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Abstract  Anthracnose disease of banana caused
by Colletotrichum musae has been occurring in se-
rious form in fruit markets and affecting the quantity
as well as quality of fruits. Banana fruits were dipped
in 6 different treatments for controlling banana an-
thracnose disease caused by Colletotrichum musae.
Among all the six treatments the banana fruits dipped
in 0.1% carbendazim recorded lowest disease inten-
sity (6.25%) followed by Solanum nigrum 20%
(12.50%), Trichoderma viride 20g/1 (19.00%),
Chitosan 0.1% (30.00%) and Pseudomonas
fluorescens 20g/1 (37.85%). Fruits dipped in yeast
solution 0.1% recorded the disease intensity of
39.50%. Maximum shelf life (13 days) was found in
fruits dipped in 0.1% carbendazim followed by
Chitosan 0.1% (12 days), Trichoderma viride 20g/1 of
water (11 days), Solanum nigrum 20% and yeast
solution (10 days) each. The lowest shelf life of 7
days was recorded in control.

Keywords  In-vivo, Dipping, Banana, Shelf life,
Colletotrichum musae.

Introduction

Banana (Musa sp.) is one of the important fruit crops
of the world as well as India. It is a good source of
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energy, minerals and vitamins and is one of the big-
gest single trade items in international fruit trade [1].
Banana is susceptible to several diseases resulting in
massive and extensive postharvest losses during
transportation and storage [2]. Anthracnose, caused
by the fungus Colletotrichum musae (Berk. and M.
A. Curtis) Arx, is the most important postharvest dis-
ease of banana that can result in 30 to 40% losses of
marketable fruit [3]. Anthracnose is a latent infection
where fungal spores infect immature banana in the
field but symptoms occur as peel blemishes as black
or brown sunken spots of various sizes on fruit that
may bear masses of salmon-colored acervuli with their
associated conidia on the fruit peel after ripening [4].
Thus, any potential control measure which can ef-
fectively delays the symptoms of anthracnose infec-
tion would have an important role in extending the
shelf life of banana fruit during storage. Synthetic
fungicides e.g. benomyl and thiabendazole (TBZ) are
the most commonly used synthetic fungicides for
controlling postharvest diseases [5]. However, per-
sistent use of these fungicides has resulted in the
emergence of resistant strains of Colletotrichum
musae [6]. In addition, there is concern that residues
of chemical fungicides may cause health problems
viz., carcinogenic risk. The use of chemical fungi-
cides to control postharvest diseases of fruit is sched-
uled to be phased out worldwide by year 2020 under
the terms of the Montreal Protocol [7]. Therefore,
there has been an increasing pressure on the banana
industry to minimize the use of synthetic fungicides
and discover sustainable non-chemical alternative
fungicides for controlling postharvest diseases. So,
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Fig. 1. Management of postharvest anthracnose disease of
banana cv Grand Naine under in vivo conditions.

the present study was therefore conducted to exam-
ine effect of chitosan, biocontrol agents, fungicides
and plant extracts against Colletotrichum musae.

Materials and Methods

An experiment was conducted at Kittur Rani
Chanamma College of Horticulture, Arabhavi during
2014. There were six treatments viz., Carbendazim
(0.1%), Solanum nigrum leaf extract (20%), Tricho-
derma viride (20 g/liter water), Pseudomonas
Sfluorescens (20 g/1) of water, Yeast solution, Chitosan
1%. Each treatment was replicated four times in a
completely randomized design.

Fresh banana fruits of cv Grand Naine were har-
vested from the experimental field of AICRP on Fruits,
Arabhavi and thoroughly washed in running tap wa-
ter in laboratory for removing dirt and dust then fruits
were air dried. Banana fruits were dipped in different
treatments for five minutes and dried them in air. Later,
inoculation with spore suspension of Colletotrichum
musae to the fruits was done with the help of automizer
with a concentration of 4x10°cfu/ml. The fruits were
covered with polythene bags for 48 h to maintain suf-
ficient humidity. Control fruits were maintained by
automizing sterile distilled water. Observations were
recorded with respect to intensity of disease, green
life and yellow life (at an interval of seven days). Per
cent disease index was calculated A 0-4 scale was
followed for scoring the disease index.

Where, 0 =No disease symptoms, 1=Small restricted

Table 1. Management of postharvest anthracnose disease of
banana cv Grand Naine under in vivo conditions.

