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INTRODUCTION

Ginger {Zingiber officinale Rose ) belonging to the family Zmgiberaceae 

is an important spice crop of the world grown and sold as fresh or dried rhizome m 

India and is believed to be originated m India/Chma (Purseglove 1972) It is used m 

medicine edible and soft drink products

In Kerala it is 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 

produchon Ginger contributes about 15 5 crores of the export earnings from spices 

to our country

Ginger is subject to a number of diseases leading to varying degrees of 

crop damage and yield reduction Well known among them are the rhizome rot 

disease {Pythmm spp ) bacterial wilt (Pseudomonas solanacearum) yellow disease 

{Fusanum spp ) and leaf spot disease {Phyllosncta zingiberi) Among the diseases 

the rhizome rot caused by the fungus Pythmm spp is the most serious threat to 

ginger cultivation due to its widespread occurrence and devastating nature Apart 

from the crop damage m the field the rhizomes stored for seed purpose are also 

affected by these pathogens Several species of Pythmm are reported to cause 

rhizome rot of ginger resulting m the death of the plant m the field and shrinkage 

and rot of s'ored rhizomes Among them Pythium aphamdermamm (Fdson) Fitz 

(Mitra and Subramaman 1928) and P mynotylum Drechsler (Uppal 1940 Park 

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

Mainly two sources of infection are identified viz infected seed 

materials and overwintering oospores or hybematmg mycelium in the soil The



disease incidence is greater when infected seed materials are used for planting 

resulting m pre emergence rotting So also seventy of the disease is more when 

there is heavy rainfall resulting in post emergence rotting

Management of the disease under field conditions using chemicals is very 

difficult because of cost of chemicals cost of labour and more over is posing 

problems of environmental hazards Application of chemicals in the soil adversely 

affect non target organisms including beneficial organisms and thereby causing 

derangement of the ecological balance For these reasons importance of biological 

control and them use as candidates for mclusion m the arsenal of weapons for disease 

management has increased during recent years Now biological control is regarded 

as one of the basic components of the integrated disease management system in 

modem agriculture

In recent years considerable success has been achieved by various 

workers m the control of Pythmm by introducing antagonistic fungi like various 

species of Tnchoderma Chaetomium Penicilhum Gliocladium Pythmm and also 

species of bacteria like Pseudomonas Corynebactenum Bacillus and Enterobacter 

If the native antagonists are found effective m checking the population of the 

pathogen Pythium they can best be utilised as biocontrol 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 Considering these facts the 

present study was undertaken with the following objectives m view

(I) Isolation of the pathogen from the infected rhizomes of the host plant and 

testing its pathogenecity

(II) Identification and characterization of the pathogen
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(in) Isolation of the soil microorganisms from the rhizosphere of healthy ginger

plants among the rhizome rot affected plants in the diseased field

(i v ) Identification and characterization of the isolated microorganisms

(v) Evaluation of the isolated microorganisms for their antagonistic properties 

against the pathogen under laboratory and pot culture conditions

(vi) Evaluation of the microorganisms showing antagonism for them antibiotic 

producing ability

(vi) Assessment of compatibility of the selected biocontrol agents with the

commonly used fungicides for the management of rhizome rot
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REVIEW OF LITERATURE

The most serious disease of ginger is the rhizome rot caused by Pythium

species Rhizome rot o f ginger is of common occurrence m all ginger growing tracts

m India Butler (1907) first recorded this serious disease of ginger m Gujarat caused

by a species of Pythium which was later identified as Pythmm gractle Schenk Sarma 
■x

et al (1979) reported the prevalence of P aphamdermamm as the major pathogen 

causing rhizome rot of ginger m Kerala Kannan and Nair (1965) reported losses 

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

Pythium spp have been found to survive m soil for periods of 2 12 years 

(Hoppe 1966) but the survival structures in different species have not been 

adequately demonstrated The disease is earned over and propagated through 

diseased rhizomes and resting structures of the causal organism McRae (1911) 

considered the use of diseased rhizomes to be the principal factor in the dissemma 

tion He has also stated that the fungi responsible for rhizome rot are common soil 

dwellers and they have saprophytic ability to live m soil for a long time even m the 

absence of host Oospores and Chlamydospores reach the soil from infected 

rhizomes left to rot m the field or from the scales or the lower sheaths mav also 

serve as important sources of infection High soil moisture is highly conducive to the 

disease development The disease becomes seveie under poor drainage (Sarma et al 

1979)

2 1 Screening for host resistance

Among the available vaneties Maran Suas showed the field resistance 

against P aphamdermamm when tested by Indrasenan and Paily (1973) Nadia and
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Narasap attain are also found as moderately resistant in Kerala (Balagopal et al 

1974) Nybe and Nair (1979) reported rhizome rot mcidence from 16-25 5 per cent 

m varieties Himachal Pradesh Taiwan Tafingiva Rio de Janiero and 3 2 7 5 per 

cent m varieties Maran Vengara Wynad local Wynad Man an tody and Kuruppam 

pady

2 2 Quantitative estimation o f soil 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 et al (1952) reported 

several hundred thousands to hundred millions of bacteria per gram of dry soil 

Waksman (1952) observed that the fungi were lesser m number than the actinomy 

cetes and the population of fungi in soil ranged from few to as many as ten lakhs 

per gram

When the soil depth mcreased the microbial population was found to 

decrease A gradual reduction m microflora m deeper layers of soil was observed 

by different workers (Anstovskaya 1951 1957 Waksman 1952 Rose 1954

Milosevic 1958 Tsao et al 1959 Corke and Chase 1964 Venkatesan 1964

Vrnod 1988)

The soil microbial population was found to decrease as the organic carbon 

availability of the soil decreased (Waksman and Curtis 1916 1918 Stare 1942

Laudelout et al 1949 Antovskaya 1951 1957 Rose 1954 Blue et al 1955

Zhukova 1956 Jagnow 1958 Tsao et al 1959 Popova 1963 Vinod et al 

1988)
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2 3 Disease control with chemicals

Park (1935) observed that immersing seed ginger in 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 dippmg of rhizomes in 

0 25 per cent ceresan for 30 minutes to be effective in controlling rhizome rot in the 

field Bhagwat (1960) reported that rhizome rot of ginger caused by P mynotylum 

could be satisfactorily controlled by dippmg the rhizomes m 2 2 50 Bordeaux 

mixture and by application of the fungicide to the soil eight days before sowmg 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 mixture (4 4 50) 0 35 per cent perenox and 0 15 per cent dithane 

Z 78 suppressed the disease quite effectively

Kothan (1966) observed that treatment with mercuric chloride gave the 

highest germination of ginger No germination took place in the plots even after two 

months which were drenched with Bordeaux mixture Plots treated with thiram 0 2 

per cent (soil drench) showed poor development of gmger High percentage of 

germination was obtained by drenching with dithane Z 78 and difolatan and highest 

yield with blitane (zinc +  copper oxychlonde) dithane Z 78 and difolatan when 

used as soil drench or drench plus seed treatments (Sarma et al 1979) Sharma and 

Dohroo (1982) observed that seed dip in 0 2 per cent solution of either dithane M 45 

or dacoml was effective m controlling the rhizome rot as well as increasing yield in 

the field
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2 4 Disease control with biological agents

In a period when study of antibiotics amounts to a fad and the growing 

concern of both environmentalists and public health authorities on the increasing use 

of potentially hazardous fungicides m agriculture become the prime consideration 

the possibility of controlling plant pathogenic fungi by antagonistic 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 inhibited by their own metabolic products 

Sanford (1926) studying the potato scab caused by the actmomycete Streptomyces 

scabies brought the rather sudden realization that other sod microorganisms must 

exert a natural biological control even on root disease pathogens Garrett (1956) 

defined biological control of plant disease as any condition or practice whereby 

survival (or) activity of a pathogen is reduced through the agency of any other living 

organism (except man himself) with the result that there is a reduction m the 

incidence of the disease caused by the pathogen

Antibiosis is a phenomenon employed m biological control and it means a 

relation between organisms m which one organism the antagonist creates adverse 

circumstances for the other for its growth According to Park (1961) categories of 

antagonism are anabiosis competition or exploitation

Baker and Cook (1974) stated "antagonistic potential resides in every soil 

microorganism and any random soil sample should yield antagonists to some 

microorganisms Metabolites are secreted and one of these would certainly prove 

inhibitory to some other microorganisms” Biological control by introduction of
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antagonist into non treated soil is difficult to achieve because it attempts to establish 

an alien antagonist m a biologically buffered community (Baker and Cook 

1974) Although this is difficult it can be done when the right organisms are 

obtained by screening the microorganisms isolated from soil for their antagonistic 

properties and properly used

2 4 1 Antagonistic microorganisms

A considerable amount of work has been earned out on the possibility of 

biological control of Pythium species using different antagonistic microorganisms 

which include fungi actinomycetes and bactena

2 4 11 Antagonistic fungi

Wemdhng (1932 1934 1937) and Wemdling and Emersen (1936) showed 

that Tnchoderma lignorum (— T vinde) and Ghocladmm fimbnatum common 

inhabitants of wet soils produce a substance ghotoxin which inhibits the growth of 

Pythium Thomas (1940) suggested the use of biological control for Pythium spp by 

application of T lignorum Reduction of tobacco damping-off (Pythium aphamder 

matum) by Tnchoderma hamanum was reported by Fajola and Alasoadura (1975) 

Among the fungi isolated from soil and inhibiting the development of lithium  spp 

Pemalhum cyclopium and T lignorum were the most active antagonists (Shekunova 

and Volkova 1977) Dunutras and Fratilescusesan (1979) observed T vinde as 

strongly antagonistic to Pythium debaryanum from sugarbeet pea and cotton 

seedlings In in vivo tests T vinde protected the seedlings as effectively as 

fungicidal principles
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In lab studies treatment of radish and pea seeds with comdia of Tncho

derma hamanim in a methocel slurry protected seeds and seedlings from Pythium 

spp or Khtzoctonta solant nearly as effective as fungicide seed treatments (Harman 

et al 1980) Chet eta l (1981) found in the attack by T hamamrn on other fungi 

parasitism followed by lysis rather than the involvement of antibiotics

Yehia et al (1981) reported that T vinde Streptomyces gnseus and 

Bacillus subttlis reduced damping off of tomato caused by P debaryanum 

Phytophthora (mcotianae) var parasitica and Fusanum oxysporum f  sp lycopersict 

m the glass house In dual culture T  kamatum inhibited radial extension of P 

ulttmum prior to hyphal contact Dohroo and Sharma (1984) obtained >  80 per cent 

control of rhizome rot of ginger m storage caused by Pythium pleroticum (wet rot) 

and Fusanum equiseti (dry rot) with T vinde Seedling root rot caused by Pythium 

gramimcola m canes did not occurred when T vinde was incorporated m the soil 

(Padmanaban and Alexander 1984 1986 1987) Sivan et al (1984) obtained

efficient control of damping off induced by P aphanidermamm m peas cucumbers 

tomatoes and peppers by application of wheat bran/peat preparation of T hamanum 

to soil

Mukhopadhyay and Chandra (1986) achieved control of damping off of 

sugarbeet and tobacco incited by P aphamdermamm by the application of wheat 

bran saw dust preparation of T haraanum at different layers to soil They also 

studied the mode of antagonism and found that it 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 

aphamdermamm Incorporation of the antagonists (T haraanum and T vinde) to
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the soil nine days before sowing protected tobacco seedlings from damping-off 

caused by P aphamdermamm upto 25 days (Nagarajan and Reddy 1986)

Bhardwaj et al (1988) obtained good control of rhizome rot of ginger 

caused by P aphamdermamm and F eqmseti during storage by steepmg moculated 

rhizomes m a spore suspension of T vinde (or) smearing with T hamatum 

Bhardwaj and Gupta (1991) reported that all the three species of Tnchoderma va. T 

vinde T  harzumum and T hamamm inhibited the growth of P aphamdermamm 

and F eqmseti causmg rhizome rot of ginger when tested by dual culture method

Thomas et al (1991) observed that the rhtzome rot disease of small 

cardamom (Eletama cardamomum Maton) caused by Pythmm vexans and R solam 

can be effectively controlled in in vitro by T vinde T haraanum Laettsana 

arvalts Aspergillus sp and B subtihs The antagonists interacted with the 

pathogens by growth inhibition anastomosis and hyphal lysis Integrated control of 

