ITCC No 4 595 m dual culture
(Mean radial growth 1n mm of 3 replications)
['me of moculaton Days after tnoculation
1 2 3 4 5 6 7 8 9 10 11 12 13 14

AP APAPAPAPAPAPAPAPAPA AP APAPAPA
Same day with 7 12 18 29 26 46 30 64 32 69 34 71 34 71 34 71 34 61 34 71 - -
dngatomst

~a

One day pnior to 459 975159021 90 24 90 24 90 24 90 24 90 24 90 - - S
dntagon st Q
One day atter 15 23 19 38 27 52 39 63 39 69 39 69 39 69 39 69 39 69 :tl(
antagonist g

A Anugomst P Pathogen

o
=
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further reducing the growth of the pathogen marginally On the mnth day the
antagonust recorded 67 mm growth while the pathogen recorded 82 mm growth as
agamnst 88 mm on fifth day No further growth of etther the antagomst or the
pathogen was observed after ninth day (Table 9)

The results revealed that these two organisms were having mutual b

tion on contact and 2 demarcation can be seen at the point of contact (Table 13)

468 Eupentcillium javanicum ITCC No 4 595

4681 Inoculation on the same day

Inoculation of the pathogen and the antagomst on the same day showed
no growth after recording a maximum of 71 mm and 34 mm respectively on sixth

day (Table 10)
4 6 8 2 Inoculation prior to the antagonust

The pathogen was moculated one day prior to the antagomst On the
third day the pathogen fully covered the petr1 dish while the antagomst recorded
only 15 mm growth The antagomst grew upto 24 mm on fifth day and on succeed
mg days rematned constant (Table 10)

From the data 1t reveals that there was no antagomsm shown by £

Jarvamicum ITCC No 4 595 agamst P aphanidermarum
4 6 8 3 Inoculation after the antagomist

The pathogen was moculated one day after the antagomst lmually the

antagonst recorded equal growth rate 1 mono and dual culture On the tourth day



the antagomnist contacted the pathogen and showed no further growth on succeeding
days while the pathogen grew to 69 mm on fifth day and thereafter remawmed

constant (Table 10)

The results indicated mutual mhibition on contact when the pathogen was
moculated on the same day with the antagomist and also one day latter (Table 13)
Inoculation of the pathogen prior to the antagomst showed no mutual mhibition as 1t

covered the petn dish on the third day before the antagonist could establish

469 Eupericillium javanicum ITCC No 4 596
4691 Inoculatton on the same day

The pathogen was moculated on the same day with the antagonist While
the antagonist grew at normal rate m dual culture on the thurd day the pathogen
grew only 62 mm as agamnst 90 mm 1 the mono culture In dual culture the
antagomist grew 28 mm and 36 mm on the fifth and sixth day respectively whereas
the pathogen grew only 69 mm On subsequent days the growth of both the

orgamsms remained constant m the dual culture (Table 11)
4 692 Inoculation prior to the antagonist

Inoculation of the pathogen prior to the antagomst by one day showed
the pathogen completely covering the petridish on the third day while the antagontst
showed 12 mm growth The antagomst grew turther and reached 27 mm on the
seventh day and thereafter remained constant (Table 11)

46 93 Inoculation after the antagonst

The pathogen was 1moculated one day after the antagonist Both came m



lable 11 Growth of P aphandermawum and E javanicum 11CC No 4 506 1n dudl culture
(Mean radial growth 1n mm ot 3 replications)

I ne ot culation D ys after moculation
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AP AP ADPAPAPAPAL AL APAL AL AP APAL AP
Same day with 537 12 48 19 62 24 69 28 69 36 69 38 69 38 69 38 69 38 69
antagonist
One day prior to 469 881 1290 17 90 20 90 23 90 27 90 27 90 27 90 27 90
dntagonist
One day after 21 38 29 58 34 66 37 77 39 77 44 77 44 77 44 77 44 77 44 77 - -

antagonist

Iable 12 Growth uf P aphamdermarum and Streptomyces sp 1 dual culture
(Mean radial growth in mm of 3 replications)

