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Abstract

This study aimed to determine whether the essential oils of thyme, ginger, and mint from
medicinal aromatic plants can provide resistance to the pathogen Fusarium oxysporum in the
maize plant. To this end, the antifungal effect of 0.1 ml, 0.25 ml, 0.5 ml, and 1 ml essential oil
amounts was determined by the agar disc diffusion method. It was determined that concentrations
containing 0.1, and 0.25 ml essential oil showed no antifungal effects, however, concentrations
containing 0.5 and 1 ml essential oil had antifungal effects. The most effective concentration was
found to be 1 ml of essential oil in all three species. The maize was grown under hydroponic
conditions. Thyme, ginger, and mint essential oils (1 g/100 ml) were applied to the root medium
of the grown maize plant on the 8th day. An F. oxysporum suspension containing 107 spores was
applied after 24 hours and harvested 3 days later. When the reactive oxygen species (H,0,) and
MDA amounts of the harvested plants were examined, it was observed that there was an increase
in the population of F. oxysporum. However, applications of thyme, ginger, and mint essential
oil have been observed to significantly reduce these. It was also determined that essential oils
protected the plant against F. oxysporum by increasing antioxidant enzyme activities. Although
these three essential oils applied have antifungal properties, it has been observed that the best
effect belongs to thyme essential oil. The results show that essential oils of thyme ginger and
mint can be used as potential fungicides against the pathogen F. oxysporum in maize cultivation
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Introduction

Due to the rapid increase in the world population, the need
for food is also increasing. Meeting this basic need is possible
by increasing the amount of production and by increasing the
amount of product to be obtained from the unit area. This
is due to the selection of resistant and high-yielding plants,
fertilization and irrigation, as well as the cultivation of the
product to be obtained free of diseases, pests, and weeds.
Fungi, which are plant pathogens, enter plant tissues in
various ways, sometimes from stomata and sometimes from
roots. Plant-pathogenic fungal diseases cause crop losses both
in the field and in storage. Synthetic fungicides are used to
prevent these losses. The unconscious use of these fungicides
for many years causes resistance to pathogens, as well as
the accumulation of toxic substances in water, air, and soil.
Therefore, it harms human and animal health [1-3]. New
antifungal agents are sought that do not harm nature and do
not adversely affect human health. One of these substances is
the use of herbal products that are environmentally friendly,
do not have residue problems, and protect plants from
diseases and pests. Plants have rich content. Various studies
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have determined that especially essential oils and secondary
metabolites can control diseases, pests, and weeds [4-6]. Since
plant secondary metabolites and essential oils contain various
bioactive substances, they have the potential to be used as
new and natural antifungals [7].

In particular, plant essential oils are more effective and
more useful [8]. Thyme, ginger, and mint herbs, which are
used in spices and traditional medicine, are rich in essential
oils and secondary metabolites. It has been determined in
various studies that the essential oils of these plants have
antifungal effects [8-12].

It has been determined that these plant essential oils have
antifungal properties against various plant pathogenic fungi.
One of them is Fusarium sp. their antifungal effect. Fusarium
causes disease in various cereals and plants with economic
value. One of these plants is corn, which is cultivated in
the world and consumed as human and animal food rich in
carbohydrates [13,14]. Fusarium, which causes root rot, stem,
and cob rot in maize, causes great economic losses.

This study is an attempt to determine the antifungal effects
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of the essential oils of dried thyme, mint, and ginger plants
against Fusarium oxysporum, which causes root rot in maize
cultivated in our country and in the world with high economic
and nutritional properties, and the effect on the antioxidant
system in maize. This is the first study to investigate the effect
of F. oxysporum on the antioxidant system in maize.

Material and methods

Development of the fungus

The fungus used in the study was obtained from the culture
collection of Atatiirk University, Faculty of Science, Department
of Biology, Microbiology Laboratory. The accession number
of F. oxysporum with code 0G10 is 0Q975306. F. oxysporum
culture inoculated on Potato Dextrose Agar (PDA) was
incubated at 28 C for 7 days. A prepared 5 ml spore suspension
was then placed in 100 ml potato dextrose broth (PDB) in 250
Erlenmeyer and incubated at 28 °C at 180 rpm for 96 hours.

