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ABSTRACT
Colletotrichum musae the causal agent of anthracnose disease of banana fruit, was isolated from the diseased fruits
and cultured in the laboratory. Six different culture media were tested for the selection of suitable culture medium. Both oat
meal agar and Potato Dextrose Agar medium were found equally suitable for the above fungal pathogen. Six different
medicinal plants were selected and leaf and clove extract at different concentrations were used. It was noted that 30% leaf
extract of Nyctanthes arbourtis and Acasia nilotica exhibited 100% mycelial growth inhibition in vitro conditions. Actually all
the phytoextracts had antifungal activities but their quantum of inhibition was less promising. In vitro experiments were also
performed to determine the efficacy of seven commonly used fungicides at different concentrations. It was noted that at 2000
ppm four fungicides such as Difenconazole 25% EC, Carbindazim 50% WP, Benomyl 50% WP and Mancozeb 75% WP
completely inhibited the mycelial growth of the pathogen in vitro. Other fungicides also inhibited the radial growth, but the
quantum of inhibition was less than the aforesaid fungicides at the same concentrations. To reduce the side effects of the
chemical fungicides, alternative agents to control the fungal growth are essential. Selected phytoextracts may be the suitable
candidate for the alternative of the chemical fungicides.
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Banana fruits are very popular in the world as it
is delicious, cheap and easily available. There are
different cultivars of banana but in Bihar Malbhog
cultivar is more popular, delicious and liked by all next to
Champa cultivar. In Bihar, farmers are now being
attracted toward it and cultivation at commercial levels
has started in different districts of the state among which,
Hajipur of Vaishali, Muzaffarpur, Samastipur and Katihar
are famous for the commercial cultivation. However, due
to different diseases farmers get severe loss in the
production. These diseases can be identified in the
standing crops as well as in the storage of the fruits.
Anthracnose disease, caused by the fungal pathogen
Colletotrichum musae is most common that may be found
on unripe and ripe banana fingers and hands. It becomes
more alarming when the fingers and hands are severely
infected in storage. This pathogen deforms the fingers
and the hands and due to this the products are rejected by
the customers, as such that the traders as well as the
growers both face a heavy economic loss. In anthracnose
disease the fungal spores infect the immature banana in
field but symptoms appear later on. The symptoms can be
noticed when the peel blemishes as black or brown,
appearance of sunken spots of various sizes, on the fruits.
These spots may bear several acervuli with their
associated conidia on the fruit peel after ripening.
Synthetic fungicides are being used to control the disease
in post harvest storage. However, persistent use of
fungicides has resulted in emergence of resistant strains
of Colletotrichum musae. The residues of chemical
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fungicides may cause health problems, such as
carcinogenic risk. So an alternative of chemical
fungicides are essential. We are getting literatures where
different fungal pathogens are being controlled by
phytoextracts. Some of them may be mentioned here such
as, Lin et al. (2002), Zhu et al. (2005), Lee et al. (2007),
Mohana and Rabeesha (2007), Saha et al. (2008), Zake
(2008), Dellavale et al. (2011), Saran Raj (2011),
Thangamani et al. (2011), Shinde and Dhale (2011),
Tapwal (2011), Bhardwaj (2012).
Gujar and Talwar (2012), Jagpat et al. (2013),
Reddy et al. (2013), Sarode and Singh (2013), Sherwan et
al. (2013), Kantwa et al. (2014), Jha et al. (2014),
Hamza et al. (2015), Hussain et al. (2015), Gaine et al.
(2016), Ghazanfar et al. (2016), Rani et al. (2016),
Sharma et al. (2016), Devi et al. (2017), Kakralia et al.
(2017), Kumar et al. (2017), Kumar and Singh (2017),
Sahi et al. (2017), Wagh et al. (2017), Prasad et al.
(2018). Keeping these ideas in mind the present work was
carried to evaluate the efficacy of phytoextracts and
selected fungicides to control the mycelial growth of
Colletotrichum musae in vitro.

