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ABSTRACT

Biological control agents with ecofriendly approascbw a day’s remained as a requisite in crop protecstrategy
against indiscriminate usage of chemicals. Conteanily integration of technology made fungal agepistent
with broad spectrum control. Hence present worksaimh determining the antimycotic ability of Tricleothae
species as biocontrol agent in controlled condiicegainst phyto-pathogens like fusarium and Caifeeioum
species. Results revealed that Trichodermae virisla@ved maximum inhibition on radial growth of fiigan
oxysporiumf.s.p.capsici (76.7440.4) in dual cultundnile its volatile metabolites on growth of C.gdporides
(53.340.3) and nonvolatile metabolites on C.capgi¢0.9440.6). While Trichodermae harzianum exhibitiées
maximum potentiality in arresting radial growth Gfcapsici at 87.640.9 percent in dual culture whi8.6+0.2
reduction by volatile metabolites and over growtthb8o filtrate application by nonvolatile metabokteFrom the
results it has been illustrated that both Trichadee species may serve as biological agents andrimbimation
work effectively to control plant diseases withpet to their mode of infection and host pathosyspeomoting
harmful chemical free agricultural practices.
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INTRODUCTION

Chilli (Capsicum annuurh) an economically fourth essential vegetable gaopvn unanimously all over the world
for its outstanding nutritional and therapeuticues. India is the world’s largest producer, consuamel exporter of
chilli accounting to 36 percent of global chilligatuction. Although production is high in India, tlaeerage
productivity is less (1ton/ha), when compared teeotimportant producers of chilli viz, China, MegjcTaiwan
where the productivity is 3 tons/ha, as intermitieits production was being challenged by manytibistresses.
Among them fungal diseases are reported to be desststative especially Colletotrichum and fusasfscies were
more common causing Anthracnose and fusarium waulting in yield loss more than 50 percent [1path
gualitative and quantitative aspecolletotrichum capsici{Syd.) Butler and Bisby is an efficiently signifida
cosmopolitan fungi reported to infect 45 generglaht kingdom and most commonly found to occurridi& [2].
Mostly transmits by air or moist and hemibitrophicnature of infectionColletotrichum gloeosporioideBenz. a
facultative parasite infecting wide range of hagtboth mature and immature stages of fruit mgjspread by rain
splashes and air causing anthracnose in dhilsarium oxysporium f s.p.capsisi a soilborne fungus, infects by
means of its chlamydospores which remains activeoihfor several years. All these fungi are highbthogenic
with complex nature exhibiting variability with qgsct to their environmental conditions. In suchnsec® farmers
are relying on the usage of pesticides and funggighich sequentially impart negative impact omveirenment.
As an alternative biological control with an ec@fidly approach is considered to be best. Espgaiediearch area
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on fungal biological control was rapidly developif8) with successful stories. Few fungi likéerticillium lecanii
against Whitefly and thripsLagenidium giganteuragainst Mosquito larvadrichoderma harzianuragainst Wide
range of fungal diseasdsisarium oxysporiunagainst. moniliformeandGliocladium virensagainst several plant
diseases like damping off & root pathogens etc.nddethis study was aimed to identify potentialitf o
Trichodermaespecies as biocontrol agent on phyotpathogen rgcihilli.

Trichodermaare, highly opportunistic, soilborne green sporgahfentous-ascomycete found all over the world
exhibiting adaptability to various ecological caiahis [4, 5].Mycoparasitism, antimicrobial metabolites, induntio
of plant defense system are key factors contrilguton bio control measures of these fungi. On ttieohand,
Trichodermaspp. had also been employed in a wide range of @mial enzyme productions, i.e., cellulases,
hemicellulases, proteases, and 3-1, 3-glucanas¢hede qualities have madeichodermaspp. acknowledged in
industry as sources of enzymes, and in agricutigreiofungicides/growth promotergtichodermaspp. are living
entities, the activity and survival of which argpdadent on biotic and abiotic environmental factengch limited it

to be a potent chemical fungicide. Alternativeédsunderstand the exact molecular mechanism ofobimol and
search for strains ofrichodermawith improved biocontrol potential, as well as @pilto survive in adverse
environmental conditions may pave a way to imprsustainable crop production without causing anynhto
surroundings. Therefore the present work aims atuating antimycotic ability offrichodermaspecies against
Colletotrichum capsicandFusarium oxysporurphyto pathogens using dual, volatile and non ilelassay.

