Fungicidal activity of seeds of Abrus precatorius L.,
Datura metel L., and Diploknema butyracea (Roxb.) H.J.
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Abstract: This study aimed to investigate the antifungal activity of seeds of Abrus precatorius L., Datura metel L. and
Diploknema butyracea (Roxb.) H.J. Lam against common phytopathogenic fungi. The powdered seeds were extracted by
Soxhlet extraction method using methanol as a solvent. Antifungal activity was performed by poison agar technique with
different concentrations ranging from 5 to 20% of seed extracts against two fungal pathogens - Fusarium oxysporum f. sp.
cubense R4 (FocR4) and Rhizoctonia spp. Among three plant seed methanolic extracts at 5% concentration, D. metel L.
seeds showed significant inhibition with 69.81+3.30% percentage inhibition of diameter growth (PIDG) against FocR4 on
8™ day and 77.51+3.00% P1DG Rhizoctonia spp. on 5% day. All the plant seed extracts showed complete inhibition against
mycelial growth at <10% concentration. UV-visible spectroscopy spectra showed the peaks at 238 nm and 280 nm
wavelengths for the seed extracts of A. precatorius L., and D. metel L., respectively while D. butyracea (Roxb.) H.J. Lam
showed the peaks centered at 206 nm and 262 nm which were assumed to represent the antifungal compounds. The
antifungal activity of the plant extracts could be attributed by the phytochemicals present in crude seed extracts. Our results

indicate that seeds of the examined three plants are potential biofungicides which could substitute chemical fungicides.
Keywords: Abrus precatorius; Datura metel; Diploknema butyracea; Antifungal activity; Fusarium; Rhizoctonia.

Introduction

Plant disease caused by pathogens such as viruses, bacteria,
and fungi pose a significant threat to agricultural
production. The prevalence of these diseases affects the
plant population resulting in yield loss ranging from 80-
98%?* Phyto-pathogenic fungi cause major plant diseases
occupying nearly 80% of the total damage in agricultural
yields?. To combat these fungal diseases, chemical
fungicides are applied resulting in detrimental effects on the
human health and environment, kill the beneficial organism
and develop resistance against the chemical fungicides®. A
huge amount of fungicides are consumed in Nepal to control

pests and diseases. According to a report published by the

Plant Quarantine and Pesticide Management Center of the
Government of Nepal, 407887.76 Kg of fungicide was
imported in 2020/2021 in Nepal®. The annual consumption
of fungicide occupies 50% where the farmers applied the
fungicides haphazardly leading to the environmental
pollution and health impact*>6. Instead of chemical
fungicides, application of plant-based metabolites with the
fungicidal property is the appropriate alternative approach
to control the plant fungal pathogens®’. Plants have rich
sources of bioactive compounds such as phenolics,
flavonoids, alkaloids which exhibit antimicrobial properties

and act as a defensive molecule against the plant pathogens
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thereby reducing disease without risks to animals’ health
and the environment®®, It has been reported that nearly 10%
of the plant species worldwide exhibit pesticidal activities
so identifying and harnessing the potential of these
botanicals is crucial for sustainable agricultural practices®®.
Plants such as Neem (Azadirachta indica, A. Juss), Garlic
(Allium sativum Linn.), Eucalyptus (Eucalyptus globulus
Labill), Turmeric (Curcuma Longa, Linn.), Tobacco
(Nicotiana tabacum, Linn.), Ginger (Zingiber officinale,
Rosc.) Chinaberry (Melia azedarach), Thorn Apple
(Datura stramonium Linn.) and Black pepper (Piper
nigrum Linn.) are rich sources of antimicrobial metabolites
like

flavonoids,

flavones,
These

compounds,

phenols, phenolic acids, quinones,

flavanols, tannins, and coumarins.

constituents have potent pesticidal as
evidenced by both in vivo and in vitro studies demonstrating
their efficacy’®!, Recent studies have reported the
antimicrobial and antifungal efficacy of plant extracts
against phytopathogenic fungi and associated fungal
diseases!?!314, The plant extracts from Andrographis
paniculata Wall, Backhousia citriodora F. Muell.,
Clinacanthus nutans (Burm. f.) Lindau, Ficus deltoidea
Jack, Phaleria macrocarpa Boerl., and Piper betle L.
inhibit the growth of phyto-pathogenic fungi including
Fusarium oxysporum, Rhizoctonia solani, and Ganoderma

boninense’.