MATERIALS AND METHODS
Colletotrichum musae was isolated from the
infected ripe banana fruits, which were collected from the
storage of banana traders. The infected fruits were
sterilized as describe in the standard text book of plant
pathology and cultured in the Potato Dextrose Agar
medium. Such infected parts were inoculated in the
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culture medium and on 10th day the conidia were
harvested and slides were prepared and microscopic study
was done and based on its morphological features and
conidial structure the pathogen was identified and pure
culture was maintained in the laboratory. For the
selection of suitable culture medium, the fungus was
cultured in Potato Dextrose Agar medium, Cazpek’s Dox
Agar medium, Corn Meal Agar medium, Richard’s Agar
medium, Sabouraud’s Agar medium and Oat Meal Agar
medium. From the standard book of pathology the
ingredients of the above media were weighed separately
and dissolved in distilled water. The pH 6.5 was adjusted
and after autoclaving they were dispensed in culture
plates. These plates were stored and used for inoculation.
Based on the radial growth the selection of medium was
done.

PREPARATION OF PLANT EXTRACTS
Healthy leaves of Datura metal, Psidium guajva,
Lawsonia inermis, Phyllanthus niruri, were collected
from the field and Cloves of Allium sativa, Rhizome of
Curcuma longa were purchased from the markets. Well
cleaned and dried leaves of above plants were weight
separately. 100 g leaves of each plant were grinded in
pre-cleaned and washed mortar in presence of 100 ml
sterile distilled water with the help of pestle. It was
filtered through three layered muslin cloth. Final volume
was made 100 ml by adding fresh distilled water. Above
filtrate was centrifuged in bench centrifuge at 4000 rpm
for 5-6 minutes. The supernatant was taken and used as
stock solution. Similarly, the extracts from cloves of
Allium sativa and rhizome of Curcuma longa were
prepared. Potato Dextrose medium was prepared. Now
form the above stock solution, the required volume was
taken and added to that above medium was added to
make the volume 100 ml so that the culture medium had
10%, 15% and 20% concentrations of the plant extract.
This was repeated for all the extracts separately.
The medium was allowed to solidify in which
the inoculation was done. Here the technique used by
Nene and Thapliyal (1993) was used. These culture plates
were inoculated with the 7 mm disc of fungal mycelium,
taken form 8 days old culture. With the help of presterilized cork borer of 7 mm diameter. Above disc was
taken from the periphery of the plates where we get
actively growing hyphae. The inoculation was done in
aseptic condition of Laminar Air flow chamber and above
disc was placed in the centre of the culture plate. These
plates were incubated in culture rooms at 26±10C
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temperature and 66-72% relative humidity. Plates without
plant extract were also inoculated to be used as control.
Selected fungicides were also evaluated for their
efficacy to control the radial growth of fugal mycelium in
vitro. The fungicides used were:
Common Name
Mancozeb
Carbindazim 50% WP
Difenconazoel 25% EC
Benomyle 50% WP
Propinconazole
Thiophenate methyle

Trade name
Dithane M-45 70% WP
Bavistin 50% WP
Score
Benlate
Tilt
Roko

Above chemical fungicides were purchased form
registered trader of Agrochemicals. These fungicides
were weighed separately and standard solution was
prepared so that their concentrations may be used as 1000
ppm, 1500 ppm and 2000 ppm. They were also added in
100 ml of PDA medium in such a way that their
concentration became as above. Here also all the steps
were taken as mentioned above, such as addition of
fungicides, inoculation of fungal culture and incubation
etc.
All the above experiments were done in
triplicates and each time 15 cultures were used. The radial
growth was calculated on 10th day of inoculation. For this
the plates were kept upside down. Now a line was drawn
from the one end of periphery to other end. This gave the
radial growth of the mycelium of the pathogen in treated
and controlled conditions. The percentage of inhibition
was calculated by using the formula:
PI= C-T /C X100
PI= Percentage of inhibition
C =Mycelial growth in control.
T= Mycelial growth in treated culture.
Mean of the data was tabulated and used for discussion
and conclusion.

RESULTS AND DISCUSSION
Present work was aimed to control the radial
growth of mycelium of Colletotrichum musae in the
presence of different concentrations of six phytoextracts
taken from six different commonly used medicinal plants
and three different concentration of selected fungicides
under in vitro. For the above experiments first of all six
standard culture media for fungal pathogens were
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separately inoculated with the actively growing mycelial
disc. The data obtained have been represented by the
graph-1. It may be noted that radial growth of fungus on
second, fourth, sixth and eight days of incubation in
Potato Dextrose Agar medium was 40.64, 64.56, 85.78
and 90.46 mm respectively, which was the maximum
radial growth in comparison to rest of the culture media
used here. This was followed by the radial growth of the
mycelium in corn meal agar medium, where the
maximum radial growth was 88.54 mm. It may be noted
that lowest radial growth was in Sabouraud’s agar
medium which was 79.84 mm on 8th day of inoculation.
Next to this was Richard’s agar medium where the radial