Lime of 1noculation Days after inoculation

1 - N « 0 1 12 13 14 15

1 2 3 4 5 6 7 8 9
A—-PA_PAP_APAPAPAPAPAPAPAPAPAPAPAP
Same day with 254 281 490 495 49 490 481 - - -
antagonist
One day prior to 279 290 290 290 29 290
antagonist
Seven days after 18 37 20 54 23 62 23 69 23 74 23 74 23 74 23 74 23 74 23 74 23 74
antagonist

A Antagomst P Pathogen

78
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contact on the third day The antagomst and the pathogen grew further to 37 mm
and 77 mm respectively on fourth day While the pathogen showed no further
growth the antagomist grew to 44 mm on sixth day and thereafter remained constant
(Table 11)

The data clearly revealed that £ javamicum ITCC No 4 596 and P

aphamdermatum were having mutual mhibition on contact (Table 13)

4610 Strepromyces sp

46101 Inoculation on the same day

The pathogen and the antagonsst were mnoculated on the same day m duat
culture Due to the slow growing pature of the latter 1t showed a maximum growth
of 4 mm on third day when the pathogen completed its growth m petr1 dish ard no
further growth on succeeding days were observed (Table 12)

46102 Inoculation prior to the antagomist

Inoculation of the pathogen one day prior to the antagomist favoured the
growth of the pathogen while the antagonist grown to a maximum of 2 mm even

after six days (Table 12)
4 6103 Inoculation after the antagonist

The pathogen was iroculated seven days atter the antagomist m dual
culture The growth of both the orgamisms m dual culture upto two days was found
tobe normal On the fourth day both came in contact and recorded 23 mm and
69 mm growth respectively The antagonist ceased its growth on fourth day while

the pathogen grew further to 74 mm and remained constant thereafter (Table 12)
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Table 13 Reactions of the antagonssts with the pathogen i dual culture

Sl No Name of antagonist Reaction with the pathogen

1 Rhrzopus sp
Intermingling and overgrowth

2 A carneus

3 A mger Inhibition at a distance and disintegra
tion of pathogen

4 A firmigatus

5 A flavus Dieback and disintegration of pathogen

6 T winde

7 A flavus (sclerotial)

8 E javamcum (ITCC No 4 595)

9 E javamicum (ITCC No 4 596) Mutual mbubition on contact

10 Streptomyces sp
(flexuous sporophores)
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Table 14 Effect of cell free culture filtrates of antagomsts on the growth of pathogen

(Poisoned food technique)
N_ame ;;ntagomst Pythium aphanziznnatum
Radxal growth ;_m: ;easured o _Per cent o
two days after moculation ntibition
1 A mger N_l_l_ S 130_ o
2 A fumgatus 52 42
3 A flavus 34 62
4 T vinde 70 20
5 Control 90 -

Table 15 In vitro sensitivity of P aphamderma:um to selected funglades

SI Fungicide 4 aphamdermatum

o Na;e— ___C_(—)nc;ntratx;_ "alo;; diameter Inhlbmon
(Per cent) (mm) over control

1 IndofiiM4s 03 12 8666

2 Emusan 01 12 86 66

3 Fytolan 02 0 160 00

4 Bordeaux 10 0 100 00

mrxture
5 Control 90

* Mean of three replications



The growth character of these two orgamsms clearly showed that the
Streptomyces sp and P aphanidermarum expressed the character of mutual infubi

tion on contact when the pathogen was mnoculated after the antagonsst (Table 13)

