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Abstract

This experiment was conducted in order to investigate the effect of foliar application of magnesium oxide
(MgO) and iron oxide (Fe203) nanoparticles on the amount of enzymatic and non-enzymatic antioxidants
of Roselle (Hibiscus sabdariffa) as a medicinal plant by a factorial design in a randomized complete
block design with four replications within the year of 2017 in Hashtgerd and Dehak areas. The first factor
of the experiment consisted of different concentrations of MgO nanoparticles (zero (control), 0.01 and
0.03%), and the second factor included different concentrations of Fe;O3 nanoparticles (zero (control),
0.01 and 0.03%). The results of combined variance analysis of the two tested location indicated that the
simple effect of each location treatment, different concentrations of MgO and Fe,O3 nanoparticles and the
interactions of different concentrations of MgO and Fe,Os nanoparticles on the values of hydrogen
peroxide, flavonoids, anthocyanin and activity levels of the enzymes of catalase and peroxidase were
significant. The final results of this study showed that MgO and Fe,Os nanoparticles had an additive and
significant effect on flavonoids, anthocyanin and the activity of catalase and peroxidase enzymes in
comparison with the control treatment, and had a decreasing effect on hydrogen peroxide of this plant.
Also, the results showed that the interactions of 0.03% MgO nanop for governing and/or coordinating
plant growth under stress conditions articles and 0.03% Fe,Os nanoparticles had an effect on the
control treatment. It was also found that the Roselle bushes planted in Dehak region had the higher
content of anthocyanin and flavonoids, and activity levels of catalase and peroxidase enzymes, and had
the lower levels of hydrogen peroxide, compared with those planted in Hashtgerd area.
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Introduction tropical areas of Iran. The anthocyanin found in

the calyx of Roselle has a variety of biological

Currently, one third of the medicine consumed
by humans has plant origin. The growing
demands of pharmaceutical manufacturers for
raw materials and the necessity of preserving
natural plant sources has duplicate the
importance of studying the cultivation and
processing of herbal medicine and aromatic
plants [1]. In this regard, one of the most
important medicinal plants that has a special
position in the pharmaceutical industry, is
Roselle (Hibiscus sabdariffa), widely grows in

effects including improving blood pressure and
lipid profile. Furthermore, anthocyanin has a
protective effect on LDL-C against oxidation
and atherosclerosis [2]. The importance of this
crop cannot be over emphasized. It is used for
many different purposes, the most common of
which are as a fiber crop, the young leaves are
eaten as cooked vegetables especially with
soup. The seeds are pounded into meal which is
used as oily soup. Oil extracted from the seed is
a substitute for castor oil. The fresh calyx is also
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rich in riboflavin, ascorbic acid, niacin,
carotene, calcium, and iron that are nutritionally
important [3].

The shortage of nutrients such as iron and
magnesium decreases the yield and quality of
plants, and, by causing the hidden starvation
and growing of diseases, human health is
getting vulnerable [4]. Magnesium is the only
metallic element in the chlorophyll of the plant,
located in the center of it, therefore the lack of
magnesium, reduces the amount of plant
chlorophyll [5]. It is highly usable element that
activates more than 300 enzymes (e.g., RNA
polymerases,  ATPase, protein kinase,
phosphatase,  glutathione  synthase  and
carboxylase) and is also involved in the
regulation, transport of ions, and cation balance
in plants [6]. Magnesium is also essential for the
metabolism of calcium, vitamin C, phosphorus
and potassium, and it is very important in
converting the blood sugar into energy,
however, it is known as an antidote, thus the
proper use of magnesium fertilizers in farms
where deficiency of this element is observed,
can be effective in improving the nutrition,
health of human and livestock as well as raising
crops [7].

Another element for the growth of plants is
micronutrient. These elements are essential in
small quantities in plants, but they have
important effects on plants from the lack of
these elements can sometimes act as a limiting
factor for the absorption of other nutrients and
growth, so it is necessary to pay more attention
to their application. Although the use of
micronutrients by foliar application can improve
plant growth [8]. One of the most important
low-consuming nutrients for plant growth is
iron, which is a cofactor of more than 100
enzymes and proteins involved in cell division,
nucleic acid metabolism and protein synthesis
[9]. Iron is a vital element for plant metabolic
processes and is necessary for DNA synthesis,
photosynthesis and respiration also plays a key
role in metabolism reactions [10]. Iron is also a
key element in cellular metabolism and plays a
role in the structure of the cytochrome
molecule, which in conditions of iron
deficiency, photosynthesis decreases sharply. In
addition, iron is involved in the process of
oxidation and enzymatic reduction, respiration

and chlorophyll synthesis in plants [11].
Although the role of the iron is evident in
nitrogen fixation and the activity of many
enzymes, such as catalase, peroxidase and
cytochrome oxidase, but there is still little
information about its role in the production of
secondary metabolites [12]. One of the ways to
move towards advancement and development is
to use new science and technology.

