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ABSTRACT: The research work was carried out to evaluate the antifungal activities of leaf extracts of four medicinal
plants viz. Azadirachta indica (Neem), Polygonam barbatum (Bishkatali), Adhatoda vasica (Basak) and Terminalia arjuna
(Arjun) against two tea fungi Colletotrichum gloeosporioides (Die-back) and Pestalotia theae (Grey blight). Leaf extracts of
these plants were prepared by using distilled water, ethanol absolutes (95%) and ethanol (70%) as solvents. After that, three
concentrations (1%, 1.5% and 2%) of leaf extracts of these four plants were prepared. The antifungal activities of crude extracts
were investigated by the poison food technique against these two experimental fungi. The results showed that extracts of all the
four plants had direct effect on both fungi. Among all the concentrations of leaf extracts of the four experimental plants diluted
in distilled water against Colletotrichum gloeosporioides, all concentrations of Adhatoda vasica (Basak) exhibited the highest
growth inhibition (100%) and Polygonam barbatum (Bishkatali) at 1% concentration showed the lowest growth inhibition
(38.88%). And against Pestalotia theae, Adhatoda vasica (Basak) at 2% concentration showed the highest effect (86.66%)
and Polygonam barbatum (Bishkatali) at 1% concentration exhibited the lowest effect (05.55%). As all the concentrations
of leaf extracts of respective plants diluted in ethanol absolutes (95%), all leaf extracts at all concentrations showed the same
growth inhibition (100%) against Colletotrichum gloeosporioides, and against Pestalotia theae, Azadirachta indica (Neem)
2%, Polygonam barbatum (Bishkatali) 2%, Adhatoda vasica (Basak) at all concentrations, and Terminalia arjuna (Atjun) 2%
showed the highest growth inhibition (100%) and Polygonam barbatum (Bishkatali) 1% exhibited the lowest effect (97.11%).
Among all the concentrations of leaf extracts of the said plants diluted in ethanol 70% against Colletotrichum gloeosporioides,
all concentrations of Adhatoda vasica (Basak) showed the highest growth inhibition (100%) and Terminalia arjuna (Arjun) 1%
exhibited the lowest effect (91.11%). And against Pestalotia theae, Adhatoda vasica (Basak) at 1.5% and 2% concentrations
showed the highest antifungal effect (100%) and Terminalia arjuna (Arjun) 1% showed the lowest effect (90%). In this study it
was investigated that among all concentrations of respective plants diluted in all solvents, Adhatoda vasica (Basak) exhibited the
highest effect on both fungi and Polygonam barbatum (Bishkatali) showed the lowest growth inhibition. Among the solvents,
ethanol extracts showed more growth inhibition of both fungi than other leaf extracts. From this research work this is evident
that all the plant extracts are potential antifungal agents against experimental both tea fungi, and the effectiveness of most of the

plant extracts increases proportionally with the increase in doses and decreases with time.
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Introduction

Tea (Camellia sinensis) is the single most important cash
crop that has been contributing a lion’s share to the Ban-
gladesh economy. Although it plays significant role in
the economy of the country, but the crop suffers from
many production constraints.

Tea diseases are one of the most constraints for the
production of tea. Different pathogens like bacteria,
algae, viruses and fungi cause tea diseases. Fungi like
Colletotrichum gloeosporioides and Pestalotia theae
are responsible for tea diseases like Die-back and Grey
blight respectively. Die-back of tea is one of the major
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diseases in Bangladesh tea both in mature and nursery
plants. During the late 1960s, it is recorded on the India
clone TV9 and reported to be widespread in tea, in per-
manent and temporary shade trees, green crops as well as
in rubber plantations in Bangladesh.! Die-back of shoots
of tea, coffee and cocoa is reported in India, Malawi and
Sri Lanka. The causal organism of the disease in tea is
Colletotrichum gloeosporioides (Penz.), Sacc.!? Besides
these, C. camelliae Mass is reported to cause Brown
blight in tea in India and Africa.>*

