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Research Article ABSTRACT

Protective role of Trifloxystrobin pretreatment against excessive copper-related abiotic stress in Triticum
aestivum L. was determined in two Turkish wheat cultivars, Sonmez and Gerek 79. Ten-day-old seedlings were
pretreated with 20 uM and 80 uM Trifloxystrobin. A group of seedlings was harvested without exposure to
Trifloxystrobin as a control. Two days after, seedlings were treated with copper(ll) chloride. Seedlings were
harvested on the 20t day after sowing. The growth level of the groups was evaluated by measuring the length,
fresh weight and shoot dry weight of shoots. Chlorophyll a + b, carotenoid and anthocyanin contents as well as
proline levels were assessed. Lipid peroxidation and total activities of superoxide dismutase, peroxidase and
glutathione reductase were analyzed to predict the oxidative stress levels. Both cultivars exhibited similar
responses to the treatments. Trifloxystrobin doses did not cause damage on plants when applied alone.
Seedlings subjected to excessive doses of copper showed significant reductions in growth parameters, as well
as chlorophyll and carotenoid pigments. Conversely, copper caused a remarkable increase in anthocyanin,
proline and malondialdehyde accumulation. Superoxide dismutase and peroxidase activities increased, while
glutathione reductase activity decreased in copper-stressed plants. Trifloxystrobin pretreatment strengthens
the antioxidant defense system. All parameters were positively affected by Trifloxystrobin pretreatment. As
the dose of Trifloxystrobin increased, the severity of stress decreased in both genotypes. Trifloxystrobin
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Introduction

Wheat (Triticum aestivum L.) is the third most grown
cereal in the world, following rice and corn. Due to its
high adaptability and affordable price, it has become
extremely popular for both agriculture and human
consumption. Wheat grains are rich wellsprings of
resistant starch, protein, inulin, tocopherol, phenolic
acids, phytates, carotenoids, B-glucans, lignans and
sterols. As a staple food, it provides approximately 55%
of the starch, at least 20% of the total calories and 25%
of the protein consumed in the world. Besides being a
satisfying food grain, it is considered a rich source of
dietary fiber. Tirkiye, one of the gene centers of T.
aestivum, is among the leading wheat producers in the
world and has 201 officially registered bread wheat
varieties [1]. One of the agricultural importance of wheat
in Turkiye is its rotation with other field crops such as
sugar beet and corn [2]. It is predicted that the demand
for wheat, which will be required to feed the world
population, which is expected to be 9.7 billion in 2050,
will increase by 60%. Wheat exhibits a remarkable
sensitivity to the stresses induced by various heavy
metals [3]. Therefore, the protection of wheat from
stress factors, including heavy metals, during the growing
process should be the subject of research.

pretreatment is a promising method for reducing copper-induced damage in T. aestivum.
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Copper (Cu) is a redox active transition metal which is
needed for proper growth and development in plants.
Due to being a vital micronutrient for plants, healthy
physiological and biochemical functions can only be
sustained in the presence of 5-30 mg kg?! Cu [4].
Photosynthesis, aerobic respiration, electron transport
chain, lignin biosynthesis, cell wall metabolism, hormone
signaling, iron metabolism, transcription and oxidative
stress response are among the processes in which Cu
plays an active role [5]. It is also a crucial constituent of
several regulatory proteins, including plastocyanin,
cytochrome-c-oxidase, amino oxidase, polyphenol
oxidase and laccase [6]. Cu, the second most employed
non-ferrous metal in industrial fields, is a critical element
in energy, agriculture, construction, electronics and
transport industries [7]. It is mainly released to
agricultural soils from fungicide applications, chemical
fertilizers, liquid manures, traffic,c mining and sewage
sludge [7]. Despite all vital functions in plants, Cu
amounts exceeding optimum concentrations cause
growth retardation, chlorosis, oxidative stress,
membrane defect, altered enzyme activities, cytotoxicity
and genotoxicity [8].
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The evolution of fungi began about a billion years
ago. Since then, the number of known fungi species has
reached 120,000, with 1500-2000 new species
discovered each year [9]. Although fungicides are widely
employed to protect crop plants against pathogenic
fungi, it is ambiguous whether these chemicals also
affect abiotic stress tolerance. Treatments based on
synthetic phytoprotectants have become popular
approaches to minimize metal-related damage to crops.
Some of the fungicides, which show serious toxicity in
the case of use or accumulation in high concentration,
can reduce the damage of abiotic stress by strengthening
the plant defense mechanisms at low concentration [10].
Trifloxystrobin is a promising fungicide from the
Strobilurins, the most common fungicide family all over
the world. Trifloxystrobin, similar to other Strobilurins,
binds to cytochrome b from the Qo region, leading to a
blockage in electron transfer from cytochrome b to
cytochrome cl. Thus, as a result of inhibited
mitochondrial respiration, the energy cycle is broken
[11]. Since plants are eukaryotic organisms, the electron
transport system of their mitocondrial respiration is
partially suppressed following Trifloxystrobin application.
However, there are various studies indicating the
contribution of exogenous Trifloxystrobin to abiotic
stress defense in plant cells [12]. Indeed, Strobilurins
delay leaf senescence, enhance photosynthesis, improve
chlorophyll synthesis, promote CO: uptake and plant
growth. The aim of this study was to reveal whether
Trifloxystrobin pretreatment has a protective role against
excessive Cu-related abiotic stress in T. aestivum
seedlings. To fulfill this purpose, fresh weight, dry
weight, shoot length, chlorophyll-carotenoid-
anthocyanin pigment levels, lipid peroxidation, proline
content and the total antioxidant enzyme activities were
assessed.

