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Abstract

Bakanae disease caused by different species of Fusarium, is one of the most emerging diseases of rice in Asia which is
responsible for significant yield losses of this staple crop. The present study was designed to isolate and identify causal
fungus and then the pathogen management by methanolic extract of a brassicaceous weed, Coronopus didymus. Based on
cultural and morphological studies, isolated pathogen was identified as Fusarium moniliforme J. Sheld. Identity of the
isolated pathogen was further confirmed by analysis of rDNA Internal Spacer Sequence (ITS) analysis. For preparation of
extract, 200 g of C. didymus was soaked in 1.0 L of methanol for 14 days. Thereafter, material was filtered, filtrates were
evaporated on a rotary evaporator and different concentrations (0.5 to 4%) of methanolic extract were prepared. These
concentrations caused 23-48% reduction in the fungal biomass as compared to control. The inhibitory effect of 1.5% and
higher concentrations was significant. Methanolic extract was subjected to GC-MS analysis and thirteen compounds were
identified. Benzyl nitrile (34.22%), Eucalyptol (23.62%), 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- (12.80%), nHexadecanoic acid (9.40%), Benzoic acid (6.89%), and 9,12,15-octadecatrienoic acid, (Z,Z,Z)- (5.18%) were the major
constituents among the identified compounds.
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Introduction
Rice bakanae disease is a wide spread disease of almost
all rice growing countries, especially Asian countries
including Pakistan. The pathogen of bakanae disease is soilborne (Dawe et al., 2010) as well as seed-borne (Iqbal et al.,
2013). Cultural practices are manipulated to suppress losses
due to bakanae disease or to reduce the rate of disease
development. These include growing of healthy seeds,
managing the time of planting, improving general health of
the plant, and water and nutrient management (Gupta et al.,
2015). However, these cannot give complete eradication of
the disease. Crop rotation and use of higher doses of nitrogen
fertilizers are other methods but these are uneconomical
(Iqbal et al., 2013).
Numerous fungicides are used to control the rice
diseases and to increase the per acre yield ability of rice but
consistent use of these chemicals is very expensive, causes
many environmental hazards and also destroys the beneficial
and non-target microorganisms (Amutharaj et al., 2013).
Residual toxicity and fungicides resistance in pathogen are
also the major problems related to heavy application of
pesticides. Biological control is the best alternative method
used to suppress the activity of pathogens as biocontrol
agents are highly selective in action, biodegradeable, nonphytotoxic, environment friendly and widely used in disease
management (Sena et al., 2013).
Extracts obtained from different plants such as
eucalyptus, garlic, neem, ginger, tobacco, turmeric as well
as tea, lemon grass, thyme and eucalyptus oils are
commonly used as botanical pesticides (Das et al., 2010;
Gurjar et al., 2012). Many weeds extracts can also be used
for management of plant pathogens (Akhtar & Javaid,
2017; Khurshid et al., 2017). Crude plant extracts can be
directly used or the substance responsible for antifungal
activity can be isolated from the crude plant extracts
(Jabeen & Javaid, 2010; Javaid et al., 2018). Many recent