The fungi Colletotrichum was established in 1831 by
Corda (1831), for fungi characterized by hyaline, curved,
fusion conidia and setose acervuli. Diseases caused by
Colletotrichum species occur on a wide range of plant
species and have been recorded worldwide.®> Colletotri-
chum species are by far the most important pathogens
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which cause this type of infection. Die-back disease of tea
was first noticed in the year 1984 in Nucleus Clone Plot
(NCP) of Bangladesh Tea Research Institution (BTRI)
on the clone BT4. More than 40% of tea bushes were
found to be attacked by the disease. In the same year the
disease was reported in Tipracherra tea estate where 30%
of the seed nursery beds were affected. About 55-60%
of the plants died due to this disease. Though the disease
was first noticed in the NCP, later the same disease was
also found in the nursery as well as mature plantation.
Visibility of the disease infection and the extent of dam-
age apparently escaped the notice in mature plantation
because of continuous plucking during the harvesting
period. Since then, the disease is appearing every year
with a variation in its intensity depending on climatic
factors.® Besides tea, the pathogen has been isolated and
reported on tea ancillary plants like — Albizzia anagroi-
des, A. moluccana, Mimosa pudica, Indigofera teysmnii,
Crotolaria anagyroides, Tephrosia candida, Coffee,
Bay leaf, Rubber and different citrus species including
orange.” Another major foliar disease of tea, Grey blight,
is caused by Pestalotia theae. Crop losses due to Grey
blight are about 17% in south India.?

Medicinal plants act as a rich source of anti-microbi-
al agents. They were used as medicinal products in many
countries due to the potent source of the powerful drugs.
The raw drugs obtained from various parts have differ-
ent medicinal properties.’ The medicinal plants were still
used by the developing countries as the traditional folk
medicine due to the biologically active compounds hid-
den in it, and this concept that drives the scientists work-
ing towards them in a dedicated manner.! Antifungal
agents are widely distributed among higher plants,'! but
only a few have been evaluated for their activity against
human, animal and plant pathogenic fungi. Fungi are of
the most neglected pathogens, as demonstrated by the
fact that the amphotericin B, a polyene antibiotic discov-
ered as long ago as 1956, is still used as a gold standard
for antifungal therapy.'? The fungal growth may cause
decrease in germinability, discolouration of grain, loss
in weight, biochemical changes and production of tox-
ins.!3 Climatic conditions are most conducive for mould
invasion, elaboration of mycotoxins. Unseasonal rains
and floods enhance the moisture content of the grain,
making them more vulnerable for fungal attack.' The
present study was undertaken to invastigate the suitable
plant extracts and their concentrations for controlling
of Pestalotia theae and Colletotrichum gloeosporioides
and to determine the antifungal activity of crude extracts
of Azadirachta indica, Polygonam barbatum, Adhatoda

vasica and Terminalia Arjuna against Colletotrichum
gloeosporioides and Pestalotia theae of tea.

Materials and Methods

Study Area

The research work was conducted under Research
Project of “Antifungal activities of some medicinal
plants extracts against Colletotrichum gloeosporioides
and Pestalotia theae of tea” during the period of August—
January 2011-2012 at the Department of Food Engineer-
ing and Tea Technology, Shahjalal University of Science
and Technology, Sylhet, and at Plant Pathology Labora-
tory, Bangladesh Tea Research Institution (BTRI), Sri-
mangal.

Collection of Plant Material

The fresh leaves of four medicinal plants viz. neem (4za-
dirachta indica), bishkatali (Polygonam barbatum),
basak (4dhatoda vasica) and atjun (Terminalia arjuna)
free from disease were collected from the different loca-
tions of Shahjalal University of Science and Technology
campus and its surrounding. The leaves were washed
thordughly 2-3 times with running water and once with
sterile distilled water. The washed plant leaves were air
dried at room temperature for 48 hr, and then they were
dried by dryer at 60°C for 6-8 hr to get constant weight.
After that the dried leaves were powered with the help
of a blender machine. The ground samples were passed
through a 25-mesh diameter sieve to obtain fine and uni-
form dust. The dust was preserved in airtight condition in
polythene bags till their use in extract preparation.