Pythmm damping off of sugarbeet by metalaxyl and T haraanum was reported by 

Sawant and Mukhopadhyay (1991) Vinod et al (1991a) reported T haraanum 

Tnchoderma komngu and Tnchoderma longtbracheamm showmg dual culture reac 

tion of die back and disintegration of the test organism P mynotylum indicating 

mvcoparasitism as their antagonistic property The in vitro inhibition of hyphal 

growth of P aphamdermamm by the isolates of Tnchoderma viz T haraanum Tg2 

and Tnchoderma sp NFg was observed bv Xu et al (1993)

The antimetabolite production by various species of Tnchoderma was 

reported by several workers Brian and McGowan (1946) isolated a fusidic acid like 

antibiotic named vindm from T vinde which possessed antifungal properties 

Dennis and Webster (1971) reported that T hamamm produced volatile and non
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volatile metabolites having antifungal activity Papavizas (1984) reported production 

of tnchodermm by T lignorum (T vinde) and also opined that Tnchoderma and 

Gliocladium produced various enzymes such as endo and exoglucanase cellobiase 

and chitmase When the isolates of different Tnchoderma species were tested for the 

production of toxic metabolites using dual culture method and also agar layer 

technique many of them produced non volatile metabolites toxic to P aphatuder 

matum the common mcitant of damping off disease in many crop nurseries 

including tobacco (Raju 1991) Devaki et al (1997) reported that T haraanum 

suppressed the growth of P aphamdermamm and P mynotylum infecting tobacco m 

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

The antagonistic properties of various species of Aspergillus were reported 

by several workers against other pathogens

Trevmoo and Espmosa (1981) applied comdial suspension of different 

species of Aspergillus with potato saccharose agar to cocoa against Phytophthora 

palmivora Only Aspergillus terreus was found to retard the start of disease by 30 

days Bora (1977) observed that Aspergillus mger has shown greatest antagonism 

against R solam from egg plant when its antagonistic property was estimated 

among other soil fungi The inhibition of growth of R solam by parasitising the 

hyphae by A mger was reported by Gokulapalan and Nair (1984)

Mahadevamurthy et al (1988) noticed that germmatio of sclerotia of 

Claviceps fusiformis causing ergot of Penmsemm anencanum was inhibited m soil 

amended with A mger Fusanum oxysporum T haraanum T vinde and B 

subttlis Sclerotia colonized by the antagonists disintegrated and when fragments 

were mcubated colomes of the antagonists were obtained Germination of the host
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seed was not affected Gaur and Sharma (1991) observed that the microorganisms 

(34 fungi six bacteria and four actmomycetes) isolated from the rhizosphere soil of 

pigeon peas when tested for their antagonistic action towards Fusanum udum on 

Czapek s sucrose nitrate agar medium T  vinde followed by A mger Streptomyces 

sp Pemcillium sp and Bacillus sp were the most effective m controlling the 

pathogen The antagonistic property of white sterile fungus A mger Pemctllium 

citnnum and B subnhs against Xanthomonas campestns pv cyamopsidis causing 

bacterial blight of Cyamopsis tetragonoloba was reported by Sindhan et al (1991) 

Parashar et al (1992) reported that the antagonists P citnnum white sterile fungus 

A mger and B subttlis reduced the incidence of bacterial blight of C tetragonoloba 

caused by X campestns pv cyamopsidis compared with untreated controls when 

used as seed dressings or spray treatments and culture filtrate sprays of P citnnum 

A mger and die white sterile fungus were also effective in reducing the 

incidence

Dhedhi et al (1990) observed Aspergillus jumigaius as an effective 

antagonist to F  oxysporum f sp cicens causing vascular wilt of Cicer anennum in 

in vitro studies

Masroor and Chandra (1987) reported that of 27 fungal isolates tested, 

agamst X  campestns pv citn the mcitant of citrus canker the highest activity was 

shown by Aspergillus flavus Aspergillus clavatus and A mger The nonvolatile 

activity of A flavus against the growth of Scleronum rolfiu was reported by Deo 

(1990) A flavus inhibited F oxysporum f  sp lim from flax and F oxysporum f  

sp lycopersici from tomato by 28 2 and 26 per cent respectively (Dwivedi et al 

1993)



13

Raistnck and Smith (1935) reported production of terrem by A terreus 

The production of geodin temcm and ternc acid was also reported (Marcus 1947) 

Zaehner et al (1963) reported that the antibiotic properties of the metabolites of A 

terreus were due to flavipin endrn geodm patulin tem c acids and sideramme 

fernchysm The antibiotic production by A mger was reported by Broadbent 

(1966) The antibiotic jawaherene was detected m the study

Mukhopadhyay (1991) observed that species belonging to the genera 

Gliocladium and Tnchoderma have proved highly effective in controlling plant 

pathogens especially soil bome ones like Pyt m spp

In the dual culture studies with Pemcdltum citnnu it has been reported to 

have strong antagonistic activities towards Gaeumanomyces gramims and Pythmm 

sp (Domsch 1960) Seed treatment with comma of Penicillium oxahcum reduced 

seed rot and damping off of chickpea caused by P ulttrrmm m naturally infested 

soils (Kaiser and Hannan 1984) Shanf (1988a) observed in plastic greenhouse 

treatment of cucumber plants with mycelial preparanons of Penicillium pinophilum 

P stiptatum T haraanum effectively controlled P aphanidermatum Efficient 

control of damping off mduced by P aphanidermatum in cucumber was obtained b\ 

Pemcilhum stipitatum and T haraanum (Shanf et al 1988b) Knshi mnoorthy and 

Bhaskaran (1991) obtained an isolate of Penicillium from soil which was found to b“ 

most inhibitory to Py hum indicum in dual culture

The antibiotic production by P citnnum has been observed by many 

workers Heth“nngton and Raistnck (1931) found that citnmn an aromatic 

polycyhc compound was produced by P citnnum Citnnrn has been reported to 

have fungistatic and hyphae narrowing properties (Robinson and Park 1966) The
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dual culture reaction of inhibition at a distance and disintegration of P mynotylum 

by P amnum  was reported by Vmod (1988) He also found that the cell ffee 

culture filtrate of P amnum  showing 100 per cent inhibition against P mynotylum 

indicating the production of antibiotics by the antagonist

2 4 12  Antagonistic actinomycetes

Streptomyces is the promising group of actinomycetes well known for the 

production of many different types of antibiotics Many species among these groups 

of organisms produce specific antibiotics under ideal conditions These group of 

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

properties

Ainsworth (1977) stated that amphotencme was a polyene antibiotic 

obtained from Streptomyces sp and was found to be antifungal The degradation of 

hyphae of P aphanidermatum upon contact with soil particularly with some actmo- 

mycetes m in vuro was reported by Domsch et al (1980)

Yehia et al (1981) found that the antagonists T vinde Streptomyces 

gnseus and B subnhs effectively reduced damping off disease of tomato seedlings 

caused by P debaryanum Streptomyces spp isolated ffom peat effectively inhibited 

the growth of P debaryanum causing damping off of sugarbeet both in vitro and m 

vi\o was reported by Tahvonen (1982) Tahvonen (1988) observed that spraying the 

peat substrate with a suspension of Streptomyces spp reduced root diseases of 

cucumbers caused by Pythium spp Rath and Wolf (1992) controlled seed rot and 

dampmg off of sugarbeet caused by P ultimum by combmed application of Pseudo

monas fluorescens B 5 and Streptomyces sp A 102
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2 4 13 Antagonistic Bacteria

Tedla and Stanghellim (1992) observed that in tripartite rhizosphere (host 

fungus and bacteria) interactions bacterial antagonism was found to be responsible 

for the general suppression of P aphanidermatum activity at low soil temperature

Hems and Inbar (1968) observed that the metabolites from B subnhs 

inhibited the growth of P ultimum Vinod et al (1991b) reported that an isolate of 

B subalis obtained from forest soils showed good antagonistic and antibiotic 

properties against the test fungi P mynotylum P palmivora and R solam In dual 

culture studies B subnhs parasitised P mynotylum and caused lysis and distmtegra 

tion P ulnmum causing dampmg off in Pinus syhestns was inhibited by selected 

strains of Pseudomonas Pseudomonas putida and B subalis m both in vitro and by 

seed and soil applications (Zaspel and Suss 1992) Smith et al (1993) reported that 

application of a suspension of B cereus strain UW 85 to cucumber fruits protected 

them against cottony leak disease caused by P aphanidermatum

2 5 System of growth and delivery of antagonists mto soil

One of the most critical obstacles to biological control by direct massive 

soil augmentation has been the lack or scarcity of methods for mass culturing and 

delivering antagonists to soil Despite the limited progress scientists are attempt 

mg to develop effective experimental systems of growth and delivery of antagonists 

mto soil For bacterial antagonists nutrient broth has been extensively used 

(Mitche'l and Hurwitz 1965 Memman et al 1974 Mangenot and Diem 1979) 

Broadbent et al (1971) grew potential bacterial antagonists in shake cultures of
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yeast mannitol broth or nutrient broth B subtilis was cultured on potato dextrose 

broth for applying to kernels of com (Kommedahl and Mew 1975)

Formulation of biocontrol agents facilitated better application Suslow et 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 antagonists 

and of commercially acceptable earners for them production into soils is bnghter 

for fungi than for bactena A diatomaceous earth granule impregnated with a 

molasses solution was found suitable for growth and delivery of T hamanum 

(Backman and Rodnguez Kabana 1975) Akhtar (1977) used wheat straw as the 

growth medium for T vinde Many workers reported the use of wheat bran as a 

growth medium for T hamanum  (Hems et al 1978 1979 Chet et al 1979 Mam 

and Sen 1985 Mukharjee et al 1987) Elad et al (1982) reported high lytic 

activity of T hamanum m wheat bran culture of the fungus and m soil inoculated 

with the culture Lewis and Papavizas (1984) used a mixture of wheat bran sand 

and water to grow the antagonists viz T vinde T  hamanum T hamatum 

Ghocladtum roseum Gliocladium virens Ghocladium catenulatum Talaromyces 

flavus and Aspergillus ochraceous Sivan et al (1984) studied the growth potential 

of T hamanum on organic food bases including several agricultural wastes like 

wheat bran wheat straw compost ground wheat straw ground cotton straw peat 

and a wheat bran/peat mixture (1 1 v/v) They found that wheat bran/peat was the 

best medium for the growth and survival of T hamanum
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A medium consisting of equal volumes of wheat bran peat moss and water 

was used for culturing T haraanum (Chang et al 1986) Mukhopadhyay et al 

(1986) prepared T  haraanum m a wheat bran sawdust tap water mixture 

Biological control of sugarbeet and tobacco damping off was achieved in glasshouse 

by the application of wheat bran sawdust preparation of T haraanum to Pythium 

infested soils (Mukhopadyay and Chandra 1986) Mass multiplication of T 

vinde m sand sorghum medium (sand 10 0  g and sorghum 2 0  g) was reported by 

Padmanaban and Alexander (1986)

Truong et al (1988) mass produced T haraanum m a mixture of nee 

bran nee hull water ( 3 1 1 2  v/v/v) and the culture was incorporated mto baked and 

unbaked silt/loam soil at 50 cc per litre of soil effectively controlled P aphamder 

matum causing dampmg off on tobacco T  haraanum when grown in a semi solid 

fermentation medium on wheat bran peat effectively controlled diseases of Pythium 

spp m green house tests (Ordentlich and Chet 1989)

Potato dextrose agar was used for cultunng Chaetomium globosum 

(Kommedahl and Mew 1975) and P oxalicum (Kommedahl and Wmdels 1978) 

Modified Czapek liquid medium was used to obtain highly active culture filtrate of 

A claiatus A flavus and A mger which are active against Y campestns pv cun 

causmg citrus canker (Masroor and Chandra 1989)

G roseum was prepared m a mixture of p°at soil and nutnents (Moody 

and Gindrat 1977) Lumsden et al (1992) noted that G \ ren produced detect 

able Pvels of gliotoxm when grown with an alginate wheat bran food base d“Ii\ ery 

system m peat moss vermiculate soil less medium (PV medium)