Given the many applications of nanotechnology,
this technology revolutionizes various sciences,
including agriculture, and in the near future will
have significant impact on the world's economic
plans, too. Considering the novelty of this
science, Iran is not so far from the pioneering
countries in this science comparing to other
sciences, therefore, regarding the high potential
of agriculture in Iran, by investing and planning
for the application of this technology, it can lead
to the development and progress of the country
[13]. Nanotechnology is one of the novel
technologies that have recently entered into all
fields, including agriculture. Nanoparticle is an
atomic or molecular particle with at least one
dimension less than 100 nm in size, which has
different physical and chemical properties in
relation to their mass [14].

Nanoparticles can also absorb nutrients on their
surface and act as an important food source for
organisms,  especially in cases  where
nanoparticles have a high surface area. In
addition, due to their antimicrobial properties,
nanoparticles can increase resistance and
strength of plants against tension [15].
Yousefzadeh and Sabaghnia [16] in a study
investigated  the  effects of  various
concentrations of iron nanoparticles (0, 1, 2 and
3 g/ L) on the traits of the dragonhead plant in
the laboratory. Their results showed that the
application of this nanoparticle had a positive
and significant effect on the traits of flowering
branches, the height of the first flowering
branch, the number of lateral branches, stem
diameter, percentage and yield of essential oil,
content of chlorophylls a, b and total, total
anthocyanin, flavonoids and yield of this plant.
So that, the highest amount of dry matter and
the plant essential oil derived from the use of 1
g/ L of iron nanoparticles.

Soliman et al. [17] besides in a similar
experiment, studied the effect of different
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concentrations of iron oxide nanoparticles (30,
60 and 90 mg/ L) on Moringa traits and the
results showed that by increasing of the iron
nanoparticles concentration to a concentration
of 60 mg/ L, the activity of peroxidase enzymes,
number of branches per plant and dry and fresh
weight of the plants increased, but in the high
concentrations of this nanoparticle, the values of
these traits decreased significantly. Trankner et
al. [18] in one investigation about the effects of
different concentrations of magnesium (0.01,
0.1 and 0.4 mM) on the barley plant traits in
hydroponic culture, were also found that the use
of this element increased the values of the total
dry weight, chlorophyll index, assimilation and
dry weight of young and old leaves, and
reduced the amount of hydrogen peroxide of the
bushes. Jalali et al. [19] in a study investigated
the effect of concentrations of 100 ppm of iron
nanoparticles and 1 ppm of conventional iron
(Bulk) on the characteristics of corn. Their
results showed that corn bush treatments with
this nanoparticle reduced the amount of
hydrogen peroxide and peroxidation of the
membranes of the plant. Therefore, due to the
lack of information on the effect of
nanoparticles on medicinal plants, the present
study was conducted in order to investigate the
effect of magnesium oxide and iron oxide
nanoparticles on the amount of antioxidants in
Roselle.

Material and Methods

In order to investigate the effect of foliar
application of magnesium oxide and iron oxide
nanoparticles on the amount of enzymatic and
non-enzymatic  antioxidants of  Roselle
(Hibiscus sabdarifa), an experiment was
conducted in the year of 2017 on two farms
(location) one in Dehak industrial town and
another farm in Hashtgerd area were factorial in
a randomized complete block design with four
replications. The results were analyzed by
combined variance analysis.

Hashtgerd area is located in west of Alborz
province at an altitude of 1310 m and between
longitude

35 °45'N and Latitude of 51°25'E.
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Dehak area is located in Shahriyar city and
Alborz province at an altitude of 2985.6 m and
between latitude 40 °35'N and longitude of 51
°01'E. The average annual temperature and
rainfall in Dehak and Hashtgerd were shown in
Table 1 and 2.

