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ABSTRACT

This study was undertaken to assess the herbicidal activity of metabolites of Penicillium citrinum against parthenium
weed (Parthenium hysterophorus L.). Two growth media viz. malt extract (ME) broth and potato dextrose (PD) broth
were used for preparation of fungal metabolites by growing the fungus in these media for 15 days. The metabolites
were evaluated in laboratory bioassays using their original (100%) and diluted (50%) concentrations, and compared
with a negative control as well as with original and diluted growth media. In general, both the growth media had
insignificant effect on germination and various growth parameters except root length where original ME broth
significantly increased this parameter. Both the concentrations of the metabolites prepared in different growth media
significantly (P < 0.05) suppressed germination and various shoot/root growth parameters over control. Metabolites
prepared in PD broth exhibited more activity than the metabolites prepared in ME broth. There was up to 31%, 77%,
92% and 77% decrease in germination, shoot and root lengths, and seedlings dry weight due to metabolites in ME
broth, while these parameters were decreased by 57%, 89%, 94% and 93% due to application of metabolites in PD
broth, respectively.
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INTRODUCTION

Partheniumis a noxious weed of Asteraceae, generally
grows on wastelands and also in some crops (Javaid and
Anjum, 2005; Javaid and Khan, 2020). It is present in
many countries of the world including Pakistan (Riaz
and Javed, 2011). It lies at the 10%* position in the
ranking of the most hazardous weeds (Li et al, 2018),
and the 7 most destructive weed in Australia, Asia and
Africa (Kaur et. al, 2014). It is adapted to establish in a
variety of environmental conditions (Kumari, 2014). It
has the ability to reduce production of pasture, disturb
biodiversity in natural communities, and adversely affect
the health of animals and man (Khan et al, 2019). Many
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weed management strategies have been utilized by
farmers to minimize the yield losses caused by P.
hysterophorus (Adkins and Shabbir, 2014). Among these,
chemical control is the most widely adapted method to
control parthenium and other weeds (Javaid, 2007;
Bajwa et al, 2015). However, it causes environmental
pollution and human health risks, harmful for the
pollinators and affects the beneficial microorganisms
present in the soil (Travlos et al, 2011). Thus, chemical
approach is threatening to agricultural sustainability
and must be replaced with environment friendly
approaches (Javaid et al., 2020).

Researchers are now searching for environment friendly
weed management tactics to exclude the option of
synthetic and chemical herbicides (Ellison and Cock,
2017; Javaid et al, 2020). One of these alternative
approaches is the use of fungal metabolites either in
crude form or as purified compounds (Javaid et al, 2013;
Akbar and Javaid, 2013). There are various reports in
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which fungal metabolites successfully seized the growth
of various weeds including parthenium (Javaid and Alj,
2011; Javaid et al, 2017), through the production of
antifungal compounds namely holadysenterine (Akbar et
al, 2014), drazepinone (Evidente et al, 2005), and
ophiobolin A (Evidente et al, 2006). The herbicidal
activity of various fungal species including Trichoderma,
Dreschlera, Alternaria and  Aspergillus  against
parthenium has been reported in previous literature
(Akbar and Javaid, 2012, 2013; Javaid et al,, 2013, 2017;
Bashir et al, 2018). Application of metabolites of
Alternaria macrospora and A. alternata caused
significant damaging to parthenium development
(Saxena and Kumar, 2010; Kaur et al, 2014). Recently,
Bashir et al. (2018) evaluated metabolites of Aspergillus
niger against P. hysterophorus, which were very effective
in controlling the growth of P. hysterophorus. Penicillium
citrinum is known to produce various secondary
metabolites (Jha et al, 2016). However, their herbicidal
activity against parthenium has not been studied so far.
Thus, the present study was designed to evaluate the
herbicidal metabolites
of Penicillium citrinum against parthenium.

MATERIALS AND METHODS

Preparation of fungal metabolites: Culture of P.
citrinum was procured from First Culture Bank of
Pakistan. Sub-culturing of the fungus was done by using

activity of  secondary

2% malt extract agar medium. Fungal metabolites were
prepared under antiseptic conditions by inoculating 2%
ME and 2% PD broths with the fungal inoculum in
separate flasks of 250-mL volume (Bashir et al, 2018).
The fungal inoculated flasks were incubated at 25 °C for
15 days at a static condition. As incubation period
completed, separation of the fungal mat from broth was
made by sterilized muslin cloth and the obtained liquid
cultures were filtered through A4 filter paper and then
through Millipore filter papers. Distilled water was
added to original metabolites (100%) to make lower
concentration (50%) of the fungal metabolites in ME and
PD.

Laboratory bioassays: Seeds of P. hysterophorus were
collected during December 2019 as seeds of winter
season show 100% germination percentage (Javaid et
al, 2010). The surface sterilized seeds (using 2% sodium
hypochlorite) of parthinium were placed in a Petri plate
of 9-cm diameter on a filter paper bed and 2.5 mL of
concentrated and diluted growth media as well as fungal
metabolite were applied to each respective Petri plate.
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For a control, same amount of water was applied in
another set of Petri plates. Each treatment was
replicated four times with 25 seeds in each plate. These
plates were adjusted in a growth chamber at 25 °C
following completely randomized design (CRD). Data
regarding germination, shoot and root lengths, and fresh
and dry biomasses were recorded after ten days.
STATISTICAL ANALYSIS

Data about germination and growth of parthenium were
analyzed by one-way ANOVA followed by application of
Tukey’s HSD test at P < 0.05 using software Statistix 8.1.
RESULTS AND DISCUSSION