EXPERIMENTAL SECTION

Isolation of Trichoderma strains

Trichoderma strains viz., T.viridaand T.harzianumwere collected from Varsha Bioscience Pvt. Ltd.dehabad.
Strains were confirmed based on morphological atarsviz., colony growth, color, conidia shape, conidiophores
branching, phialide length etc. Pure cultures wagentained on PDA agar slants &C4and used for inhibition
studies.

Isolation of phytopathogensstrains

Fruit rot and vascular wilt infected fruit and steifnchilli cultivars were collected from farmer'®fd. Isolation was
carried out using tissue transplanting technique litfected stem bits (5mm) were surface sterilizeith 4%
sodium hypochlorite solution for 5-10 minutes felled by subsequent washings with sterile distilleden Then
bits are transferred onto Potato dextrose agar jRD&dium plates and pure cultures were obtainddvwitg single
spore technique [7] when incubated at Z%*Zor a week. Pathogens were confirmed based orphmotogical
characters described by [@k.,colony growth, color, conidia size and shape. Mpoos culture was maintained on
PDA agar slants, stored diGtand used for inhibition studies.

Dual culture assay

Antagonistic activities oTrichodermaspp. were determined using dual culture technigapgsed by [9]. A5 mm
plug of 7 day old pure culture of antagonistic fuigpathogen were carefully excised and inoculatedopposite
ends of a PDA plate with 3 cm away from each ottwrereas control plates were inoculated with steagar disc
in place of antagonist and incubated at 2% fbr 7 days. In case of slowly growing pathogetaganist is placed
two days after inoculation. Radial growth of pateongvas measured every day after inoculation. Aofehree
replications were maintained and radial growth athpgen and its inhibition birichoderma speciesere assessed
by using the formulae: Percent of inhibition (PIE=T/C x 100 Where, C = Growth of test pathogerhwibsence of
antagonist (cm), T = Growth of test pathogen irspnee of antagonist (cm).

Antimycotic efficiency of Volatile Metabolites

The antimycotic effect ofrichodermaevolatile metabolites was evaluated according t rifethod described by
[10]. Petri plates containing PDA medium were calhtrinoculated with a 5 mm diameter disc of antaigtic
strains and pathogen individually. The plates wacogibated for 3 days at 2&€. The upper lid of each Petri plate
was removed aseptically and lower plate contaipiathogen was placed over a plate containing antstgstnain.
The plates were enclosed by three layers of paradi cellophane adhesive tape to prevent the dbsslatile
substances from sides of a petriplate and incubated days at 28C. The Petri plate containing PDA without
antagonist serves as control. Each assay was petbin triplicate. The percent inhibition was oh&d using the
following formula: Inhibition (%) = D1 — D2)/D1 x 100 where D1 represents the diameter of radial grasith
pathogen in control and D2 represents the dianoétexdial growth of pathogen with antagonist [11].
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Antimycotic efficiency of Non Volatile Metabolites

Poisoned food technique was used to determinerttag@anistic activities of potent antifungal metates present in
Trichoderma sppculture filtrate obtained after 10 days of inctitxain potato dextrose broth at’8 Ensuing 10
ml of culture was centrifuged at 10,000 rpm forr@utes. The supernatant was filtered by Whattmari Nilter
paper and conceded through 034 Millipore filter. Different volumes of filtratesvere added to the molten PDA
medium to obtain final concentrations of 5, 10, My). The medium was poured into Petri plates mdulated
with 1 cm mycelial plug of 4-day-old actively grawg pathogen culture. The Petri plates were incubate@8 + 2

C for 4 days. Control plates were maintained withmuture filtrate. Radial mycelia growth of thetipagen (colony
diameter) was measured and inhibition percentagecatzulated and recorded by using formulae prapbgd11].