Nepal has a rich heritage of using medicinal and aromatic
plants (MAPSs) not only for therapeutic purposes but also in
various other roles including pesticide and fungicides®. The
plant species like A. precatorius L., D. metel L. and D.
butyracea (Roxb.) H.J. Lam which have been traditionally
applied for medical use due to their pharmacological
properties, may also be potential fungicide because of their
antifungal components'®'’, These plants contain bioactive
compounds such as alkaloids, flavonoids, and phenolic
compounds, which have demonstrated inhibitory effects
against a wide range of microorganisms, including
fungi'®!®, Fungicidal plant extracts serve as excellent
alternatives to synthetic chemicals in agriculture, offering
economic, effective, and eco-friendly disease management

solutions. Considering the negative impact on agriculture

and adverse effect on farmers’ health due to synthetic
fungicides, the use of botanical and plant-based fungicides
has been increased for controlling fungal diseases?®?.
Therefore, searching for more efficient plant-based
fungicides which are environment friendly and non-
hazardous to humans and animals, is an important task for

researchers.

In this context, the seeds of these plants may have more
potent antifungal constituents which can be applied to
control fungal diseases in agricultural settings to support
sustainable agricultural practices. Identifying new plant
based potential fungicides not only reduce the huge
application of synthetic fungicides but help to conserve
biodiversity as useful plant species are propagated and
protected. In this study, antifungal activity of three different
plant seeds was evaluated against two fungal pathogen -
Fusarium spp. and Rhizoctonia spp. and possible antifungal
agents were suggested using UV-vis spectroscopic analysis.
This study provides the firm foundation that the seeds of A.
precatorius L., D. metel L. and D. butyracea (Roxb.) H.J.
Lam could be applied for development of biofungicides.

Materials and methods

Collection and extraction of plants parts

The plant seed of A. precatorius L. and D. metel L. were
collected from local market in Kathmandu while D.
butyracea (Roxb.) H.J. Lam from Makwanpur district in
Nepal. All the three plant seeds were identified by Botanist
at the Research Centre for Applied Science and Technology
(RECAST), Tribhuvan University. As shown in Table 1, the
plant seeds have potential for antifungal activities. All the
seeds were washed, dried and grinded with the help of a
mixer. About 30 g of powdered seeds were extracted in 300
mL of methanol in Soxhlet apparatus at 60 °C. The extract
was concentrated by removing the solvent using the rotary
evaporator. The final extracts were collected and stored at 4
°C in the refrigerator for future use®. All the chemicals
including methanol (Qualigens, India) and Potato Dextrose
Agar (Himedia, India) used in this study were of analytical

grade.
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Fungal culture
The fungal cultures F. oxysporum f. sp. cubense R4
(FocR4), and Rhizoctonia spp. were obtained from the

Department of Plant Protection, Faculty of Agriculture,
Universiti Putra Malaysia (UPM), Malaysia. These fungal
cultures were sub-cultured and maintained on Potato
Dextrose Agar (PDA).

Table 1. Name of the plants, family, parts used and its functions.

Scientific name of plant Local name Family Parts for extraction ~ Functions Ref.
Abrus precatorius L. Rati gedi Leguminaceae seeds Antifungal 22
Datura metel L. Kalo Dhaturo  Solanaceae seeds Antifungal, fatal poison, 23,24
Diploknema butyracea Chiuri Sapotaceae seeds Antimicrobial, Antifungal, 18
(Roxb.) H.J. Lam antioxidant

Antifungal screening of plant seed extracts

The stock solutions of plant seed extracts were prepared by
dissolving in the methanol as the previous method?¢. Poison
agar technique was used to screen antifungal activity of
plant extracts. The filter sterilized plant seed extracts were
added to autoclave sterilized molten PDA medium so as to
maintain final concentrations of 5, 10, 15, and 20% (w/v),
separately. The test fungal mycelia with 4 mm diameter
from parent plate were plugged with the sterilized cork-
borer and placed at the center of plant seed extract
incorporated PDA plates. The plates were incubated at
room temperature (26+£2°C) until the mycelia growth of
negative control plates (without plant seed extracts) covered
the whole petri plate (d = 80 mm). The colony diameter was
measured daily and percentage inhibition of diameter
growth (PIDG) values was calculated by using formula®” as

given below.