The first factor consisted of different
concentrations of magnesium oxide
nanoparticles (zero (control), 0.01 and 0.03%),
and the second factor included different
concentrations of iron oxide nanoparticles (zero
(control), 0.01 and 0.03%). Actions of land
preparation were carried out in accordance with
the custom of the area by implementing a
plough and two perpendicular discs to each
other before the planting.

Each experimental unit consisted of 6 planting
lines 8 meters long, spaced 70 cm from each
other. Prior to planting, a sample of one
kilogram from 0 to 30 cm of soil layer from two
locations was transferred to the soil and water
laboratory to determine of physical and
chemical characteristics of soil. Basic fertilizer
recommendation such as nitrogen, potassium
and phosphorus was used on the basis of the
results of the soil test (Table 3). Seeds of
Roselle made from Seed Company, were
cultivated at intervals of 30 cm on row and 2-5
cm in depth, and also were cultivated on the
24th to 27th of May 2017. Based on the results
of the soil test (Table 3), 30 tons. ha of cow
manure, 100 kg. ha'* triple superphosphate, 150
kg. ha' potassium sulfate, 35 kg. ha' zinc
sulfate and 200 kg. ha* ammonium sulfate were
used. The first irrigation was leaked after
planting, until the emergence stage, irrigation
was carried out with a 5-day period and after
that, the irrigation period increased from 5 to 7
days. At appropriate times, and mechanical
weed control operation was conducted during
plant growth by hand. The treatments as well as
a foliar application with magnesium oxide and
iron oxide nanoparticles were applied at the
time of reproductive growth of the Roselle
plants based on the recommended amount. 72
hours after foliar application, 10 leaves were
randomly trimmed in each treatment and placed
in the foil and liquid nitrogen in order to be
transferred to the laboratory to determine the
biochemical properties of the Roselle, in the
freezer -80 °C.
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Then, the amount of the activity changes of the
antioxidant enzymes of catalase of Roselle was
assayed through Aebi method [20], the amount
of antioxidant peroxidase activity was assayed
according to Chance and Maehley method [21],
the amount of anthocyanin was assayed by
Wanger method [22], the amount of plant
flavonoids, was assayed by the method of
Krizek et al. [23] and the amount of hydrogen
peroxide plant tissue, was assayed according to
Hung et al. method [24]. Data were subjected to
analysis of variance (ANOVA) using Statistical
Analysis System and followed by Duncan's
multiple range tests. Terms were considered
significant at P < 0.05.

Results

Hydrogen Peroxide

The results of combined analysis of data
showed that the simple effect of test site
treatment on the amount of hydrogen peroxide
was significant at the 5% level, while the simple
effects of foliar application with each of the
magnesium and iron nanoparticles, as well as
the interactions of foliar application with
magnesium nanoparticle on this trait indicated a
significant difference statically at the 1% level

(Table 4). Also, the results of the mean
comparison of data demonstrated that the
highest amount of hydrogen peroxide of the
roselle (0.38 pmol. g fw) was related to the
control treatment or non-application of
nanoparticles, and treatment of the interactions
of 0.03% magnesium nanoparticle and 0.03%
iron nanoparticle concentration (0.37 pmol. g?
fw), while the least amount of this trait was
observed in the interaction treatment of 0.01%
concentration of magnesium nanoparticle and
0.03% concentration of iron nanoparticle
treatment (0.15 umol. g fw) with regard to the
amount of this trait there was not significant
difference with the interaction of the 0.03%
concentration of magnesium nanoparticle and
concentration of 0.01 percent of iron
nanoparticle (0.16 pmol. g? fw) and these
treatments were considered together in one
group of statistic (Fig. 1).

As the results of Table 5 indicate, the amount of
hydrogen peroxide in the plant of the Roselle in
Hashtgerd region with a value of 0.26 umol. g
fw, was higher than the amount of hydrogen
peroxide of this bushes in Dehak region (0.24
umol. gt fw).