The antagonist Corticium first grown on com leaf meal (CLM) and 

incorporated into Pythium infested field gave reduction m the incidence of damping 

off of table beet (Hoch and Abawi 1979) L anahs was grown on wheat bran and 

used for the control of damping off of tomato by Pythium sp and root rot of black 

gram caused by R bataacola (Martin et al 1984)

The foregoing amount of literature indicates that there is gre t potential to 

bring about reduction of the soil bome plant pathogen Pythium by selecting correct 

antagonists 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 Vellanikkara during the year 1994 95 for the selection of promising 

antagonists both m vitro and in vivo against the pathogen inciting lhizome rot of 

ginger

3 1 Isolation and identification o f the pathogen

The organism causmg the rhizome rot disease was isolated from the 

infected rhizomes of diseased gmger plants by employing standard isolation methods 

(Rike,‘ and Riker 1936) The culture of the fungus was maintained in oatmeal agar 

medium For studying the morphological characters actively growing culture discs 

of the fungus were kept m sterile distilled water for 74 h and it was observed 

under the microscope

The measurements of the pathogen were carr out by usmg Olympus 

research microscope with maximum possible magnification The morphological 

characters like colour and thickness of mycelium size and shape of sporangia size 

and shape of oogonium and anthendium and their attachment were observed and 

recorded

3 2 Pathogenecity test

The pathogenecity tests were earned out m both in vitro and in vivo For 

artificial inoculation the detached gmger rhizomes were clearly washed in running 

water to remoie the soil particles and it was then surface sterilized with absolute
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alcohol Small holes were made on the surface of rhizomes ith sterilized 5 mm 

cork borer and young mycelial discs (5 mm culture discs) were placed in it under 

aseptic condition The moculated rhizomes were kept in aseptic moist chambers and 

incubated 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 aphanidermamm grown on oat meal agar medium was mixed 

with top 5 cm soil and wet cotton wool was placed over the moculated soil surface 

for 48 hours The development of symptoms were observed at weekly intervals

3 3 Collection of soil sample

The soil samples were collected during October 1994 from the rhizosphere 

of healthy gmger plants among the rhizome rot affected plants in the diseased field 

The samples were pooled shade dried and were quant vely and qualitatively 

estimated

3 4 Quantitative estimation of microflora

The quantitative assay of microflora was earned out by serial dilution plate 

technique (Johnson and Curl 1972) The soil sample (10 0 g) was added to 

100 ml sterile distilled water m 250 ml conical flasks and shaken for 30 mm m 

orbital shaker Ten ml of this soil dilution was then transferred to another flask 

containing 90 ml sterile d stilled water to get 10 ^ dilutions Later 10 ^ and 10 ® 

dilutions were prepared from this by serial dilution
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3 4 1 Estimation of fungal population

One ml of 10 4  soil dilution was pipetted mto sterile petn dishes to which 

20 ml of melted and cooled Martin s rose bengal streptomycin agar media was 

poured Three petn dishes were kept as replications for the sample The petn 

dishes with the media were swirled thoroughly to get uniform distnbuhon After 

solidification the dishes were incubated at room temperature for three days The 

fungal colonies developed at the end of three days were counted using dark field 

colony counter and expressed as number of colonies per gram of dry soil

3 4 2 Estimation of actmomycete population

The estimation of actmomycete population was done with a soil dilution of 

10 ^ usmg Kenkmght s agar medium and the method followed was as m the 

estimation of fungal population The dishes were incubated for seven days at room 

temperature and the actmomycete colonies were counted usmg dark field colony 

counter and expressed as number of colonies per gram of dn. soil

3 4 3 Estimation of bacterial population

Bacterial population was estimated using 10 ^ soil dilution in nutrrnt agar 

medium The method employed for the estimation of fungal population was 

followed The dishes were incubated for 48 h at room temperature The bacterial 

colonies developed were counted with the help of dark field colony counter and 

expressed as number of colonies per gram of dry soil
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3 5 Qualitative estimation o f  microorganisms 

3 5 1 Fungi

The young fungal colomes developed m dilution plates were transferred to 

potato dextrose agar medium (PDA) Pure cultures of fungi were obtained by hyphal 

tip isolation method and they were maintained m PDA

Morphological characters of the fungi in pure culture were studied by 

growing them m petn dishes slants and slide cultures On the basis of the morpho 

logical characters they were identified

3 5 2 Actmomycete

The single colomes of actmomycete developed m Kenkmght s agar were 

transferred to test tube slants of the same medium and maintained m pure culture 

They were provisionally identified on the basis of their morphological characters

3 5 3 Bactena

The bactenal colomes developed m the dilution plate method were streaked 

m nutrient agar (NA) and smgle colony isolation was made The pure cultures were 

maintained on N-\ slants Bactenal isolates were identified as gram positive and 

gram negative based on their gram reactions

The pure cultures of isoL'ed fungi and actmomycete were sent to Indian 

type culture collection Indian Agncultural Research Institute New Delhi and the 

identification was got confirmed
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3 6 Growth rate of antagonists and pathogen

3 6  1 Fungi

An aliquot of 15 ml of PDA was transferred mto 90 mm petn dishes 

After solidification of the media 5 mm disc from actively growing zone of the 

young fungus culture on PDA was lifted by a stenie 5 mm cork borer and 

transferred to the centre of the media in petn dishes The plates were incubated at 

room temperatures (28+2°C) and radial growth of the fungi was measured at 

intervals of 24 h upto 14 days to know their respective growth rates

3 6  2 Actmomycete

Actmomycete was grown in Kenkmght s agar by adopting the method 

described in the case of fungi Observations on radial growth was taken at 

intervals of 24 h upto 18 days

3 6 3 Pathogen

For estimating the growth rate of P aphanidermatum the pathogen was 

grown m oat meal agar by employing the method as m fungi and measurements were 

taken for three days at intervals of 24 h

3 7 Screening the microorganisms for antagonistic properties against the 
pathogen

Qualitatively estimated microorganisms were subjected to antagonistic 

studies against the pathogen P aphamdermamm employmg dual culture method 

(Johnson and Curl 1972)
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3 7 1 Fungi

The organisms were inoculated as dual cultures after giving due considera 

tion for the growth rate of both the pathogen and the potential antagonists An 

aliquot of 15 ml of PDA was transferred mto 90 mm petn dishes After solidifica 

tion of the media a 5 mm disc from an actively growing zone of the fungal isolate 

on PDA was removed by a sterile cork borer and transferred to near penphery of 

one half of petn dish A disc of 5 mm of the pathogen was similarly transferred 

from another plate and placed at the opposite half of petn dish towards the 

penphery The time of inoculation of the pathogen was decided after taking mto 

account its growth rate with respect to antagonist

The growth measurements were taken at intervals of 24 h upto ten days 

The types of reactions exhibited were recorded Five replications were maintained 

for each antagonistic fungus The pathogen and the antagonist grown m monocul 

tures served as control The isolates possessmg good antagonistic properties were 

identified

3 7 2 Actmomycete

In the case of antagonistic study of the actmomycete dual culture method 

was employed with the doible agar technique (Johnson and Curl 1972) Nutrient 

glucose agar was used as basal medium and over that PDA was poured and the 

antagonist and pathogen were moculated as described m case of fungi The time of 

inoculation of the pathogen was delayed due to the slow growth of actmomycete 

The growth of antagonist and pathogen was recorded at 24 h intervals The type of



25

reaction exhibited was also recorded Replications and control were maintained as in 

the case of fungi

3 7 3 Bactena

The antagonistic study with bactena usmg the pathogen was done by the 

method as descnbed m case of the actmomycete The bactenal antagonist was 

streaked honzontally against the pathogen towards the penphery of the dish m the 

double agar technique and observed for their antagonistic effects

3 8  Assay of culture filtrates o f the promising antagonists selected from
dual culture

The four isolates of fungi showing good antagonistic properties in dual 

cultures were grown m liquid cultures and were utilised for determining the produc 

tion of secondary metabolites by the antagonists Fifty ml of the potato dextrose 

broth was taken in 250 ml conical flasks and sterilised at 15 lbs pressure for 20 mm 

The broth m the flasks was then moculated with 5 mm mycelial discs of each of the 

actively growing young cultures of promising antagonistic fungus grown on PDA 

They were then mcubated at room temperature (28+2 C) for 14 days m shake 

cultures

The cultures were filtered by coarse filtration usmg Buckner flasks This 

filtrate was again filtered through m-llipore filters (pore sue 450 nm) and stored 

m vials for studying the production of secondary metabolites The culture filtrate 

containing secondary metabolites stored m vials were assayed for their antagonistic 

action against the pathogen by employing the poisoned food technique (Zentmayer 

1955) A quantity ot 0 3 ml of the culture filtrate and 20 ml of PDA were
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poured into 90 mm stenie petn dishes The petn dishes were rotated well for mixing 

thoroughly After solidification a 5 mm disc of an actively growing culture of 

the pathogen was placed at the centre of the dish Growth measurements were 

recorded till the day when the test organism reached 90 mm m control Five 

replications were maintained in each case and control plates were also maintained by 

addmg 0 3 ml of stenie distilled water

The inhibitory properties of culture filtrates of the antagonists were assayed 

agamst the pathogen and was expressed as per cent inhibition using the following 

formula suggested by Vincent (1927)

Growth m control Growth in treatment Per cent
— -  — x 10 0  inhibition

Growth m control

3 9 In vitro effect of recommended fungicides on the antagonists and the 
pathogen

The following fungicides were used for the in vitro evaluation

Common name Active ingredient Concentration
(per cent)

Bordeaux mixture CuS0 ^3 Cu(0 H) 2  1 0

Fytolan Copper oxychlonde 0 2

Emisan 6 Methoxy ethyl mercuric chloride 0 1

Indofil M 45 Mancozeb 0 3

The effect of different fungicides on the growth of the fungi was tested 

by the "Poisoned food technique" (Zentmayer 1955) The required quantity of 

fungicides were added to the 100 ml stenie molten PDA so as to get the
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required concentrations of the fungicides mixed well and poured mto sterile petn 

dishes at the rate of 15 ml each Mycelial discs of 5 mm diameter were cut and 

placed m the centre of each petn dish containing the poisoned medium Control petn 

dishes of PDA medium alone moculated with the fungus was also maintained 

Three replications were maintained for each of the chemicals The moculated petn 

dishes were mcubated at room temperature and the observations on the radial growth 

of fungus were taken when the control dishes completed full growth

3 10 Pot culture experiment for testing the efficacy of antagonists

Pot culture studies were earned out during the period from May to 

December 1995 to find out the efficacy of the four antagonistic microorganisms viz 

Aspergillus mger Aspergillus Jurmgatus Aspergillus flavus and Tnchoderma vinde 

selected from dual culture studies

Fifteen days old antagonists grown m nulled nee were used for the 

studies Twenty five gram of milled nee was weighed and transferred to 250 ml 

conical flasks separately Stenlization of milled nee was done following the 

procedure given by Ahmed and Tnbe (1977) Twenty five ml of water was added 

and autoclaved at 1 4 kg/cm^ for 20 mm 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 expenments were conducted without the stenlization of 

the potting mixture Eight kg of potting mixture containing 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 earthem pots (30 cm) Ginger crop was raised by
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planting one healthy sprouted rhizome (15 g) per pot The variety used was 

Rio-de Janeiro

The experimental design followed was CRD with 20 treatments and five 

replications The treatments were as follows

T j Healthy seed rhizomes pre inoculated with A mger by smearing the
cultures shade dried and planting done in diseased soil

T2  Do- using A Jumigaius

T3  Do- usmg A flavus

T4  Do- usmg T vinde

T5  A mger grown in media was incorporated into the diseased sods at the
rate of 60 g per pot in pits of 5 cm depth at the time of planting and then 
planting done

Tg A jwmgatus used as m T5

T7  A flaw s  used as in T5

Tg T \inde used as m T5

Tg A mger incorporated mto soil after first top dressing (60 days after plant
mg)

