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Preliminary Phytochemical Analysis and in Vitro
Evaluation of Antifungal Activity of Five Invasive Plant
Species against Macrophomina Phaseolina (Tassi) Goid
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Abstract In vitro antifungal activity of leaf extract of five invasive plant species were evaluated against the fungal pa-
thogen Macrophomina phaseolina using Microdilution assay and direct bioautographic technique. Plants selected for inves-
tigations were Ageratum conyzoides, Antigonon leptopus, Chromolaena odorata, Oxalis corniculata and Passiflora foetida.
Methanolic extract of all the plants exhibited good activity with minimum inhibitory concentration (MIC) values ranged
between 0.078- 2.5mg/ml. The leaf extract of Oxalis corniculata had promising antifungal activity with a low MIC value of
0.078mg/ml compared to the other species extracts tested. Total activity was highest in Antigonon leptopus(2304ml/g) fol-
lowed by Oxalis corniculata(2141ml/g). Bioautography indicated clear zones of inhibition in Antigonon leptopus extract
with three active band at R; value of 0.779, 0.468 and 0.276 in BEA mobile system and fungal growth was inhibited in most

of the plants tested.
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1. Introduction

An invasive species defined by IUCN (2000) as “Species
which becomes established in natural or semi-natural eco-
systems or habitat, is an agent of cause, and threatens native
biological diversity”’[1]. An invasive plant, also referred to
as exotic, introduced, foreign, non-indigenous or non-native,
is one that has been introduced by humans intentionally or
otherwise through human agency or accidently from one
region to another. In India, a good number of high-value
biodiversity sites have been invaded by several invasive
alien plants[2].Total 173 species in 117 genera under 44
families were documented as invasive alien plant species,
representing 1% of Indian flora[3].

Invasive plants are naturalized plants that produce repro-
ductive offspring, often in very large numbers, at consider-
able distances from parent plants and thus have the potential
to spread over a considerable area[4].Invasive alien species
reduce biodiversity, replace economically important native
plant species and decrease the investment in agriculture and
silviculture, disrupt prevailing vegetation dynamics, alter
nutrient cycling and cause changes in the pattern of plant
succession. Several exotic plants have invaded the
high-value biodiversity areas and have adversely affected
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the natural and semi-natural vegeta tion/ecosystems[5].Farm
-ers, taxonomists and ecologist are now well aware of the
invasion of alien species into natural areas and associated
negative effects on Global patterns of native biodiversity.
Once established some alien species have the ability to dis-
place or replace native plant species the problem will likely
worsen with time because of climatic changes that promote
species migration worldwide.

From the earlier reports[6, 7] it is evident that some of
the invasive plants have antifungal compounds which do
have the capacity to inhibit the fungal pathogens. Plant
fungal pathogens in particular, pose a major threat to eco-
nomically valuable crops. Plant pathogenic fungi attack
most crops in the field and also post harvest thereby de-
creasing production and shelf life of many agricultural
crops[8] .The most important method of protecting plants
against fungal attack is the use of fungicides.

The development of resistance of pathogenic fungi to-
wards synthetic fungicides is of great concern. There is,
therefore, a motivation to find safe, efficacious and envi-
ronmentally friendly fungicides. Many plants produce anti-
fungal agents by secondary metabolism to protect them-
selves from fungal attack, and therefore many plant species
posses substantial antifungal activity. Thus, the use of plant
extracts with inhibitory activity against fungal plant patho-
gens could lead to the development of environmentally ac-
ceptable fungicides based on the availability of natural
products. If fungal pathogen plays an important role in the
growth or establishment of plant species, invasive species
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may have better resistance against plant pathogens[6].

Many invasive plant species release chemical compounds
into the environment, which are not generally harmful to
them, but those chemicals suppress the growth of other
plant species growing in close proximity of such invasive
species. Prime importance can be given for the biopros-
pecting of novel active compound which can be utilized for
the management of several plant diseases. This negative
effect (often referred to as allelopathic effect) of invaders on
the native species confers a tremendous competitive advan-
tage on the former. Many reports are available on inhibiting
fungal pathogen from plant extracts[7, 9-14]. The invasive
plants are easily available throughout the year and are found
growing around the crop lands. This will enable the farmers
to use these plants in crop protection against various phyto-
pathogenic diseases. Hence, the present work is aimed to
investigate invasive plant species for antifungal activity
against plant pathogens in order to develop a useful product.

2. Materials and Methods

2.1. Plant Collection

The invasive plants species selected to work were col-
lected in Mysore region, Karnataka, India. Leaves of the
plants Ageratum conyzoides L., Antigonon leptopus Hook.
& Arm., Chromolaena odorata(L.) RM.King & H.Rob.,
Oxalis corniculata L. and Passiflora foetida L. were col-
lected in the summer of 2010. Fresh healthy leaves were
separated from stems, thoroughly washed 2-3 times with
water and shade dried at room temperature. The dried plants
were milled to a fine power with the help of a blender and
stored at room temperature in closed containers in the dark
until used. Voucher specimen was deposited in the herba-
rium of the Department of studies in Botany, Manasagango-
tri, University of Mysore, Karnataka.