Materials and Methods

Preparation of Materials and Experimental Setup

The wheat grains used in the research were provided
by Prof. Dr. Tolga Karakéy from Sivas University of
Science and Technology. Sénmez and Gerek 79 cultivars,
which are frequently cultivated in Turkey, were used as
research materials. The grains were kept in a 2% sodium
hypochlorite solution for 5 minutes to sterilize the
surfaces. The residues were removed by rinsing the
grains with distilled water for 15 minutes. A soil:perlite
mixture of 200 g (1:1 ratio) per pot was prepared as the
growing medium. Organic soil, which was taken from the
fields in Giresun and found to be within the standard
values in terms of required minerals, was used. In the
study, no previous fertilizer or pesticide was used. In
particular, the Cu content of the soil was 2.76 ppm. Six
seeds per pot with a soil capacity of 0.2 kg were sown
and the seedlings were grown under optimum climate
chamber conditions (a cycle of 12 hours of dark and 12
hours of light at 23+1 °C) for 11 days. During this process,
the pots were watered to match the field capacity. The

pots were then divided into three groups (Figure 1). A
commercial formula called “Trailer” consisting of 50%
Trifloxystrobin content (Hektas Group, Kocaeli/Tirkiye)
was used to prepare Trifloxystrobin solutions. The first
two groups were pretreated with 30 ml of 20 uM and 80
UM Trifloxystrobin solutions, respectively. The last group
was irrigated with 30 ml of water (control). These
treatments were continued for two days. Then, the
group pretreated with 20 uM Trifloxystrobin was divided
into two groups, one of which was irrigated with 30 ml of
water (TFS02), while the other one was treated with 30
ml of CuClI2 solution with 8 g/L Cu content (TFSO2Cu) for
one day. The same procedure was applied to the group
pretreated with 80 uM Trifloxystrobin to obtain the
TFSO8 and TFSO8Cu groups. The control group was
divided into two groups and one group was treated with
30 ml of CuClI2 solution with 8 g/L Cu content (Cu) for
one day, while the other group continued to be irrigated
with water (C). All groups continued to be irrigated with
water until the end of the experiment. All seedlings were
harvested on the 20th day after sowing the seeds. All
pots were placed randomly throughout the experiments.
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Figure 1. Diagram for experimental design.

Analysis of Growth Parameters

The part from the apex of the last emerged leaf to the
surface of the soil-perlite mixture was measured with a
ruler to obtain the shoot lengths (cm). A total of 3
seedlings were randomly selected for each group to
evaluate the average shoot length. Following the harvest,
the shoots of the seedlings were weighed using a
precision scale and the fresh weight was determined (g).
The shoots were then kept in a drying oven at 80 °C for
48 hours to determine the dry weight (g) (n = 3).

Analysis of Chlorophyll and Carotenoid Contents

Leaf segments (1 cm from the middle of each leaf)
were weighed (g) and extracted in 2 ml of acetone
(100%). Samples were kept in a refrigerator for 7 days in
order to allow the pigments to pass into the solution. The
absorbance of the samples was read at wavelengths of
470, 644.8, and 661.6 nm. The amounts of total
chlorophyll (chl a + chl b) and total carotenoid (x + c)
pigments were calculated using suggested extinction
coefficients [13] (n = 3).
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Analysis of Chlorophyll and Anthocyanin Contents

Leaf segments (1 cm from the middle of each leaf)
were weighed (g) and extracted in 2 ml of acidified
methanol. Samples were kept in a refrigerator for 7 days
to allow the anthocyanin pigments to pass into the
solution. The absorbance of the samples was read at
wavelengths of 657 and 530 nm. The anthocyanin
content of the samples was calculated according to the
method suggested by Mancinelli et al. [14] (n = 3).

Analysis of Lipid Peroxidation

To estimate the peroxidation levels of membrane lipids,
malondialdehyde (MDA) contents of the samples were
assessed according to the modified method of Ohkawa et
al. [15]. Fresh leaf samples (0.1 g) were homogenized in 1 ml
of 5% trichloroacetic acid. After a centrifugation process
(12,000 rpm), the supernatant was transferred into a
mixture of 0.5% thiobarbituric acid and 20% trichloroacetic
acid. Following a water bath treatment at 100 °C, all
materials were ice-cooled to interrupt the reactions and
centrifuged at 10,000 rpm. After recording the absorbance
of the supernatants at 532 and 600 nm wavelengths, the
MDA levels of the samples were calculated (n = 3).

Analysis of Proline Content

The method suggested by Bates et al. [16] was modified
to determine the free proline levels of the seedlings. Fresh
leaf samples (0.2 g) were extracted in 3% sulphosalicylic acid
according to the method of Weimberg [17]. At the end of
the extraction, the sample was mixed with the same
volumes of ninhydrin reagent and glacial acetic acid.
Following a water bath treatment at 100 °C, all materials
were ice-cooled to interrupt the reactions. Four ml of
toluene was added to the samples to separate the proline-
containing fraction. The free proline content of the samples
was calculated by measuring the absorbance
spectrophotometrically at 520 nm and using a proline
standard curve (n = 3).