T10 A fumigants used as m Tg

Tj j A mger used as m Tg

T j2  T w ide  used as m Tg

Ti 3 A mger incorporated mto sod after first and second top dressings (60 and
120 DAP)

T 24 A fumigants used as in T^g

Tj<j A flaw s used as m Tjg

Tjg T vinde used as m Tjg

T 1 7  Treating the seed rhizomes as per Package of Practices recommendations
(KAU 1993) and then planting
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Tjg Drenching the pots with copper oxychlonde 0 3% when the disease
incidence first noticed

Tjg Drenching the pots with mancozeb 0 3% when the disease incidence first
noticed

T2 0  Control (without antagonists/chemicals)

Cultural operations were earned out as per the Package of Practice

Recommendations (KAU 1993) except fungicidal application

The following observations were made from the pot culture studies

(1) Number of infected tillers at monthly intervals from 120 days upto 180 

days

(2) Yield

Statistical analysis of the data of the pot culture experiment was done 

with transformed values Treatment means were compared usmg Duncan s Multiple 

Range Test (DMRT)
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RESULTS AND DISCUSSION

Rhizome rot a destructive disease of gmger assumes alarming propor 

tions during the monsoon periods resulting m yield loss as well as reduction m the 

quality and germinability of rhizomes In India e\ enthough a few workers have 

studied the control of rhizome rot of gmger with chemicals (Park 1935 Thomas 

1940 Bhagwat 1960 Shahare and Asthana 1962 Kothan 1966 Sarma et al 

1979 Sharma and Dohroo 1982) effective control has not been obtained so far In 

view of the senous nature of the disease the present study was undertaken to isolate 

the native antagonists and to screen them against the pathogen so as to select suitable 

biocontrol agents to be used for effective management of the disease

4 1 Isolation and Characterization of the pathogen

The rhizome rot pathogen was isolated from infected rhizomes and 

maintained as pure culture on potato dextrose agar and oat meal agar medium 

The pathogenecity of the isolate was also established

The morphological characters of the pathogen causmg rhizome rot of 

gmger were studied and the pathogen was identified as Pythium aphanidermamm 

(Edson) Fitz The mycelium hyaline coenocytic and measured 3 6  ^m hyphal 

thickness The growth of the fungus was rapid on oat meal agar medium with 

cottony white mycelium which covered 90 mm petn dish within 48 hours Sporangia 

sparse m solid media but abundant in the oat meal broth Large number ot 

sporangia were observed withm 24 hours when a culture disc from solid media was 

transferred to aerated water Sporangia filamentous m the initial 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 in a vesicle 

was formed from the sporangium prior to zoospore formation The oogonia 

terminal smooth spherical and measured 16 5 23 1 /im (mean 21 14 pm) in 

diameter (Plate 4) Anthendia mostly terminal rarely intercalary barrel shaped or 

broadl} clavate measuring 12 5 23 1 /tm x 3 3 8 7 pm (mean 16 2 x 6 4 jim) 

(Plate 4) Oospores spherical smooth and very loose m the oogonium The 

morphological characters agreed with the description of P aphanidermamm given 

by Fitzpatrick (1923) The identity of the fungus was further confirmed by the 

Head Division of Plant Pathology 1AR1 New Delhi The ability of P aphanider 

matum to cause rhizome rot of ginger was reported by several workers (Butler 

1907 Subramaniam 1919 Park 1937 Thomas 1938 Uppal 1940 Bertus 1942 

and Indrasenan 1972) Apart from P aphanidermamm four other species ot 

Pythium viz P mynotylum (Uppal 1940 Park 1941 and Bertus 1942) P 

gramimcolum (Park 1935) P dehense (Haware and Joshi 1974) and P vexans 

(Ramaknshnan 1949) were also reported to cause rhizome rot of gmger However 

these species of Pythium were not found associated with the rhizome rot ot gmger 

during the present investigation

4 2 Quantitative estimation of soil microorganisms

Soil microorganisms were isolated from the rhizosphere ot healthy ginger 

plants in the rhizome rot affected fields for testing their efficacy m inhibiting P 

apl.amdcrmatum the incitant of rhizome rot of gmger by employmg standard 

methods as described m materials and methods



Plate 1 Pythium aphanidermatum showing single lobed sporangium (720x)

Plate 2 P aphanidermatum showing bi lobed sporangium (720x)





Plate 3 P aphanidermatum  showing multilobed sporangia (720x)

Plate 4 p  aphan dirmamm  sh vinfe ual reprodueme structures (7 Ox
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The results of the quantitative estimation of soil microbes are presented 

in Table 1 The bacterial population was found to be maximum followed by 

actmomycetes and fungi The results agree with that of Skinner et al (1952) who 

reported several hundred thousands to hundred millions of bacteria per gram of dry 

soil Waksman (1952) also observed that the fungi were lesser m number than the 

actmomycetes and fungal population m soil ranged from a few to as many as ten 

lakhs per gram

4 3 Qualitative estimation of microflora

The results of the qualitative study of microflora revealed nine species ot 

fungi belonging to four genera one actmomycete and four species of bacteria The 

fungi present were as follows

1 Rhizopus sp

2 Aspergillus cameus

3 Aspergillus mger

4 Aspergillus jumigatus

5 Aspergillus flavus

6 Tnchodcrma vinde

7 Aspergillus flavus (sclerotial)

8 Eupenicilhum javanicum 1TCC No 4 5°5

9 Eupenicilhum javanicum ITCC No 4 596

Only one genus of actmomycete was observed belonging to Strep 

tomjees and it comprised of flexuous sporophores The four bacterial spp obtained 

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

SI Name of the Dilution No of colonies/plate Mean Popuiation/g 
No organism — — of soil on dry

___  ___ _ _ R 1_ r 2 _____ r 3 weight basis

1 Bacteria 10  6 8 33 6  33 5 43 6  69 5 030 x 106

2 Actmomycetes 10  6 400 4 33 4 33 4 22 3 17 x 106

3 Fungi 10  4 15 33 9 66 16 33 13 77 10 35 x 104
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gram reaction and were designated as Bj B2  B3 and B4  The colony characters 

observed were

B j rod shaped gram negative,yellowish on PDA 

B2  rod shaped gram negative slight brownish on PDA 

B3 rod shaped gram negative whitish on PDA 

B4  spheical gram negative slimy creamy white on PDA

4 4 Identification of soil nucroflora

The microorganisms isolated from the soil were brought into pure culture 

as described in materials and methods The slide culture of all the fungi and 

actmomycete were prepared and detailed morphological study was made and on that 

basis identification done The fungal and actmomycete cultures were sent to the 

Head Division of Plant Pathology LARI New Delhi and got the identification 

confirmed

4 S Growth rate of antagonists and pathogen

A good understanding of the rate of growth of the antagonists and

pathogen is highly essential for judging the time of inoculation of these organisms m

dual cultures for studying the antagonistic properties The growth rate of the 

antagonists which comprised of nine fungi and one actmomycete and the pathogen 

were studied as described m materials and methods The results are presented in 

Table 2

4 5 1 Fungi

The growth rate ot the fungi including nine antagonists and the pathogen



Table 2 Growth of antagonists and pathogen 
(Mean radial growth in mm of the antagonists and pathogen of 3 replications)

SI
No

Name of organism Days after inoculation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Antagonistic fungi

1 Rauopus sp 61 90 - - - - - - - - -

2 Aspergillus cameus 9 14 20 25 29 45 53 61 68 76 81 87 90

3 Aspergillus mger 17 33 49 63 74 85 90 -

4 Aspergillus flumgatus 15 35 54 71 86 90

5 Aspergillus flavus 17 31 38 46 54 64 73 82 90

6 Tnchoderma vindc 24 79 90

7 Aspergillus flavus 
(scleronal)

17 31 48 60 70 83 90 - - - - - - - - -

8 Eupemalhum javanicum 
ITCC No 4 595

9 19 25 28 31 37 44 48 59 62 68 75 82 90 - - - -

9 Eupemalhum javamcum 
ITCC No 4 596

8 11 24 32 41 53 61 71 80 90

Antagonistic actmomycete

1 Steeplers} res sp 2 5 8 11 15 18 20 23 25 26 28 29 31 33 35 37 37 38

Pathogen

1 P aphamdermasum 58 82 90

go
cn
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varied widely The unidentified mucoraceous fungus Rfuzopus sp was found to 

be fast growing covering the entire 90 mm petndish within two days Howeser 

Eupemcilhum javanicum (1TCC No 4 595) took 14 days for covering the 90 mm 

petn dish while E javamcum (1TCC No 4 596) covered it in 10 days (Table 2)

The growth rate of Aspergillus spp was found to be highly varying A 

cameus was found to be slow growing covering the 90 mm petndish m 13 days 

followed by A flavus in nine days A flaw s  (sclerotial) and A mger both in seven 

days and A fiumgams in six days (Table 2)

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

petn dish m three days (Table 2)

4 5 2 Actmomycete

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

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

4 5 3 Bacteria

From the results of a preliminary screening for the antagonistic property 

it was tound that all the four isolates of bactena did not possess antagonism against 

P aphanidcrmanm Hence growth rate of the isolated bactena was not studied as it 

was not havmg rele’.ance m the dual culture studies for determining antagonism

4 5 4 Pathogen

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

very fast and covered the 90 mm petn dish in three days
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4 6 Screening the microorganisms for antagonistic property against
the pathogen

The microorganisms isolated from the rhizosphere of healthy ginger plant 

m the rhizome rot affected field were brought into axemc culture and tested for 

antagonistic properties against the pathogen P aphamdermatum employmg the dual 

culture method described m materials and methods The growth rate of Hie 

antagonists as well as the pathogen was determined in monoculture (Table 2) and the 

antagonistic property was studied m dual culture by inoculating the pathogen m three 

different ways viz on the same day with the antagonist one day prior to the mocula 

tion of antagonist and after the inoculation of antagonist in case of slow growing 

antagonistic organisms The reactions of the organisms m dual culture were 

observed and recorded and results presented m Tables 3 to 12

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

croorgamsms in dual plate technique viz

(1) Intermingling and over growth

(2) Inhibition at a distance and disintegration of pathogen

(3) Dieback and disintegration of pathogen

(4) Mutual inhibition on contact

(5) Mutual inhibition at a distance

The character of intermingling and overgrowth m dual culture cannot be considered 

a property of antagonism as these organisms have no adverse effect on the growth 

of the pathogen The antagonists showmg similar type of reactions with the pathogen 

m dual culture are grouped together and discussed (Table 13)
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The microorganisms which showed conspicuous antagonistic characters 

in the dual culture against the pathogen were then selected and their cell free culture 

filtrates were employed in poisoned food technique as described m materials and 

methods to determine the presence of inhibiting acbons on pathogen The resuits are 

presented in Table 14

4 6  1 Rhizopus sp

The pathogen was inoculated with the antagonist m dual culture on the 

same day one day before and one day after the inoculation of the antagonist As the 

pathogen and antagonist were havmg almost same growth rate both the organisms 

grew over each other and covered the entire petn dish on the second and third days 

respectively (Table 3)

The reaction obtained in dual culture was only intermingling and over 

growth and no other antagonistic properties obtained

4 6  2 Aspergillus cameus 

4 6 2 1 Inoculation on the same day

The pathogen and the antagonist were inoculated on the same da> On 

the fourth day the pathogen came m contact with the antagonist and on fifth day 

overgrew the antagonist and on the eighth day it covered the petndish when the 

antagonist grew at a reduced rate being 52 mm Even after the pathogen completed 

its growth in the dish the antagonist grew further as m the monoculture and reached 

63 mm on tenth day (Table 4)



I able 3 Growth ot / aphamdermatum and Rhi opus sp in dual culture 
(Mean radial growth in mm ol 3 replications)

l i m e  t i n  u l a t i i n  
ol p a lh  igcn

S C 1 y \  tl 
iniag nisi

One day prior to 
mi ig n st

One day atter 
antagonist

Days atter inoculation

1 2  3 4 5 6 7 8 9 10 11 P  13 14 In

A t  A P A 1 A P A P A P A P A P  A P A 1  A P A t  A P A P A P

49 34 ( )  51 X) 59 90 59 90 5J 90 5J

28 82 49 90 49 90 49 90 49 90 49 90

88 4° 90 64 90 64 90 64 90 64 90 64

I ime of inoculation 
of pathogen

Same day with 
antagonist

One d ly pn ir to 
antagonist

One day after 
antagonist

3 able 4 Growth of P aphamdermatum and A carneus in dual culture 
(Mean radial growth m mm ot 3 replications)