Preparation of Leaf Extracts

Plant leaf extracts were prepared by the method of Ama-
dioha et al.’® with some modification. Ten gram of dust
of each plant leaves was taken in a 250-ml conical flux
and mixed separately with 100 ml of different solvents
like distilled water, ethanol absolutes (95%) and ethanol
70%. The mixture was stirred for 30 min by a magnetic
stirrer (at 6,000 rpm) and left to stand for next 48 hr. The
mixture was then filtered through a fine cloth and again
through filter paper (Whatman No. 1). The filtrated mate-
rials were taken in 100 ml beaker and condensed to 10 ml
by evaporation of solvent in a water bath maintained at
60°C, 70°C and 80°C for ethanol absolutes (95%), 70%
ethanol and sterilized distilled water, respectively. After
the evaporation of solvent, the condensed extracts were
preserved in tightly corked labeled bottles, e.g. 50-ml
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volumetric flux and stored them in a refrigerator until
their use for antifungal activities. Different concentra-
tions of plant extracts (1%, 1.5% and 2%) were prepared
by dissolving the stock solutions in the respective sol-
vent prior to study of antifungal activities.

Screening of Anti-fungal Activity

The antifungal activity was determined by the poison
food technique with some modification.'¢

Collection of Fungul Sample

The fungi Colletotrichum gloeosporioides and Pestalo-
tia theae were isolated from Die Back affected tea plants
and Grey Blight affected tea plants at BTRI Farm, Bilas-
hcherra Experimental Farm and Baraoora Tea Estates.

Preparation of Media

For preparing 1 L media, 1 L Distilled Water, Potato
200 g, Dextrose 20 g and Agar 20 g were used. The
media was made treated by adding different concentra-
tions (1%, 1.5% and 2%) of Neem, Bishkatali, Basak,
Arjun leaf extracts with distilled water, ethanol absolutes
(95%) and 70% ethanol. Then, 5 ml of lactic acid was
added in the mixture.

Sterilization of Media and Other Glass Wares

Prepared media and glass wares were sterilized by auto-
clave for 15 min at 1 bar pressure.

Preparation of Inoculums

In the laboratory for each disease the infected portion
of tea plants were cut along with slightly healthy parts.
These were surface sterilized with 25% ethanol. After
three times washing with distilled water, these inocu-
lums were put in the centre of media and allowed at room
temperature in Laminer air flow chamber for growth.

Inhibition Test

The PDA was poisoned with different concentrations of
earlier-prepared extracts. Then, a bloc of fresh cultured
fungus was transferred into poisoned media and allowed
to grow. The radial growth of fungus for each treatment
was determined by measuring the diameter of the colony
every 24 hr of calculation on poisoned plate. This prac-
tice was performed three times for the same. The percent-
age radial growth inhibition was calculated as follows:
h=(C-E)E x100

where /4 = percentage of growth inhibition of fungus;
C = growth of fungus in control; E = growth of fungus
in extract.

Table 1: Effect of leaf extracts of Neem (Azadirachta indica), Bishkatali (Polygonam barbatum), Basak (4dhatoda vasica)
and Arjun (Terminalia arjuna) diluted in distilled water at different concentrations on the growth of Colletotrichum

gloeosporioides and Pestalotia theae after 120 hr of plating

Treatments Concentrations Name of fungi
Colletotrichum gloeosporioides Pestalotia theae
Mycelial growth (cm) % Growth Mycelial growth (cm) % Growth
Average of three inhibition Average of three inhibition
replications replications
Azadirachta indica 1.0% 5.00d 44.44 8.00d 11.11
(Neem) 1.5% 486e¢ 46.00 730 18.88
2.0% 450g 50.00 350k 61.11
Polygonam barbatum 1.0% 550b 38.88 8.50b 05.55
(Bishkatali) 1.5% 513¢ 43.00 8.10¢c 10.00
2.0% 450g 50.00 7.60 ¢ 15.55
Adhatoda vasica 1.0% 0.001 100.00 6.00 h 33.33
(Basak) 1.5% 0.00 i 100.00 3.001 66.66
2.0% 0.00 1 100.00 1.20m 86.66
Terminalia arjuna 1.0% 5.00d 44.44 7.00 g 2222
(Arjun) 1.5% 4.63 £ 48.55 5.801i 35.55
2.0% 4.06 h 54.88 4.10j 54.44
Control - 9.00a 00.00 9.00a 00.00
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Figure 1. Mycelial growth of Colletotrichum gloeosporioides against some plant extracts diluted in distilled water
with different concentrations at different intervals.