In the dual culture reaction of mutual wnhubitton on contact shown by
three spectes of fung1 viz A flavus (sclerotial) £ javanicum ITCC No 4 595 and
E javamcum ITCC No 4 596 and one species of actinomycete both the pathogen
and the antagomists showed normal growth rate in dual culture but when they came
m contact further growth of both was arrested The character of mutual mtubition
on contact by the pathogen and the antagonist 1 of course an antagonistic property
But 1t may not have much value mn the brological control of the pathogen because
till the contact of the antagonist and the pathogen they will have free growth and
even on contact there was no disturbance of the pathogen except checking the further

growth and that also at the expense of the antagomist bemng mhibited

The antagonistic effect of Streptomyces spp on Pythtum was reported by
several workers (Domsch ez al 1980 Yehia er I 1981 Tahvonen 1982 1988
and Rath and Wolf 1992) Contradictory to the above reports m the present study
the actinomycete did not show any antagomstic property towards Pytfuum There
were no reports on the antagomstic properties of Eupenicilitum spp
47 In vitro evaluation of fungicides against the pathogen and the

antagomsts

Plant disease control auns at prevention or reduction in the imcidence or
severity of the disease Among the various methods of plant disease control though

use of chemucals offers comparatively more effectiveness and quick action m



prevention or reduction of disease encouragement of its use with antagonists favours
reduced environmental hazards and cost effectiveness As rluzome rot of ginger 1s
very serious during ramy seasons use of chemicals along with antagomists offer
better control of the disease So 1n the present study i vitro effect of fungicides
agamst P aphamdermarum and antagonists were evaluated with a view to assess the

compatible nature of chemicals with brocontrol agents for the control of rhizome rot

of ginger

Four fungicides viz Bordeaux mixture fytolan emisan and Indofil
M-45 each at 10 02 01 and 03 per cent concentration respectively were
screened for therr mhibitory effect on the growth of the pathogen and the
antagomsts The bio assay studies carmed out against the pathogen showed that
Bordeaux muxture and fytolan completely inhibited the growth of the pathogen
(Table 15) Thus finding on the effect of Bordeaux mixture agamst the pathogen 1s m
full agreement with that of Singh (1985) who suggested soil application of Bordeaux
mixture (5 5 50) at three weeks interval soon after germination agamst rhizome rot
of ginger Chauhan ef al (1994) found Bordeaux muxture at 3000 ppm most
effecttve m reducmg the per cent wrcidence of rhizome rot of ginger m pot under
green house conditions even after 90 days of moculatton It was noted that
Indofil M 45 and emusan exlubited comparatively low efficacy 1o mlubiting the
fungus They showed only 86 66 per cent mhibition over control (Table 15) Qut of
the five fungicides tested i vitro aganst P myriorylum  Sharma and Ie.ht (1979)
got effective control of the fungus growth using Indofil M 45 bavistin ceresan and
kitazin while benlate was not effective Sharma and Gupta (1988) reported complete
mhibion of the growth of P winmum causmg collar rot of apple 1 Himachal

Pradesh by emusan (methoxy ethyl mercuric chloride) and Indofil M 45 (mancozeb)
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when tested i vizro  In the present mvestigation also Indofil M-45 and emisan were
found to be effective agaimnst Pythium though they were second to fytolan and Bor

deaux mixture

Among the four fungicides tested agamnst the antagomsts for thewr sen
sittvity Bordeaux muxture was found to be completely mhibiting the growth of all
the antagonists while fytolan completely mnhibited the growth of only A flavus and
A furmigarus The per cent mhubition of T wiride and A riger by fytolan was 56 66
and 111 respectively Though emusan completely wmnhubited the growth of A
Jumigatus 1t could mhibit only 85 55 per cent of T wirzde 23 33 per cent of 4
Sflavus and 14 44 per cent of A mger Considenng the per cent miubition Indofil
M 45 was having comparatively low rate of inhibitton of antagonst It recorded only
4 44 in the case of T wvinde 777 m A mger 36 66 for A flavus and 62 22 for A
Junugarus (Table 16) The results showed that in general Indofil M 45 1s compatible
with T wiride A mger A flavus and A jfumgarus for chemical control of rhizome

