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Abstract

attachment, around of pathogen.

This present works were carried out on interaction between Trichoderma asperellum against Fusarium
oxysporum sp. This experiment was monitored by digital light microscope and confocal microscope. Results were
observed coiling structure of Trichoderma asperellum, attachment on cell wall of Fusarium oxysporum sp. and
disintegration of cell wall by conidia and bioactive compound. Trichoderma asperellum hyphae was around of
Fusarium oxysporum sp. Conclusively, different type of interactions were revealed during this experiment i.e. coiling
structure, mycoparasitic activity by conidia, mycoparasitic activity by bioactive compound, mycoparasitic activity by
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Introduction

Genus Trichoderma prevailed in soil as saprophytic fungi which
are culturable and BCAs (Biocontrol agents) at world- wide [1-3].
Importantly, Antagonistic behavior of Trichoderma strain is applied
in sustainable development of agriculture and commercialized with
ecofriendly practice. Therefore, during Antagonistic behaviors are
fallowed different mode of interaction as well as Sharma (2011) was
classified sequence of interaction event as such two types one is direct and
second is indirect [4,5]. Various researchers are classified mechanism of
Trichoderma spp. in controlling the plant diseases as direct and indirect
antagonism. In direct type, strain of Trichoderma played significant role
and indirect type strain of Trichoderma secreted a kind of metabolite
and enzyme which is killed plant pathogen i.e. Aspergillum, Rhizoctonia,
Fusarium sp. as such provided defence to host and improve health with
quality in plant [4,6,7].

Further present work was undertaken as determination of interaction
between Trichoderma strain-Fusarium oxysporum sp. by digital light
microscope and confocal microscope. Morever, we focused to find way
of interaction in dual culture where are characterized to antagonistic
behavior of Trichoderma strain against Fusarium oxysporum strain
on PDA Plate as well as we founded kinds of interaction during this
experiment [1,4,7]. Obviously this finding should be a weapon to
understand of Nature of Trichoderma against Fusarium oxysporum sp.

Materials and Method

Further experiment, materials were used from dual culture plate
(Media was on potato dextrose agar) near about14 days old. Trichoderma
strains were isolated from soil (on RBA media) and identified according
to Grondona et al., method [8]. Species was confirmed from ITCC,
New Delhi and NFCC, Agarkar research institute, Pune (Maharashtra),
India. Pathogen Fusarium oxysporum sp. was collected from Chandra
Shekhar Azad University of Agriculture and Technology (U.P.), India.

Studies of interaction for digital light microscope

During study of interaction of Trichoderma asperellum with
Fusarium oxysporum sp., sample was placed on slide and stain by
lectophenol cotton blue, observed by Digital light microscope as
Siameto and Bhat observed at 100X [7,9].

Studies of interaction for confocal microscope

Here, mycelia were plug to interact part, placed on slide and stain
by different dye i.e. red dye, orange dye, acridine dye. Thus hyphae were
visualized using a zeiss CLSM710 Confocal Lasser Scanning Microscope
(Gottingen, Germany). The image were acquired by excitation at 488nm
and emission with a long pass 506nm filter according to Lahlali, Hijri
and Lu Z [10,11].

Results and Discussion

Further experiment was examined to interaction between
Trichoderma asperellum with Fusarium oxysporum strain by digital
light microscope (100X) and confocal microscope as well as we revealed
vary type interaction which is mention in Figure 1:

During studied of interaction, we differentiated to Trichoderma
asperellum strain and Fusarium oxysporum strain from each other by
digital light microscope at 100X in Figure 1. Strain of Trichoderma
asperellum was thin, long, without septets and consisted conidia.
Conidia were yellow with round in shape according figure. Other hand
strain of Fusarium oxysporum was septet, spores i.e. macroconidia,
chitinous cell wall, ogonium condition, and was observed based on
digital light microscope micrography.

Trichoderma asperellum strain was wrapped around  hyphae
of Fusarium oxysporum as such spiral which was presented in Figure
2. Therefore, this type interaction called as coiling structure and
represented mycoparasitic behavior of Trichoderma asperellum strain
against Fusarium oxysporum. Siameto EN was observed in Rhizoctonia
solani. Lu Z revealed parasitic behavior in coiling form [7,11].
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Further studies of interaction was based on confocal microscope,
here we assumed two type strain with differentiate in color as Figure 6.
Red arrow was indicated to strain of green color which was represented
to Trichoderma asperellum strain and white bright color was

Figure 1: Included both structure i.e. Trichoderma asperellum and Fusarium
oxysporum sp. strain, Red arrow represented Trichoderma strain and yellow
arrow represented Fusarium oxysporum sp. strain. Conidia of Trichoderma
asperellum was spread in yellow and round shape, observed at 100X.