Table 1 Average rainfall in the Dehak and Hashtgerd locations during the growing season of the roselle

Location Average rainfall (mm)
May June July August  September  October November
Hashtgerd 35.2 0.6 0 0 12.2 3.2
Dehak 20.6 32 0 0 3.1 0.5

Table 2 Average air temperature in the Dehak and Hashtgerd locations during the growing season of the roselle

Location Average air temperature (C)
May June July August  September  October November
Hashtgerd 20.6 24.9 274 26.4 23 16.2 10.1
Dehak 23.7 27.8 30.1 29 25.6 19.3 13.6
Table 3 Analysis of the soil of the experiment site (Dehak and Hashtgerd)
Depth of soil Electrical Acidity Clay Organic Sand  Silt Total Magnesium  Absorbable Absorbable  Iron
conductivity (%) carbon (%) (%) nitrogen (mag/kg) phosphorous potassium  (mg/
(dS/m) (%) (%) (mgrkg) (mg/kg) kg)
Hashtgerd 4.86 7.67 045 343 334 323 0.06 12.18 250.3 3.01 37
Dehak 4.58 7.55 057 30 40 30 0.08 22.10 165 3.98 51
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Fig. 1 Effect of interactions of magnesium and iron nanoparticles on hydrogen peroxide

Table 4 Combined variance analysis of biochemical and physiological traits of Roselle in two experimental sites

Means square

Sources of variation df  Hydrogen Flavonoids Anthocyanin  Catalase Peroxidase
peroxide enzyme activity — enzyme activity
rate rate
Location(L) 1 0.0101 " 0.087 " 260.34 " 15.01" 982.36
Error for location 6 0.0027 0.013 17.07 26.22 138.91
Magnesium oxide nano-particles (M) 2 0.0235 ™ 0571 178.84 " 257.52 ™ 33355.87 ™
Iron oxide nano-particles (1) 2 0.0618 ™ 0.060 " 274.68 ™ 150.56 ™ 748293 ™
Mx| 4 0.0801 ** 0.164 ™ 258.67 ** 149.49 ™ 27253.03 ™
LxM 2 0.0042 " 0.001 ™ 3.10 ns 11.81 ns 19.84 ™
LxI 2 0.0019 " 0.011 " 9.11m™ 9.97 ™ 445"
LxMx| 4 0.0005 ™ 0.028 ™ 6.28 ™ 10.43 ™ 16.21 ™
Error 48 0.0014 0.012 50.77 8.74 168.89
Cv (%) 15.11 7.92 12.60 10.85 8.58
Ns: Non-significant, *: Significant at 5% level and **: Significant at 1%
Table 5 Comparison of the main effects of magnesium and iron oxide nanoparticles on biochemical and
physiological traits of Roselle in two experimental sites
Traits Hydrogen Flavonoids Anthocyanins Peroxidase enzyme Catalase enzyme
peroxide (%) (umol. gt fw)  activity activity
(umol. g-* fw) (umol.g*protein.mint)  (umol.gtprotein.mint)
Treatments
Location
Hashtgerd 0.26 a 1.36 b 54.61b 147.75b 26.40b
Dehak 0.24b 143a 58.42 a 155.32 a 28.09 a

Note: Means in the same columns and rows, followed by the same letter, are not significantly difference (P<0.05)
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Flavonoids

According to the results of the analysis of
variance observed in Table 4, simple effects of
location of experiment treatment and
concentration of Nano particle of iron was
significant at the 5% level on the amount of
flavonoids content, while the simple effects of
foliar application with magnesium nanoparticle,
as well as the interactions of foliar application
with magnesium and iron nanoparticle on this
trait indicated a significant difference statically
at the 1% level. As the results of the mean

comparison (Fig. 2) showed, the highest
flavonoid content of this plant (1.61%) belongs
to the interaction treatment of 0.01%
concentration of magnesium nanoparticle and
concentration of 0.01% of iron nanoparticles
and also interactions of 0.01% magnesium
nanoparticle concentration and 0.03% iron
nanoparticle concentration, which by
considering amount of this trait,there was no
significant difference with interaction of 0.03%
magnesium nanoparticle and 0.01% iron
nanoparticle treatment (1.54%).
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Fig. 2 Effect of interactions of magnesium and iron nanoparticles on flavonoids
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Fig. 3 Effect of interactions of magnesium and iron nanoparticles on anthocyanin
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The lowest value of this trait was observed in
the control treatment with the amount of 1.17%,
and also interaction of non-application of
magnesium nanoparticle and 0.01%
concentration of iron nanoparticles treatment
with the amount of 1.17%and also the
interaction of the 0.03% concentration of
magnesium nanoparticle and the concentration
of 0.03% iron nanoparticles treatment (1.25%).
In accordance with these results, the increase in
the content of flavonoids in the medicinal plant
in the treatment of iron nanoparticles was
reported by Yousefzadehand Sabaghnia [16].
According to the results of Table 5, the amount
of flavonoids of Roselle planted in Dehak
region with the amount of 1.43% had higher
amount of flavonoids than the plants that
cultivated in Hashtgerd region (1.36%).