Effect of P. citrinum metabolites on germination: The
effect of metabolites of P. citrinum, prepared in ME and
PD broths, on germination of parthenium seeds is
presented in Figure 1, 2A and 3A. In general, the effect of
both the growth media was insignificant on germination.
On the other hand, both the concentrations (original or
100% and diluted or 50%) of the metabolites of P.
citrinum prepared either in ME broth or PD broth,
significantly reduced germination. However, there was
marked difference in herbicidal of the
metabolites prepared in the different media. Metabolites
of the fungus prepared in PD broth were more
suppressive towards germination than the metabolites
prepared in PD broth. Original and diluted metabolites
in PD broth reduced germination by 57% and 49%,
respectively, over control (Figure 3A). By contrast,
original and diluted metabolite in ME broth reduced
germination by 31% and 21%, respectively (Figure 2A).
Previous reports also showed that metabolites of
different species
parthenium weed. Javaid and Adrees (2009) assessed
the herbicidal activity of metabolites of 9 fungal species
against parthenium. Among these, metabolites of
Alternaria alternata,  Drechslera
Cladosporium sp. significantly retarded the germination
of parthenium seeds up to 90%, 50% and 73%,
respectively.
japonica and Aspergillus niger significantly reduced
germination of parthenium (Javaid et al, 2017; Bashir et
al, 2018).

In the present study, two growth media were used for

activities

fungal reduced germination of

rostrata and

Similarly, metabolites of Alternaria

the preparation of metabolites of P. citrinum. There was
a pronounced difference in herbicidal activities of the
metabolites prepared in the two different media.
Metabolites prepared in PD broth showed greater
herbicidal activity than the metabolites prepared in ME
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broth. These findings are in line with the results of
previous similar studies. Javaid et al (2017) used ME
and PD broths for preparation of metabolites of
Alternaria japonica. Bioassays with these metabolites
showed a markedly higher herbicidal activity of PD
metabolites than ME metabolites against parthenium.
Similar differences in activity of metabolites of A. niger
and Trichoderma spp., prepared in different growth
media have also been reported against parthenium
(Javaid et al,, 2013; Bashir et al, 2018).

Effect of P. citrinum metabolites on shoot length:
The effect of P. citrinum metabolites on shoot length of
parthenium seedling is illustrated in Figure 1, 2B and
3B. In negative control, shoot length was 2.14 cm. Both
the growth media showed an insignificant effect on

DOI: 10.33866/phytopathol.033.01.0663

shoot length. Shoot length in original and diluted ME
was 2.09 cm and 2.10 cm, and that of in PD broth it was
200 cm and 2.08 cm, respectively. However,
metabolites prepared in different growth media
variably and significantly reduced this growth
parameter as compared to control. Shoot length in
original and diluted fungal metabolites of ME broth was
0.5 cm and 0.64 cm that was 77% and 70% lower over
control (Figure 2B). Likewise, hoot length in original
and diluted metabolites of PD broth was 0.24 cm and
0.42 cm that was 89% and 80% lower than in control
(Figure 3B). Similar reduction in shoot length of
parthenium has also been reported due to metabolites
of Fusarium oxysporum, F. solani and Drechslera
australiensis (Javaid and Adrees, 2009),
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Figure 1. Effect of metabolites of Penicillium citrinum, prepared in malt extract broth and potato dextrose broth, on

growth of parthenium.
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Figure 2. Effect of metabolites of Penicillium citrinum, prepared in malt extract broth, on germination and growth of
parthenium. Vertical bars show standard errors of means. Values with different letters show significant
difference (P<0.05) as determined by Tukey’s HSD test.
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Figure 3. Effect of metabolites of Penicillium citrinum, prepared in potato dextrose broth, on germination and growth
of parthenium. Vertical bars show standard errors of means. Values with different letters show significant
difference (P<0.05) as determined by Tukey’s HSD test.
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Effect of P. citrinum metabolites on root length: Root
length in control was 1.64 cm. Both the growth media
stimulated root length. In case of PD broth, the increase in
root length was insignificant. By contrast, there was a
significant (P < 0.05) increase in root length due to original
ME broth while the effect of diluted ME was insignificant.
Metabolites of P. citrinum produced in either of the two
growth media significantly declined root length to variable
extents. In case of ME broth, there was 92% and 94%
decrease in root length while in case of PD broth, there was
94% and 91% suppression in root length due to original
and diluted metabolites of P. citrinum (Figure 1, 2C and 3C).
In general, root growth was more susceptible to the
application of fungal metabolites than the shoot growth. It
might be ascribed to the fact that growth inhibiting
substance from the surrounding are first absorbed by the
roots and therefore they show more abnormal behavior to
application of fungal metabolites than the shoot (Javaid and
Shah, 2007). Similar differential response of shoot and root
growth to the application of fungal metabolites (Javaid et
al, 2011) or allelopathic plant extracts (Javaid and Khan,
2020) has also been reported in many previous studies.
Effect of P. citrinum metabolites on biomass: The effect
of both the growth media on biomass of parthenium was
insignificant. On the other hand these parameters were
significantly suppressed by application of fungal
metabolites prepared in either of the two growth media.
Fungal metabolites, original and diluted, prepared in ME
broth declined dry biomass of parthenium by 77% and
76%, while those prepared in PD broth reduced this
parameter by 93% and 95%, respectively, over control (Fig
2D & E, 3D & E). Earlier, metabolites of A. niger, A. japonica
and Trichoderma spp. prepared in different growth media
showed variable effects on biomass of parthenium (Javaid
etal, 2013,2017; Bashir et al, 2018).
CONCLUSION
Metabolites of P. citrinum possess herbicidal activity
against parthenium. Metabolites prepared in PD broth
showed higher herbicidal activity than those prepared in
ME broth. Root growth was more susceptible to fungal
metabolites than the shoot growth. Further studies are
required to identify the potential herbicidal constituents in
metabolites of P. citrinum prepared in PD broth.
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