2.2. Extraction Procedure

Plant samples from each species were individually ex-
tracted by soaking 10g of finely ground plant material with
100ml of Chloroform and Methanol solvents separately in
conical flasks, plugged with cotton and kept on a rotary
shaker at 180-200rpm for 24 hrs. It was filtered through 3
layered muslin cloths and the supernatant was filtered
through Whatman No.1 filter paper. Each of the solvent
extract was concentrated separately under reduced pressure.
After complete solvent evaporation, each of the solvent
extract was weighed and preserved at 5°C in air tight bottles
until further use.

2.3. Preliminary Phytochemical Analysis

Phytochemical tests were carried out to detect the pres-
ence of particular compounds using standard procedure[15].
Detection of Tannins: 200mg plant material is taken
in10ml distilled water and filtered. A 2ml filtrate is added to
2ml FeCls; blue- black precipitate indicates the presence of

tannins.

Detection of Alkaloids: Dragondroff’s test; 200mg plant
material is taken in 10ml methanol and filtered. A 2ml fil-
trate is added to 1% HCI, steam for 10 minutes. To this add
6 drops of Dragondroff’s reagent; Reddish brown precipi-
tate indicates the presence of alkaloids.

Detection of Saponins: Frothing test; 1ml of methanol
extract was diluted with 20ml distilled water and shaken
well for 15 minutes and observed for formation of froth in
the upper layer. The presence of froth indicates the presence
of saponins.

Detection of Cardiac Glycosides: Keller-kiliani test; 2ml
of methanol extract is added to Iml glacial acetic acid, to
this mixture few drops of FeCl; and one drop of conc.
H,S0, is added. Green blue colour indicated the presence of
cardiac glycosides.

Detection of Steroids: Liebermann-Burchard reaction;
200mg plant material is taken in 10ml chloroform and fil-
tered .A 2ml filtrate is taken, to this 2ml acetic anhydrate
and few drops of conc. H,SO, is added. Blue-green ring
indicates the presence of steroids.

Detection of Flavanoids: NaOH solution test; 2ml of me-
thanol extract is added to 2ml of 10% NaOH solution. Yel-
low to orange colour indicates the presence of flavanoids.

Detection of Proteins: Xanthoproteic test; 1ml of extract
is added to 1ml of HNOs;, boil in a water bath. Orange co-
lour indicates the presence of proteins.

Detection of Triterpenes: Salkowski test; 200mg of plant
material is added to 2ml of chloroform with few drops of
conc.H,SO,4. The solution slowly turns red, indicates the
presence of triterpenes.

2.4. Fungal Test Organisms

The phytopathogenic fungus selected for this study is
Macrophomina phoseolina the causal organism of charcoal
rot disease. Macrophomina phaseolina was isolated from
the diseased Maize plant. The fungal pathogen was main-
tained on potato dextrose agar (Himedia) at 26-28°C. The
fungal spores were collected from the 10 days old culture of
the pathogens by flooding culture plates with 5 ml of sterile
distilled water and conidia were dislodged by using
L-shaped glass rod. Conidial suspension was filtered
through sterile double layered muslin cloth to remove bits
of mycelia and suspended uniformly in the broth. The fun-
gal inoculum was quantified by counting the number of
spores using Haemocytometer slide and their number was
adjusted to 1x10° ml™" of the suspension.

2.5. Antifungal Activity Assay

2.5.1. Minimum Inhibitory Concentration (MIC)

Antifungal activity was determined by Microdilution as-
say. The MIC is to determine the lowest concentration of an
antifungal agent that appears to inhibit growth of the fun-
gus[16]. Residues of different extracts were dissolved in
respected solvents to a concentration of 10mg/ml. The plant
extracts (100ul) were serially diluted 50% with water in 96
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well flat bottomed microtitre plates. Fungal cultures were
transferred into fresh Potato dextrose broth, and 100ul of
this was added to each well, 40ul of 2, 3, 5- triphenyltetra-
zolium chloride[TTC] dissolved in water was added to each
of the micro plate wells, as growth indicator. Nystatin is
used as reference antibiotic and positive control, and appro-
priate solvent blanks were included. The micro plates were
covered with a cling film and incubated for 2-3 days at 26°C
and at 100% relative humidity[17]. The MIC was recorded
by visual analysis in microtitre plate wells, where the lowest
concentration of the plant extract that inhibited fungal
growth after 48 to 72 hours of incubation will not change its
colour to formazen dye.