Application of Fusarium oxysporum to maize seedlings

Maize (Zea mays L. Arifiye-2) seed was grown in a
hydroponic medium. Seeds and pots were sterilized with 10%
sodium hypochlorite and 95% ethanol for 5 minutes. Seed
germination and seedling growth were carried out under
control conditions at 24/22 °C, 70% humidity, and 16/8 hours
light-dark period.

For each pot (in 10 L voliime), 100 ml of mycelium was
placedin 100 ml of isotonic water and the micelles were broken
up with micelles. Then it was applied to the roots of 9-day-
old Zea mays seedlings. 24 hours after mycelial application,
on day 15, the plants were harvested, root, stem lengths, and
weights were taken, and the plant parts were stored at -18 °C
for further analysis after lyophilization in liquid nitrogen.

Obtained of crude essential oils

For obtaining crude essential oils; 500gm of thyme, mint,
and ginger herbs were weighed and powdered. Plant samples
were placed in sterile distilled water and steamed (5 v/W). It
was then distilled under atmospheric pressure. The distillate
was centrifuged at 3,000 rpm for 3 minutes [15].

Agar well diffusion method

0.1,0.25,0.5 ml and 1 ml essential oil were placed in potato
dextrose agar medium and 1 cm? active fungal cultures (4
days culture developed on PDA) were placed in the middle of
solidified agar. It was incubated at 25 °C. The developmental
stages were monitored, the 3"-day and 7"-day stages were
recorded and the antifungal activity of plant essential oils was
determined [16,17].

Determination of lipid peroxidation

Lipid peroxidation (LPO) change was estimated by
measurement of malondialdehyde (MDA) content according
to Heath and Packer 1968 [18]. For this, the bean leaves
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(0.5 g) were homogenized in 5 ml of cold TCA (5%) and then
the obtaining homogenate was centrifuged at 12,000xg for
15 min at +4 °C. One ml of 0.5% thiobarbituric acid (TBA)
prepared in TCA (20%) was mixed with 4 ml of the
supernatant in a clear tube. After the mixture was incubated
in boiling water for 30 min, the reaction was stopped by
removing the tubes in an ice bath. The tubes were centrifuged
again at 10,000xg for 10 min. The absorbance of the
supernatant was monitored at 532 nm and then non-specific
absorption at 600 nm was determined. For the calculation
of lipid peroxidation, the absorbance value measured at
532 nm was subtracted from the value determined at 600 nm
and calculated in a 1 ml solution of MDA (nmol/ml): by the
formula [(A532-A600)/155000] x 10°. Data are submitted as
MDA (nmol/g tissue) [19].

Determination of hydrogen peroxide (H,0,) content

The H,0, content was determined by using the method
described by He, et al. 2005 [20]. Fresh leaves (0.5 g) were
homogenized in 10 ml of cold acetone and the homogenate
was centrifuged at 10,000xg for 10 min at +4 °C. Then, 0.15
ml of 5% Ti(S0,), and 0.3 ml of NH,OH were added to 1.5
ml of supernatant. After the precipitation, the mixture was
further centrifuged at 10,000xg for 10 min. After removal of
the supernatant, the obtained pellet was dissolved in 3 ml of 2
M H,SO,, and its absorbance was measured at 415 nm. These
absorbance values were converted to the amount of H,0, in
the nanogram through a standard graph. Data are submitted
as the amount of H,0, per g leaf (ng/g leaf).

Determination of the activity of antioxidant enzymes

The activities of superoxide dismutase (SOD), catalase
(CAT), peroxidase (POX), and antioxidant enzymes were
determined spectrophotometrically in the cellular fluid
obtained from maize leaves. SOD activity was monitored by
measuring its ability to reduce the photochemical reduction
of nitro blue tetrazolium (NBT). POX activity was measured
based on the rate of decomposition of H,0, by peroxidase with
guaiacol as a hydrogen donor at 470 nm. One unit of POX is
defined as the amount of enzyme that causes a 0.01 increase
in absorbance per minute [19].

