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Colletotrichum gloeosporioides is a destructive pathogen of many crop species
causing diseases in many annual, biennial and perennial plants. A study was
undertaken to find out the effect of biological and chemical agents together on
the growth of C. gloeosporioides causing inflorescence die back in arecanut at
the Department of Plant Pathology, CPCRI, Kasaragod. To reduce the release of
chemical pesticides to the environment, integrated control strategies have been
adopted extensively by combining both bioagents and chemical agents. So in
the present study in vitro experiments were conducted with two compatible
Trichoderma sp. viz., Trichoderma virens and Trichoderma viride and fungicides
viz. Blitox 50 W and Mixol 72. The results indicated that all the treatments had
a significant inhibitory effect on the growth of C. gloeosporioides and reduced its
colony diameter. High percent inhibition was found when 0.05% of Mixol
72 was used with T virens (87.61%). The least inhibition was shown by
T. virenst0.05% Blitox 50 W (80.95%). It is concluded that the combination of
bioagents with fungicides provided higher disease suppression than achieved with
fungicides and bioagents when used alone.

Keywords: Colletotrichum gloeosporioides; Trichoderma sp.; fungicides; IDM

1. Introduction

The arecanut palm, Areca catechu L. (Family: Arecaceae), is an important cash crop of
India. Arecanut or betelnut palm is affected by a number of diseases during different
stages of its growth and development. Dieback of inflorescence and button shedding
caused by C. gloeosporioides (Penz.) Penz. and Sacc. was recorded as one of the
reasons for low fruit set in arecanut. C. gloeosporioides is a polyphagous species with a
wide host range. The genus Colletotrichum is known for its variability in cultural and
morphological characters (Van Arx 1970).

Though there is recommendation of spraying fungicides namely mancozeb, there
is no much studies on the effect of new fungicides or bioagents on the pathogen.
The recommendation is also based on the studies carried out during 1970s and
1980s. The use of fungicides sometimes becomes unavoidable. However, their dose
and frequency of application can be minimised by integration with other methods
for effective control of plant pathogens. The use of antagonistic micro-organisms in
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controlling plant diseases continues receiving increasing attention (Adebanjo & Bank-
ole 2004). Successful use of the genus Trichoderma in the biological control of sev-
eral plant pathogens has also been well documented (Paavanen-Huhtala et al. 2000).
Biological control helps to overcome some of the problems created today in agricul-
ture due to excessive use of chemicals for disease control. However, it is very diffi-
cult to achieve desirable level of plant disease control with the application of
biocontrol agents alone. Hence, an integrated disease management (IDM) has been
suggested for the management of many plant diseases.

Development of an ecofriendly integrated management of the disease needs
information on compatibility of common bioagents with fungicides. Integration of
compatible bioagent with pesticide may enhance the effectiveness of disease control
(Pappavizas & Lewis 1981). The combination of biocontrol agents with fungicides
would provide similar disease suppression as achieved with higher fungicide use (Monte
2001). This study was aimed at finding out the effect of Trichoderma sp. alone and in
combination with fungicides on the growth of C. gloeosporioides.

2. Materials and methods

The experiment was conducted in the Plant Pathology Laboratory of CPCRI, Kasaragod
to evaluate the compatibility of Trichoderma sp. with fungicides and the effect of
Trichoderma sp. alone and in combination with fungicides on the growth of
C. gloeosporioides, causal agent of inflorescence die back of arecanut.

2.1. Sources of fungicides and bioagents

Four fungicides viz. Blitox 50 W, Sectin, Mixol 72 and Dithane M 45 (Table 1) and
bioagents such as 7. harzianum, T viride and T. virens were obtained from the Plant
Pathology Laboratory of CPCRI, Kasaragod.

2.2. Collection of samples

Inflorescence showing symptoms of Colletotrichum infection was collected from
Kanhangad in Kasaragod district of Kerala. During the collection of samples, disease
symptoms were recorded in detail.

Table 1. Details of fungicides used in the in vitro studies against C. gloeosporioides.