2.5.2. Direct Bioautography Method

Bioautography method was developed to determine ac-
tive compounds. Aluminium-backed TLC plates (ALU-
GRAM® SIL G/UV254, MACHERY-NAGEL) were loaded
with 20ul of 100pug extracts. The plates were developed in 3
different mobile systems:

Ethylacetate/ methanol/ water[40:5.4:5] (polar

/neutral)[EMW]

Chloroform/ ethyl acetate/ formic acid[5:4:1] (interme-
diate polar/acidic)[CEF]

Benzene/ ethanol/ ammonium hydroxide[90:10:1]

(non-polar/basic)[BEA][11]

The chromatograms were dried for complete removal of
solvents. Potato dextrose broth was prepared and cultures
were transferred into broth from agar with a sterile swab.
About 25-50ml of inoculum spray solution was prepared
containing approximately 3 x 10* spores/ml of actively
growing fungi. The plates were sprayed lightly 3 times with
spore suspension and incubated for 24 hr in darkness in a
moist chamber at 26°C and then sprayed with 20mg/ml of
TTC in boiling water and further incubated overnight. Fun-
gal growth inhibition appeared as clear zones against a dark
background[18].

3. Results

The solvent extractant methanol yielded most of the

1840mg/ml. Oxalis corniculata, Antigonon leptopus and
Ageratum conyzoides has a reasonably good extraction
yield of 1670mg/ml, 1440mg/ml and 1380mg/ml respec-
tively from methanol extract. Compared to methanol, chlo-
roform extractant yielded less quantity of crude extract
which ranged from 100-620mg/ml (Figure 1).

The phytochemical tests were carried out to test the
presence of primary and secondary metabolites (Table 1).
Tests revealed the presence of Tannins, glycosides, proteins
and flavanoids in all the tested extracts. In addition to this,
the presence of alkaloids and saponins were recorded in
Ageratum conyzoides. Steroids in Antigonon leptopus, Sa-
ponins in Chromolaena odorata, Alkaloids and saponins in
Oxalis corniculata, Steroids in Passiflora foetida.
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Figure 1. Quantity of samples extracted by solvents used in mg/ml.

The MIC was carried out in 96 well flat bottom microtitre
plates to record the minimum inhibition concentration of
extract at which the activity of the pathogen will be inhi-
bited. The lower the MIC value is, the more active the ex-
tract is. The leaf extract of Oxalis corniculata had promis-
ing antifungal activity with a low MIC value of 0.078mg/ml
when compared to the other species extracts tested. Antigo-
non leptopus extract was relatively active with an MIC val-
ue of 0.625mg/ml. There was no inhibition of growth in
wells of methanol used as our solvent blank, which means
methanol did not have effect on the tested organism, prov-
ing it good solvent system for bioassays. The solvent extract
chloroform did not show any activity against the test organ-

crude extract from Chromolaena odorata yielding .
. . o ism (Table 2).
2900mg/ml followed by Passiflora foetida yielding
Table 1. Phytochemical tests revealed the presence of following compounds tested in the screened invasive plant species.
Compounds Tests A gerat'um Antigonon | Chromolaena O)fahs Passtjflora
conyzoides Leptopus odorata corniculata foetida
Tannins FeCl; test + + + + +
Alkaloids Dragondroff’s test + - - + -
Saponins Frothing test + - + + -
Cardiac glycosides Keller-kiliani test + + + + +
Steroids Liebermann-Burchardreaction - + - - +
Flavanoids NaOH solution test + + + + +
Proteins Xanthoproteic test + + + + +
Triterpenes Salkowski test - + - + -

+: presence of compound ; -: absence of compound
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Total activity of a plant is the quantity of material ex-
tracted from 10 gm of dried plant material divided by the
MIC value obtained[6]. It indicates the largest volume to
which the biologically active compounds in 10 gm of plant
material can be diluted and still inhibits the growth of the
test organism. The extracts of Antigonon leptopus and Oxa-
lis corniculata exhibited the highest total activity of 2304
ml and 2141 ml respectively (Table 3). Which means the
extract can be diluted with 2.3 L and 2.1 L of the solvent or
water and still inhibit the growth of M. phoseolina.