Analysis of Antioxidant Enzyme Activities

Enzyme activities were assayed using fresh leaf
segments (0.5 g) cut from seedlings for each treatment. The
samples were ground in liquid nitrogen and transferred to

potassium phosphate buffer containing tubes. The
supernatant  fractions were collected following
centrifugation (14,000 rpm) for subsequent activity

analyses. The Bradford [18] method was used to determine
the protein amounts in the extracts.

The total catalytic activity of superoxide dismutase
enzyme (SOD) (EC 1.15.1.1) was performed according to the
method of Beyer and Fridovich [19] with slight
modifications. The final volume of the reaction mixture,
consisting of potassium phosphate buffer (50 mM; pH 7.8),
methionine (9.9 mM), nitroblue tetrazolium (57uM) and
determined volume of the extract, was 30.25 ml. The
amount of SOD enzyme required to inhibit Nitroblue
tetrazolium photoreduction by 50% was considered one
unit of enzyme (n = 3).

The total catalytic activity of guaiacol peroxidase
enzyme (POD) (EC 1.11.1.7) was evaluated by following the
oxidation of guaiacol (E = 26.6 mM cm-1) by hydrogen
peroxide spectrophotometrically at 470 nm [20]. The final
volume of the reaction mixture, consisting of potassium
phosphate buffer (100 mM; pH 7.0), guaiacol (20.1 mM),
hydrogen peroxide (12.3 mM) and an appropriate amount
of enzyme extract, was 3 ml. A unit of enzyme activity was
considered as nm hydrogen peroxide decomposed per
minute per mg of protein (n = 3).

The total catalytic activity of glutathione reductase
enzyme (GR) (EC 1.6.4.2) was  determined
spectrophotometrically at 240 nm [21]. The medium
prepared for extracting the GR enzyme consisted of
potassium phosphate buffer (100 mM; pH 7.0), Na:EDTA (1
mM) and PVP (2%). The reaction mixture for assaying GR
activity contained potassium phosphate buffer (200 mM; pH
7.5), Na;EDTA (0.2 mM), MgCl> (1.5 mM), GSSG (0.5 mM),
NADPH (50 uM) and an appropriate amount of enzyme
extract containing 100 pg protein (n = 3). Non-enzymatic
oxidation of NADPH was recorded spectrophotometrically
at a wavelength of 340 nm without adding GSSG to the
reaction medium. Enzymatic catalysis was monitored at 340
nm by adding GSSG to the assay medium (n = 3).

Statistics

The data of the present study was analyzed through
one-way ANOVA and Duncan’s tests using IBM SPSS
Statistics 26 Software. Differences between the results at p
< 0.05 were accepted as statistically significant.

Results and Discussion

In order to evaluate the effects of Trifloxystrobin and Cu
on growth, shoot length, shoot fresh weight and shoot dry
weight were measured in all groups (Figure 2). The control
group of Sonmez cultivar was taller than Gerek 79 cultivar in
terms of natural genetic structure at the early seedling stage
(Figure 2a). There was no significant difference between the
shoot lengths of the S6nmez seedlings in the first three
groups (C, TFS02 and TFS08). Similarly, Trifloxystrobin did
not have any effect when applied alone on the fresh and dry
weights of the seedlings of the Gerek 79 cultivar (Figure 2b
and 2c). Therefore, the selected Trifloxystrobin doses were
non-toxic for both wheat cultivars at an early seedling stage.
On the other hand, Cu application caused a remarkable
decrease in shoot elongation, fresh weight and dry weight in
both wheat cultivars. Indeed, the shoot length of the
seedlings treated with Cu decreased by 41% in the Sénmez
cultivar and by 35% in the Gerek 79 cultivar compared to
their own controls. In addition, the dry weight of the
seedlings in the Cu group decreased by 36% in Sonmez and
by 41% in Gerek 79 cultivars compared to their own
controls. According to the results obtained from the
TFS02Cu and TFSO8Cu groups, Trifloxystrobin pretreatment
provided a dose-dependent protection against subsequent
Cu application in both cultivars. However, the results of the
growth parameters of TFS02Cu and TFSO8Cu groups never
reached control levels in the cultivars. Our results were in
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agreement with the study of Singh et al. [22] in which the
growth retarding effect of Cu in wheat seedlings was noted.
Furthermore, Atabayeva et al. [23] indicated that high doses
of Cu treatment suppressed shoot length and dry weight in
wheat varieties significantly. In addition, Lyoshyna et al. [24]
proved a notable reduction in green mass and shoot length
of wheat seedlings after Cu application. To our knowledge,
this is the first study to show that Trifloxystrobin
pretreatment reduces Cu stress-induced growth restriction
in wheat. Strobilurins, including Trifloxystrobin, have the
ability to alter plant physiology by causing changes in
metabolism and growth. Mohsin et al. [12] showed that the
application of Tebuconazole and Trifloxystrobin mixture
improved dry weight and fresh weight in heavy metal
(cadmium)-stressed  wheat seedlings. According to
Takahashi et al. [25], the physiological effects of “protective

fungicides” such as Trifloxystrobin become more
pronounced when the plants are under stress.
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Figure 2. Effects of Trifloxystrobin pretreatment on
growth of Cu-stressed wheat cultivars (a. Shoot
lenght, b. Fresh weight, c. Dry weight) (C: control,

TFS02: 20uM  Trifloxystrobin, TFS08: 80 uM
Trifloxystrobin,  Cu:  CuCl,, TFS02Cu: 20uM
Trifloxystrobin + CuCly, TFSO8Cu: 80uM

Trifloxystrobin + CuCl).