Results and Discussion

In the present study, four medicinal plants such as Aza-
dirachta indica (Neem), Polygonam barbatum (Bish-
katali), Adhatoda vasica (Basak) and Terminalia arjuna
(Arjun) were identified that are effective against the two
target fungi Colletotrichum gloeosporioides and Pesta-
lotia theae. Leaf extracts of these plants were serially
diluted in distilled water, ethanol absolutes (95%) and
ethanol 70% (70 ml ethanol + 30 ml distilled water) and
the percentage of growth inhibition values were deter-
mined (Tables 1-3). As shown, all these four plants have
the potential antifungal activity to control the growth of
both tea fungi.

Effect of Different Plant Extracts Diluted in
Distilled Water on the Growth of Colletotrichum
gloeosporioides (Die-back) and Pestalotia theae
(Grey blight)

Table | showed that among all the concentrations of leaf
extracts of Azadirachta indica (Neem), Polygonam bar-
batum (Bishkatali), Adhatoda vasica (Basak) and Termi-
nalia arjuna (Arjun) the mycelial growth of Colletotri-
chum gloeosporioides (5.00 cm) statistically same for 1%
concentrations of Azadirachta indica (Neem) and Termi-
nalia arjuna (Arjun) leaf extracts. On the other hand,
Azadirachta indica (Neem) and Polygonam barbatum
(Bishkatali) for 2% concentration the mycelial growth
was same (4.50 cm). The results also showed that for all
the concentrations of Adhatoda vasica (Basak) there was
no myecelial growth of Colletotrichum gloeosporioides.
Whereas the pool variance analysed results showed also
statistically different response on the mycelial growth of
Pestalotia theae.

In this experiment, leaf extracts of Adhatoda vasica
(Basak) for all the concentrations showed the highest
growth inhibition rather than control of Colletotrichum
gloeosporioides (100%) and against Pestalotia theae
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Figure 2. Mycelial growth of Pestalotia theae against some plant extracts diluted in distilled water with different
concentrations at different intervals.
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Table 2: Effect of leaf extracts of Neem (Azadirachta indica), Bishkatali (Polygonum barbatum), Basak (Adhatoda vasica)
and Arjun (Terminalia arjuna) diluted in ethanol absolutes (95%) at different concentrations on the growth of Colletotri-

chum gloeosporioides and Pestalotia theae after 120 hr of plating

Treatments Concentrations Name of fungi
Colletotrichum gloeosporioides Pestalotia theae
Mycelial growth (cm) % Growth Myecelial growth (cm) % Growth
Average of three inhibition Average of three inhibition
replications replications
Azadirachta indica 1.0% 0.00b 100 0.20¢ 97.78
(Neem) 1.5% 0.00 b 100 0.06 d 99.33
2.0% 0.00 b 100 0.00 e 100.00
Polygonam barbatum 1.0% 0.00b 100 0.26b 97.11
(Bishkatali) 1.5% 0.00 b 100 0.10d 98.88
2.0% 0.00b 100 0.00e 100.00
Adhatoda vasica 1.0% 0.00b 100 0.00¢ 100.00
(Basak) 1.5% 0.00b 100 0.00 ¢ 100.00
2.0% 0.00b 100 0.00 ¢ 100.00
Terminalia arjuna 1.0% 0.00b 100 0.06d 99.33
(Arjun) 1.5% 0.00 b 100 0.00 e 100.00
2.0% 0.00b 100 0.00e¢ 100.00
Control - 9.00a 00 9.00 a 00

the highest growth inhibition was found 86.66% for 2%
concentration of Adhatoda vasica (Basak). Accordingly
the lowest growth inhibition of both fungi viz. Colleto-
trichum gloeosporioides (38.88%) and Pestalotia theae
(05.55%) were observed for 1% concentration of Polyg-
onam barbatum (Bishkatali).

Figures | and 2 showed a gradual increasing trend in
mycelial growth of Colletotrichum gloeosporioides and
Pestalotia theae for all the concentrations of said plant
extracts diluted in distilled water with increasing time.
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Figure 3. (a) Pure culture of Colletotrichum gloeosporioides.
(b) Antifungal activities of leaf exctracts (diluted in distilled
water) of Azadirachta indica (Neem). (¢) Polygonam barba-
tum (Bishkatali). (d) Adhatoda vasica (Basak). (e) Terminalia
arjuna (Arjun) against Colletotrichum gloeosporioides.