Days after inoculation

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

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P  

6 19 9 28 14 42 19 67 24 74 31 79 39 87 52 90 59 90 63 90 63 90 63 90

4 56 8 73 11 90 16 90 21 90 27 90 27 90 27 90 27 90 -  

13 21 19 35 24 49 28 62 37 78 44 82 55 90 55 90 55 90 55 90 

A Antagonist P Pathogen CO
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4 6 2 2 Inoculation pnor to the antagonist

On inoculation of the pathogen one day pnor to the antagonist it over 

grew the antagonist on second day and covered the petndish on third day The 

antagonist ceased its growth in dual culture after sixth day (Table 4)

4 6  2 3 Inoculation after the antagonist

The pathogen was inoculated one day after the antagonist The antagonist 

initially grew at the same rate as in monoculture and ceased its growth after seventh 

day The pathogen overgrew the antagonist on fourth day and covered the petndish 

on seventh day (Table 4)

The observations revealed that in dual culture A cameus and P 

aphamdemvmtm can grow independently by intermingling without any interference 

showmg no antagonistic property The results of the dual culture studies showing the 

reaction of the antagonists with the pathogen are presented in Table 13

Rhizopus sp and A cameus were also tested for their antibiotic proper 

ties against the pathogen by usmg cell free culture filtrates The results showed that 

the cell free culture filtrates have no effect on the pathogen P aphanidermatum 

This cell free culture filtrate technique further confirms the results of dual culture 

studies

4 6 3 Aspergillus mger 

4 6  3 1 inoculation on the same day

The pathogen and the antagonist were inoculated on the same day m dual 

culture Initially growth rate ot both the organisms was slow when compared to
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that in monoculture On the third day contact of the organisms was established 

(Plate 5) and thereafter the antagonist steadily grew reaching 6 6  mm on the ninth 

day while growth of the pathogen was reduced to 49 mm as against 70 mm on the 

fourth day showmg disintegration from the growing tip (Plate 6) On subsequent 

days antagonist grew further causing disintegration of pathogen upto fifteenth day 

and diminishing its growth to 21 mm (Table 5)

The results revealed that A mger disintegrated the mycelial growth of P 

aphamdermatum on contact with each other finally bearing a clear zone m the cul 

ture dish on tenth day

4 6 3 2 Inoculation prior to the antagonist

The pathogen was inoculated one day prior to the antagonist On the 

fourth day of the inoculation of the antagonist the pathogen recorded a maximum 

growth of 89 mm while the antagonist recorded 15 mm growth The antagonist 

continued its growth upto seventh day of its inoculation attaining 30 mm and inhibit 

mg the pathogen at a distance The pathogen recorded 76 mm on the seventh day as 

against 89 mm on fourth day (Table 5)

4 6 3 3 Inoculation after the antagonist

The pathogen was inoculated one day after the antagonist On the second 

day both came m contact recording 59 mm and 35 mm growth respectively 

(Plate 7) On the fourth day antagonist grew at its normal rate whereas the 

pathogen showed reduction in its growth by recording 51 mm as agamst 59 mm on 

the second day (Plate 8) Antagonist still grew at the normal rate showing clear 

inhibition of the pathogen at a distance with a clear zone in culture dish b}



1 able 5 Growth of P aphanidermatum and A mger in dual culture 
(Mean radial growth in mm ot 3 replications)

1 ime ot inoculation 
of pathogen

Same day with 
antagc nist

One day pnor to 
intag mist

One day after 
antagonist

□ays after inoculation

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

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P

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

3 58 8 69 11 81 15 89 21 84 27 78 30 76 30 76 30 76 30 76

27 38 35 59 41 55 48 51 56 47 62 39 66 31 71 24 75 16 81 12 86 8 88 8 88 8 88 8 88 8

Time of inoculation 
of pathogen

Same day with 
antagonist

One day pnor to 
antagonist

1  hree days after 
antagonist

Table 6  Growth of P aphanidermatum and A fumigatus in dual culture 
(Mean radial growth m mm of 3 replications)

Days after inoculation 

5 6 7 81 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A P A P A P A P A P A P A P A P  A P A P A P A P A P A  P ~A P 

2 49 9 58 13 70 17 79 21 85 26 78 31 72 34 68 37 65 40 62 44 58 46 51 48 49 48 4917"49

2 73 4 88 6 90 6 90 6 90 6 90 6  90 6 90 6 90 -  -  -  _

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 -  

A Antagonist P I athogen ►rs
t o



Plate 5

Plate 6

Aspergillus mger x P aphamdermatum (inoculated on the same
day) in dual culture on the third day

A mger x P aphamdermatum (moculated on the same day) 
m dual culture on the ninth day
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Plate 7

Plate 8

A mger x P aphanidemuuum (inoculated one day after)
in dual culture on the second day

\  mger x P aphaMdermaium (inoculated one day after) 
in dual c jltu re  on the fourth da>
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disintegrating the growth point of the pathogen The pathogen recorded only 8 mm 

growth on eleventh day (Table 5)

The results indicated definite antagonistic property of A mger against P 

aphamdermatum as it showed the dual culture reaction of inhibition at a distance and 

disintegration of pathogen (Table 13) The cell free culture filtrate studies using 

antagonist A mger also showed 100 per cent inhibition against the pathogen indicat 

mg the production of antibiotics by the antagonist which inhibited the pathogen 

completely (Table 14) This result of cell free culture filtrate study strongly supports 

the result of dual culture technique

The antagonist A mger have produced some diffusible metabolite into 

the medium which have strong antibiotic and some lytic activity against the pathogen 

P aphamdermatum The antagonist have produced the antibiotic which diffused into 

the substrate slowly and thus inhibiting only the growth of the pathogen nearer to 

the antagonist while growth of the pathogen in the periphery was not affected The 

disintegration of hyphae of the pathogen was also noticed indicating the lytic 

property of the metabolite The antibiotic producmg ability of A mger is a well 

established fact and the properties ot inhibition and lysis of the fungus was reported 

by many workers (Broadbent 1966 Bora 1977 Gokulapalan and Nair 1984 Wu 

etal 1986 Vtnod 1988)

4 6  4 Aspergillus fumigatus

4 6 4 1 Inoculation on the same day

The pathogen was moculated on the same day with the antagonist 

Initially while the pathogen showed same growth rate the antagonist recorded
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reduced growth as against their growth in monoculture On the fifth day both came 

in contact and the antagonist and pathogen recorded growth of 21 mm and 85 nun 

respectively The antagonist further grew at a reduced rate over the pathogen causing 

its die back The growth of the pathogen was reduced considerably to 6 8  mm on 

eighth day 62 mm on tenth day and then further to 49 mm on 13th day onwards 

(Table 6 )

4 6  4 2 Inoculation prior to the antagonist

inoculation of the pathogen one day prior to antagonist showed 

complete coverage of petn dish on third day while the antagonist recorded 6 mm 

growth and thereafter remained constant (Table 6 )

4 6  4 3 Inoculation after the antagonist

The pathogen was inoculated three days after the antagonist due to the 

slow growing nature of the latter In mono culture initial 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 while that of pathogen 

decreased to 53 mm as agamst 82 mm on third day The antagonist grew over the 

latter by die back and disintegration The disintegration continued upto twelth day as 

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

The observations revealed that inoculation of the pathogen after the 

antagonist sufficiently inhibited the pathogen as the pathogen recorded 28 mm 

growth on 12th day as agamst 51 mm when the antagonist was inoculated on the 

same day with the pathogen
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4 6  5 Aspergillus flavus 

4 6  5 1 Inoculation on the same day

Inoculation of the pathogen on the same day with the antagonist initially 

showed reduced growth of the antagonist 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 in 

its growth rate attaining a growth of 57 mm on 10th day as the antagonist grew over 

it (Table 7 Plate 10) Disintegration of the pathogen was noticed at the growing 

point @ 3 4  mm per day from fourth day onwards upto 10 th day and after that it 

remained constant

4 6  5 2 Inoculation prior to the antagonist

The pathogen was inoculated one day prior to the antagonist Because of 

the fast growing nature of the pathogen it covered the petn dish on the second day 

itself while the antagonist grew to a maximum of 13 mm on the third day and alter 

that no further growth observed (Table 7)

4 6 5 3 Inoculation after the antagonist

The pathogen showed faster growth rate when compared to the antagonist 

and so it was moculated three days after the antagonist The antagonist grew at a 

moderate rate while the pathogen showed slow growth rate and contact 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



I ime of inoculation

Same day with 
antagi mst

One da> pnor to 
aniag mst

1  hree days after 
antagonist

1 able 7 Growth of P aphamdermatum and A flavus in dual culture 
(Mean radial growth m mm of 3 replications)

Days after inoculation

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

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P

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

6  69 9 90 13 90 13 90 13 90 13 90 -

38 31 46 55 53 59 59 56 66  51 71 48 77 43 79 37 79 30 79 23 79 23 79 23

Table 8 Growth of P aphamdennatum and T vinde m dual culture 
(Mean radial growth in mm of 3 replications)

1  ime of inoculation 
of pathogen

Same day with 
antagonist

One day pnor to 
antagonist

One day after 
antagonist

Days after inoculation

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

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P  

21 41 40 51 53 46 64 35 69 27 73 18 79 12 84 9 90 0 90 0 -

14 67 23 82 31 68 48 49 69 26 85 14 90 0 90 0 90 0 90 0

47 30 61 35 70 23 83 15 90 7 90 0 90 0 90 0 90 0 90 0 -

A Antagonist P Pathogen ►Tn.
CD



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

Plate 10 A flavus x P aphanidermcuum (moculated on the same day) 
m dual culture on the tenth day





Plate 11 A flavus x P aphamdermatum (inoculated three da>s alter)
in dual culture on the second day

Plate P  A Jla\us x P aphamdermatum (inoculated three da>s alter) 
in dual cultur on the tenth da>





completely disintegrated The antagonist further grew over the pathogen diminishing 

the growth of the pathogen to 9 3 mm on 10th day (Table 7 Plate P )

The results indicated that the inoculation of the antagonist prior to the 

pathogen was more effective in reducing the growth rate of the pathogen than when 

inoculated on the same day or one day prior to the antagonist Inoculation on the 

same day was also effective but there was no total destruction of the pathogen

4 6 6 Tnchoderma winde 

4 6 6 1 Inoculation on the same day

The pathogen and the antagonist were inoculated on the same da in dual 

culture Initially while the growth of the antagonist was same in mono and dual 

culture the pathogen showed reduced growth rate in dual culture On the second 

day though the antagonist and pathogen showed reduced growth rate than n m no 

culture the antagonist grew further at a reduced rate over the pathogen aus n6 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 thereafter completely parasitised by th 

antagonist (Table 8 Plate 14)

4 6 6 1 Inoculation prior to the antagonist

I he patho6°n was inoculated one day prior to the antagonist lr aally the 

anh.B p st showed redu ed forowth rate when compar d to m no ulture B e v 

further oser the pathofc n and the growth of the patho0en was reduced t 6S mm r 

third das as against 8 mm on second day 14 mm on sixth day and l  «er 

comple ely parasitised by I  unde  (Iable 8)



Plate 13 fnchodcrm a u n d e  x P aphamdermatum  (inoculated on the same da\)
in dual culture on the second day

Plate 14 I \inde x P aphamdermatum (inoculated on th» same da ) 
in dual culture on the ninth da\
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4 6 6 3 Inoculation alter the antagonist

1 he pathogen was inoculated one day alter the antagonist I he pathogen 

recorded a reduced growth rate o f 35 mm on the second das (P a  5 and 

gradually completely parasitised by the antagonist on the sixth das (1 ah e 8 

Plate 16)

