Research Paper :

M ode of action of the native potential antagonist, Trichoderma fasciculatum

against Colletotrichum gloeosporioides causing mango anthracnose
ANU A. MATHEWS, S. THAHIR BASHA AND N.P. ESWARA REDDY

Seeend of thearticlefor
authors’ affiliations

International Journal of Plant Protection (April, 2010), Vol. 3 No. 1 : 34-39

Correspondence to :
S. THAHIR BASHA
Department of Plant
Pathology,
S\V.Agricultural
College, TIRUPATI
(A.P) INDIA

Key words :
Mango,
Colletotrichum
gloeosporioides,
Anthracnose, T.
fasciculatum
Mycoparasitism,
Volatileand non-
voldtile
compounds

Accepted :
December, 2009

SUMMARY

For control of anthracnoseof mangoincited by Colletotrichum gloeosporiocidesPenz., nativeantagonistic
micr oflorawereused with different mechanisms. Under in vitro study, thefour potential antagonists
viz, T, T, F and B, isolated from fructoplane showed the highest antagonistic activity in dual culture
sudiesdueto mycopar asitism and theefficacy of thefour potential antagonistswasconfirmed in spread
platetechnique. Moreover, T, isolate was selected asthe best fungicide compatible potential native
antagonist among thefungicidesevaluated in poison food technique. Theeffect of volatileand non-
volatilemetabolitesproduced by fructoplaneisolate, Trichodermafasciculatum (T.) inhibited themycelial
growth and conidial germination over control on 3@ and 5" day of incubation, respectively through
antibiosis. Thesefindingsindicated that the native potential antagonist T, which inhibited thegr owth of
pathogen with differ ent mechanismscombiningwith acompatiblesystemicfungicide Thiram at alower

concentration proved tobethebest in integrated disease management of Colletotrichum gloeosporioides.

M ango (Mangifera indica L.) is
considered as “king of fruits” grown
throughout the tropics and subtropics
worldwide. India is the world’s largest producer
of mango. Colletotrichum gloeosporioides
causes anthracnose, which is the most
important biological constraint to mango
production in Southeast Asia resulting in 30-
60% harvest losses (Dodd et al., 1991). Though
chemical control measures are effective,
considering the cost of chemical pesticidesand
the environmental hazardsinvolved, biological
control is a viable strategy for sustainable
disease management. The biologically active
compounds from natural sources have always
been of a great interest for scientists working
on various diseases and understanding the
mechanisms through which the biocontrol of
plant diseases occursiscritical to the eventual
improvement and wider use of biocontrol
methods. The susceptibility of the pathogento
inhibitory metabolites of bioagents assumes
greater relevance where the fungal pathogen
is polyphasic, multicyclic and when all the
different phases of life cycle of the pathogen
are drastically affected by these antagonists.
The present study dealts with the antagonistic
effect of metabolites produced by the potential
biocontrol agents against Colletotrichum
gloeosporioides.

MATERIALS AND METHODS
Isolation, identification and pathogenicity:
The pathogen wasisolated from infected
mango fruits collected from mango orchards
at Agricultural Research Station,
Anantharajupeta, Kadapa (Dt), Andhra
Pradesh by tissue segment method and purified
by single sporeisolation method (Rangaswami
and Mahadevan, 1999). The isolates were
identified by standard mycological keys
(Barnett and Hunter, 1972) and maintained on
Potato dextrose agar (PDA) for further studies.
Wound inoculation method was used to test the
pathogenicity on baneshan mango fruits
(Bhuvanaeswari and Rao, 2001).

Screening of native potential bioagents by
dual culture technique:

Seria dilution plate technique was used
for the isolation of native antagonistic
microflorafrom phylloplane and fructopl ane of
mango (Zenuchi, 2003). The antagonistic
activity of microflora isolates against C.
gloeosporioides was determined by dual
culture technique under in vitro conditions
(Bhuvaneswari and Rao, 2001).