studies have shown that the use of crude plant extracts are
highly effective to control plant pathogens and diseases
(Ali et al., 2017; Banaras et al., 2017; Javaid et al., 2017a).
Members of Brassicaceae family are known to possess
antifungal properties against soil-borne fungal plant
pathogens (Busnardo et al., 2010; Iqbal & Javaid, 2012).
However, generally cultivated species of this family have
been used for investigation of antifungal activity while such
studies using weeds are scarce (Javaid & Iqbal, 2014).
Therefore, the present study was conducted to characterize
the pathogen of bakanae disease and its management using
methanolic extract of C. didymus, a weed of Brassicaceae.
Materials and Methods
Isolation of fungal pathogen: During October, 2015, a
survey of different rice fields of Lahore, Pakistan was
conducted to study bakanae disease. Samples of rice
plants infected with bakanae disease were collected from
the fields at University of the Punjab and Thokar Niaz
Baig, Lahore. For the isolation of pathogen, one infected
portion each from ten different plants from each field was
selected randomly. Approximately 2 mm2 leaf portions
containing diseased as well as some healthy portion were
surface sterilized in 1% sodium hypochlorite solution for
5 minutes. After several washings with sterilized water,
these pieces were transferred aseptically on the Petri
plates containing malt extract agar (MEA) medium and
potato dextrose agar (PDA) medium. Inoculated Petri
plates were incubated at 27°C for 5 days. Mycelia
growing out from the plant tissues were transferred to
fresh media plates to obtain pure cultures.
Identification of fungal pathogen: Seven days old pure
fungal cultures were examined for morphological and
cultural characterization. Cultural characteristics included
colony colour, texture, diameter, margins, sporulation
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pattern and presence or absence of zones. For microscopic
characterization, colour, septation, shape and size (length
and width) of micro and macro conidia, conidial
septation, branching and attachment to conidiophores;
shape, colour, length and septation of the conidiophores
were recorded.
Morphological based identification was verified by
nucleotide sequence analysis of Internal Transcribed
Spacer (ITS) Sequence of rDNA. Total genomic DNA
isolation was carried out following the method of Akhtar
et al., (2014). Isolated DNA was subjected to agarose gel
electrophoresis for quality and integrity assessment along
with DNA size marker. The Polymerase Chain Reaction
(PCR) was carried out for ITS sequence analysis. Primer
pair ITS1 Forward (5'-TCCGTAGGTGAACCTGCGG-3')
and ITS4 Reverse (5'-TCCTCCGCTTATTGATATGC-3')
was used for the amplification of ITS region of rDNA
(White et al., 1990). Resulting nucleotide sequence was
analysed using bioinformatics tools.
Confirmation of Koch’s pathogenecity postulates: To
confirm the pathogenicity of the fungus, inoculum of
Fusarium moniliforme was prepared by transferring the
mycelium from actively growing fungus culture to
sterilized boiled seeds of millet in 250 mL volume flasks
and incubating for 10 days at 27°C. This inoculum was
mixed in sterilized loamy soil and watered to establish the
fungal pathogen in the soil. Rice seeds were surface
sterilized with 1% sodium hypochlorite solution (NaOCl)
for 5 minutes, followed by thorough washing with
sterilized water. These seeds were sown in infected soil,
kept in plant growth chamber at 35°C, 75% humidity and
12 h duration of light daily.
In vitro management of the pathogen: Mature plants of
C. didymus were collected, washed thoroughly under tap
water and dried in sun. The dried plant parts were crushed
thoroughly. For the extraction of methanol soluble
compounds, 200 g crushed plant material was soaked in
1.5 L of methanol for fifteen days at room temperature in
air tight bottles. The extract was filtered through muslin
cloth followed by filter paper. The filtrate was evaporated
under vacuum in a rotary evaporator at 45°C until 100 mL
of the filtrate left. Then extract was transferred to clean
beaker and left open in an electric oven at 45°C to
completely evaporate the solvent and finally crude
methanolic extract (18 g) was obtained.
For In vitro bioassays, stock solution was prepared by
dissolving 8.1 g crude methanolic extract in 5 mL of
DMSO (dimethyl sulfoxide) and final volume was raised
up to 18 mL with autoclaved distilled water. The control
solution was prepared by dissolving 5 mL DMSO in 13 mL
autoclaved distilled water. Eight concentrations viz. 0.5%,
1%, 1.5%, 2%, 2.5%, 3%, 3.5% and 4% were prepared by
adding 0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4 mL of stock solutions
and 3.5, 3, 2.5, 2, 1.5, 1, 0.5 and 0 mL of control solution,
respectively, to 41 mL malt extract medium flask to raise
the total volume 45 mL. Each concentration treatment was
replicated three times. For control treatment, 4 mL of
control solution was added to 41 mL of malt extract
medium. This quantity was equally divided into three
replicates. All the flasks were inoculated with 5 mm