rot of ginger along with biocontrol agents

The effect of fungicides like fytolan emusan and Indofil M 45 on 4
Sflavus and A mger were studied both in virro and in wivo and were reported by
se eral workers (Prasad ef al 1986 Zahar er al 1986 Bansal and Sobtt 1988
Sundas and Raj 1989) Zahar er al (1986) reported less toxic effect of Cuprosan
3311 SD (copper oxychlonde + maneb + zneb) on A riger and A flavus
However 1n the present study though fytolan recorded less efficacy in mhibiting the
growth of 4 mger 1t completely mhibited the growth of A flavus Sundas and Raj
(1989) noted that an 1solate of the groundnut collar rot pathogen A niger tolerated
blitox 50 (copper oxychloride) and Indofil M-45 (mancozeb) at 6000 ppm and



lable 16 In vuro sensim ity of antagomsts to selected fungicides

S1 Fungicide Antagonusts
No _ — — —oeem
Name Concentraton A flavus A fumigatus 1 vinde
(Per cent) —————— — - -

*Colony Percent *Colony Percent *Colomy Per cent
diameter mhibitton  diamster mhibison diameter inhibiuon

(mm) over (mm) over (mm) over
control control control
1  Bordeaux 10 0 100 00 0 10000 0 100 00
mixture
2 Fytolan 02 0 100 00 0 10000 39 56 66
3 Enusan 01 69 23 33 0 10000 13 85 55
4 Indofil M45 03 57 36 66 34 62 22 86 4 44
5 Control 20 %0 90

* Mean of three replications

A neger

*Colony  Per cent

diameter 1inhibition

(mm) over
control
0 100 00
&9 111
77 14 44
83 777
90

19



emusan 6 (2 methoxy ethyl mercury chlonide) at 450 ppm when grown on PDA
contamng mcreasing concentration of fungicides Simular results were obtatned 1

the present study also
48 Pot culture experiment for testing the efficacy of the antagonists

Pot culture studies were conducted to find out the efficacy of the
antagonusts selected from dual culture studies 1n reducing the rhizome rot incidence
of ginger The details of the treatments are given m materials and methods
Observations on the rhizome rot mcidence were recorded from 120 days after

planting and the results are presented m Tables 17a and 17b

The statistical analysis of the data on the rhizome rot mcidence showed

marked difterence among the treatments at 120 150 and 180 days atter planung

The rhizome rot incidence observed 120 DAP revealed significant
difference among the treatments It was observed that the treatment T; was
signitrcantly superior to other treatments and was tollowed by T3 Ty3 and T|g The
treatment T; recorded the maximum efficiency over control m reducing the
mcidence Treatments T4 Tq and T were on par with each other Treatments T
Ty7 Typ Tye and T4 also showed no sigmficant ditference among them Treat
ment Ty recorded the maximum disease meidence which was closely followed by

TS Ty and T6

Observations at 150 DAP showed T, (control) recording maximum
rhuzome rot mcidence and was on par with trestments Tg T, Tg Ty, T)5 and
Tg Treatments Ty and Ty, did not vary significantly among thems-lves T)

recorded mummum disease mcidence followed by T3 T3 and Tyg as n previous
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Table 17a Effect of antagomsts and selected fungicides on the rhizome rot of ginger

Treatments

B

To

DAP Days after planting

m pot culture expertment

Percentage of rhizome rot incidence at monthly intervals from 120 DAP

(Mean of 5 replications)

120 DAP

1332 (1_ 354_)_f_ -
54 52 (7 447) ab

8 57 (2 470) ef
23 93 (4 108) bedef
18 47 (4 395) bedef
57 83 (7 644) ab
22 56 (4 486) bedef
5140 (7 214) ab
42 24 (6 495) abcd
34 86 (5 036) abcde
38 36 (5 235) abcde
50 47 (7 162) abc
11 76 (3 543) def
38 15 (5 768) abcde
47 45 (6 957) abed
36 65 (5 671) abede
28 38 (5 216) abede
12 43 (3 614) cdef
20 63 (4 626) abcdet
66 04 (8 178) a