Spread plate method:
1ml of conidial suspension of antagonistic
fungi (10* conidia/ml) prepared using sterile
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distilled water was poured into a Petriplate. To this15ml
molten and cooled PDA medium was added and gently
rotated to mix the suspension uniformly and allowed to
solidify. Then the test pathogen was inoculated at the
centre of the Petriplate and incubated at 28+2°C. Control
plateswithout conidial suspension served ascontrol. Three
replications were maintained for each treatment and per
cent reduction in growth of the pathogen was calculated
by theformula:

C-T

I = x100

where,

| = Per cent reduction in growth of test pathogen
C =Radial growth (mm) in control

T = Radia growth (mm) in treatment

Effect of volatile metabolites of potential antagonist
on C.gloeosporioides under in vitro:

Inverted plate technique as described by Uma
Maheswari et al. (2002) was used to study the influence
of volatile substances on the growth of
C.gloeosporioides. 6mm disc of the fungal antagonist
was placed at the centre of Petriplate containing sterilized
PDA medium. In case of bacterial antagonist, 48 hour
old culture was streaked at the centre of Petriplate
containing nutrient agar (NA). Thelid of each Petriplate
was replaced by another bottom plate containing PDA
medium inoculated with 6mm actively growing culture
disc of C.gloeosporioides and sealed together with an
adhesivetape. Thelid of control plate, not inoculated with
antagonist served as control. Three replications were
maintained and the plates were incubated at 28+2°C.
Colony diameter of the pathogen was measured on 3"
day and 5" day after incubation. Per cent inhibition of
growth of the test pathogen was calculated using the
formula as described above.

Effect of non-volatile metabolites of native potential
antagonist on radial growth of C.gloeosporioidesunder
in vitro:

The effect of culture filterate of antagonist on
C.gloeosporioides was studied following the method of
Pant and Mukophadyay (2001). 6mm disc of the fungal
antagoni st wastransferred into sterilized Potato dextrose
broth (PDB) and kept in shaker@100 rpm at 28+2°C for
15 days. The culture filterate was obtained by passing
the broth culture successively through Whatmann no.1
filter paper and bacterial proof filter (0.2 um, sartorius-
singleusefilter). The culturefilterate obtained was added
to molten PDA to obtain concentration of 10% (v/v). The
medium was poured into Petriplates (20ml/plate) and
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inoculated with 6mm disc of C. gloeosporioides. PDA
platesinocul ated with the pathogen but not amended with
culture filterate served as check. The plates were
incubated at 28+2°C. The colony diameter of the pathogen
was measured on 5" day of incubation and per cent
inhibition of the growth of the isolates over the control
was cal cul ated using the formula as described above.

Effect of non-volatile metabolites on germination of
conidia of C.gloeosporioides under in vitro:

The effect of non-volatile metabolites produced by
antagonists on germination of conidia of C.
gloeosporioides was studied by slide germination
technigque (Nene and Thapliyal, 1993). 0.2 ml of culture
filterate of the antagonist was placed in cavity slide and
allowed to dry. Same quantity of spore suspension of the
pathogen (10* conidia/ml) was placed in the same cavity
slideand incubated at 28+2°C. Distilled water alongwith
sporesof pathogen and only medium served asthe control.
Three replications were maintained. The germination of
conidia was recorded under microscope after 24 hours.
A total of 100 conidiain ahigh power microscopic field
were counted including germinated and non-germinated
ones. The percentage of inhibition was calculated by the
formula:

No. of spores
Percentage of inhibition  _ germinated % 100
of the conidia Total number of
spor es observed

Mycoparasitism:

Hyphal interactions between C.gloeosporioidesand
the antagoni st were observed from dual culture. Mycelial
matswerelifted gently from the zone of interaction from
dual culture plateswith thehelp of aneedleand keptina
drop of cotton blue with lactophenol on a microscopic
slide and observed under microscope (Pant and
Mukhophadhyay, 2001).

Satistical analysis:

Completely Randomized Design (CRD) was used
for radial growth, per cent disease incidence, poisoned
food technique and dual cultural technique (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

Theantagonistic effect of native microfl oraassessed
revealed that al thetest microbesinhibited the growth of
C.gloeosporioidesat varying degreesbothin dual culture
and spread plate method under in vitro. Among the
antagonist mycoflora, the native Trichodermaisolate T,
from fructoplane was superior with highest per cent of
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inhibition (79.93%) followed by T, (71.38%) and F ,
(71.00%) isolates (Table 1). Statistical analysis showed
that therewas significant difference between the per cent
inhibitionof T, and T, isolates and however therewas no
significant difference between the inhibition per cent of
T,and F,, isolates.