Figure 3: Shows bioactive compound action on Fusarium oxysporum strain.
Red arrow was presented Fusarium oxysporum strain and yellow arrow was
presented position of bioactive compound action.

Figure 2: Included coiling structure, red arrow was shown position of coiling
structure. In coiling structure, Trichoderma was coiled as spiral binding to F.
oxysporum strain.

Figure 4: Shows to disintegrate of Fusarium oxysporum hyphae by action of

Bioactive compounds were released and attached on Fusarium L R
conidia and some bioactive compound.

oxysporum strain, as shown black patch which was represented by
yellow arrow in Figure 3. As its degenerated to strain of Fusarium
oxysporum and kill as well as indicated to mycoparasitic behavior of
Trichoderma asperellum strain for hyphae of Fusarium oxysporum This
was classified in indirect type interaction.

Conidia was played crucial role in mycoparasitic behavior as such
bioactive compound in Figure 4. Conidia was attached on hyphae of
Fusarium oxysporum and disintegrate them and thus kill it. Thus it
was represented a mycoparasitic behavior. Siameto EN also observed
this condition in Rhizoctonia solani by micrograph of light microscope
[7]. de Lima FB reported that Trichoderma was released lysis enzymes
further mycoparasitic action [12].

Trichoderma asperellum was attached on hyphae of Fusarium
oxysporum in Figure 5 as well as penetrated to cell wall, entered
and killed to fungi. We can differentiate to strain of Trichoderma
asperellum and Fusarium oxysporum sp. according as figure. Thus Figure 5: This pic was presented mycoparasitic activity by Trichoderma

it was a mycoparasitic activity. Bhat KA was observed mostly this attach on Fusarium oxysporum hyphae. Yellow arrow was Fusarium
B R oxysporum hyphae and red arrow was shown Trichoderma asperellum strain.
mycoparasitic behavior [13].
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represented to hyphae of Fusarium oxysporum, shown by yellow arrow.
Trichoderma asperellum strain was formed a net like structure around
to hyphae of Fusarium oxysporum but was not shown mycoparasitic
behavior.

Further investigation, we were revealed kind of interaction
between Trichoderma asperellum and Fusarium oxysporum  Viz.
coiling structure;  bioactive compound, conidia and mycoparasitic
action by attach on strain of Fusarium oxysporum in Figures 1-5, result
was observed by digital light microscope at 100X. However, type of
interaction was direct and indirect type based study of literature as well
as both type of interaction was founded during studies. Khalili had been
assumed disrupt the cell wall of phytopathogens due to production of
volatile substances from Trichoderma which include acetaldehyde,
isocyanide derivatives, Terpene derivatives, piperazine, polyketides,
alcohols and 6pentyl-2H-pyron [14]. Trichoderma was released lysis
enzymes during mycoparasitic action. Ranasingh reported mechanism
of antagonist by competition, antibiosis, mycoparasitism, hyphal
interaction and enzyme secretion [15]. Sharma (2011) observed
interaction between Trichoderma and Fusarium, reported sequence of
event during interaction [4].

Confocal microscope was provided 3D structure at Z-axis, hyphae
of Fusarium oxysporum was arounded by hyphae of Trichoderma
asperellum which was represented in Figures 6-8. Here we differentiated

-

Figure 6: This picture represented interaction of Trichoderma asperellum with
Fusarium oxysporum sp. at Z-axis by confocal laser scanning microscope.

Figure 7: This picture represent interaction of Trichoderma asperellum with
Fusarium oxysporum sp. in acridine dye at Z-axis by Confocal laser scanning
microscope.

Figure 8: CLSM Image.

based on size and color as such Trichoderma asperellum was thin like
thread in green color other hand hyphae of Fusarium oxysporum was
thick and white bright color which was placed between thin hyphae of
Trichoderma asperellum but was not initiated parasitic behavior in this.
Czymmek (1994) reported the interaction between fungus-host by laser
scanning confocal microscopy [16]. Hansen (2000) reported image of
living fungal hyphae with fungal antagonist viscosinamide [17]. Lu Z
(2004) was observed coiling and formation of specialized structures
similar to hooks, appressoria, and papillae by confocal scanning laser
microscope [11].

Conclusion

Trichoderma was played antagonism against Fusarium oxysporum
by kind of way during interaction. Further study, type of interaction
was presented as direct type antagonism and indirect type antagonism.
However, result revealed type of interaction during antagonism as
such coiling structure, attachment as mycoparasitic behavior on
Fusarium oxysporum sp., conidia and bioactive compound which
played role in disintegration of hyphae of Fusarium oxysporum.
Hyphae of Trichoderma were a rounded to hyphae of Fusarium
oxysporum. Recently, we find out to different kinds of interaction, are
revealed by this present works. This study proofed type of antagonism
of Trichoderma asperellum with Fusarium oxysporum sp. during
interaction on potato dextrose agar media.
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