mycelial plugs from actively growing pure culture of F.
moniliforme. The flasks were incubated at 27°C. After 10
days, fungal biomass in each flask was filtered on preweighed filter papers and dried in an electric oven at 60°C
to get the dry fungal biomass (Sana et al., 2016).
GC-MS analysis: Agilent technologies GC: 7890a and
MS: 5975c was used for GC-MS analysis. The capillary
column of the instrument (HP-5 MS) was 30 m × 250 μm
long with film thickness of 0.25 μm that was composed of
95% dimethyl polysiloxane. Helium was used as a carrier
gas (flow rate of 1 mL min-1). The instrument was set to
inlet temperature at 240ºC. Microwave oven was raised
10ºC min-1 to 310ºC for 5 min and run time was finished
in 30 min. The temperatures of MS transfer line and
source were kept at 150ºC and 240ºC, respectively.
Volume of sample used in injection was 1 μL. For
compound identification, electron impact ionization (71
eV) was utilized and data was assessed through Total Ion
Count (TIC). The acquired spectrums of the components
were examined with the databank of known components
spectrum. Turbo-Mass-OCPTVS-Demo SPL software was
used to measure peak areas and data processing.
Statistical analysis: All the data were analyzed by
analysis of variance followed by LSD at 5% level of
significance using computer software Statistix 8.1.
Results and Discussion
Pathogen characterization: Morphological characterization
was carried out on pure fungal culture. Colony diameter of
10 days old pure culture was 4.32 cm when grown at 27 ±
2°C. Colony colour was initially white turning light yellow
upon maturity. Texture of the colony was cottony and
growth zones were absent. Culture exudates were not
observed (Fig. 1). Macroconidia were long ranging in length
from 22–28 μm. The apical cells of macroconidia were
tapered and elongated while basal cells were foot-shaped.
The macroconidia were septate with 5–7 vertical septa.
Microconidia were sub-globose in shape with 0-1 septation.
Conidophores were rough walled and hyaline in colour. On
the basis of morphological characters, the isolated pathogen
was identified as Fusarium moniliforme, a well-known
pathogen of bakanae disease of rice or foot rot of rice
(Nirenberg, 1976). Pure culture of the fungal pathogen was
deposited to Fungal Culture Bank of Pakistan (FCBP),
Institute of Agricultural Sciences, University of the Punjab,
Lahore, Pakistan under the accession No. FCBP1487.
Earlier, Amatulli et al., (2010) isolated F. moniliforme from
98% of rice plants infected with bakanae disease. They
isolated 79 isolates that all belonged to the G. fujikuroi
complex, and 73 were F. moniliforme. These findings
confirmed the earlier report of this pathogen (Moretti et al.,
2007; Zainudin et al., 2008).
In earlier times, mycologists who identified the
Fusarium species on the basis of morphological
characters emphasized that F. moniliforme was the only
species that cause bakanae disease of rice (Nirenberg
1976; Nelson et al., 1983). However, modern studies
suggested that other closely related Fusarium species in
the section Liseola may also cause the same infection
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(Amoah et al., 1996; Desjardins et al., 2000). To resolve
this problem molecular characterization is conducted to
verify the morphological based identification. Therefore,
in the present study, nucleotide sequence analysis of ITS
region of rDNA was carried out. Universal primer pair,
ITS1/ITS4 amplified approximately 650 bp DNA
fragment (Fig. 2). Resulting nucleotide sequence was
deposited to GenBank (Fig. 3). BLAST analysis showed
99-100% pair wise sequence homology with already
reported strains of F. moniliforme/ F. verticillioides
(synonym) in GenBank database including 64fusa
(HQ625614), F3 (EF158026) and P6-26 (GU723435).

Fig. 1. Purified culture of Fusarium moniliforme.

PCR

M

1000 bp

500 bp

Fig. 2. PCR amplification of ITS region of rDNA. M: DNA marker.