Of al the nine bacterial isolates evaluated in dual
culturestudies, theisolate B, showed maximuminhibition
of 63.09% followed by B, (52.33%) and B, isol ate showed
the minimum inhibition of 8.28%. The four potential
antagonistsviz,, T,, T_, F,, and B, that were made contact
with the mycelia of test pathogen, the only fungal
antagonist T, overgrew on the mycelium of the test
pathogen whereas others just inhibited the growth of the
pathogen. Microscopic examination of the zone of hyphal
interactions between antagonist and pathogen revealed
hyphal parasitism of antagonist on the test pathogen and

Table 1 : In vitro evaluation of the efficacy of antagonistig

microfloraagainst growth of C.

dual culturetechnique

Antagonistic *Mycelial growth Per cent inhibition
isolates (mm) over control
T, 18.05 79.93
T, 32.98 63.36
T3 31.80 64.60
T, 30.40 66.20
Ts 40.60 54.88
Ts 34.40 61.70
T, 25.76 71.38
Tsg 34.78 61.35
To 36.97 59.00
Fio 42.15 53.00
Fi1 26.10 71.00
Fio 39.97 55.59
Fis 44.29 50.79
Fia 62.10 31.00
Fis 66.97 25.59
B, 33.22 63.09
B, 42.90 52.33
Bs 67.33 25.09
B, 72.77 19.14
Bs 77.78 13.58
Bs 64.78 28.20
B, 74.20 17.56
Bs 43.89 51.23
By 82.55 8.28
Control 90.00
T1SEm 1.3151 0.4369
C.D. (P=0.05) 3.7716 0.8921

*Mean of threereplications; T — Trichoder ma isolates;
F — Fungal isolates; B- Bacterial isolates
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production of specialized structureslike haustoriawhich
are responsible for arresting the growth of the test
pathogen (Fig. 1). Trichoderma formed several |oops
coiling around the hyphae of pathogen and thick compact
rope like structure followed by rupturing, twisting and
leakage of hyphal protoplasm at a later phase of
interactions. Sometimes the hyphae of Trichoderma
produced haustoria like structures which entered the
pathogen and di sorgani zation of protopl asmic contentswas
also observed.

The efficacy of the above four potential antagonists
were further confirmed by spread plate technique and all
the four antagonists (T,, T,, F,, and B,) successfully
inhibited of the test pathogen (Table 2 and Fig. 2). The
potential antagonistic fungal isolatesviz., T,, T, and F;

R ‘ * 2

CgvsT, CgvsT, cCgvaT, CgvsT,

CgvsT, C.gvsT, CgvsT, Control

C.gwvsT,

C.gvsF,

" . Control
L

C.gvsF

B, Control

Fig.1 : In vitro evaluation of the antagonistic activity of
Trichodermaisolates- T, to T,; Fungal isolates - F, to
F,,  Bacterial isolates - B, to B, against
C.gloeosporioides in dual culture technique
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Table 2 : In vitro evaluation of the efficacy of antagonistia

microflora against C.gloeosporioidesin spread
technique

Antagonistic Mycelid growth Per cent inhibition
isolaes (mm)* over control

Ty 0.00 100.00

T, 0.00 100.00

Fu1 0.00 100.00

B, 0.00 100.00
Control 90.00

* Mean of three replications

Control

Control

Fig. 2 : In vitro evaluation of potential antagonistsin spread
plate technique. T, and T_ - Trichoderma isolates, F , -
Fungal isolate, B, — Bacterial isolate

and bacterial isolate B, werefurther selected for fungicide
compatibility studies as these suppressed the growth of
test pathogen both in dual culture and spread plate
techniques.

The compatibility of four antagonists with various
fungicides at different concentrations eval uated showed
different degrees of inhibition against C.gloeosporioides
in poisoned food technique (data not shown/
communicated/in press). Mancozeb was 100% per cent
compatible with both T, and T, antagonists whereas
Thiram was compatible with only T, (76.44%) and
inhibitory to T, (18.11%). Moreover, compl ete suppression
of both T, and T, isolates was observed in case of
Carbendazim, Propioconcazole and Prochloraz. The F;
bi oagent was incompatiblewith all the fungicides except
Mancozeb. Though the bioagent B, was compatible with
most of the fungicidesevaluated, it wasinferiorto T, and
T, isolates in inhibiting the test pathogen. However, the
antagonist T, was more compatible with the different
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fungicides particularly to Thiram when compared to T,
isolate, which showed the highest per cent inhibition.
Hence, T, was selected as the best fungicide compatible
potential native antagonist and identified as Trichoderma
fasciculatum at IARI, New Delhi (accession no. 6624).
With theincreasing interest in devel oping alternativesto
chemical fungicides, production of Trichoderma as bio-
protectant has become the focal point for research and
development. Thefungicidesprovideinitial protection by
weakening the pathogen and then the antagoni sts colonize
the pathogen to suppress through antibiosis and
mycoparasitism.

