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Abstract

Developing agroecosystems to reduce yield losses, effective use of water resources, and environmentally friendly
innovative biotechnological interventions to stop using more chemical pesticides and fertilisers have been the focus of
several sustainable strategies. Our research aimed to identify the allelopathic in vitro effect of Elettaria cardamomum
essential oil (ECEO) on wheat seeds regarding the antifungal efficacy and germination stimulation. Surface-sterilized
seeds (n = 100) were transferred in sterile Petri dishes (@ 120 mm), and the ECEO doses were 5 uL, 25 uL, 50 uL and
100 pL. The Petri dishes were transferred to a growth chamber and kept at 25 °C in the dark for 5 days. Consequently,
the microflora and germination rate was assessed on the PDA medium. The results suggest that the minimum
concentration needed for ECEO to affect the seeds contamination index was at 25uL, while values of 50uL and 100uL
inhibited the germination, resulting in germination rates at 86% and decreasing to 43%. ECEO oil exhibited promising
antifungal activity and seems to have a potent fumigant activity against wheat mycoflora and could be used as possible
future natural agent in agriculture.
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INTRODUCTION family and Elettaria genus. Its essential oil
(ECEO), produced by various methods, contains
Researchers are focusing on finding alternative =~ a combination of various volatile lipophilic
methods to effectively fight and control compounds, in some cases more than 100, that
microbial infections while being  possess several biological activities such as
environmentally friendly and not compromising  antioxidant, anticarcinogenic, and antimicrobial
plant germination (Hulea at al., 2022; Alexa et effects (Ivanovi¢ et al. 2021; Al-Zereini et al.,
al., 2020). These methods can have a significant 2022; Castillo et al., 2023).
impact on agriculture by reducing the use of  The antimicrobial effect of ECEO was
harmful pesticides and promoting sustainable = demonstrated  against  Penicillium  spp.,
farming practices. In addition, using plant  Pacelomyces spp., Mucor spp., and Aspergillus
growth-promoting microorganisms has emerged spp. (Aspergillus nigerxerophilic, Aspergillus
as a promising approach for sustainable food  ochraceus, Aspergillus flavus, Aspergillus
production. By harnessing the beneficial  parasiticus) (Saleh et al., 2011; Naz et al., 2023;
properties of microorganisms, such as Eleteria  Ibrahim et al., 2017). Although the antifungal
cardamomum and plant growth-promoting  activity of the extract of Elettaria cardamomum
microorganisms, researchers aim to develop against Fusarium spp. has been demonstrated
eco-friendly solutions that can effectively (Aliaa et al., 2016), there is no data in the
combat microbial infections without negatively ~ specialised literature regarding the antifungal
affecting plant germination. This approach activity of the essential oil from this plant
aligns with the intention to promote stable grain  against this mycotoxigenic fungus.

production, green development in agriculture, The study aimed to highlight the antifungal
and sustainable farming practices. Elettaria activity of ECEO, and the ability to stimulate
cardamomum is an aromatic, herbaceous, germination of wheat seeds.

perennial plant belonging to the Zingiberaceae
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MATERIALS AND METHODS

Treatment of wheat seeds

The fumigation method used in the present study
was described by Bota et al., 2022. Briefly, the
wheat seeds were washed with 1:9 (v/v) sodium
hypochlorite solution and then rinsed three times
with sterile distilled water. To obtain a relative
humidity of 14%, the seeds were dried in an
oven at 100°C. Seeds (n = 100) were transferred
in sterile Petri dishes (@ 120 mm), and exposed
to different concentrations of ECEO (dloTERRA
(Pleasant Grove, Utah, USA) vapours.

The concentrations tested, respectively 5 uL, 25
pL, 50 puL and 100 pL were added to a sterile
filter paper and inserted into each Petri dish with
wheat seeds. The dishes were kept in the dark at
25°C, for five days (Figure 1).

Figure 1. Sterile Petri dishes with wheat exposed to
different concentrations of ECEO vapours

Triplicate samples were performed.

Analysis of Fungal Contamination

Direct plating technique on PDA (Potato
Dextrose Agar, CM0139, Oxoid, Thermo Fisher
Scientific Inc.) medium was performed to detect
the fungal growth.

After exposure to vapours of different
concentrations of ECEO, the wheat seeds were
transferred to Petri plates containing PDA
medium and were kept in the dark at 25°C.
Fungi were isolated for their identification on
the 5th day.

The following formula was used to calculate the
frequency of each fungal genus from the total
fungal genera:

Fr% = NG/TNF *100
where:
NG - number of colonies from the genera;
TNF - total number of fungi.

The seed contamination index was calculated
according to the formula:

SCI=NCS/TNS
where:
NCS - number of contaminated seeds;
TNS - total number of seeds in a petri dish.

Percentage of germination
Germination was calculated on the 10th day
according to the formula:

G% = NGS/TNS
where:
NGS - number of germination seeds;
TNS - total number of seeds in a plate.

RESULTS AND DISCUSSIONS

The identified species presented in the control
samples were represented by Fusarium spp.
(60%), Alternaria spp. (10%), Penicillium spp.
(10%), and others (10%).