The results showed that the antagonist ssas etfectise when uiocula ed or 

all the three ways

I he dual culture reaction characterized by die back and disint rau n ot 

the tungal pathoDen alter meeting the antagmist ssas shossn by A fun u-u -1 

Jla\m  and J unde against the pathogen P aphamdemuuum (lable The 

antagonists when contacted the pathogen parasitised it and slossly cau J the d 

back and disintegration 1 he biotic substances produced during the grossth t the e 

antagonists inhibited the pathogen and also obsersed mycoparasiusm re.ultirg in 

disintegration I his is evident from the tact that the antogomst continued ts growth 

esen after meetim, the hsphae ot the pathigen causing the d back and d ntegra

tion

A JumigcJus caused the die back and disintegration ot the pa n P

apt an acrmamm by o erBr svmg and parasitism^ it (lable 6) But tb a n

ons u rable nh bition ot the pathogen in the cell Ire culture nitrate tud her

it re orded 4 per cent nhibition ot the pathogen P aphar „ n  uai'n 

Ih pres nt n estigation indicates that the anta&omstic property ! T r  uu

again t P apkanidi rmaiu n is mainly by parasiti actisits and t r  b

pr du e an stron= nh b t ry sub tanccs aga n t the path gen lher sere uc e



Plate 15 / vinde x P aphamdermatum (inoculated one day after)
in dual culture on the second day

Plate 16 I \iridi x P aphamdermatum (mxulated one day after) 
m dual culture on the sixth das
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on the antagomstic property of A jumigatus on Pythium spp But Mukheqee and Sen 

(1992) observed A jumigatus A terreus P  citrmum and P simplicissimum when 

tested tor their antagonism towards Macrophomna phaseolina m in vitro studies 

only culture filtrate of A Jumigatus inhibited fungal growth and sclerotial germina 

tion Mixed culture inoculation after different periods of incubation showed that 

competition for food was the primary mode of action and that antibiosis played a 

secondary role This is in conformity with the present study

A flavus has also shown the antagomstic property of die-back and 

disintegration against the pathogen P aphamdermatum (Table 7) This indicates that 

A jlavus can parasitise P aphamdermatum causing disintegration and the biotic 

substances produced by the antagonist were found to be toxic to the pathogen The 

bioassay studies using cell free culture filtrates demonstrated 62 per cent mhibi 

tion (Table 14) The antagomstic property of A flavus against many pathogenic 

microorganisms has been reported by Masroor and Chandra (1987) and Deb (1990) 

though not specific against Pythium spp

The hyphal parasitism and production of inhibitory substances by 

different species of Tnchoderma resulting in die back and disintegration of Pythium 

spp were reported by many workers (Wemdlmg and Emerson 1936 Brian and Me 

Gowan 1946 Dennis and Webster 1971 Chet et al 1981 Papavizas 1984 

Mukhopadhyaj and Chandra 1986 Raju 1991 nomas et al 1991 Vinod et al 

1991a) The present investigation also clearly demonstrated the ability of the Tncho 

derma sp to cause die back and disintegration of the pathogen

The cell tree culture filtrate studies using T vinde also showed 

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

Tnchoderma vinde was 20 per cent

The present investigation has proved that Tnchoderma vinde has the 

ability to show its antagonism against the pathogen and that it is mainly due to 

parasitism and to some extent due to the production of biotic substances which are 

toxic to the pathogen

4 6 7 Aspergillusflavus (sclerotial)

4 6  7 1 Inoculation on the same day

When the pathogen and antagonist were inoculated on the same day both 

came m contact on the third day On the fourth day the antagonist and the pathogen 

recorded 33 mm and 88 mm growth respectively On the fifth day the antagonist 

grew over the pathogen reducing its growth to 85 mm The pathogen and the 

antagonist recorded 40 mm and 82 mm growth respectively on the sixth day and 

showed no further growth thereafter (Table 9)

4 6 7 2 Inoculation prior to the antagonist

The pathogen was inoculated one day pnor to the antagonist. Both the 

antagonist and the pathogen contacted each other on the fourth day and no further 

growth was observed (Table 9)

4 6 7 3 inoculation after the antagonist

The pathogen was inoculated two days after the antagonist m dual culture 

to favour establishment of the latter Initially the growth rate of the antagonist was 

same as in mono culture and contacted pathogen on fifth day The antagonist grew



Table 9 Growth of P aphanidermanim and A flavus (sclerodal) in dual culture 
(Mean radial growth in mm of 3 replications)

1 ime ot inoculauon

Same day with 
an (agonist

One day prior to 
antagonist

Two days after 
antagomst

Days after inoculation

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

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P

11 43 22 5 8 29 73 33 88 37 85 40 82 40 82 40 82 40 82 40 82

5 77 10 90 12 90 14 90 14 90 14 90 14 90 14 90 14 90 14 90 -

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

Time of inoculation

Same day with 
angatomst

One day prior to 
antagon st

One day after 
antagonist

Table 10 Growth of P aphanidermatum and E ja\anicum 1TCC No 4 595 in dual culture 
(Mean radial growth in mm of 3 replications)

I 2 3 4

Days after inoculation 

5 6  7 8 9 10 11 12 13

7 12 18 29 26 46 30 64 32 69 34 71 34 71 34 71 34 61 34 71

4 59 9 75 15 90 21 90 24 90 24 90 24 90 24 90 24 90

15 23 19 38 27 52 39 63 39 69 39 69 39 69 39 69 39 69

A Antagonist P Pathogen C71
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further reducing the growth of the pathogen marginally On the ninth day the 

antagonist recorded 67 mm growth while the pathogen recorded 82 mm growth as 

against 88 mm on fifth day No further growth of either the antagonist or the 

pathogen was observed after ninth day (Table 9)

The results revealed that these two organisms were having mutual inhibi 

tion on contact and a demarcation can be seen at the pomt of contact (Table 13)

4 6  8 Eupenicilhum javamcum ITCC No 4 595 

4 6  8 1 Inoculation on the same day

Inoculation of the pathogen and the antagonist 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 antagonist

The pathogen was inoculated one day prior to the antagonist On the 

third day the pathogen fully covered the petn dish while the antagonist recorded 

only 15 mm growth The antagonist grew upto 24 mm on fifth day and on succeed 

mg days remained constant (Table 10)

From the data it reveals that there was no antagonism shown by E 

javamcum ITCC No 4 595 against P aphamdermatum

4 6  8 3 inoculation after the antagonist

The pathogen was inoculated one day after the antagonist Imually the 

antagonist recorded equal growth rate m mono and dual culture On the fourth day
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the antagonist contacted the pathogen and showed no further growth on succeeding „ 

days while the pathogen grew to 69 mm on fifth day and thereafter remained 

constant (Table 10)

The results indicated mutual inhibition on contact when the pathogen was 

inoculated on the same day with the antagonist and also one day latter (Table 13) 

Inoculation of the pathogen prior to the antagonist showed no mutual inhibition as it 

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

4 6  9 Eupemcilhum javanicum 1TCC No 4 596 

4 6  9 1 Inoculation on the same day

The pathogen was inoculated on the same day with the antagonist While 

the antagonist grew at normal rate m dual culture on the third day the pathogen 

grew only 62 mm as against 90 mm in the mono culture In dual culture the 

antagonist 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 

organisms remained constant m the dual culture (Table 11)

4 6  9 2 Inoculation prior to the antagonist

Inoculation of the pathogen prior to the antagonist by one day showed 

the pathogen completely covering the petridish on the third day while the antagonist 

showed 12 mm growth The antagonist grew further and reached 27 mm on the 

seventh day and thereafter remained constant (Table 11)

4 6  9 3 Inoculation after the antagonist

The pathogen was inoculated one day after the antagonist Both came m
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1 able 11 Growth ot P aphamdermatum and t  jaiamcum 11CC No 4 596 in dual culture 
(Mean radial growth in mm ot 3 replications)

I lie 1 1 in cu lation

Same day with 
antagonist

One day prior to 
antagonist

One day after 
antagonist

l l  12 13 14 15

D lys alter inoculation 

1 2 3 4 5 6 7 8  9 10

A P A P A P A P A P A P A 1 A l  A P A 1  A l  A P A P A 1  A P

5 3T 12 48 19 62 24 69 28 69 36 69 38 69 38 69 38 69 38 69

4 69 8 81 12 90 17 90 20 90 23 90 27 90 27 90 27 90 27 90

21 38 29 58 34 66 37 77 39 77 44 77 44 77 44 77 44 77 44 77 -  -

table 12 Growth of P aphamdermatum and Streptomyces sp in dual culture 
(Mean radial growth in mm of 3 replications)

1 ime of inoculation

Same day with 
antagonist

One day prior to 
antagonist

Seven days after 
antagonist

Days after inoculation 

5 6 7 8 91 2  3 4 5 6 7 8 9 10 11 12 13 14 15

A P A P A P A P A P A P A P A P  A P A P A P A P A P A P A P  

2 54 2 81 4 90 4 90 4 90 4 90 4 81 -  -  -

2 79 2 90 2 90 2 90 2 90 2 90

18 37 20 54 23 62 23 69 23 74 23 74 23 74 23 74 23 74 23 74 23 74

A Antagonist P Pathogen
cm



contact on the third day The antagonist and the pathogen grew further to 37 mm 

and 77 mm respectively on fourth day While the pathogen showed no further 

growth the antagonist grew to 44 mm on sixth day and thereafter remained constant 

(Table 11)

The data clearly revealed that E  javanicum  1TCC No 4 596 and P 

aphamdermatum were having mutual inhibition on contact (Table 13)

4 6 10 Streptomyces sp 

4 6  10 1 Inoculation on the same day

The pathogen and the antagonist were inoculated on the same day m dual 

culture Due to the slow growing nature of the latter it showed a maximum growth 

of 4 mm on third day when the pathogen completed its growth m petri dish and no 

further growth on succeeding days were observed (Table 12)

4 6  10 2 inoculation pnor to the antagonist

Inoculation of the pathogen one day pnor to the antagonist favoured the 

growth of the pathogen while the antagonist grown to a maximum of 2 mm even 

after six days (Table 12)

4 6 10 3 Inoculation after the antagonist

The pathogen was insulated seven days alter the antagonist m dual 

culture The growth of both the organisms m dual culture upto two days was found 

to be 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 antagonists

SI No Name of antagonist

1 Rhizopus sp

2 A cameus

3 A mger

4 A Jumigatus

5 A Jlavus

6 T vinde

7 A Jlavus (sclerotial)

8 E javamcum (ITCC No 4

9 E javamcum (ITCC No 4

10 Streptomyces sp 
(flexuous sporophores)

with the pathogen in dual culture 

Reaction with the pathogen

Intermingling and overgrowth

Inhibition at a distance and dismtegra 
tion of pathogen

Dieback and disintegration of pathogen 

Mutual inhibition on contact
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Table 14 Effect of cell free culture filtrates of antagonists on the growth of pathogen 
(Poisoned food technique)

Name of antagonist

1 A niger

2 A jum gatus

3 A flavus

4 T vinde

5 Control

Pythium apbamdermanun

Radial growth m mm measured 
two days after inoculation

Nil

52

34

70

90

Per cent 
inhibition

100

42

62

20

Table 15 In vitro sensitivity of P aphanidermatum to selected fungicides 

SI Fungicide P aphanidermatum

Name Concentration 
(Per cent)

*Colony diameter 
(mm)

Inhibition 
over control

1 Indofil M 45 0 3 12 86 66

2 Emisan 0  1 12 86 66

3 Fytolan 0 2 0 100  00

4 Bordeaux 1 0 0 100  00
mixture

5 Control 90

* Mean of three replications
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The growth character of these two organisms clearly showed that the 

Streptomyces sp and P aphamdermatum expressed the character of mutual mhibi 

tion on contact when the pathogen was inoculated after the antagonist (Table 13)

In the dual culture reaction of mutual inhibition on contact shown by 

three species of fungi viz A flavus (sclerotial) E  javamcum  ITCC No 4 595 and 

E javamcum  ITCC No 4 596 and one species of actmomycete both the pathogen 

and the antagonists showed normal growth rate m dual culture but when they came 

m contact further growth of both was arrested The character of mutual inhibition 

on contact by the pathogen and the antagonist is of course an antagonistic property 

But it may not have much value m the biological control of the pathogen because 

till the contact o f 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 antagonist being inhibited