150 DAP

~3 15 (Ttl_89) 1
90 95 (9 569)a

8 57 (2 470) ht
49 08 (6 473) bedef
28 21 (5 383) efg
84229227 a
40 14 (6 150) cdefg
93 14 (9 692) a
79 88 (8 992) a
67 87 (8 013) abcd
77 00 (8 754) ab
8337 (9 162) a
16 16 (4 069) gh
74 21 (8 672) ab
80 02 (8 996) a
69 43 (8 349) abc
56 76 (7 589) abcde
24 12 (4 848) fg

33 19 (5 827) defg
93 71 (9 728) a

Figures given 1n parenthesis are transformed values (/x+1)
Treatment means followed by common letters do not sigmificantty differ at 1% level

180 DAP
116583350 ¢
100 00 (10 050) a
41 43 (5 363) be
76 00 (8 030) ab
59 83 (7 739) ab
100 00 (10 050) a
68 16 (8 195) ab
100 00 (10 050) a
9750 9 921) a
9529 (9 800) a
96 92 (9 891) a
100 00 (10 050) a

47 50 (5 661) be
96 92 (9 890) a
100 00 (10 050) a
96 36 (9 860) a
85 64 (9 276) a
5199 (7 045) ap/
6229 (7 941f ab
100 00 (10 050) a
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Table 17b Effect of antagomsts and selected fungicides on the rhuzome rot of ginger
pot culture experiment

Per cent efficiency over control

Treatments —_— - — - - -
120 DAP 150 DAP 180 DAP

Ty 97 98 96 63 83 34
Ty 17 44 294 0

T3 87 01 90 85 58 57
Ty 63 76 47 62 24 00
Ts 72 03 69 89 40 00
Tg 12 43 10 12 0

T 65 83 57 16 3184
Tg 2216 060 0

Tg 36 03 1475 250
T10 47 21 27 57 471
Ty 4191 17 83 308
Tio 23 57 1103 0

T3 8219 8275 52 50
T4 4223 20 80 308
Tis 28 14 14 60 0

T16 44 50 2590 364
T17 57 02 39 43 14 36
Tig 8117 74 26 48 01
T1g 68 76 64 58 3771
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observation Treatments Tg Ty9 Ty and T4 recorded less than 50 per cent disease

mcidence

The final observation at 180 DAP revealed that the treatment T
(control) recorded 100 per cent disease mcidence and was on par with the treatments
Ty Tg Tg Typ T15 Tg Ty T4 T1g Tygand Ty; Treatments T; T3 and
T3 showed less than 50 per cent disease mcidence Among them Ty recorded the
least (11 63 per cent) and treatments T3 and T3 were on par with each other Also

treatments T; T4 T;9 Tsgand T;g showed no signitrcant difterence among them

From the data 1t 1s evident that among the twenty treatments Ty
(A mger seed moculation) recorded the maximum etfictency over control
reducing the rhizome rot mcidence and was followed by Tgand Ty The

mmmum efficiency over control was recorded 1w treatments Ty Tg Tg T and

Tys

The results of pot culture study on the biocontrol of rhizome rot of
gmger with antagonistic microorgamsms mdicated that in general the treatments T 1
(A mger seed woculanon) Ty (A flavus seed tnoculation) and T3 (4 mger
soil application after 60 and 120 DAP) had maximum efficiency m checking the
mcidence and severity of riuzome rot meidence than the other treatments Though
T5 (A4 mger soil application at pianting) and T{g (copper oxychloride 03% soil
dren hing) tmtially recorded mummum disease mcidence more than S0 per cent
disease mncidence was observed 180 DAP The rhizome rot incidence remained static
throughout the study period m the treatments T; T3 and T)3 wdicatng the ability