PIDG = 222 x 100%
D1
where, D1= Diameter growth of mycelia in control plates;

D2= Diameter growth of mycelia in treatment plates
UV analysis

The crude plant seed extract is the mixture of several
compounds. In order to examine the peaks representing
different compounds present in the seed extracts, the

samples were scanned in UV-Vis Spectrophotometer

(Shimadzu 1900-i) at a range of 190 — 600 nm. The peaks
at different wavelengths were assumed to represent
individual compounds. The peaks were assigned to specific
compounds or groups of compounds based on available

literature.
Data analysis

The experimental data were entered in MS Excel and
expressed as the mean + standard deviation (SD) of three

replicate measurements.

Results and discussion

Mycelial growth inhibition

10% Concentration
Control

5% Concentration

Antifungal activity of seed extracts (methanolic) of Abrus
precatorius L against F. oxysporum f. sp. cubense R4 (FocR4)

-

0.3% Anvil

15% Concentration 20% Concentration

Figure 1: Antifungal activity assay by Poison agar technique. The
photographs showed Fusarium oxysporum f. sp. cubense R4 (FocR4)
growth on control (no inhibitory substance added), methanol and
0.3% Anvil incorporated PDA plates as indicated. Left side plates, as
indicated, were incorporated with 5 to 20% concentrations of
methanolic extracts from A. precatorius L. seeds. The diameter of
visible mycelial growth of the fungi was measured to evaluate
inhibitory actions.
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The methanolic seed extracts of all the three plants - A.
precatorius L., D. metel L. and D. butyracea (Roxb.) H.J.
Lam exhibited antifungal activities against both the FocR4

and Rhizoctonia spp. (Fig. 1).

The incubation period for FocR4 and Rhizoctonia spp. was

recorded on 8 and 5 days, respectively as the mycelial

growth covered the full 80 mm petri plate for the given time
period when cultured in absence of any inhibitors or seed
extracts. So, the test plates were also incubated for the same
time periods to record the inhibition due to the extracts. The
different fungal species have different growth rates. In
general, our results showed that all three tested plant seeds

have fungicidal potential at 10% or above concentrations.
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Figure 2: Diameter of mycelial growth of (A) F. oxysporum f. sp. cubense R4 and (B) Rhizoctonia spp. at different concentrations of methanolic
extracts of seeds of A. precatorius L., D. butyracea (Roxb.) H.J. Lam and D. metel L., ‘Methanol’ was extraction control, ‘Anvil (0.3%)’ was
used as positive control, while ‘control’ represented the fungal growth in absence any inhibitory substances. Error bars represented the
standard deviation from mean diameter (cm) of mycelial mass. No mycelial growth was obtained at or above 10% concentrations.

As shown in Fig. 2, FocR4 showed mycelial growth with
diameter of 7.22 £ 0.28 cm and Rhizoctonia spp. with 6.97
+ 0.50 cm (control) when incubated for 8 and 5 days,
respectively on PDA plates. Since methanol was used as
solvent during extraction from seeds of the plants, the
fungal growth was also evaluated at presence of methanol,
which showed slight inhibition with the mycelial growth
diameter of 5.83 £ 0.25 and 5.6 £ 0.15 cm for FocR4 and
Rhizoctonia spp., respectively. Although methanol could
have inhibitory effects on plant pathogenic fungi depending
upon the concentration, application method and specific
fungal species®®, there was no significant inhibition of
mycelial growth of both test fungal species in this study. We
applied a common fungicidal chemical — Anvil at 0.3% w/v
concentration as positive control, in which radial fungal
growth was minimum with diameter of 1.97 + 0.15 and 2.03
+ 0.15 cm for FocR4 and Rhizoctonia spp., respectively.
Anvil is an effective chemical fungicide against plant
pathogenic fungi like Fusarium spp. and Rhizoctonia spp.
Anvil ceases fungal growth and reproduction, thereby