The antagomstic effect of Streptomyces spp on Pythium was reported by 

several workers (Domsch et al 1980 Yehia et al 1981 Tahvonen 1982 1988 

and Rath and Wolf 1992) Contradictory to the above reports m the present study 

the actmomycete did not show any antagomstic property towards Pythium There 

were no reports on the antagonistic properties of Eupemcilhum  spp

4 7 In vitro  evaluation of fungicides against the pathogen and the
antagonists

Plant disease control aims at prevention or reduction m the incidence or 

seventy of the disease Among the vanous methods of plant disease control though 

use of chemicals offers comparatively more effectiveness and quick acuon m



prevention or reduction of disease encouragement of its use with antagonists favours 

reduced environmental hazards and cost effectiveness As rhizome rot of ginger is 

very serious during rainy seasons use of chemicals along with antagonists offer 

better control of the disease So m the present study in vitro effect of fungicides 

against P aphanidermatum and antagonists were evaluated with a view to assess the 

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

of ginger

Four fungicides viz Bordeaux mixture fytolan emisan and Indofil 

M-45 each at 1 0 0 2 0 1 and 0 3 per cent concentration respectively were 

screened for their inhibitory effect on the growth of the pathogen and the 

antagonists The bio assay studies earned out against the pathogen showed that 

Bordeaux mixture and fytolan completely inhibited the growth of the pathogen 

(Table 15) This finding on the effect of Bordeaux mixture against the pathogen is 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 against rhizome rot 

of ginger Chauhan et al (1994) found Bordeaux mixture at 3000 ppm most 

effective m reducmg the per cent mcidence of rhizome rot of ginger in pot under 

green house conditions even after 90 days of inoculation It was noted that 

Indofil M 45 and emisan exhibited comparatively low efficacy m inhibiting the 

fungus They showed only 8 6  6 6  per cent inhibition over control (Table 15) Out of 

the five fungicides tested in vitro against P mynotylum  Sharma and Jn„hi (1979) 

got effective control of the fungus growth using Indofil M 45 bavistm ceresan and 

kitazrn while benlate was not effective Sharma and Gupta (1988) reported complete 

inhibition of the growth of P ultimum causmg collar rot of apple m Himachal 

Pradesh by emisan (methoxy ethyl mercuric chloride) and Indofil M 45 (mancozeb)

5 cr
>
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when tested in vitro In the present investigation also Indofil M-45 and emisan were 

found to be effective against Pythium though they were second to fytolan and Bor 

deaux mixture

Among the four fungicides tested against the antagonists for their sen 

sitivity Bordeaux mixture was found to be completely inhibiting the growth of all 

the antagonists while fytolan completely inhibited the growth of only A flavus and 

A Jumigatus The per cent inhibition of T vinde and A niger by fytolan was 56 66 

and 1 11 respectively Though emisan completely inhibited the growth of A 

Jumigatus it could inhibit only 85 55 per cent of T vinde 23 33 per cent of A 

flavus and 14 44 per cent of A niger Considering the per cent inhibition Indofil 

M 45 was having comparatively low rate of inhibition of antagonist It recorded only 

4 44 m the case of T vinde 111 in A niger 36 6 6  for A Jlavus and 62 22 for A 

Jumigatus (Table 16) The results showed that in general Indofil M 45 is compatible 

with T vinde A mger A Jlavus and A Jumigatus for chemical control of rhizome 

rot of ginger along with biocontrol agents

The effect of fungicides like fytolan emisan and Indofil M 45 on 4 

Jlavus and A mger were studied both in vitro and in vivo and were reported by 

se eral workers (Prasad et al 1986 Zahar et al 1986 Bansal and Sobti 1988 

Sundas and Raj 1989) Zahar et al (1986) reported less toxic effect of Cuprosan 

311 SD (copper oxychlonde + maneb +  zineb) on A rtger and A Jlavus 

However m the present study though fytolan recorded less efficacy in inhibiting the 

growth of A mger it completely inhibited the growth of A Jlavus Sundas and Raj 

(1989) noted that an isolate of the groundnut collar rot pathogen A niger tolerated 

blitox 50 (copper oxychlonde) and Indofil M-45 (mancozeb) at 6000 ppm and



lable 16 In virro sensitiuty of antagonists to selected fungicides

SI
No

Fungicide Antagonists

Name Concentration 
(Per cent)

A jla \u s A fumigatus 7 vinde A niger

‘ Colony
diameter

(mm)

Per cent 
inhibition 

over 
control

*Colony
diam°ter

(mm)

Per cent 
inhibition 

o\er 
control

*Colony
diameter

(mm)

Per cent 
inhibition 

over 
control

*Colony
diameter

(mm)

Per cent 
inhibition 

over 
control

1 Bordeaux
mixture

1 0 0 1 0 0  00 0 10 0  00 0 10 0  00 0 10 0  00

2 Fytolan 0 2 0 1 0 0  00 0 1 0 0  00 39 56 6 6 89 1 1 1

3 Emisan 0 1 69 23 33 0 10 0  00 13 85 55 77 14 44

4 Indofil M-45 0 3 57 36 6 6 34 62 2 2 86 4 44 83 7 77

5 Control 90 90 90 90

* Mean of three replications



62

emisan 6  (2 methoxy ethyl mercury chloride) at 450 ppm when grown on PDA 

containing increasing concentration of fungicides Similar results were obtained m 

the present study also

4 8 Pot culture experiment for testing the efficacy of the antagonists

Pot culture studies were conducted to find out the efficacy of the 

antagonists selected from dual culture studies m 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 difference among the treatments at 120 150 and 180 days after planting

The rhizome rot mcidence observed 120 DAP revealed significant 

difference among the treatments It was observed that the treatment T j was 

significantly superior to other treatments and was followed by T3 T ̂  and T^g The 

treatment Tj recorded the maximum efficiency over control m reducing the 

mcidence Treatments T4  Tg and T j  were on par with each other Treatments T jq 

T 1 7  T j j  T^g and T j4  also showed no significant difference among them Treat 

ment T2q recorded the maximum disease mcidence which was closely followed b\ 

T g T2 andT 6

Observations at 150 DAP showed T2q (control) recording maximum 

rhizome rot incidence and was on par with treatments Tg T2  Tg T } 2  Tjg and 

T9  Treatments T j j  and T ^  did not vary significant!} among thems°lves Tj 

recorded minimum disease mcidence followed b> T3 T13 and T |g  as in previous
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Table 17a Effect of antagonists and selected fungicides on the rhizome rot of ginger 
m pot culture experiment

Treatments Percentage of rhizome rot mcidence at monthly intervals from 120 DAP
(Mean of 5 replications)

120 DAP 150 DAP 180 DAP

T 1 1 332 (1 354) f 3 15 (1 789) l 11 658 (3 350) c

T2 54 52 (7 447) ab 90 95 (9 569)a 100 00 (10 050) a

T3 8  57 (2 470) ef 8 57 (2 470) hi 41 43 (5 363) be

T4 23 93 (4 108) bcdef 49 08 (6  473) bcdef 76 00 (8 030) ab

t 5 18 47 (4 395) bcdef 28 21 (5 383) efg 59 83 (7 739) ab

t 6 57 83 (7 644) ab 84 22 (9 227) a 100 00 (10 050) a

t 7 22 56 (4 486) bcdef 40 14 (6  150) cdefg 68  16 (8 195) ab

t 8 51 40 (7 214) ab 93 14 (9 692) a 100 00 (10 050) a

t 9 42 24 (6  495) abed 79 88 (8  992) a 97 50 (9 921) a

1 10 34 8 6  (5 036) abede 67 87 (8 013) abed 95 29 (9 800) a

T il 38 36 (5 235) abede 77 00 (8 754) ab 96 92 (9 891) a

T 12 50 47 (7 162) abc 83 37 (9 162) a 100 00 (10 050) a

T 13 11 76 (3 543) def 16 16 (4 069) gh 47 50 (5 661) be

T14 38 15 (5 768) abede 74 21 (8 672) ab 96 92 (9 890) a

Tl5 47 45 (6  957) abed 80 02 (8  996) a 100 00 (10 050) a

t 16 36 65 (5 671) abede 69 43 (8  349) abc 96 36 (9 860) a

T 17 28 38 (5 216) abede 56 76 (7 589) abede 85 64 (9 276) a

t 18 12 43 (3 614) cdef 24 12 (4 848) fg 51 99 (7 045) a £ /

T 19 20 63 (4 626) abedet 33 19 (5 827) defg 62 29 (7 941/ab

t 2 0 6 6  04 (8  178) a 93 71 (9 728) a 100 00 (10 050) a

DAP Days after planting
Figures given in parenthesis are transformed values (/x -t-1)
Treatment means followed by common letters do not significantly differ at 1 % level
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Table 17b Effect of antagonists and selected fungicides on the rhizome rot of ginger in
pot culture experiment

Per cent efficiency over control 
Treatments ------  -   — -----------------------

120 DAP 150 DAP 180 DAP

T 1 97 98 96 63 88 34

t 2 17 44 2 94 0

t 3 87 01 90 85 58 57

t 4 63 76 47 62 24 00

t 5 72 03 69 89 40 00

t 6 12 43 10  1 2 0

T 7 65 83 57 16 31 84

T 8 22  16 0 60 0

t 9 36 03 14 75 2 50

T 10 47 21 27 57 4 71

'T il 41 91 17 83 3 08

T 12 23 57 11 03 0

Tl3 82 19 82 75 52 50

T 14 42 23 20  80 3 08

Tl5 28 14 14 60 0

T 16 44 50 25 90 3 64

T 17 57 02 39 43 14 36

T 18 81 17 74 26 48 01

T 19 68 76 64 58 37 71

T 20
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observation Treatments T j T jp  T7  and T4  recorded less than 50 per cent disease 

mcidence

The final observation at 180 DAP revealed that the treatment T2q 

(control) recorded 1 0 0  per cent disease mcidence and was on par with the treatments

t 2 t 6  t 8 t 12 t 15 t 9 T 11 t 14 t 16 T 10 311(1 t 17 Treatments T j T3  and 

T 13  showed less than 50 per cent disease mcidence Among them T j recorded the 

least (11 65 per cent) and treatments T3 and T J3  were on par with each other Also 

treatments T7  T4  T jq  T j and T jg showed no significant difference among them

From the data it is evident that among the twenty treatments T j 

(A m ger seed inoculation) recorded the maximum etticiency over control m 

reducing the rhizome rot mcidence and was followed by T3  and T j j  The 

minimum efficiency over control was recorded in treatments T2  Tg Tg T j2  and

T15

The results of pot culture study on the biocontrol of rhizome rot of 

gmger with antagomstic microorganisms indicated that in general the treatments Tj 

(A mger seed inoculation) T3  (A Jlavus seed inoculation) and T j3  (A mger 

soil application after 60 and 120 DAP) had maximum efficiency m checking the 

mcidence and seventy of rhizome rot mcidence than the other treatments Though 

T j (A m ger soil application at planting) and T j g (copper oxychlonde 0 3% soil 

dren lung) initially recorded minimum disease mcidence more than 50 per cent 

disease mcidence was observed 180 DAP The rhizome rot mcidence remained static 

throughout the study penod m the treatments T j T3  and T j j  indicating the ability 

ot the antagonists to prevent the further spread and development ot the pathogen
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The antagonistic properties of various species of Aspergillus were 

reported by several workers and were mainly attributed to the production of 

antunetabohtes (Raistnck and Smith 1935 Marcus 1947 Zaehner et al 1963 

Broadbent 1966) In vitro studies conducted by Vmod (1988) revealed that A mger 

showed the dual culture reaction ot inhibition at a distance and disintegration of P 

mynotylum indicating the production ot antibiotics by the antagonists which inhibited 

the pathogen completely Though there were no other reports ot studies on the 

antagonistic property ot A mger against Pythium sp its antagonistic property 

towards Rhizoctoma sokau and Phytophthora palmivora was well established and 

was reported by Bora (1977) Gokulapalan and Nair (1984) and Vmod (1988)