RESULTS AND DISCUSSION

Isolation of Trichoderma strains

Collected sample powder was serially diluted anseoked for growth and abundant growth of monospaitire
was observed at 10 dilution plate on PDA medium. Culture was examingter microscope for structural
conformation and morphological characteristic feggu Color from upper surface varied from watenyite/ho
bluish green color and lower surface from yellowataber. Surface mycelium was whitish and floccosedture,
Growth rate for 4 days ranged from 8-9.0 cms. Micaopic features conidia are round in shape witindtar 1.5
pm and tuft green in color. From the above obs@madtrain was conformed to Aeichodermae virida€Fig.1) in
accordance with key given by [12].

Fig 1: Trichodermae viridae at macro and microscopic examination

Color from upper surface varied from white greerdéwk green color and lower surface from colourlessirab

color. Surface mycelium was whitish and compaatature with concentric circles, Growth rate foraysl ranged
from 9.5 cms. Microscopic features conidia are stm@nd subglobose round in shape and yellow to gaden

color. From the above observation strain was aoméol to beTrichodermae harzianurtFig.2) in accordance with
key given by [12].

Fig 2 : Trichodermae harzianum at macro and microscopic examination
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Isolation of plant pathogens:

Colletotrichum gleosporides confirmed based on tophographic features prapbse[13]. Upper surface varied
from white to dark orange or pink color with detieaand thin mycelium. Growth rate is 0.9 cm/ d&ize of
conidia is 13.5 #4.0um. cylindrical conidia whileok&totrichum capsici is confirmed based observeti@and
characteristic features described by [14]. Uppefase varied from white or grey to black color witettony
mycelium. Growth rate 0.8 cm /day Presence of s&ae of conidia is 21+3.0um , Aseptate conidithwialcate
or half moon shape aridsarium oxysporium f.s.p.capsietas conformed based on [15]. Colonies initiafipear in
white and then turn to orange or purple at matu@gowth rate is 0.7 5 cm / day. Conidia are fusifan shape
slightly curved and pointed at tip mostly 3-5 séptéasal cells pedicellate.

Dual culture assay

Results from present investigation by dual culaseay indicated that both isolatesTothoderma harzianum and
viridae exhibited varied antimycotic activity over radialogith of serious plant pathogens imvitro condition.
Colletotrichum capsicradial growth was inhibited by Trichodermae vied@®6.1%) andrichodermae harzianum
(87.6%) after 5 days of inoculation. Among th&nmarzianumhad revealed highest inhibition when compared to
that of [16]. While inhibition byT. viridae was in accordance with the results of Naglot (301%7]. Potent
Colletotrichum gleosporidesnycelial growth was restricted byrichodermae viridae(64%) with maximum
inhibition than that of [17]. Whil&richodermae harzianur60%) inhibition rate was in harmony with resuis
[18]. F. oxysporum f. sapsicigrowth was reduced utmost Byichodermae viridag76.7%) when compared to
that of [19] showing 68.4 percent of inhibition WehiTrichodermae harzianurwith (68%) in dual culture assay
performed shown in (Table 1 and Fig 3)

Fig 3: A Calletotrichum capsici with Trichodermae harzianum , B : C.capsici , C: C.capsici with Trichodermae viridae. D: Fusarium
oxysporium F.sp.capsici with T.viridae. E: F.sp.capsici F : F.sp.capsici with T.harzianum. G: Colletotrichum gleosporides with T.harzianum
H: C.gleosporides|: C.gleosporides with T.viridae
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Table 1 : Assessment of antimycotic effect @richodermae species on Plant pathogens

Percentage of mycelia growth inhibition by antagbim Dual culture
Plant pathogen T. viridae T. harzianum
Colletotrichum capsici 66.19+1.0 87.6+0.9
Fusarium.oxysporium f.sp.capsici | 76.74+0.4 68.66 + 0.3
Colletotrichum gleosporidt 64.24 + 0. 50.65 + 1.