controlling the spread of these pathogens in crops?. When

different concentrations of three different plant seed
extracts were applied, the visible mycelial growth was
obtained only at 5% concentrations, while no fungal growth
in the case of 10%, 15% and 20%

concentrations of all three plant seed extracts (Fig. 2). This

was noticed

indicated minimum fungicidal concentration for all plant
seed extracts against both the fungal species ranged below
or equal to 10%. However, previous studies have reported
lower concentrations for example 500 pg/mL? of seed
extract and 3.5%?° of leaves and stem extract of D. metel
showing inhibition against various fungi including
Rhizoctonia solani. At 5% concentrations of seed extracts
of all three plants, mycelial growth of the both fungi were
reduced by more than half compared to control.
Comparatively less growth was observed for Rhizoctonia
spp. in presence of extracts of all the plants’ seeds. Among
three plants, minimum growth of both fungal species was
obtained on the PDA plates that were incubated with seed

extracts of Datura metel L.

Differing levels of inhibition by plant extracts can be

attributed to the variations in their antifungal properties,
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both in terms of quality and quantity®!, for instance

minimum inhibitory concentration (MIC) of all parts of D.
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Figure 3: Percentage inhibition of diameter growth (PIDG) exhibited by methanolic extracts of seeds of the A. precatorius L., D. butyracea
(Roxb.) HJ. Lam and D. metel L. against (A) F. oxysporum f. sp. cubense R4, and (B) Rhizoctonia spp. ‘Methanol’ was extraction control,
‘Anvil (0.3%)’ was used as positive control, while ‘control’ was negative control. Error bars represented the standard deviation from mean
PIDG.

Fungicidal activity as percentage inhibition of diameter
growth (PIDG)

Since mycelial growth of both fungi was completely
inhibited by 10% and above concentrations of seed extracts
of all three plants, the percentage inhibition of diameter
growth (PIDG) using mycelial growth measurements was
calculated only for 5% concentrations of plant seed extracts
as shown in Fig. 3. PIDG quantifies the inhibitory efficacy
against radial growth fungal pathogens on agar medium
plate. Higher PIDG values signify greater inhibition of
fungal growth and thus stronger fungicidal activity’. In this
study, Anvil (0.3%) a positive control showed maximum
PIDG (72.77+2.12% and 70.81+2.19% against FocR4 and
Rhizoctonia spp., respectively) while methanol as
extraction control showed <20% PIDG (19.21 + 3.48% and
19.14 + 2.19% against FocR4 and Rhizoctonia spp.,

respectively)

in three replicate experiments. Control

observations validated that the experimental data was
reliable.

At 5% concentrations of methanolic extracts of seeds, A.
precatorius L. and D. butyracea (Roxb.) H.J. Lam exhibited
on average nearly 50% PIDG (49.58 £ 3.19% and 49.03 £
3.00%, respectively) against FocR4. However, D. metel L.
seeds showed more prominent inhibition of 69.81+3.30%
against the same fungi which roughly equivalent to PIDG
of 0.3% Anvil (Fig. 3(A)). Similarly, in case of Rhizoctonia
spp., 5% concentration of methanolic seed extracts of all
plants exhibited even better PIDG, greater than positive
control (0.3% Anvil). A. precatorius L., D. butyracea
(Roxb.) HJ. Lam and D. metel L. showed PIDG of
76.08+3.61%, 75.60+2.49% and 77.51+3.00%, respectively
against Rhizoctonia spp. (Fig. 3(B)).

Wide range of antifungal activity of Datura spp. has been

reported against fungal phytopathogens like white-rot
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fungus Trametes versicolor, brown rot fungus Rhodonia
placenta (Fr.)®? and Sclerotium rolfsii®®. Similarly, in
corroboration with our findings, A. precatorius L. has also
been reported for its promising activity against wide range
of phytopathogenic fungi like C. albicans, C. tropicalis, C.
krusei, Aspergillus fumigates, A. flavus4, Fusarium solani

and Alternaria solani®® due to presence of flavonoids,

H.J. Lam was fungicidal. In agreement to these findings,
previous studies have not only reported its activity against
like

Rhizoctonia solani and Sclerotium rolfsii%®, but also against

phytopathogenic  fungi Rhizoctonia bataticola,
Candida albicans and human pathogenic bacteria®®
probably due to presence of phenols, vitamin C, lycopene,

carotene were present in the seed and pulp of D.

alkaloids, glycosides, steroids and saponins®®%. In our butyracea®.
study, we showed that seed extract of D. butyracea (Roxb.)
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Figure 4: UV-Vis Spectrophotometric spectra of methanolic extract of seeds of (A) A. precatorius L., (B) D. butyracea (Roxb.) H.J. Lam and (C)
D. metel L. The representative absorbance peaks were indicated by specific wavelength. The insights in each figures showed a magnified
presentation of key peaks.