The total chlorophyll and carotenoid levels of Sénmez
seedlings in the control group were higher than those of
Gerek 79 (Figure 3). Trifloxystrobin applications in the TFS02
and TFS08 groups of both cultivars did not trigger a

remarkable effect on pigment concentrations when
compared to the control groups. However, Cu application
resulted in a 60% and 53% chlorophyll reduction in Sénmez
and Gerek 79, respectively, compared to their own controls
(Figure 3a). Similarly, the carotenoid contents of Sénmez
and Gerek 79 exposed to Cu decreased by 37% and 52%,
respectively, compared to their controls. In both cultivars,
the TFSO2Cu and TFSO8Cu groups pretreated with
Trifloxystrobin  solutions showed a dose-dependent
protection against subsequent Cu application in terms of
both chlorophyll and carotenoid. In these groups, the levels
of the pigments increased with the increased Trifloxystrobin
doses. Therefore, pretreatment with Trifloxystrobin largely
prevented damage to both growth and photosynthetic
pigments in wheat seedlings against Cu stress. The greater
growth in the TFSO2Cu and TFSO8Cu groups than in the Cu
group can be attributed to the preservation of pigments and
thus to uninterrupted photosynthesis. Our results were in
line with Atabayeva et al. [23], who reported that Cu
reduces chlorophyll a, chlorophyll b and carotenoid
pigments in wheat. Additionally, Zong et al. [26] suggested
that Cu led to a devastating effect on the chlorophyll
content of wheat seedlings when applied in high doses.
Mohsin et al. [12] have already demonstrated the potential
of Trifloxystrobin to prevent chlorophyll and carotenoid
damage caused by heavy metals. Yet, this is the first study
to demonstrate the protective role of pre-applied
Trifloxystrobin in the amount of photosynthetic pigments in
copper-stressed  wheat  seedlings. Under these
circumstances, the results of our study confirmed the report
of Banerjee and Roychoudhury [27], which mentioned the
effect of Strobilurin-type fungicides on stress tolerance
development against stresses such as drought, desiccation,
heat, cold and light.
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Figure 3. Effects of Trifloxystrobin pretreatment on chlorophyll
and carotenoid contents of Cu-stressed wheat cultivars (a.
Total chlorophyll content, b. Total carotenoid content) (C:
control, TFS02: 20uM Trifloxystrobin, TFS08: 80 uM
Trifloxystrobin, Cu: CuClz, TFS02Cu: 20uM Trifloxystrobin +
CuClz, TFSO8Cu: 80uM Trifloxystrobin + CuCly).
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Anthocyanins, a group of flavonoids, are pigments
found in flowers, fruits, roots, stems and leaves of plants
and play vital roles in abiotic stress tolerance. Figure 4a
presents the effects of Trifloxystrobin pretreatment on
anthocyanin  accumulation of Cu-stressed wheat
seedlings. Considering the control groups, the initial
anthocyanin content of the S6nmez cultivar was slightly
higher than that of the Gerek 79 cultivar. In both
cultivars, there was no significant difference between the
anthocyanin levels of the TFS02, TFSO08 and control
groups. On the contrary, Cu application increased the
anthocyanin levels in Sénmez and Gerek 79 to 2.17 and
1.34 times that of their own controls, respectively. While
both doses of Trifloxystrobin were sufficient for the
anthocyanin content of Gerek 79 to decrease to the
control level, the decrease of the anthocyanin content to
the control level in SGnmez was only possible with the
pre-application of 80 uM Trifloxystrobin. Our results
were in agreement with the older studies which showed
that anthocyanin accumulates in T. agestivum shoots
exposed to heavy metal stresses [28]. Tereshchenko et
al. [29] reported that anthocyanin synthesis in wheat
seedlings is closely correlated with responses to abiotic
stresses, including heavy metals. One of the promptest
influences of toxic doses of heavy metals in plant cells is
the over-production of reactive oxygen species (ROS).
Owing to their antioxidant properties, anthocyanins
suppress oxidative stress by scavenging ROS and thus
control growth inhibition and cell death. They also help
ion homeostasis and osmotic balance be maintained
under stressful conditions through their excellent ion
chelating abilities.
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Figure 4. Effects of Trifloxystrobin pretreatment on
anthocyanin and proline contents of Cu-stressed
wheat cultivars (a. Anthocyanin content, b. Prolin
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Figure 4b shows the effects of Trifloxystrobin
pretreatment on the proline content of Cu-stressed
wheat seedlings. The proline contents of the first three
groups (C, TFS02 and TFS=8) of S6nmez and Gerek 79
were statistically similar. Additionally, the control groups
of both cultivars had similar proline levels. However, Cu
application enhanced the proline levels in S6énmez and
Gerek 79 to 2.16 and 2.18 times those of their own
controls, respectively. TFSO02Cu and TFSO8Cu groups
exposed to Trifloxystrobin pretreatment exhibited a
gradual decrease in free proline levels depending on the
Trifloxystrobin dose. However, even the higher
Trifloxystrobin dose failed to reduce the proline content
of the TFS08Cu group to control levels in both cultivars.
Cu-induced free proline accumulation in the plant
kingdom has been reported in many studies so far [30].
There are various investigations manifesting that toxic
doses of heavy metals lead to growth retardation,
chlorosis, necrosis, disrupted secondary structure of
proteins and imbalances in the redox state of plant cells.
It is known that the accumulation of proline lessens the
destructive effects on plants and improves stress
tolerance under abiotic stress conditions. In addition to
eliminating ROS and increasing the activity of various
cellular enzymes, proline acts as an osmoprotectant to
overcome oxidative and osmotic stresses. We report that
Trifloxystrobin pretreatment can greatly attenuate the
proline accumulation by reducing the Cu-provoked stress
in T. aestivum seedlings. Our results were in line with the
study of Mohsin et al. [12], which showed that
exogenous  Trifloxystrobin  alleviates the proline
biosynthesis in wheat by suppressing cadmium-related
stress.