*Values are mean of three replicates + Standaraerr
Volatile assay:
Volatile metabolites present in the filterateTofchodermae viridagevealed its highest potentiality by inhibiting
Colletotrichum gleosporideat 53% and-usarium oxysporium f.s.p.capsi@rowth by 46% superior than that of
[20] and least inhibition orColletotrichum capsiciat 25% after 7 days of inoculation on PDA mediwvhile
Trichodermae harzianumestrictedC. capsicigrowth by 58% followed by 37 % dfs.p.capsiciand 34% on
C.gleosporidegTable 2 ) respectively. Biocontrol capability drichodermaevaries with respect to pathogen and
cultural conditions.

Table 2 : Effect of Trichodermae species volatile metabolites on radial growth ofagthogens

Plant pathogen Percent growth inhibition of antagonist

Trichodermae viridae| Trichodermae harzianym
Fusarium oxysporium f.s.p.capsiti 46.6+0.8 37.3+0.7
Colletotrichun Gleosporide 53.340.! 34.2+1¢
Colletotrichum capsit 25.5 +0.: 58.6+0.:

*Values are mean of three replicates + Standarderr

Poisoned food technique

This technique is mostly used to estimate the &dficof non volatile metabolites present in antagjooulture
filtrate bioassay over phytopathogen. Both straifh$richodermaeshowed significant restriction over their growth
when employed at 5, 10, 15% v/v concentration (& &)l

Among different proportions (5, 10, 15) 5 %Toharzianunfilterate had completely arrest&@capsicigrowth and
T.viridae 15% could be able of inhibiting its growth upto @ércent signifying its capability to be an prodict
biocontrol agent with minimum aliqout in agreemeuith that of work done by [16]. The@.gelosporidesstrain
growth was more reduced from 35, 52 to 65 peraeprésence of .viridaefiltrate thanT. harzianumwith 31, 42
and 48 percent of inhibition. Consequerflysarium oxysporium f.s.p.capsitiotility was restricted at 51, 60 and
66 percent of inhibiton by.viridaefiltrate when compared to that of 24, 42, 63 petdy T.harzianunrespectively
whose Inhibition rate was superior when reviewethwiork done by [21].

Table 3: Effect of Trichodermae species nonvolatile metabolites on radial growthfgathogens

Plant pathogen Antagonigt 5% Culture filterate  10@ture filterate| 15% Culture filterate
Fusarium oxysporium f.5.p.capsiel TV 51.53+0.! 60.6610.( 66.43+0.:
T.H 24.7140. 42.82+0.: 63.48+0.f
Colletotrichum Gleosporides TV 35.64 +0.3 52.52 +0.1 65.32 0.1
T.H 31.82+0.5 42.81+0.5 48.92+0.4
Colletotrichum capsici TV 50.7919.4_ _ 66.45+0.4 70.94+0.6
T.H Completely inhibited Over growth Over growth

*Values are mean of three replicates + Standarderr
CONCLUSION

Among two strains offrichodermascreened against three phytopathogens for mycapsmasind antibiosisT.
viridae was considered to be more potent by inhibitthgleosporidesndfusarium oxysporium f.s.p. capsieidial
growth via dual culture assay, volatile and noratité assay whild. harzianumshowed its maximum inhibitory
ability over C.capsiciin three methods when compared with other two fu@g a whole both organisms had
showed their maximum and minimum percent of infobitto be as biocontrolagents. Biological confehow
being a key strategy in crop protection programmhéar controlling pests worldwide. From this casady both
species can be considered as biocontrol agentseamin more efficient when used in combinationy afiter large
scale of field level application. These preliminastudies serve as a primary step in developingaswile
agriculture especially in controlling devastativeedises leading to severe yield loss in chilli crop
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