of the antagomsts to prevent the further spread and development of the pathogen
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The antagomstic properties of various spectes of Aspergillus were
reported by several workers and were mamly attributed to the production of
antimetabolites (Raistack and Smuth 1935 Marcus 1947 Zaehoer er a/ 1963
Broadbent 1966) In vitro studies conducted by Vinod (1988) revealed that A mger
showed the dual culture reactton of mnhibition at a distance and disintegration of P
niyriotylum mdscating the production ot antibiotics by the antagomists which inhibited
the pathogen completely Though there were no other reports of studies on the
antagomustic property of A niger aganst Pythtum sp its antagomstic property
towards Riuzoctoma solant and Phytophthora palmivora was well established and
was reported by Bora (1977) Gokulapalan and Nair (1984) and Vnod (1988)

A perusal of the literature revealed that there were no exhaustive study
on the antagomstic properties of A flavus agamst Pythuum spp However the
antagonistic etfect ot 4 flavus agamst other pathogens was reported by Melgarejo
etal 1986 Wokochaeral 1986 and Dwivedi eral 1993

481 Eftect of treatments on yield m pot culture experiment

The maximum yseld per plant (124 g) was recorded 1n the treatment Tig
(copper oxychlonde 03%  sol drenching) and was closely followed by Tpg
(mancozeb 0 3% soil drenching) (112 g) T (4 miger seed mocuiation) Ty
(4 flavus seed moculation) and T3 (A4 mger soil application atter 60 and 120
DAP recorded 87 g 65 g and 55 g respectively Treatments T5 (A mger soil
application at planting and T (4 flavus soil apphication at planting) were nferior
to T) T3 and T3 and recorded 40 g and 24 g respectively Because of complete

wilung yield could not be recorded in other treatments



Sarma et al (1979) obtaned highest yield in ginger when blitane (Zmc
+ copper oxychloride) dithane Z 78 and difolatan were used as soil drench or
drench plus seed treatment Sharma and Dohroo (1982) observed that seed dip m 0 2
per cent solutton of erther Indofil M-45 or dacoml was eftective 1n controlling the
rhizome rot as well as increasing yield m the field Doshi and Mathur (1987) noticed
mmmum mcidence of pre and post drenching rottng and increased yield of

rhizomes m treatments with aliette Bordeaux muxture mancozeb and captatol

The results of pot culture studies also revealed that the fungicidal treat
ments Tyg (copper oxychloride 0 3%  soil drenching) and T;g (mancozeb 0 3%
soil drenching) recorded highest yield than the other treatments

From the present study on the biocontrol of rhizome rot of ginger with
antagomstic mucroorgamsms the followmng facts emerged Ty (4 nmiger seed
moculation) Ty (A flavus  seed inoculation) and Tq3 (4 niger soil application
after 60 and 120 DAP) though performed well m reducmg the disease mcidence
recorded comparatively lesser yield than Tig (copper oxychlonde 03%  soil
drenchung) and Ty g (mancozeb 0 3% sod drenching) Among the treatments Ty
T3 and Ty3 maxumum efticiency over control (88 34%) was recorded 1n T3

tollowed by T; (58 57%) and T3 (52 50%)

In viro studies to find out the mhibition percentage of the antagomists
A mgerand A flavus by tytolan (copper oxychlonde) showed 1 11 per cent mhib1
tion of A mger and complete mhibition of A flavus Indotil M 45 (mancozeb)
exlubited 7 77 and 36 66 per cent mhtbition of A niger and A flavus respectively

Hence seed moculatton ot A mger i combinatton with esther copper oxychlonde
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0 3% (or) mancozeb 0 3% was found to be most eftective m checking the mcidence
and severity of rhizome rot of gnger and mcreasing the yield of rhizomes Seed
woculation of A flavus i combination with mancozeb 0 3% and sodl application of
A mger after 60 and 120 DAP with esther copper oxychlonde 0 3% or mancozeb