A perusal of the literature revealed that there were no exhaustive study 

on the antagonistic properties of A flavus against Pythium spp However the 

antagonistic etfect ot A flaw s against other pathogens was reported by Melgarejo 

et al 1986 Wokocha et al 1986 and Dwivedi et al 1993

4 8 1 Effect of treatments on yield m pot culture experiment

The maximum yield per plant (124 g) was recorded in the treatment Tjg 

(copper oxychlonde 0 3% soil drenching) and was closely followed by Tjg 

(mancozeb 0 3% soil drenching) (112 g) Tj (A mger seed moculanon) Tj 

(A flaw s seed moculabon) and Tjg (A mger soil application after 60 and 120 

DAP recorded 87 g 65 g and 55 g respectively Treatments T^ (A mger soil 

application at planting and T-j (A flaw s soil application at planting) were interior 

to T i T3 and T a n d  recorded 40 g and 24 g respectively Because of complete 

wilting yield could not be recorded m other treatments
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Sarma et al (1979) obtained highest yield in ginger when bhtane (Zinc 

+  copper oxychlonde) dithane Z 78 and difolatan were used as sod drench or 

drench plus seed treatment Shanna and Dohroo (1982) observed that seed dip m 0 2 

per cent solution of either Indofil M-45 or dacoml was effective in controlling the 

rhizome rot as well as increasing yield m the field Doshi and Mathur (1987) noticed 

minimum mcidence of pre and post drenching rotting and increased yield of 

rhizomes m treatments with aliette Bordeaux mixture mancozeb and captafol

The results of pot culture studies also revealed that the fungicidal treat 

ments T jg (copper oxychlonde 0 3% soil drenching) and T jg  (mancozeb 0 3% 

sod drenching) recorded highest yield than the other treatments

From the present study on the biocontrol of rhizome rot ot ginger with 

antagomstic microorganisms the following facts emerged T j (A mger seed 

inoculation) T3 (A flavus seed inoculation) and (A niger soil application 

after 60 and 120 DAP) though performed well m reducmg the disease mcidence 

recorded comparatively lesser yield than T^g (copper oxychlonde 0 3% sod 

drenching) and Tjg (mancozeb 0 3% sod drenching) Among the treatments T j 

T3 and T 13  maximum efficiency over control (8 8  34%) was recorded in T3 

followed by Tj (58 57%) and T 1 3  (52 50%)

In vtro  studies to find out the inhibition percentage of the antagonists 

A mger and A flavus by fytolan (copper oxychlonde) showed 111 per cent inhibi 

tion ot A mger and complete inhibition of A flavus Indofil M 45 (mancozeb) 

exhibited 7 77 and 36 6 6  per cent inhibition ot A mger and A flavus respectively 

Hence seed inoculation ot A mger m combination with either copper oxychlonde
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0 3% (or) mancozeb 0 3% was found to be most effective m checking the incidence 

and seventy ot rhizome rot of ginger and increasing the yield ot rhizomes Seed 

inoculation of A flavus m combination with mancozeb 0 3% and soil application of 

A mger after 60 and 120 DAP with either copper oxychlonde 0 3 % or mancozeb 

0 3 % were also found to be promising treatments





1 Rhizome rot is one of the most destructive diseases of ginger inflicting heavy 

crop losses especially during rainy seasons Considering the seriousness of the 

disease the present study was undertaken to isolate the native antagonists and 

screen them against the pathogen so as to select suitable biocontrol agents to be 

used for effective management of the disease

2 The rhizome rot pathogen was isolated from infected rhizomes and its patho 

genecity established Cultural and morphological characters ot the pathogen 

were studied Based on the cultural and morphological characters the causal 

organism of rhizome rot of ginger was identified as Pythium aphanidermatum 

(Edson) Fitz

3 Soil microorganisms were isolated from the rhizosphere of healthy ginger plants 

among the rhizome rot affected plants m the diseased field

4 Quantitative estimation of the rhizosphere soil of healthy ginger plants revealed 

maximum bacterial population (5 030 x 10^) followed by actmomycetes (3 172 

x 106) and fungi (10 35 x 10^)

“> Qualitative study ot microflora ot rhizosphere soil ot healthy gmger plants 

revealed nine species ot tungi belonging to tour genera one actmomycete and 

four species ot bacteria The prominent genera ot fungi were Rhizopus 

Aspergillus Tnchoderma and EupeniciUium The actmomycete was observed 

belonging to Streptomyces sp and the four bacterial species obtained were
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distinguished from each other based on their colony characters shape and gram 

reaction and were designated as Bj B2  B3  and B4

6  The antagomstic properties of all the isolates were studied against the pathogen 

P aphamdermatum by dual culture method

7 The reactions of the antagonists with the test pathogen studied in dual culture and 

observed as follows

(a) Intermingling and overgrowth

(b) Inhibition at a distance and disintegration of pathogen

(c) Die back and disintegration ot pathogen

(d) Mutual inhibition on contact

Of the above reactions intermingling and overgrowth did not show any 

antagomstic or antibiotic property and the reaction of mutual inhibition on 

contact showed only slight antagomstic property The dual culture reactions of 

inhibition at a distance and disintegration ot pathogen and die back and 

disintegration ot pathogen were considered to be strongly antagonistic

8 Rhizopus sp and Aspergillus cameus showed the dual culture reaction ot inter 

mingling and overgrowth with the pathogen

9 A mger has shown the reaction ot inhibition at a distance and disintegration ot 

pathogen m dual culture

10 A Jumigatus A Jlavus and T vinde have shown the dual culture reaction of die 

back and disintegration ot pathogen
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11 A fla w s  (sclerotial) EupemalUum javamcum ITCC No 4 W  a  javamuw 

ITCC No 4 596 and Streptomyces sp have the reaction of mutual inhibition on

contact with the pathogen in dual culture

12 The microorganisms which showed conspicuous antagonistic characters m dual 

culture against the pathogen were selected and further studied for production ol 

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

mg poisoned food technique

13 A mger produced very powerful toxic metabolite and inhibited 100 per cem 

growth of the pathogen A flumgatus A flaw s and T vinde inhibited the 

growth of P aphamdcrmanm by 42 20 and 62 per cent respectively

14 In vuro evaluation of the fungicides Indofil M-45, emisan, fytolan and Bordeaux 

mixture against the pathogen exhibited complete inhibition of the growth of the 

fungus by fytolan and Bordeaux mixture Indohl M-45 and m i™  exhibited 

comparatively low efficacy in inhibiting the fungus

15 Among the tour fungicides tested against the antagonists for their sensitivity 

Bordeaux mixture completely inhibited the growth of all the antagonists while’ 

Indofil M 45 exhibited less efficacy of mhibibon against the antagomsts ’

16 Pot culture studies were conducted to find out the efficacy of the ,

selected from dual culture studies m reducing * ,  rhlzo ^

The results indicated that in general, treatments^ 2 *  

* »  >1 flaw s seed inoculation and A mger S0lI ann) Seed°’0CU,a

DAP — e rot incidence than o th e ^  ^
^  W r  seed mocufehon recorded the feast '  Affl°n8 ^
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17 Studies on the effect o f treatments on yield in pot culture experiment showed that 

the treatments copper oxychlonde 0 3% soil drenching and mancozeb 0 3 % 

soil drenching gave maximum yield per plant than other treatments

18 The present study revealed that seed inoculation of A m ger m combination with 

either copper oxychlonde 0 3 % or mancozeb 0 3 % was found to be most 

effective in checking the mcidence and seventy of rhizome rot ot ginger and 

increasing the yield of rhizomes Seed inoculation of A Jlavus m combination 

with mancozeb 0 3 % and sod application ot A m ger after 60 and 120 DAP 

with either copper oxychlonde or mancozeb 0 3 % were also found to be 

promising treatments
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APPENDIX I
Potato dextrose agar medium

Peeled and sliced potato 200 g

Dextrose 20 g

Agar agar 20 g

Distilled water 1000 ml

APPENDIX II 
Oat meal agar medium

Rolled oats 100 g

Agar agar 15 g

Distilled water 1000 ml

pH 6  0 to 6  5

APPENDIX III 
Nutrient agar medium

Beef extract 1 gm

Yeast extract 2 gm

Peptone 5 gm

NaCl 5 gm

Agar agar 15 gm

Distilled water 1000 ml



APPENDIX IV
Nutrient glucose medium

Beef extract 3 0 g

Peptone 5 0 g

Glucose 5 0 g

NaCl 5 0 g

Agar agar 15 Og

Tap water 10 0 0  ml

PH 6  8 to 7 2

APPENDIX V 
Martin s Rosebengal streptomycin agar medium

(Martin 1950)

5 0 g  

10 Og 

1 0 g

0 5 g 

15 Og

1 part m 30 000 
parts of the medium

10 0 0  ml

30 0 mg

Peptone

Dextorse

k h 2 p o 4

MgS04  7H20  

Agar agar 

Rose bengal

Distilled water 

Streptomycin



APPENDIX VI
Kemght s agar medium

Glucose 1 0 g

KH2 P 0 4  0 1 g

NaN03 0 1 g

KC1 0 1 g

MgS04  7H20  0 1 g

Agar agar 20 g

Distilled water 1000 ml

APPENDIX VII
Analysis of variance table Effect of antagonists and selected fungicides on the rhizome 

rot of ginger in pot culture experiment

Source df Mean square

120 DAP 150 DAP 180 DAP

Treatment 19 16 573** 29 770** 18 930**

Error 80 3 300 1 683 3 271

Total 99

** Significant at 1 per cent level 
DAP Days after planting
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ABSTRACT

Rhizome rot is one of the most destructive diseases ot ginger m 

Kerala The pathogen was isolated from infected rhizomes and its pathogenecity 

established The pathogen was characterized and identified as Pythium aphamder 

malum (Edson) Fitz based on its cultural and morphological characters

Soil microorganisms were isolated from the rhizosphere ot healthy 

ginger plants among the rhizome rot affected plants m the diseased field and were 

quantitatively and qualitatively estimated The population of bacteria was maximum 

followed by acdnomycetes and fungi A diversified group ot sod microflora consist 

mg of nine species of lungi belonging to four genera viz Rhizopus Aspergillus 

Tnchoderma and Eupenicillium one actmomycete of Streptomyces sp and four 

species of bacteria which were distinguished from each other based on their colony 

characters as B j B2  B3 and B4

Antagonistic properties ot the microorganisms isolated were studied 

against the pathogen P aphanidermanm in dual culture

Rhizopus sp and Aspergillus cameus showed the dual cu ture reaction 

of intermingling and overgrowth with the pathogen which is not considered as an 

antagomstic reaction A mger exhibited the reaction ot inhibition a* _ distance and 

disintegration ot pathogen whde die back and disintegration ot the pathogen was 

shown by A Jumigatus A Jlavus and Tnchoderma vinde Both these characters are 

considered strong antagonism A Jlavus (sclerotial) Eupenicilhum jaxamcum ITCC 

No 4 595 and E javamcum ITCC No 4 596 have the reaction ot mutual inhibition



on contact with the pathogen in dual culture which is not considered as promis 

mg antagonistic property

Inhibitoiy properties of antagonists usmg cell free culture filtrates were 

estimated and tound that A m ger inhibited 100 per cent growth ot the pathogen 

While A Jumtgatus T vinde and A flavus inhibited the growth of P aphamder 

mamm by 42 20 and 60 per cent respectively

Among the different fungicides screened in in vitro fytolan and 

Bordeaux mixture completely inhibited the growth of the pathogen Indofil M-45 

and emisan exhibited comparatively less inhibitory effect While Bordeaux mixture 

showed complete inhibition of the growth ot all the antagonists Indotil M-45 

exhibited less efficacy of inhibition against the antagonists

Result of the pot culture studies indicated that treatments A mger 

seed inoculation A flavus seed inoculation and A mger soil application after 60 

and 120 DAP had minimum rhizome rot mcidence The studies on the effect of 

treatments on yield in 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 inoculation of A mger m 

combination with either coppwoxychlonde 0 3% or mancozeb 0 3% was tound to be 

most effective m checking the mcidence and seventy ot rnizome rot ot ginger and 

increasing the yield of rhizomes Seed inoculation ot A flavus m combination with 

mancozeb 0 3% and soil application of A m ger after 60 and 120 DAP with either 

copper oxychlonde 0 3 % or mancozeb 0 3 % were also found to be promising treat 

ments