growth was 81.24 mm and in Czapek Dox Agar 82.66
mm. Therefore, from the graph it was concluded that
maximum radial growth of Colletotrichum musae was in
Potato Dextrose agar, followed by Oat meal agar
medium, Corn meal agar and Czapek’s agar medium. On
Potato Dextrose Agar medium the colony was whitish to
pale red, and similar colour was noted o the Cazpek’s
agar, Corn meal agar, media. On Oat meal agar the colour
was grayish to pink in colour. Similarly, on Richard’s and
Sabouraud’s medium the fungus produced grayish brown
colonies. Above findings are in agreements with the
findings of Lime et al. (2002) and Thangamani et al.
(2011).
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Graph 1: Impact of three concentrations of selected fungicides on radial growth of Colletotrichum musae In vitro
In the present work, six different plants were
taken and aqueous extracts were prepared from their
leaves and cloves & rhizome. These extracts were used

separately at three different concentrations to evaluate
their fungitoxic effects. The data obtained are represented
by the graph 2.
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Graph 2: Effect of different media on radial growth of Colletotrichum musae
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From the graph, it was found that, extract taken
from the cloves of Allium sativum could inhibit the radial
growth at different concentration such as at 10% the
inhibition was 64.54%, at 15% 81.32% and at 20%,
92.56% which was the maximum inhibition in
comparison to the phytoextracts taken from other plants.
At the similar concentrations the inhibition percentage in
case Curcuma longa rhizome extracts was 63.38, 79.85
and 91.76 respectively. Here again it was noted that
minimum inhibition was found in case of Phyllanthus
niruri where the percentage of inhibition was 57.82,
70.48, and 78.18 respectively. The extracts taken form
Lawsonia inermis could inhibit the radial growth of the
pathogen at the similar concentration that was 63.46,
80.45 and 91.28 respectively. It may be concluded that
though none of the phytoextracts used here could
completely inhibit the radial growth at any
concentrations, however, a considerable percentage of
inhibition was noted in some of them. The inhibitory
effect differed here may be due to the presence of
different concentrations of antifungal secondary
metabolites. Findings of the present work corroborate

with the findings of Zhu et al. (2005), Mohana and
Raveesha (2007), Venkataswamy et al. (2010), Dellavalle
et al. (2011), Bhardwaj (2012), Serawani et al. (2013),
Jha et al. (2014). Such plant extracts therefore, if used to
control the fungal pathogen would be cheaper and ecofriendly.
Evaluation of efficacy of fungicides in vitro
against any fungal pathogen gives us preliminary
information regarding their impact on the fungal growth
at a particular concentration. This may utilized when the
aforesaid fungicide is to be used in field conditions. In the
present work food poison technique was used and three
different concentrations of six fungicides were evaluated
in vitro for their efficacy. It was clear from the data
represented by the graph -3, that Difenconazole 25% EC
at all the three concentrations revealed maximum
percentage of inhibition of the radial growth of
Colletotrichum musae, than rest of the fungicides at the
similar concentration. This was followed by the
percentage of inhibition in case of Propinconazole 25%
EC.
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Graph 3: Showing impact of different phytoextracts at three different concentrations on radial growth of C.
musae, In Vitro
It was further noted that at 2000 ppm of
Mancozeb, Carbindazim, Difenconazole 25% EC,
Benomyl 50% WP and Propinconazole 25% EC, the
radial growth was completely inhibited. Minimum
inhibition of radial growth of the fungus was noted in all
the concentrations of Thiophenate methyl. Above
findings are in agreement with the findings of Waghe et
al. (2015), Ghazanfar et al. (2016), Theja Kuamr and
Devappa (2016), Kumar et al. (2017), Shinde et al.
(2017), and Hussain et al. (2018).
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It may be concluded that selected phytoextracts
may be used as an alternative agent for the chemical
fungicides. This will be cost effective and no nontarget
organisms shall be killed. Further pollution load of soil
water shall be reduced. Similarly, if there is confirmation
of a particular fungicide and its concentrations to control
a particular disease, it will also support the farmers and
their extra expenditures on unwanted fungicides at excess
concentrations can be reduced.
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