SL

no. Trade name Active ingredients Formulation Manufacturers/distribution

1 Blitox 50W Copper oxychloride Wettable M/s Rallis India Ltd
50% WP powder

2 Dithane M 45  Mancozeb 75% WP Wettable Dow Agro Science India

powder Pvt. Ltd

3 Mixol 72 Metalaxil M 8% + Wettable Jai Bharat Crop India Pvt.
Mancozeb 64% WP powder Ltd., Jammu

4 Sectin Fenamidone 10% + Wettable Bayer Crop Science Ltd.,

Mancozeb 50% WG powder Gujarat
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2.3. Isolation and identification of the fungus

The fungus was isolated from the infected inflorescence following tissue segment
method (Agotini & Timmer 1992). The infected tissues were cut into small pieces and
were surface sterilised by dipping in 0.1% HgCl, solution for about 30s. The cut pieces
were then placed onto sterilised potato dextrose agar plates and incubated at room
temperature. The mycelial growth emerged from the isolated tissue after 48 h of incuba-
tion was subcultured. Based on the morphology of the mycelial colony as well as the
characteristics of the conidia, the fungus was identified as C. gloeosporioides. The pure
culture of the pathogen was established by single spore isolation (Choi et al. 1999) and
maintained on PDA slants.

3. Antifungal assay

Compatibility tests were conducted under in vitro conditions to find out safer fungicides
against Trichoderma sp. Four fungicides viz., Blitox 50 W, Sectin (0.05, 0.1, and 0.2%),
Mixol 72 and Dithane M45 (0.025, 0.05, 0.1%) were evaluated at different
concentrations by poisoned food technique (Nene & Thapliyal 1982).

Appropriate quantities of each fungicides were mixed with sterile distilled water
to make 10ml fungicide stock solutions of required concentration. One millilitre of
this stock solution was incorporated into 49 ml PDA medium to get the final con-
centration. The medium was gently shaken to ensure proper and uniform distribution
of fungicide. Fifteen millilitres of poisoned medium were then poured into each of
the sterile Petri plate. After solidification of medium, each plate was inoculated cen-
trally with mycelial disc of 6 mm diameter cut from periphery of four-day-old cul-
ture of Trichoderma sp. growing on PDA medium. The plates were incubated at
room temperature for five days. Three replications were maintained for each treat-
ment (concentration). In control, 1 ml sterile distilled water alone was added. Radial
growth of the fungus in each plate was recorded after five days of incubation by
measuring the diameter of colony in two directions at right angles to each other.
The average of two measurements was taken as the colony diameter. The percentage
inhibition of growth was calculated using the formula given by Mukherjee et al.
(2011).

I=(C—T)/C x 100

where I — Percent inhibition, T — mycelial growth in treatment and C — mycelial growth
in control.

Experiments were also carried out to test the relative efficacy of fungicides,
Trichoderma sp. which is compatible with the fungicides against C. gloeosporioides
alone and its combination with the fungicides. Ten milliltres fungicide stock solu-
tions of required concentration were prepared. One millilitre of this stock solution
was incorporated into 49 ml PDA medium to get the final concentration. The med-
ium was gently shaken to ensure proper and uniform distribution of fungicide. Fif-
teen millilitres of poisoned medium were then poured into each of the sterile Petri
plate. Petri plates were inoculated in the centre with 6 mm diameter of 5- day-old
culture of C. gloeosporioides. The other half of the plate was inoculated with 6 mm
diameter mycelia disc from the 4-day-old culture of Trichoderma sp. In control,
1 ml sterile distilled water alone was added. The plates were incubated at room tem-
perature for five days. Radial growth of the fungus in each plate was recorded after
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five days of incubation by measuring the diameter of colony in two directions at
right angles to each other. The average of two measurements was taken as the col-
ony diameter. The percentage inhibition of growth was calculated using the same
formula given above.