Percent
reduc-
tion of
disease
PDI over
Treatments (%) control
T,-Carbendazim 0.1% 6.25 91.30
T,-Solanum nigrum 20% 12.50 82.61
T,-Trichoderma viride 20g/1
of water 19.00 73.56
T,-Pseudomonas fluorescene
20g/1 of water 37.85 47.34
T.-Yeast solution 39.50 45.04
T,-Chitosan 0.1% 30.00 58.26
T -Control 71.87 -
SEm+ 0.34
CD @ 1% 1.38
CV (%) 2.22

lesions covering 25% of the fruit surface, 2=Large
restricted lesions covering 50% of fruit surface, 3=
Radiating lesion formed by coalescence of small ones
covering 75% of the fruit surface, 4=Fruits completely
rotten.

Results and Discussion

Results revealed that the banana fruits dipped in
0.1% carbendazim recorded lowest disease intensity
(6.25%) followed by Solanum nigrum 20% (12.50%),
Trichoderma viride 20g/1 (19.00%), Chitosan 0.1%
(30.00%) and Pseudomonas fluorescens 20g/1
(37.85%). Fruits dipped in yeast solution 0.1% re-
corded the disease intensity of 39.50%. The highest
PDI was recorded in untreated control (71.87%). The
results are presented in Table 1 and depicted in Fig-
ure 1.

Fruits dipped in 0.1% carbendazim showed maxi-
mum shelf life (13 days) followed by Chitosan 0.1%
(12 days), Trichoderma viride 20g/1 of water (11 days),
Solanum nigrum 20% and yeast solution (10 days)
each. The lowest shelf life of 8 days was recorded in
the fruits dipped in Pseudomonas fluorescens.

The treatment dipping the banana fruits in 0.1%
carbendazim recorded the maximum green life (8 days)
followed by Trichoderma viride (7 days) and



Table 2. Management of postharvest anthracnose disease of
banana cv Grand Naine.

Total
Green Yellow shelf
life life life
Treatments (days) (days) (days)
T - Carbendazim 0.1% 8 5 13
T,- Solanum nigrum
20% 5 5 10
T,- Trichoderma viride
20g/1 of water 7 4 11
T,- Pseudomonas fluo-
rescene 20g/1 of
water 5 3 8
T,- Yeast solution 6 4 10
T,- Chitosan 0.1% 7 5 12
T,- Control 4 3 7

Chitosan 0.1% (7 days). With regard to yellow life,
the treatment dipping the banana fruits in Solanum
nigrum @ 20% and Chitosan 0.1% took more number
of days for yellow life.

It clearly indicates that, the treatment dipping
the banana fruits in carbendazim 0.1% effectively con-
trolled the disease followed by Solanum nigrum @
20% and Trichoderma viride @ 20g/1 of water (Table
2). Banana fruits dipped in 0.1% carbendazim effec-
tively controlled the anthracnose disease at Arabhavi,
Gandevi, Coimbatore, Jorhat, Jalgaon and Kannnara
[8].Chitosan is known to form a semi-permeable coat-
ing around plant tissues and thereby inhibits the ac-
tivity of plant pathogenic fungi. The effectiveness of
Chitosan was reported by Hewajulige et al.[9] which
interfered with the growth of several pathogenic fungi
including Colletotricum gloeosporioides Jinasena
etal. [10] and Xiangchun et al. [11] reported that dip-
ping of banana fruits in chitosan reduced the anthra-
cnose lesion diameter. Percent reduction of disease
over control was the highest (91.30%) in the treat-
ment of banana fruits dipped in carbendazim 0.1%
followed by banana fruits dipped in Solanum nigrum
20% (82.61%), Trichoderma viride 20g/1 (73.56%) and
Chitosan (58.26%). The lowest percent reduction of
disease over control was recorded in yeast solution
(45.04%) followed by Pseudomonas fluorescens @
20 g/1 of water.
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Extracts of 50 plants were screened in-vitro
against fungal pathogen Colletotrichum musae.
Those of Solanum torvum, Jatropha curcas and
Emblica officinalis inhibited mycelia growth of
Colletotrichum musae. Solanum torvum extract 25%
and 50% conc (w/v) completely inhibited growth of
Colletotrichum musae. While those of Emblica
officinalis and J. glandulifera growth to 7.6 mm
day' at 50% concentration. The same extracts were
tested in-vivo at room temperature (28+2°C) and in
cool store (13.5°C) against anthracnose disease on
three banana varieties Robusta (AAA), Rasthali
(AAB) and Ney Poovan (AB). Solanum torvum ex-
tract was found to be very effective in reducing the
incidence of the disease, the extract also significantly
increased the shelf life of banana, particularly their
green life [12]. Aqueous leaf extracts of Carica pa-
paya also completely inhibited postharvest rots of
pawpaw, while leaf and stem extracts of Dyospiros
ebenaster had an adequate fungicidal effect on the
anthracnose disease of mango caused by
Colletotrichum gloeosporioides [13].
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