0 3% were also found to be promising treatments



Summaty




Rhizome rot 1s one of the most destructive diseases of ginger mflicting heavy
crop losses especially during ramny seasons Considenng the seriousness of the
disease the present study was undertaken to 1solate the native antagomsts and
screen them against the pathogen so as to select surtable biocontrol agents to be

used for etfective management of the disease

The rluzome rot pathogen was 1solated from infected rhuzomes and 1ts patho
genecity established Cultural and morphbological characters ot the pathogen
were studied Based on the cultural and morphological characters the causal
orgamsm of rhizome rot of ginger was tdentihed as Pyrfuum aphamdermarum
(Edson) Fitz

So1l mucroorganisms were 1solated from the rhizosphere of heaithy ginger plants
among the rhizome rot aftected plants m the diseased field

Quantitative estimation of the rhizosphere soil of healthy ginger plants revealed
maximum bacterial population (5 030 x 106) followed by actinomycetes (3 172
x 10%) and tungr (10 35 x 10%)

Qualitative study of microflora ot rhzosphere soil of healthy ginger plants
revealed mne spectes of tungi belonging to four genera one acttnomycete and
four species ot bacteria  The promunent genmera ot tungt were Rhzopus
Aspergillus  Tnichoderma and Eupenicilhum The acttmomycete was observed

belonging to Streptomyces sp and the four bacterial species obtammed were
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distinguished from each other based on thesr colony characters shape and gram
reaction and were designated as By B, B3 and By

The antagomstic properties of all the 1solates were studied against the pathogen
P aphandermatum by dual culture method

The reactions of the antagomsts with the test pathogen studied 1n dual culture and

observed as follows

(a) Intermungling and overgrowth

(b) Inhubition at a distance and disintegration of pathogen
(c) Die back and disintegration ot pathogen

(d) Mutual inhibition on contact.

Of the above reactions intermmglmg and overgrowth did not show any
antagomistic or anttbrotic property and the reaction of mutval mnhibition on
contact showed only shght antagomstic property The dual culture reactions ot
mhubition at a distance and dismtegration ot pathogen and die back and

disintegration of pathogen were considered to be strongly antagomstic

Riuzopus sp and Aspergillus carneus showed the dual culture reaction of imter

mmghng and overgrowth with the pathogen

A niger has shown the reaction of mhibition at a distance and disintegration ot

pathogen 1 dual culture

10 A fumigatus A flavus and T wvinde have shown the dual culture reaction of die

back and disintegration ot pathogen
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al) Eupemcillium javamcum ITCC No 4 595 E javamcum

11 A flavus (sclerotr
YTCC No 4 596 and Strepromyces sp have the reaction of mutual mhibiion on

contact with the pathogen m dual culture

12 The microorgamsms which showed conspicuous antagonistic characters 1o dual

culture agamst the pathogen were selected and further studied for production of

antibiotic substances by means of assay of cell tree culture filtrates by employ

mg potsoned food technque

13 A mger produced very powerful toxic metabolite and mhibited 100 per cent
growth of the pathogen A firmgamus A flavus and T winde wmhibited the
growth of P aphamdermarum by 42 20 and 62 per cent respectively

14 In vuro evaluation of the fungicides Indofil M45, cimisan, fytolan and Bordeaux
muxture agamnst the pathogen exhubited complete mhibitton of the growth of the
fungus by fytolan and Bordeaux muixture Indotil M-45 and emsan extubsted
comparatively low efficacy i inhibiting the fungus

15 Among the the an
g our fungicides tested agamst the tagomsts for therr g tiv
easttvity
Bordeaux mixture completely ohibited the growth of all the antapongts wmle,
Indoﬁl M
45 extubited less efficacy of inhibiton agamst the ’
y antagonsts

tion 4 -
Savus  seeqd tnoculation and 4 mger

bap had soil apphc,
minmum rhizome ro¢ merdence than Pplication after gp) and 129