Possible antifungal compounds shown by UV-Vis

spectrophotometric scanning

UV-Vis spectrophotometric scanning is an analytical
technique to detect, identify and quantify different
compounds in a mixture. This method plays a significant
role in the plant extraction process where various
compounds such as flavonoids, alkaloids and polyphenols
may be present in plants*'. The UV-Vis spectrophotometric
scan spectra in the range of 190 - 600 nm for the methanolic
extracts of seeds of three plants - A. precatorius L., D.
butyracea (Roxb.) H.J. Lam and D. metel L. obtained in this
study are presented in Fig. 4 (A), (B), and (C). The UV- Vis
scanning provided presumptive predictions of different
compounds which may be antifungal agents present in plant
seed extracts. In this study, UV-Vis of A. precatorius L.
shows the spectra at 238 nm (Fig. 4 (A)). The absorbance
peak found in this range 230-285 nm could be the
flavonoids and its derivatives*?. The study carried out by
Bhagat et al., (2020) found the UV spectra of seed extract
of A. precatorius L. at 223 nm, 270.46 nm and 400 nm in

ethanol and petroleum ether that indicate the presence of

abrin and lecithin®®. Abrin is the highly toxic protein found
in the seeds of A. precatorius L. which inhibit the protein
synthesis in eucaryotic cells through inactivation of the 60S

ribosomal subunit*.

UV-Vis spectra of D. butyracea (Roxb.) H.J. Lam showed
prominent peaks at 206 nm and 262 nm (Fig. 4(B)). The
saponins® from defatted cake; phenolic compounds,
vitamin C, lycopene, carotene*® from seeds and alkaloid,
terpenoid, anthraquinones, tannin, cardiac glycoside,
flavonoid, carbohydrate, and polyphenol®® from different
parts of D. butyracea were shown to exhibit the antifungal
activity against several phytopathogenic fungal species.
Therefore, we assume that the peak shown by D. butyracea
(Roxb.) H.J. Lam seeds in this study might be similar

compounds.

Methanolic extract of D. metel L. seeds showed the peak at
280 nm spectra in UV-Vis spectra (Fig. 4(C)). Since
previous studies on UV analysis of extracts from this plant
reported the presence of scopolamine and atropinel®46-4 it

is speculated that these compounds were key agents
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showing promising antifungal activity in this study too.
However, several other chemical compounds identified
from seeds of D. metel include squalene, 9-Octadecenoic
acid (Z), methyl ester, n-Hexadecanoic acid*®. Since UV-
vis analysis is just presumptive in identifying the specific
compounds, further instrumental analysis like mass
spectroscopy is warranted to confirm the compounds and

determine its quantity.

Thus, our study clearly indicates presence of bioactive
compounds in methanolic extracts of seeds the tested plants
showing antifungal activity which suggests these plants can
be potent biofungicides. The application of plant based
fungicides in agriculture not only reduces hazards to
humans but also beneficial to soil health and organic
agricultural to sustainable

production  contributing

agriculture, food security and a safe environment.
Conclusion

Three plants studied for antifungal activity showed the
inhibition against selected fungal pathogens. However, D.
metel L. had shown the highest inhibition against both
fungi. Therefore, D. metel L. can be a potent biofungicide
to control disease caused by Fusarium spp. and Rhizoctonia
spp. The findings from the above experiments provide the
evidence these plant extracts could serve as sustainable
alternatives to chemical fungicides. The current results
generate potential solutions to control pathogenic fungi as
well as aligns to reduce the use of synthetic chemical
pesticides in agriculture. Thus, this study could lead to more
eco-friendly fungal disease management strategies
especially in Nepal where agriculture plays a vital role in

the economy and community livelihoods.
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