Statistical analysis

All experiments were performed 6 times and the average
of values was presented. The data were analyzed by analysis
of variance, and means were compared by using the Tukey-
Kramer Test at < 0.05 significance level.

Results

In this study, the antifungal effects of different concen-
trations of essential oils were tested. The antifungal effect
of 0.1, 0.25, 0.5 ml and 1 ml (1 mg/ml) essential oil on F.
oxysporum was measured on the 3 and 7" days. However,
no effect was observed at 0.1 and 0.25 ml essential oil

www.plantsciencejournal.com § 0108



Determination of the Potential for use of Plant Essential Oils as a Fungicide Against Fusarium Oxysporum (OG10)

5,

concentrations. For this reason, the results are not shown in
Table 1. The antifungal effect of 0.5 and 1 ml of essential oils
on F. oxysporum was determined according to the measured
zone diameters. It inhibited growth at both concentrations
compared to the control, but 1 ml of essential oils was found
to be more effective.

Table 1: The antifungal effect of the obtained crude essential oils on F. oxysporum at
different concentrations was determined by measuring the zone diameters.
Applications 3rdday (0.5 ml) 7t"day (0.5 ml) 3“day (1 ml) 7* day (1 ml)
Control 3.5cm 7 cm 3.5cm 7 cm
Thyme essential oil 1.6 cm 23cm - -
Ginger essential oil 1.5¢cm 2.5¢cm - -
Mint essential oil 1.5cm 3cm - -
H,0, (ne/g?)
120 a
100 b ¢
80 d
e
60
40

20

Control F. Oxysporium + F. Oxysporium + F. Oxysporium
Thyme Essential Mint Essential Oil+Ginger Essential

Qil 0il

F. Oxysporium

Since 1 ml essential oils are more effective in determining
the antifungal effect, 1 ml concentration was chosen in plant
trials and the results were given based on 1 ml.

In the application of F. oxysporum to maize seedlings; the
amount of H,0,, which is one of the reactive oxygen species,
increased compared to the control (102 pg/g-!). A decrease
in the amount of H,0, was observed in essential oils with

antifungal effects (Figure 1).

F. oxysporum application increased the MDA amount by
106% compared to control. When the essential oils we apply
are compared with the F. oxysporum application; Thyme, mint,
and ginger decreased MDA by 24%, 3.2% and 14%.

MDA (ng/g)

a b
I | I C
e I I

Control

12

10

F. Oxysporium + F. Oxysporium + F. Oxysporium
Thyme Essential Mint Essential Oil +Ginger Essential
oil oil

F. Oxysporium

Figure 1: The amounts of H,0, and MDA. Different letters indicate a significant difference at p < 0.05 significance level, provided that the groups are among themselves.

Bars mean standard error.
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Figure 2: Antioxidant enzyme activities of essential oils applied to maize plant against F. oxysporum. Different letters indicate a significant difference at p < 0.05 significance

level, provided that the groups are among themselves. Bars mean standard error.
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Antioxidant enzymes, which are an integral part of the
antioxidant defense system, have a vital role in clearing the
ROS produced in plant cells. It was observed that thyme, mint,
and ginger essential oils increased SOD activity by 33%, 18%
and 24%, respectively, compared to F. oxysporum. It was
observed that while F. oxysporum application decreased CAT
activity compared to control, three essential oil applications
significantly increased CAT activity it observed that while
POX activity increased with the application of thyme and mint
essential oil, it decreased the activity with the application of
only ginger essential oil (Figure 2).