A4 n oOthe,
ger  seed moculagion fecordsd the fegs; T treatments Among they,
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Studies on the ettect of treatments on yield 1 pot culture experiment showed that
the treatments copper oxychloride 0 3%  soil drenching and mancozeb 0 3%

soil drenching gave maximum yzeld per plant than other treatments

The present study revealed that seed moculation of 4 nrger m combmation with
etther copper oxychloride 0 3% or mancozeb 0 3% was found to be most
eftective 1 checking the incidence and seventy of rhizome rot ot ginger and
increasing the yield of rhizomes Seed moculation of 4 flavus m combination
with mancozeb 0 3% and soil application ot A mger after 60 and 120 DAP
with erther copper oxychlioride or mancozeb 0 3% were also found to be

promusing treatments
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ABSTRACT

Rhizome rot 1s one of the most destructive diseases of ginger in
Kerala The pathogen was 1solated from imfected rhizomes and its pathogenecity
established The pathogen was characterized and identified as Pythium aphanider

mamum (Edson) Fitz based on 1ts cultural and morphological characters

Soil microorgamsms were 1solated from the rhizosphere ot heaithy
ginger plants among the rhizome rot affected plants m the diseased field and were
quantitatively and qualitatively estumated The population of bactenia was maximum
followed by acttnomycetes and fungi A diversified group ot so1l microflora consist
mg of nme species of tung: belonging to four genera viz Rhuzopus Aspergillus
Tnichoderma and Eupemicillium one actmomycete of Strepromyces sp and four
species of bacteria which were distinguished from each other based on therr colony

characters as By B, Bjand By

Antagomstic properties of the microorgamisms 1solated were studied

against the pathogen P aphantdermatum 1 dual culture

Rfuzopus sp and Aspergtllus carneus showed the dual cu ture reaction
of intermingling and overgrowth with the pathogen which 1s not constdered as an
antagonustic reaction A niger exlubited the reaction ot inhibition af . distance and
disintegration of pathogen wiile die back and disintegration ot the pathogen was
shown by A firmgarus A flavus and Trichoderma vinde Both these characters are
considered strong antagomsm A flavus (sclerotal) Eupenicillium javanicum 1TCC

No 4 595 and E javanicum ITCC No 4 596 have the reaction of mutual mhibition



on contact with the pathogen 1 dual culture which 1s not considered as promus

1ng antagonistic property

Inlibitory properties of antagomsts usmg cell free culture filtrates were
estimated and tound that 4 mger mhibited 100 per cent growth ot the pathogen
While A fumigarus T vinde and A flavus mhubited the growth ot P aphanider
marum by 42 20 and 60 per cent respectively

Among the different fungicides screened m i wvuro fywlan and
Bordeaux muxture completely mhibited the growth of the pathogen Indotl M-45
and emmsan exhibited comparatively less mhibitory eftect While Bordeaux mixture
showed complete mhibition of the growth ot all the antagomsts Indotll M-45

exhibited less efficacy of inhibition agamst the antagonists

Result of the pot culture studies indicated that treatments A niger
seed moculation 4 flavus seed mnoculation and A mger soil application after 60
and 120 DAP had mmmmum rhizome rot mcidence The studies on the effect of
treatments on yteld 1 pot culture experiment showed that copper oxychlonde 0 3%
as soil drenching and mancozeb 0 3% as soil drenching recorded maximum yield per
plant

Thus the present study revealed that seed moculation of 4 mger m
combnation with erthex coppetoxychloride 0 3% or mancozeb 0 3% was tound to be
most effective 1 checking the mcidence and seventy ot rmzome rot of gmger and
mncreasing the yield of rmzomes Seed moculation ot A flavus i combination with
mancozeb 0 3% and soil application of A miger after 60 and 120 DAP with either
copper oxychlonde 0 3% or mancozeb 0 3% were also found to be promusing treat

ments