(©) (d)
Figure 2. Petri dishes presenting the effect of different
concentrations of ECEO on wheat seeds: (a) 5 pL;
(b) 25 uL; (c) 50 pL; (d) 100 uL

The fungal contamination of wheat seeds after
exposure to different concentrations of ECEO
vapours is presented in Figures 2 and 3.
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Figure 3. The percentage of contaminated seeds exposed
to different concentrations of ECEO vapours

As is observed in the previous figure, the per-
centage of contaminated seeds in the presence of
5 uL of ECEO remains at the same value as the
control samples, which means that this essential
oil concentration doesn’t have any antifungal
activity. However, a concentration of 25 pL
decreased the total number of contaminated
seeds by 20%, while a concentration of 50 uL
reduced the number of contaminated seeds by
30% compared with the control samples. The
greatest reduction in the number of conta-
minated seeds was observed by exposure to a
concentration of 100 pL, with the percentage
reaching 50%.

Like the control sample, the dominant species
was represented by Fusarium spp. followed by
other species.

The germination percentage of the wheat seeds
in the presence of the different concentrations of
the ECEOQ is presented in Figure 4.
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Figure 4. The percentage of seeds germination exposed
to different concentrations of ECEO vapours

Regarding the germination rate, this had
maximum values in the case of the control
samples and those exposed to doses of 5 pL and
25 pL ECEO, respectively. The increase in the
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essential oil concentration determined
decrease in the germination percentage. Thus,
50 pL determined a germination percentage of
86%, and a concentration of 100 pL determined
a reduction of the germination percentage by up
to 43%.

The antifungal activity of essential oils has been
demonstrated by numerous authors, who have
shown that the effectiveness varies from one oil
to another depending on its chemical
composition and the fungal strain. Thus, Perczak
et al., 2019, demonstrated that Cinnamomum
zeylanicum, Origanum vulgare, Cymbopogon
martini, Thymus hiemalis, Mentha viridis,
Foeniculum  vulgare dulce, and Aniba
rosaeodora essential oil significantly inhibited
the growth of Fusarium graminearum and F.
culmorum (90.99-99.99%). In steed, orange
essential oil inhibits the growth of Fusarium
species in a smaller percentage, respectively of
68.33% (Perczak et al., 2019). Kedia et al., 2016,
demonstrated that Mentha spicata essential oil
produced 52.2% inhibition of Alternaria flavus
at 1 pL/mL (Kedia et al., 2016). On the other
hand, Li et al., 2016, demonstrated that Litsea
cubeba essential oil determined 100% inhibition
of A. flavus growth at 5 uL/g after 20 days (Li et
al., 2016). Rosmarinus officinalis L. essential oil
inhibited the growth of 4. flavus at a percentage
of 73.5% at 1.5 pL/mL (Prakash et al., 2015).
The present study demonstrated that Elletaria
cardamom essential oil had antifungal activity
against Fusarium spp., Penicillium spp.,
Alternaria spp. All these prove that the
antifungal effects of different essential oils vary
depending on the chemical composition, which
in turn depends on the geographical area and the
climate in which the plant grew, as well as on
the extraction method of the product.

The literature has shown that EO has antifungal
activity against Fusarium graminaerum (Alexa
et al., 2018). Furthermore, research has
demonstrated that EO has an antifungal impact
on Aspergillius sp., Fusarium sp., Penicillium
sp., and Verticillium dahliae (Arslan et al., 2010;
Kocic-Tanackov et al., 2013). EO has
antifungal activity against  Fusarium
graminaerum (Alexa et al., 2018). Furthermore,
research has demonstrated that EO has an
antifungal impact on Aspergillius sp., Fusarium
sp., Penicillium sp., and Verticillium dahliae
(Arslan et al., 2010; Kocic-Tanackov et al.,
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2013). Also, studies show that the chemical
composition of the essential oil can affect the
germination rate, but most of them claim that an
increase in oil concentration determines the
decrease of this rate. Mirmostafaee et al., 2019
demonstrated that the germination rate of seeds
exposed to A. officinalis essential oil varied,
with an average of approximately 33% in
control samples and slight modification,
independent of seed age. The increase in
essential oil concentration determined a
decrease in the germination rate, indicating
damage to seeds and embryos (Mirmostafaee et
al., 2019). Post-ripening can improve seed
germination rates and conditions. The
germination rate and the conditions under which
seeds germinate can increase during post-
ripening (Stanisavljevi¢ et al., 2018). Terzi¢ et
al., 2023, demonstrated that treatment of seeds
with Althea officinalis at a concentration of
0.02% showed full efficacy, the germination rate
being increased by 13% in 3-year-old seeds.
However, due to the high percentage of dormant
seeds, the same treatment did not achieve full
efficacy in 1- and 2-year-old seeds. (Terzic¢ et al.,
2023). The present study demonstrated that
increased concentration of ECEO had as results
a decreased of germination percentage.

CONCLUSIONS

Antifungal treatment of wheat seeds with
Eleteria cardamomum has shown promising
results in protecting the seeds from various
fungal infections. The active compounds present
in Eleteria cardamomum have demonstrated
strong antifungal properties, making it a
potential natural alternative to chemical
fungicides.

Several studies have reported the efficacy of
Eleteria cardamomum in inhibiting the growth
of common fungi such as Fusarium, Alternaria,
and Aspergillus, which are known to cause
significant damage to wheat crops. The
application of Eleteria cardamomum extract as
a seed treatment has exhibited antifungal
activity and the ability to enhance seed
germination and promote healthy seedling
development.

Moreover, using Eleteria cardamomum aligns
with the increasing demand for sustainable and
eco-friendly  agricultural  practices. By
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harnessing the natural antifungal properties of
Eleteria cardamomum, farmers can reduce their
reliance on synthetic fungicides, thereby
minimising the environmental impact associated
with chemical inputs.
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