MDA is a reactive organic compound and MDA
accumulation has long been utilized as a marker of lipid
peroxidation arising from oxidative stress in cellular
membranes. The MDA content of wheat seedlings was
determined to assess both the individual and combined
effects of Trifloxystrobin and Cu on the membrane
integrity (Figure 5). The MDA levels of the first three
groups (C, TFS02 and TFS08) of the cultivars were close
to each other. However, when Cu was applied alone, it
caused a significant increase in the MDA content of
Sénmez and Gerek 79. As a matter of fact, the MDA
content of Cu groups of S6nmez and Gerek 79 cultivars
was 3.29 and 2.22 times that of their own controls,
respectively. The MDA levels of the TFS02Cu and
TFS08Cu groups of both cultivars were significantly lower
than  their  Cu-treated groups.  Trifloxystrobin
pretreatment prior to Cu application provided dose-
dependent protection against Cu-induced membrane
damage in both S6nmez and Gerek 79. Lipid peroxidation
is a well-known chain reaction initiated by ROS on
unsaturated fatty acids. In our experiment, Cu treatment
caused severe membrane destabilization, and this
phenomenon is often associated with enhanced ROS
production. Our results confirmed Xu et al. [31], who
suggested that toxic Cu concentrations lead to MDA
accumulation in T. aestivum seedlings. Similar to our
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results, Trifloxystrobin as an outstanding fungicide type
was involved in protection against cadmium-induced
membrane damage in wheat [12]. Hameed et al. [32]
also stated that mercapto-triazole, another antifungal
compound, reduced lipid peroxidation caused by heavy
metal toxicity in wheat. In another study, it was reported
that azoxystrobins delay lipid peroxidation with
increased antioxidant defense activities [33].
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Figure 5. Effects of Trifloxystrobin pretreatment on MDA
content of Cu-stressed wheat cultivars (C: control,

TFS02: 20uM  Trifloxystrobin, TFS08: 80 uM
Trifloxystrobin,  Cu:  CuClz,  TFS02Cu: 20uM
Trifloxystrobin + CuCly, TFSO8Cu: 80uM

Trifloxystrobin + CuCl).

Cu is a redox active metal and although it is a very
important part of many enzymes, an overdose of Cu
triggers the formation of ROS. Indeed, even doses of Cu
slightly greater than its optimum concentration induce
ROS-mediated oxidative stress [34]. Since Cu is a
transition metal, it has enormous oxidative power and
the potential to participate in Fenton/Haber-Weiss
reactions [3]. All kinds of stress adversely affect the
normal functioning and final yield of plants. The ability of
plants to withstand these stresses depends on their
effective use of antioxidant systems. Antioxidant enzyme
activities are considered sensitive biomarkers of stress in
plants [23]. The SOD, POD and GR enzyme activities were
monitored to evaluate the Cu-induced oxidative burst
and the protective ability of Trifloxystrobin (Figure 6).
The SOD activity of both cultivars exhibited a gradual
increase with increasing Trifloxystrobin doses (Figure 6a).
Therefore, the SOD activities of the TFS02 and TFS08
groups were higher than those of their own controls in
Sonmez and Gerek 79. The electron transfer system
interrupted by Strobilurins can lead to superoxide
synthesis [35], resulting in a Trifloxystrobin-induced
increase in the SOD activities in TFS02 and TFS08. The
elevation pattern in the SOD activities of the cultivars
peaked after Cu application. The SOD activities of Cu
groups of Sonmez and Gerek 79 cultivars were
approximately 6.32 and 5.79 times those of their own
controls, respectively. Since the SOD enzyme catalyzes
the decomposition of superoxide radicals into hydrogen
peroxide and oxygen, the results of this study showed
that Cu application induced superoxide formation in
wheat and, accordingly, the SOD activity increased. The

SOD activity of the TFS02Cu and TFS08Cu groups were
lower than the Cu groups of both -cultivars.
Trifloxystrobin pretreatment reduced the SOD activities
with increasing doses of the fungicide. In Gerek 79, this
decrease only became statistically significant in the
TFS08Cu application.
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Figure 6. Effects of Trifloxystrobin pretreatment on
antioxidant enzyme activities of Cu-stressed wheat
cultivars (a. Total SOD activity, b. Total POD activity, c.
Total GR activity) (C: control, TFS02: 20uM
Trifloxystrobin, TFS08: 80 uM Trifloxystrobin, Cu:
CuCl, TFSO02Cu: 20uM Trifloxystrobin + CuCly,
TFSO8Cu: 80uM Trifloxystrobin + CuCly).