Some biocontrol agents secrete wide array of
compounds with biological activity against other
organisms, mostly products of secondary metabolism.
These metabolites serve different functions, depending
upon the ecological niche of the organisms. Some
metabolites may be antibioticsto protect the BCA against
antagonistic microorganisms or may prevent growth of
saprophytic microbes on the host or suppressthe growth
of plant pathogens. The effect of volatile metabolites
produced by T.fascicualtum (T.) inhibited the mycelial
growth up to the extent of 14.54% and 26.68% over
control on 3 and 5" day of incubation, respectively
(Table 3 and Fig. 3). Further, the growth of the test
pathogen after 5t day of incubation completely inhibited

able 3 : In vitro evaluation of the efficacy of volatile
metabolites

produced o)
fasciculatum on the

in inverted plate technique

Mycslial
Group growth over SE  Tvaue
(mm)* control
3%day  Treament  33.89 1454 01101 14.50**
Control 39.66 0.333
5" day Treatment  44.44 26.68 0.1131
Contral 60.70 0.9498
Interaction Treatment 33.89 0.1101
Control 44.44 0.1131
* Mean of threereplications  ** Significant

Troatmort ) D it Treatment ] Gentrol
on 3" day of incubaticf on 5" day of incubation

Fig. 3: Effect of volatile metabolites produced by Trichoderma
fasciculatum on the growth of C.gloeosporioides in
inverted plate technique
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encircling by the hyphae of the antagonist. The effect of
non-volatile metabolites in culture filtrate of
T.fasciculatum showed 9.14% inhibition of test pathogen
over control indicating the production of someinhibitory
metabolites on the 5" of incubation (Table 4 and Fig 4).
Understanding the mechanism(s) of action involved in
biocontrol process is of primary importance for
establishing the effectiveness of biocontrol agent will
provide muchinsight into where and when theinteraction
occurs and the pathogen will be affected (Larkin et al.,
1990). The effect of non-volatile metabolites on
germination of conidiaof test pathogen revealed that the
antagoni st inhibited the conidial germination upto theextent
of 9.60% (Table5). Theinhibitory volatileand non-vol atile
metabolites produced by T. fasciculatum at different
stagesinhibited the test pathogen which clearly indicates
the potency to antagonize all the reproductive phases of
the pathogen thus, effectively preventing its growth and
proliferation. From the results obtained, it was presumed
that the mechanisms involved in the inhibition of C.
gloeosporioides by T. fasciculatum involved
competition, production of inhibitory metabolites and
mycoparasitism. The results are in agreement with the
findings made by Adebanjo and Bankole (2004) who
reported that Trichoderma viride coiled around the
hyphae of Colletotrichum truncatum causing brown

Table 4 : In vitro evaluation of the efficacy of non-volatile

metabolites produced b Trichoderma
fasciculatum on the (5th Day) growth of C,
gloeosporioides
Myoslia |5
Group growth SE T value
(mm)* over
control
5" Trestment  52.24 0.1233 e
day Control 57.50 9.14 0.2887 16.75
* Mean of threereplications  ** Significant

Treatment Control

Fig. 4 : Effect of non-volatile metabolites produced by
Trichoderma fasciculatum on the (5" Day) growth of
C.gloeosporioides
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Table 5 : In vitro evaluation of the efficacy of non-volatile

metabolites produced b Trichoderma

fasciculatum on germination of the conidia of

C.gloeosporioides

No. of ir?ﬁir b?ﬁ?);
Group conidia over SE T value
germinated* control
Treatment 56.50 9.60 0.3333 7 184+
Control  62.50 ' 0.2887 '

* Mean of three replications and counted 100 conidia

per replication ** Significant
blotch of cowpea by penetrating into it. Similarly,
Chakravarthy and Nagamani (2007) also reported that
theinhibition of Rhizoctonia solani by Trichoder ma spp.
was dueto competition for food and space, production of
antibioticsand mycoparasitism.

For sustainable crop production, the components
involved in anintegrated disease management should be
eco-friendly, so that beneficial organismwould be safeto
use (Anahosur, 2001). Hence, future research isfocused
on the scientific investigation for bioactive components
which were supposed to exhibit their activity in synergistic
way or be activated by the presence of other substances
or even some other chemical structures may be
responsible for the proposed biological activity. Genetic
and mol ecular analysi s has demonstrated that production
of various antifungal compoundsisaprimary mechanism
of biocontrol for many strains, accounting for asmuch as
90 per cent of the disease-suppressing activity
(Thomashow and Weller, 1995). Taking these in account,
the quantities of volatile compoundsin the vapour phase
of the bioassay system will be measured by direct
headspace sampling and GC analysisand also finding new
natural, compounds of plant origin emphasize the
importanceto develop techniquesfor rapididentification
of active structures, on the other side to obtain these
structures selectively for the mass production and
commercidization.
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