Pathogenicity was confirmed upon isolation of the
same pathogen from artificially inoculated plants. After
seven days of inoculation, pathogen produced the
symptoms on the plants closely related to bakanae disease
of rice (Fig. 4). F. moniliforme was re-isolated from these
experimentally infected plants and showed 100% similarity
with the pathogen isolated from the field infected plants.
Antifungal activity of methanolic extract: The
highest fungal biomass (300 mg) was recorded in
control. The two lowest concentrations of methanolic
extract of C. didymus (0.5% and 1%) did not show any
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pronounced antifungal activity against F. moniliforme.
However, further increase in concentration of
methanolic extract significantly (p≤0.05) reduced
fungal biomass over control. There was 29–48%
reduction in biomass of F. moniliforme due to 1.5% to
4% methanolic extract (Fig. 5A&B). There was a
polynomial relationship between fungal biomass and
extract concentration with R 2 = 0.7179 (Fig. 5C).
Earlier, Iqbal and Javaid (2012) found that C. didymus
extracts were highly effective against Sclerotium
rolfsii, the cause of collar disease of bell pepper
(Capsicum annuum L.). Likewise, Riaz et al., (2010)
reported that soil amendment with leaves of C. didymus
can reduce corm rot disease of gladiolus caused by
Fusarium oxysporum f. sp. gladioli. Some other
workers have also reported that extracts of all parts of
C. didymus possess antimicrobial activity (Usman et
al., 2007; Jindal et al., 2012).
GC-MS analysis of methanolic extract: Thirteen
compounds were identified in methanolic extract of C.
didymus. These included Eucalyptol (23.62%), Benzyl
nitrile (34.22%); Benzoic acid (6.89%); Benzene,
(isothicyanatomethyl)(0.57%);
3-tert-Butyl-4hydroxyanisole (1.78%); 2-Methyl-E, E-3, 13octadecadien-1-ol (0.57%); Hexadecanoic acid, methyl
ester (2.48%); n-Hexadecanoic acid (9.40%); 9,12,15Octadecatrienoic acid, (Z,Z,Z)- (5.18%); Phytol
(0.73%); 9,12,15-Octadecatrienoic acid, methyl ester,
(Z,Z,Z)- (12.80%); Piperine (1.05%) and Stigmasta5,22-dien-3-ol, acetate, (3 beta.)- (0.66%) (Table 1,
Fig. 6). Structures and mass chromatograms of these
compounds are shown in Figs. 7-9. Among the
identified compounds, Eucalyptol was among the major
compounds. It is known to exhibit antifungal properties
against a number of fungal species namely Fusarium
sporotrichioides, F. subglutinans, F. verticillioides, F.
cerealis, F. proliferatum, F. oxysporum, Aspergillus
carbonarius, A. tubingensis, Penicillium sp. and
Alternaria alternata (Morcia et al., 2012). Another
frequently occurring compound in methanolic extract
was 9,12,15-Octadecatrienoic acid, methyl ester,
(Z,Z,Z)-. Fatty acid methyl esters are known to possess
antifungal properties (Agoramoorthy et al., 2007).
Seeds of Annona cornifolia contains various fatty acid
methyl esters chiefly linoleic, olei and palmitic acid
methyl esters which repressed the growth of various
strains of Paracoccidioides brasiliensis, a clinical
pathogenic fungus (Lima et al., 2011). Likewise, fatty
acid methyl esters extract of Salicornia brachiata
possessed the highest antifungal activity among the
four
halophytes
of
family
Chenopodiaceae
(Chandrasekharan et al., 2008). Similarly, fatty acid
methyl ester extract of Excoecaria agallocha rich in
palmitic acid methyl ester (56.02%) retarded the
growth of Candida albicans, C. tropicalis, C. krusei
and C. parapsilosis (Agoramoorthy et al., 2007).
The present study concludes that F. moniliforme is
the cause of bakanae disease of rice. Methanolic
extract of C. didymus can retard the growth of this
fungus possibly because of presence of eucalyptol and
9, 12, 15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-.
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GGGAAAAAGAATTAACTCCAACCCCTGTGACATACCTATACGTTGCCTCGGCGGATCAGC
CCGCGCCCCGTAAAACGGGACGGCCCGCCCGAGGACCCCTAAACTCTGTTTTTAGTGGAA
CTTCTGAGTAAAACAAACAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGC
ATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCG
TCATTTCAACCCTCAAGCTCAGCTTGGTGTTGGGACTCGCGGTAACCCGCGTTCCCCAAA
TCGATTGGCGGTCACGTCGAGCTTCCATAGCGTAGTAATCATACACCTCGTTACTGGTAA
TCGTCGCGGCCACGCCGTAAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAA
TACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGAAA
Fig. 3. ITS sequence alignment of Fusarium moniliforme.
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Fig. 4. Pathogenicity test. Healthy (A) and diseased plants
showing the symptoms of bakanae disease of rice (B).
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Fig. 5. A: Effect of different concentrations of methanol extract
of Coronopus didymus on biomass of Fusarium moniliforme, B:
Percentage reduction in fungal biomass due to different
concentrations of methanolic extract over control, C:
Relationship between extract concentration and fungal biomass.
Vertical bars show standard errors of means of three replicates.
Values with different letters at their top show significant
difference (p≤0.05) as determined by LSD Test.

Fig. 7. Mass chromatograms and structures of compounds 1-5
identified in methanolic extract of Coronopus didymus through
GC-MS analysis.
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Compound 6
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Compound 12

Compound 8
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Fig. 8. Mass chromatograms and structures of compounds 6-9
identified in methanolic extract of Coronopus didymus through
GC-MS analysis.

Compound 13

Fig. 9. Mass chromatograms and structures of compounds 10-13
identified in methanolic extract of Coronopus didymus through
GC-MS analysis.
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Comp.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Table 1. GC-MS analysis of methanolic extract of Coronopus didymus.
Molecular Molecular Retention
Names of compounds
formula
weight
time (min)
Eucalyptol
C10H18O
154
4.57
Benzyl nitrile
C8H7N
117
6.41
Benzoic acid
C7H6O2
122
7.68
Benzene, (isothicyanatomethyl)C8H7NS
149
9.25
3-tert-Butyl-4-hydroxyanisole
C11H16O2
180
11.79
2-Methyl-E,E-3,13-octadecadien-1-ol
C19H36O
280
14.57
Hexadecanoic acid, methyl ester
C17H34O2
270
15.39
n-Hexadecanoic acid
C16H32O2
256
16.09
9,12,15-Octadecatrienoic acid, (Z,Z,Z)C19H32O2
292
17.10
Phytol
C20H40O
296
17.21
9,12,15-octadecatrienoic acid, methyl ester, (Z,Z,Z)C18H30O2
278
17.79
Piperine
C17H19NO3
285
23.82
Stigmasta-5, 22-dien-3-ol, acetate, (3 beta.)C31H50O2
454
24.70

Peak
area (%)
23.62
34.22
6.89
0.57
1.78
0.57
2.48
9.40
5.18
0.73
12.80
1.05
0.66

Fig. 6. GC-MS chromatogram of methanolic extract of Coronopus didymus.
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