POD enzyme removes hydrogen peroxide from cells
and helps to maintain biological membrane integrity by
strengthening cell walls and preventing metal ions from
entering cells [36]. In TFS02 and TFS08 groups of Sbnmez
and Gerek 79, the POD activities remained stable when
compared to the control groups (Figure 6b). The Cu
applied groups of the cultivars exhibited a significant
increase in their POD activities. The POD activities of the
Cu groups of S6nmez and Gerek 79 cultivars were 32%
and 63% higher, respectively, than their controls.
Trifloxystrobin pretreatment before Cu application
induced a dose-dependent drop in the POD activities of
cultivars compared to the control groups. However, the
POD activities of the TFSO2Cu and TFSO8Cu groups in
both cultivars were still higher than those of their
respective
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Our results confirmed the study of Gupta et al. [37],
who stated that POD activity was associated with proline
content to provide efficient membrane protection in
wheat. In addition, the parallelism of changes in MDA
accumulation and POD activity of the groups in the
present study confirmed Diaz et al. [38], who suggested
POD activity makes a major contribution to the cell wall
stability of the plants under heavy metal stress.

The GR enzyme is localized in the chloroplast, cytosol,
and mitochondria and converts oxidized glutathione to
reduced glutathione as part of the ascorbate-glutathione
cycle. In addition to being a stimulant for normal growth
and development, it plays an important role in
combating various stresses, including heavy metals.
While a significant increase was observed in the GR
activity of the S6nmez cultivar in the TFS02 and TFS08
groups compared to the control group, the GR activity of
the Gerek 79 cultivar increased significantly only in the
TFS08 group compared to the control group (Figure 6c).
Surprisingly, Cu application caused a remarkable
decrease in the GR activities of both cultivars compared
to their respective controls. Our results were in
agreement with previously published results by Mohsin
et al. [18], who stated that heavy metal stress reduced
GR activity in wheat. Similarly, Drazkiewicz et al. [39]
showed that the application of Cu up to a certain dose in
Arabidopsis thaliana L. dramatically reduced the GR
activity. The GR activities of the TFS02Cu and TFS08
groups were significantly higher than those of their own
Cu-treated groups. Indeed, the TFSO02Cu and TFS08
groups of Sonmez and Gerek 79 did not exhibit a
significant difference in GR activity compared to their
own controls. Wu and von Tiedemann [40], confirming
the results of our study, showed that previously applied
Azoxystrobin, another kind of Strobilurin, reduced the
ozone stress inducing the activity of the GR enzyme in
wheat.

Conclusion

In conclusion, this study has clearly demonstrated
that excessive Cu stress suppresses growth, reduces
photosynthetic pigments, and causes membrane damage
in wheat seedlings. On the other hand, proline and
anthocyanin levels, which are among the defense
mechanisms along with the antioxidant enzyme
activities, increased in plants under Cu stress. Although
Cu application increased anthocyanin accumulation and
SOD activity in the Sbnmez cultivar more than in Gerek
79, Sonmez had more membrane damage, shoot
elongation deceleration and chlorophyll loss. In addition,
the Cu-stressed Gerek 79 cultivar exhibited a higher rate
of proline content and POD activity. However, the dry
weight loss and carotenoid pigment decrease of Gerek
79 were at a higher rate when compared to the S6nmez
cultivar. GR activities of Cu-stressed wheat seedlings
decreased in both genotypes. The pretreatment with
Trifloxystrobin, a frequently used fungicide, provided
effective protection against all damage caused by Cu

application in both cultivars. As the dose of
Trifloxystrobin increased, the severity of stress decreased
in both wheat genotypes. Trifloxystrobin pretreatment
stimulated the antioxidant defense system, allowing the
plant to be less affected by Cu stress. Considering the
increase in Cu accumulation in the soil due to the
pesticides used and the sensitivity of wheat to heavy
metal stress, it should not be forgotten that every
method to protect plants against this stress is valuable. It
is no accident that research examining the exogenous
and unconventional application of fungicides has
multiplied. The findings of this study suggest that the
potential of Trifloxystrobin pretreatment to protect
valuable crops such as wheat against other metal
toxicities should be investigated at different life stages
and field conditions. To increase agricultural production
and protect plants, the benefits of compounds such as
Trifloxystrobin should be exploited to the fullest.

Conflicts of interest
There are no conflicts of interest in this work.
References

[1] Keser M., Gummadov N., Akin B., Belen S., Mert Z., Taner
S., Topal A, Yazar S., Morgounov A., Sharma R.C., Ozdemir
F., Genetic Gains in Wheat in Turkey: Winter Wheat for
Dryland Conditions, Crop J., 5(6) (2017) 533-540.

[21 Toklu F., Baloch F.S., Karakdy T., Ozkan H., Effects of
Different Priming Applications on Seed Germination and
Some Agromorphological Characteristics of Bread Wheat
(Triticum aestivum L.), Turk. J. Agric. For., 39(6) (2015)
1005-1013.