Discussion

Maize (Zea mays) is among the most cultivated plants in
the world with high nutritional and economic value. As there
are microorganisms that cause diseases in all plants, there
are also microorganisms that cause disease in corn plants.
Among these organisms, fungi, especially Fusarium species,
stand out. Many fungicides with chemical content are used
to prevent the damage caused by Fusarium species. However,
the use of these fungicides harms nature and human health.
In order to eliminate or minimize this damage, alternative
antifungal agents that do not harm the environment are
sought. Among these alternatives, there is an increase
in the use of biodegradable, short-lived plant secondary
metabolites, especially plant essential oils [21-23]. In this
context, essential oils of thyme, ginger, and mint plants were
used as antifungal agents against F. oxysporum in our study.
The antifungal properties of the essential oils of these plants
were determined by the agar disc diffusion method. The
essential oils obtained were placed in 25 ml PDA as 0.5 ml and
1 ml. The antifungal effect on F. oxysporum was followed for
3 and 7 days and the zone diameters were measured (Table
1). While there was an improvement compared to control
(7 cm) at 0.5 ml essential oil concentration (thyme 2.3cm,
ginger 2.5cm, and mint 3cm), there was no improvement at
1 ml concentration. The antifungal properties of essential
oils have been determined in previous studies. Thanks to the
antioxidant substances contained in thyme, ginger, and mint
plants, they support the defense systems of the plants. In the
studies, it was found that these essential oils have antifungal
properties against Fusarium and it is seen that our study
overlaps with the literature [23-25].

Reactive oxygen species (ROS), one of the plant defense
system responses to various biotic or abiotic stresses, are
hydrogen peroxide: H,0,, superoxide: O, and hydroxyl
radical: OH~. ROS causes cell fragmentation (increase in the
amount of MDA), DNA damage and ultimately plant death.
Pathogenic or non-pathogenic fungi that infect the plant cause
an increase in reactive oxygen species in plants [26-28]. Plants
have developed antioxidant systems to eliminate or minimize
ROS damage. Superoxide dismutase (SOD), catalase (CAT),
and peroxidase (POX) enzymes are included in this system
[29,30]. This is the first detailed study on the ROS damage
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caused by F. oxysporum in maize plants and the antioxidant
system, which is the defense mechanism to eliminate this
damage. In this study, the amount of MDA and H,0, increased
in the application of F. oxysporum compared to the control,
and it was observed that the essential oils were significantly
reduced in the amounts of MDA and H,0, through the
antifungal compounds they contain (Figure 1). In particular,
thyme essential oil reduced the amount of MDA and H,0, by
75% on average. Previous studies stated that fungi increase
the amount of ROS and cause the cell structure of plants to
deteriorate and die [31,32]. It has been emphasized in many
studies that plant essential oils reduce the accumulation of
ROS caused by fungi with the antifungal compounds they
contain [33-36]. Our study overlaps with the literature and
it is thought that antioxidant enzyme activities have an effect
on it. In many studies, it has been found that plant essential
oils with antifungal properties contribute to plant defense by
increasing the amount and activities of SOD, CAT, and POX
enzymes [28,35,36]. As shown in Figure 2, the essential oils
used against F. oxysporum activate the defense system in the
corn plant, enabling the plant to survive and gain protection
against pathogens.

Maize is a cultivated plant with nutritional and economic
value. Such an important plant suffers from high yield losses
every year by fungal pathogens. Many chemical fungicides are
used to prevent yield loss. It is anticipated that the use of these
fungicides will adversely affect the production of future maize
and other agricultural crops, human and animal health, and
the environment. Considering these effects, new fungicides
are being sought that are eco-friendly, inexpensive to use,
obtain, and cost. Based on the results of our study, the usability
of thyme, mint, and ginger essential oils, which we think will
contribute to this search, has been demonstrated. Considering
this study, the use of plant essential oils as fungicides in plant
agriculture should be increased and supported.

Conclusion

The antifungal effect of essential oils of medicinal
aromatic plants has been determined and for this purpose;
essential oils of thyme, mint, and ginger plants were obtained.
Concentrations of 0.1, 0.25, 0.5, and 1 ml were tried and no
antifungal effect was found at lower doses. However, they
have been determined that 0.5 and 1 ml of essential oils have
an antifungal effect. The dose with the highest antifungal effect
(1 ml) was tested in plant experiments and was determined to
make the plant resistant to root rot in maize plants. With the
results obtained, it was determined that these essential oils
could be used as antifungal agents against F. oxysporum.

Author contributions: Each author contributed equally.
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