Effect of Different Plant Extracts Diluted in Eth-
anol Absolutes (95%) on the Growth of Colletot-
richum gloeosporioides (Die-back) and Pestalotia
theae (Grey blight)

Table 2 showed that all the concentrations (1%, 1.5% and
2%) of the leaf extracts of Azadirachta indica (Neem),
Polygonam barbatum (Bishkatali), Adhatoda vasica
(Basak) and Terminalia arjuna (Arjun) showed statisti-
cally same effect on the growth of Colletotrichum gloeo-
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Figure 4. (a) Pure culture of Colletotrichum gt’oeocs.porz'oia'es.
(b) Antifungal activities of leaf exctracts (in ethanol absolutes
95%) of Azadirachia indica (Neem). (¢) Polygonam barba-
tum (Bishkatali). (d) Adhatoda vasica (Basak). (e) Terminalia
arjuna (Arjun) against Colletotrichum gloeosporioides.
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Table 3: Effect of leaf extracts of Neem (Azadirachta indica), Bishkatali (Polygonam barbatum), Basak (Adhatoda vasica)
and Arjun (Terminalia arjuna) diluted in ethanol (70%) at different concentrations on the growth of Colletotrichum

gloeosporioides and Pestalotia theae after 120 hr of plating

Treatments Concentrations Name of fungi
Colletotrichum gloeosporioides Pestalotia theae
Mycelial growth (cm) % Growth  Mycelial growth (cm) % Growth
Average of three inhibition Average of three inhibition
replications replications
Azadirachta indica 1.0% 0.60 ¢ 100 0.20 ¢ 07.78
(Negrm) 1.5% 0.00 b 100 0.06 d 99.33
2.0% 0.00b 100 0.00 ¢ 100.00
Polygonam barbatum 1.0% 0.00b 100 0.26 b 97.11
(Bishkatali) 1.5% 0.00 b 100 0.10d 98.88
2.0% 0.00b 100 0.00¢ 100.00
Adhatoda vasica 1.0% 0.00 b 100 0.00e 100.00
(Basak) 1.5% 0.00 b 100 0.00 ¢ 100.00
2.0% 0.00b 100 0.00 ¢ 100.00
Terminalia arjuna 1.0% 0.00 b 100 0.06d 99.33
(Arjun) 1.5% 0.00 b 100 0.00 ¢ 100.00
2.0% 0.00b 100 0.00 ¢ 100.00
Control - 9.00a 00 9.00a 00

sporioides. All concentrations of the said plants rather
than control exhibited no mycelial growth of Colletotri-
chum gloeosporioides. The results also showed that the
mycelial growth of Pestalotia theae statistically same for
1.5% concentrations of leaf extracts of Azadirachta indi-
ca (Neem) and Polygonam barbatum (Bishkatali) and
1% concentration of Terminalia arjuna (Arjun). On the
other hand, for 2% concentrations of Azadirachta indica
(Neem) and Polygonam barbatum (Bishkatali), Adhatoda
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Figure 5. (a) Pure culture of Pestalotia theae. (b) Antifungal
activities of leaf exctracts (diluted in ethanol 70%) of Azadi-
rachta indica (Neem). (¢) Polygonam barbatum (Bishkatali).
(d) Adhatoda vasica (Basak). (e) Terminalia arjuna (Arjun) at
different concentrations against Pestalotia theae.
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vasica (Basak) at all concentrations and 1.5-2% concen-
trations of Terminalia arjuna (Arjun) exhibited no myce-
lial growth of Pestalotia theae. That means all of them
showed the highest growth inhibition (100%) rather than
control against Pestalotia theae. Whereas leaf extracts of
Polygonam barbatum (Bishkatali) for 1% concentration
showed the lowest growth inhibition (97.11%) (Table 2).