[3] Gajewska E., Gtowacki R., Mazur J., Sktodowska M.
Differential Response of Wheat Roots to Cu, Ni and Cd
Treatment: Oxidative Stress and Defense Reactions, Plant
Growth Regul., 71 (1) (2013) 13-20.

[4] Kumar V., Pandita S., Sidhu G.P.S., Sharma A., Khanna K.,
Kaur P., Bali A.S., Setia R., Copper Bioavailability, Uptake,
Toxicity and Tolerance in Plants: A Comprehensive Review,
Chemosphere, 262 (2021) 127810.

[5] Mir AR, Pichtel J., Hayat S., Copper: Uptake, Toxicity and
Tolerance in Plants and Management of Cu-Contaminated
Soil, BioMetals, 34(4) (2021) 737-759.

[6] ZengQ., LingQ., Wul., Yang Z, Liu R., Qi Y., Excess Copper-
Induced Changes in Antioxidative Enzyme Activity, Mineral
Nutrient Uptake and Translocation in Sugarcane Seedlings,
Bull. Environ. Contam. Toxicol., 103 (6) (2019) 834-840.

[71 Panagos P., Ballabio C., Lugato E., Jones A., Borrelli P.,
Scarpa S., Orgiazzi A., Montanarella L., Potential Sources of
Anthropogenic Copper Inputs to European Agricultural
Soils, Sustainability, 10(7) (2018) 2380.

[8] Kalefetoglu Macar T., Macar O., Yalgin E., Cavusoglu K.,
Resveratrol Ameliorates the Physiological, Biochemical,
Cytogenetic, and Anatomical Toxicities Induced by Copper
(1) Chloride Exposure in Allium cepa L., Environ. Sci. Pollut.
Res., 27(1) (2020) 657-667.

[9] Tleuova A.B., Wielogorska E., Talluri V.P., Stépanek F.,
Elliott C.T., Grigoriev D.O., Recent Advances and Remaining
Barriers to Producing Novel Formulations of Fungicides for
Safe and Sustainable Agriculture, J. Control. Release, 326
(2020) 468-481.

274



Macar et al. / Cumhuriyet Sci. J., 44(2) (2023) 268-275

[10]

[11]

[12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

Mohsin S.M., Hasanuzzaman M., Parvin K., Fujita M.,
Pretreatment of Wheat (Triticum aestivum L.) Seedlings
With 2, 4-D Improves Tolerance to Salinity-Induced
Oxidative Stress and Methylglyoxal Toxicity by Modulating
lon Homeostasis, Antioxidant Defenses, and Glyoxalase
Systems, Plant Physiol. Biochem., 152 (2020) 221-231.
Ugkun M., Ozmen M., Evaluating Multiple Biochemical
Markers in Xenopus laevis Tadpoles Exposed to The
Pesticides Thiacloprid and Trifloxystrobin in Single and
Mixed Forms, Environ. Toxicol. Chem., 40(10) (2021) 2846-
2860.

Mohsin S.M., Hasanuzzaman M., Parvin K., Hossain S.,
Fujita M., Protective Role of Tebuconazole and
Trifloxystrobin in Wheat (Triticum aestivum L.) under
Cadmium Stress Via Enhancement of Antioxidant Defense
and Glyoxalase Systems, Physiol. Mol. Biol. Plants, 27(5)
(2021) 1043-1057.

Lichtenthaler H.K., Chlorophylls and Carotenoids: Pigments
of Photosynthetic Membranes, Methods Enzymol., 148
(1987) 350-382.

Mancinelli A.L.,, Yang C.P.H., Lindquist P., Anderson O.R.,
Rabino I., Photocontrol of Anthocyanin Synthesis: Ill. The
Action of Streptomycin on The Synthesis of Chlorophyll and
Anthocyanin, Plant Physiol., 55(2) (1975) 251-257.

Ohkawa H., Ohishi N., Yagi K., Assay for Lipid Peroxides in
Animal Tissues by Thiobarbituric Acid Reaction, Anal.
Biochem., 95 (2) (1979) 351-358.

Bates L.S., Waldren R.P., Teare I.D., Rapid Determination of
Free Proline for Water-Stress Studies, Plant Soil, 39(1)
(1973) 205-207.

Weimberg R., Solute Adjustments in Leaves of Two Species
of Wheat at Two Different Stages of Growth in Response to
Salinity, Physiol. Plant., 70(3) (1987) 381-388.

Bradford M.M., A Rapid and Sensitive Method for the
Quantitation of Microgram Quantities of Protein Utilizing
the Principle of Protein-Dye Binding, Anal. Biochem., 72(1-
2) (1976) 248-254.

Beyer W.F., Fridovich I., Assaying for Superoxide Dismutase
Activity: Some Large Consequences of Minor Changes in
Conditions. Anal. Biochem., 161(2) (1987) 559-566.
Bergmeyer H.U., Section C: Methods for Determination of
Enzyme Activity. In: Bergmeyer H.U., (Ed.). Methods of
enzymatic analysis. 2nd ed. Vol Il. New York: Academic
Press, (1974) 685-690.

Sgherri C.L.M, Loggini B., Puliga S., Navari-lzzo F,,
Antioxidant System in Sporobolus stapfianus: Changes in
Response to Desiccation and Rehydration, Phytochem.,
35(3) (1994) 561-565.