Table 2. MIC values in mg/ml of selected invasive plant species after
48hrs of incubation

Plant species Solvents MIC values in
mg/ml
. Chloroform -
Ageratum conyzoides
Methanol 1.25
Antigonon leptopus Chloroform -
¢ o Methanol 0.625
Chromolaena odorata Chloroform -
Methanol 25
Oxalis corniculata Chloroform -
Methanol 0.078
Chlorof -
Passiflora foetida orotorm
Methanol 1.25

Table 3. Total activity of MIC values of tested extracts of different inva-
sive plant species

Plant species M?l:; n D::g(/jniil Total activity in ml
Ageratum conyzoides 1380 1.25 1104
Antigonon leptopus 1440 0.625 2304
Chromolaena odorata 2900 2.5 1160
Oxalis corniculata 1670 0.078 2141
Passiflora foetida 1840 1.25 1472

Direct Bioautography was carried out to test the zone of
inhibition on TLC plates by using TTC as growth indicator.
Bioautography worked well for most of the tested extracts
except Passiflora foetida. Antigonon leptopus extract was
active with a clear zone on TLC bioautogram of the tested
organism indicating three zones of growth inhibition (Fig-
ure 2). In P, foetida there was growth but no inhibition was
observed even though MIC values indicated antifungal ac-
tivity. The non-activity of this extract in bioautography
could be explained by volatilization or oxidation of anti-
fungal compounds during an extended removal of the TLC
eluents or by the disruption of synergism between active
constituents caused by TLC.

Bioautography results of the TLC plates developed with
the solvent system BEA showed clear zones or bands of
inhibition. The degree of inhibition of Antigonon leptopus
extract was higher with three active bands of zones of inhi-
bition at R value of 0.779, 0.468 and 0.276 in BEA mobile
system (Figure 3). Ageratum conyzoides showed inhibition
at 0.083 (Figure 2). Chromolaena odorata larger zone of
inhibition at R¢ 0.275 (Figure 4). Oxalis corniculata showed
inhibition at 0.796 (Figure 5).
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Figure 3. A. leptopus
Ryvalue-0.276, 0.468 and 0.779.

Figure 2. A. conyziodes
Rivalue-0.083.

p——————————

4 .
\

Figure 4. C. odorata
Rvalue-0.272

O. corniculata
Ryvalue-0.796.

Figure 5.

4. Conclusions

Plants make up the majority of the earth’s living envi-
ronment, they make up all the food on which humans and
animals depend. Some of the fungal pathogens attack culti-
vated crops and make them diseased. Plant diseases may
result in less food or of food in poor quality or may some-
times be poisonous and unfit for consumption. Some plant
diseases may wipe out entire plant species. Controlling
plant disease may result in better more food of better quali-
ty[8]. Since a decade people are using pesticides of toxic
chemicals and even synthetic fungicides to control patho-
gens. The control of these fungi by synthetic fungicides is
clouded by lots of drawbacks such as severe human and
environmental toxicity effects and high costs. Their high
costs make them less accessible particularly by rural far-
mers. These setbacks warrant an alternative source of fun-
gicide. Plants and their secondary metabolites have shown
great potential as antifungal source. Growing and harvesting
promising plants would increase the costs substantially.
Alien invasive plants known for their characteristic as ag-
gressive growers, could aid in developing a less expensive
plant source if explored for antifungal activity. The aim of
the present investigate is to evaluate the antifungal proper-
ties of five invasive plant species against plant pathogenic
fungi.
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The selected species (Ageratum conyzoides, Antigonon
leptopus, Chromolaena odorata, Oxalis corniculata and
Passiflora foetida) were evaluated using chloroform and
methanol extractant and tested against plant pathogenic
fungi Macrophomina phoseolina which causes charcoal rot
disease in most of the cultivated plants. The part of the plant
used was leaves, because leaves are the centers of interme-
diary metabolism leading to biologically active secondary
metabolites. When the yield of the extractant was quantified,
methanolic extract had large quantity of mass yield com-
pared to chloroform. Chromolaena odorata methanol ex-
tract yielded 2900mg/ml which is highest when compared
to all other plant (Figure 1).

Antifungal assays were tested by using minimal inhibi-
tory concentration and Bioautography technique. The MIC
is determining the lowest concentration of an antifungal
agent that appears to inhibit growth of the fungus. In this
present study leaf extract of Oxalis corniculata had prom-
ising antifungal activity with a low MIC wvalue of
0.078mg/ml followed Antigonon leptopus which showed
0.625mg/ml compared to the other species extracts tested
(Table 2). The extracts of Antigonon leptopus and Oxalis
corniculata exhibited the highest total activity of 2304 ml
and 2141 ml respectively. Bioautography method was de-
veloped to determine active compounds[11, 19]. From the
present study, the degree of inhibition of Antigonon lepto-
pus extract was higher with an active band of R¢ value of
0.779 in BEA mobile system and other zones were at 0.468
and 0.276.

The present investigation has demonstrated the antifungal
activity of all the plants tested. This work proves that some
invasive plants have potential and could be useful in com-
bating plant fungal pathogens[6]. The use of plant extracts
could enable the development of inexpensive and environ-
mentally acceptable fungicides based on locally available
natural products. Considering this, strict regulation should
be set in place to avoid complete eradication of these plants.
Isolation and characterization of active compounds is in
progress.
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