Effect of Plant Extracts Diluted in Ethanol (70%)
on the Growth of Colletotrichum gloeosporioides
(Die-back) and Pestalotia theae (Grey blight)

Table 3 showed that the mycelial growth of Colletotri-
chum gloeosporioides was statistically same for the leaf
extracts of Azadirachta indica (Neem) and Polygonam
barbatum (Bishkatali) at their respective concentrations.
The result also showed that leaf extracts of Adhatoda
vasica (Basak) at all concentrations exhibited no myce-
lial growth of Colletotrichum gloeosporioides. Whereas
the mycelial growth of Pestalotia theae was statisti-
cally same for 1.5% concentrations of leaf extracts of
Azadirachta indica (Neem) and Polygonam barbatum
(Bishkatali). On the other hand, for 2% concentrations
of Azadirachta indica (Neem) and Polygonam barba-
tum (Bishkatali) the mycelial growth was same. Table 3
also showed that 1.5% and 2% concentrations of Adha-
toda vasica (Basak) no mycelial growth of Pestalotia
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theae. In this experiment the leaf extracts of Adhatoda
vasica (Basak) at all concentrations exhibited the high-
est growth inhibition (100%) rather than control against
Colletotrichum gloeosporioides, and for Pestalotia theae
the highest growth inhibition was found 100% for 1.5%
and 2% concentrations of Adhatoda vasica (Basak).
Whereas leaf extracts of Terminalia arjuna (Arjun) for
1% concentration showed the lowest growth inhibition
91.11% of Colletotrichum gloeosporioides and 90.00%
of Pestalotia theae.

Plants are important source of potentially useful
structures for the development of new chemotherapeutic
agents. The first step towards this goal is the in vitro anti-
bacterial activity assay.'” Archana and Abraham et al.'®
reported that medicinal plants have been a major source
of therapeutic agents for alleviation and cure diseases.
According to Khan et al.," aqueous extract of Allium
cepa exhibited antifungal activity against Helminthospo-
rium turcicum and Ascochyta rabiei and that of Calotro-
pis procera against Alternaria redicina. Total 19 plant
species belonging to 14 families used by some Indians
living in North America were tested for their fungicidal
activity.”® Of the species investigated by them, 9 were
active against Cladosporium cucumerinum and 9 against
Candida albicans. In the Zingiberaceae family, the etha-
nol extract of Curcuma longa L. and Alpinea galanga
were also found to possess good antifungal activities
against Trichophyton longifusus.?' Other species of Cur-
cuma (Zingiberaceae), C. zedoaria Rose, and C. mala-
barica Vel also possess antifungal activity, which sup-
ports the use of their tubers in traditional medicine for the
treatment of bacterial and fungal infections.”” In India,
Sharma and Jandaik” found the leaves of Azadirachta
indica, Eucalyptus tereticornis, Eichhorinia crosipes,
Tagetes erecta and cloves of Allium satuvum positively
active against a few test fungi. Ethanolic extracts of aer-
ial parts and fruits of Aglaia roxburghiana were tested
for in vitro antifungal activities against dermatophytes.”
In an approach toward the development of eco-friendly
antifungal compounds for controlling major foliar fungal
diseases of tea, ethanol and aqueous extracts of 30 plants
belonging to 20 different families collected from sub-
Himalayan West Bengal (India) were tested against the
fungal pathogens.” The antifungal potential of aqueous
and ethanol extracts of eight different plant species were
tested in vitro and in vivo against Colletotrichum kaha-
wae in completely randomized design with three replica-
tions.** Examples of other antifungal crude extracts from
medicinal species also included Bauhinia racemosa L.
(Caesalpiniceae) stem bark.”’

In the present study, it was investigated that among
all concentrations of four medicinal plants diluted in all
solvents, Adhatoda vasica (Basak) exhibited the highest
effect on both fungi viz. Colletotrichum gloeosporioides
and Pestalotia theae and Polygonam barbatum (Bish-
katali) showed the lowest growth inhibition. Among the
solvents, ethanol absolutes (95%) extracts showed more
growth inhibition of both fungi than other leaf extracts.
Thereby in this study for controlling Colletotrichum
gloeosporioides and Pestalotia theae organically, all con-
centrations (1%, 1.5% and 2%) of leaf extracts of Adha-
toda vasica (Basak), 2% concentration of leaf extracts of
Azadirachta indica (Neem), Polygonam barbatum and
Terminalia arjuna (Arjun) are recomendated. From this
research work this is evident that all the plant extracts
are potential antifungal agents against experimental tea
fungi, and the effectiveness of most of the plant extracts
increases proportionally with the increase in doses and
decreases with time.
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