4. Results and discussion

The development of a suitable disease management strategy is essential because of the
economic loss caused by the inflorescence dieback of arecanut. Integrating fungicide
resistant antagonists with suitable fungicidal treatment has importance in the framework
of IDM. In the present study, laboratory experiment was conducted to test the possibility
of combining Trichoderma sp. viz., T. harzianum, T viride and T virens with
fungicides. Though all the fungicides inhibit Trichoderma, the fungicides showing < 50%
inhibition were considered as compatible. The sensitivity of Trichoderma species
was rated as follows by considering the percent inhibition on the growth of
C. gloeosporioides.

70-100% High sensitivity
51-69% Less sensitivity
<50% Poor sensitivity

Out of the three Trichoderma sp. T. harzianum was more sensitive to all the
fungicides tested and 7. virens was least sensitive (Table 2). T. viride and T. virens were
compatible with Blitox 50 W (0.05, 0.1%) and Mixol 72 (0.025, 0.05%). All the three
Trichoderma sp. were highly sensitive to Dithane M 45 even at the lowest concentration
(0.025%). Similar results were reported by Tapwal et al. (2012) that mancozeb is not
compatible with 7. viride. In a similar study, 7. harzianum was found highly sensitive
to mancozeb, Tebuconazole and Thiram, less sensitive to benomyl, triadimenol and
dichlofluanid (Mclean et al. 2001). Thus, the present investigations provide evidence for
the compatibility of Trichoderma with synthetic chemicals and thus Blitox 50 W (0.05
and 0.1%) and Mixol 72 (0.025 and 0.05%) were used with 7. virens and T. viride for
further studies.

Results from dual culture assay showed that maximum inhibition was shown
by T. virens (61.90%). These results are similar to the findings of Malathi et al.
(2002) and Verma et al. (2006). Absence of direct parasitism and less competition
may also be one of the reasons due to which 7. viride was not successful in con-
trolling C. gloeosporioides. On the other hand, Blitox 50 W and Mixol 72 also
reduced the colony diameter of the pathogen (Table 3). Mixol 72 showed 78.09%
inhibition followed by Blitox 50 W (61.90%) at 0.05%. The high percent inhibition
was found when 0.05% of Mixol 72 was used with 7. virens (87.61%). The least
inhibition was shown by 7. virens+0.05% Blitox (80.95%). Blitox 50 W exhibits
greater inhibition (86.66%) when used with 7. viride at 0.1%. T. virens shows least
inhibition when used in combination with Blitox 50 W since it is less compatible
than T viride. In the same way, T. viride shows least inhibition when used with
Mixol 72 since it is less compatible than 7. virems. Thus, the percent inhibition was
found to be higher when fungicides are used with bioagents than using alone.
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Table 3. In vitro evaluation of fungicides and Trichoderma sp. together against
C. gloeosporioides.

S1. no. Treatments % Inhibition
1 0.05% blitox 61.90¢
2 0.1% bitox 67.61"
3 0.025% mixol 50.47

4 0.05% mixol 78.09°

5 T virens 61.90%
6 T viride 58.09"
7 0.05% blitox + T, virens 80.95%
8 0.05% blitox + T, viride 83.810<d
9 0.1% bitox + . virens 82.85%
10 0.1% bitox + T, viride 86.66%
11 0.025%mixol + T virens 85.71%°
12 0.025%mixol + T, viride 82.85%
13 0.05% mixol + 7. virens 87.61°%
14 0.05% mixol + T, viride 84.76%%¢

CD (p < 0.05) 2.50; Means of three replications.
Means with the same letter are not significantly different.

4. Conclusion

IDM is a disease control approach that uses all available management strategies to
maintain disease pressures below an economic injury threshold. In the present study, the
combination of biological and chemical agents has provided higher percent inhibition
than when they used alone. It may enhance the effectiveness of disease control, and
help in reducing the usage of higher doses of fungicides and better management of
C. gloeosporioides. Thus, the present investigation has opened up new areas and given
rise to new ideas on the control of inflorescence dieback of arecanut caused by
C. gloeosporioides. However, further studies are needed to evaluate their potential under
field conditions.
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