Singh D., Nath K., Sharma Y.K., Response of Wheat Seed
Germination and Seedling Growth under Copper Stress, J.
Environ. Biol., 28(2) (2007) 409-414.

Atabayeva S., Nurmahanova A., Asrandina S., Alybayeva R.,
Meldebekova A., Ablaikhanova N., Effect of Copper on
Physiological and Biochemical Peculiarities of Wheat
(Triticum aestivum L.) Varieties, Pak. J. Bot., 49(6) (2017)
2189-2196.

Lyoshyna L., Tarasyuk O., Bulko O., Rogalsky S., Kamenieva
T., Kuchuk M.  Effect of Polymeric Biocide
Polyhexamethylene Guanidine Hydrochloride on Morpho-
Physiological and Biochemical Parameters of Wheat
Seedlings under Copper Stress, Agric. Sci. Pract., 7 (1)
(2020) 49-58.

Takahashi N., Sunohara Y., Fujiwara M., Matsumoto H.,
Improved Tolerance to Transplanting Injury and Chilling
Stress in Rice Seedlings Treated with Orysastrobin, Plant
Physiol. Biochem., 113 (2017) 161-167.

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

[37]

(38]

[39]

[40]

Zong X., Zhang J., Zhu J., Zhang L., Jiang L., Yin Y., Guo H.,
Effects of Polystyrene Microplastic on Uptake and Toxicity
of Copper and Cadmium in Hydroponic Wheat Seedlings
(Triticum aestivum L.), Ecotoxicol. Environ. Saf., 217 (2021)
112217.

Banerjee A., Roychoudhury A., Oxylipins and Strobilurins as
Protective Chemical Agents to Generate Abiotic Stress
Tolerance in Plants. In: Roychoudhury A., Tripathi D.K.,
(Eds). Protective chemical agents in the amelioration of
plant abiotic stress: biochemical and molecular
perspectives. Croydon: Wiley Blackwell, (2020) 483-490.
Shoeva 0.Y., Khlestkina E.K., Anthocyanins Participate in
the Protection of Wheat Seedlings against Cadmium Stress,
Cereal Res. Commun., 46(2) (2018) 242-252.

Tereshchenko O.Y., Gordeeva E.I., Arbuzova V.S., Khlestkina
E.K., Anthocyanin Pigmentation in Triticum aestivum L.:
Genetic Basis and Role under Abiotic Stress Conditions, J.
Stress Physiol. Biochem., 8 (3) (2012) 16.

Yetigsin F., Kurt F., Gallic Acid (GA) Alleviating Copper (Cu)
Toxicity in Maize (Zea mays L.) Seedlings, Int. J.
Phytoremediation, 22(4) (2020) 420-426.

Xu Y., Yu W, Ma Q. Zhou H. lJiang C., Toxicity of
Sulfadiazine and Copper and Their Interaction to Wheat
(Triticum aestivum L.) Seedlings, Ecotoxicol. Environ. Saf.,
142 (2017) 250-256.

Hameed A., Hameed A., Ahmad M., Farooq T., Alleviation
of Cadmium Toxicity by Mercapto-Triazole Priming in
Wheat, Arch. Agron. Soil Sci., 66(11) (2020) 1467-1480.
Zhang YJ., Zhang X., Chen CJ., Zhou M.G., Wang H.C.,
Effects of Fungicides JS399-19, Azoxystrobin, Tebuconazloe,
and Carbendazim on The Physiological and Biochemical
Indices and Grain Yield of Winter Wheat, Pestic. Biochem.
Phys., 98(2) (2010) 151-157.

Thounaojam T.C., Panda P., Mazumdar P., Kumar D.,
Sharma G.D., Sahoo L., Sanjib P., Excess Copper Induced
Oxidative Stress and Response of Antioxidants in Rice, Plant
Physiol. Biochem., 53 (2012) 33-39.

Mizutani A., Miki N., Yukioka H., Tamura H., Masuko M., A
Possible Mechanism of Control of Rice Blast Disease by a
Novel Alkoxyiminoacetamide Fungicide, SSF126,
Phytopathology, 86(3) (1996) 295-300.

Platonova N., Belous O., Relationship between the Activity
of Guaiacol Peroxidase and the Content of Photosynthetic
Pigments in Tea Leaves, Slovak J. Food Sci., 14 (2020), 1020-
1026.

Gupta N.K., Agarwal S., Agarwal V.P., Nathawat N.S., Gupta
S., Singh G., Effect of Short-Term Heat Stress on Growth,
Physiology and Antioxidative Defence System in Wheat
Seedlings, Acta Physiol. Plant., 35(6) (2013) 1837-1842.

Diaz J., Bernal A., Pomar F., Merino F., Induction of
Shikimate Dehydrogenase and Peroxidase in Pepper
(Capsicum annuum L.) Seedlings in Response to Copper
Stress and Its Relation to Lignification, Plant Sci., 161(1)
(2001) 179-188.

Drazkiewicz M., Skdrzyrska-Polit E., Krupa Z., Response of
the Ascorbate—Glutathione Cycle to Excess Copper in
Arabidopsis thaliana (L.), Plant Sci., 164(2) (2003) 195-202.
Wu Y.X., von Tiedemann A., Physiological Effects of
Azoxystrobin and Epoxiconazole on Senescence and the
Oxidative Status of Wheat, Pestic. Biochem. Phys., 71(1)
(2001) 1-10.

275