Anthocyanin

The results of the analysis of variance showed
that the simple effect of iron nanoparticles and
the interaction of magnesium nanoparticle x
nanoparticle at a probability level of 1% and the
simple effects of experimental location and
magnesium nanoparticle, at the 5% level, had a
significant effect on the content of the
anthocyanin of the Roselle (Table 4).

According to the results of the mean
comparison (Fig. 3), the highest amount of
anthocyanin was related to the interaction
treatment of 0.01% concentration of magnesium
nanoparticle and 0.03% concentration of iron
nanoparticles (63.40 pmol.g’*fw) that with
treatments of the interactions of 0.01%
concentration of magnesium nanoparticles and
0.01% iron nanoparticle concentration (62.40
umol.g*fw), and also interactions treatment of
0.03% magnesium nanoparticle and 0.01%
concentration of iron nanoparticles (60.61
umol.g*fw) and also interaction treatment of
0.03% magnesium nanoparticle and no
application of iron nanoparticles (59.87 umol. g’
fw), had not significant difference and these
treatments were in the same statistical group.
Furthermore, in this study, the lowest
anthocyanin content of Roselle bushes was
related to the control treatment (49.55 pmol. g
fw) and treatment of the interaction of 0.03%
magnesium nanoparticle concentration and
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0.03% iron nanoparticle concentration (52.51
umol. gfw), which did not have significant
difference with the interaction treatment of non-
application of magnesium nanoparticle and
0.01% concentration of iron nanoparticle (55.33
umol. gfw) and the interaction treatment of
non-application of magnesium nanoparticle and
the concentration of 0.03% of iron nanoparticle
(55.32 umol.g'fw). According to the results of
Table 5, Dehak region with a value of 58.42
umol. g'fw and Hashtgerd region with the
amount of 54.61 pmol. g'*fw had the highest
and lowest levels of Roselleanthocyanin,
respectively. In compliance with these results,
in experiments of Mir and Dahmardeh [25] and
Mir et al. [26], the highest amount of
anthocyanin in the Roselle plant was obtained
from the use of iron micronutrients.

Peroxidase Enzyme Activity Rate

Based on the results of the analysis of variance
(Table 4), in this study, the simple effect of
experimental location was significant at
probability level of 5% and the simple effects of
iron and magnesium nanoparticles
concentrations and  the interaction of
magnesium nanoparticle X iron nanoparticle
were significant at probability level of 1% on
the content on the peroxidase enzyme activity
rateof this plant.

According to the results of the mean
comparison, the highest amount of this trait was
related to the interaction treatment of
magnesium and iron nanoparticles (Fig. 4), the
treatment of 0.01% concentration of magnesium
nanoparticle and the concentration of 0.03%
iron nanoparticle (238.24 pmol/mg protein/min)
had the highest level of enzyme peroxidase
activity, and the least amount of this trait was
associated withthe control treatment or non-
application of nanoparticles (81.11 pmol/mg
protein/min), treatment of interactions of 0.03%
magnesium nanoparticle and 0.03%
concentration of iron nanoparticle (89.16
pmol/mg protein/min) and also related to the
interaction treatment of non-application of
magnesium nanoparticle and 0.01%
concentration of iron nanoparticle (93.45
pumol/g protein/min).
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Fig. 5 Effect of interactions of magnesium and iron nanoparticles on catalase enzyme activity rate

Following to the Table 5 results, medicinal plant
of Roselle that planted in Dehak area with
155.32 pmol/mg protein/min, had higher
activity than the enzyme activity of plants that
were planted in in Hashtgerd region with 147.75
pmol/mg protein/min. In parallel with these
results, Salarpour et al. [27] also reported that
the foliar application of Moringa peregrina
plant with different concentrations of iron
nanoparticles had a significant and increasing
effect on the concentration of the enzyme
peroxidase activity in this plant. Soliman et al.

[17] also studied the effect of different
concentrations of iron nanoparticles on the traits
of medicinal plant Moringa, and their results
showed that by increasing the concentration of
iron nanoparticles specifically, the activity of
the enzyme peroxidase increased in this plant,
but in the higher concentrations of this
nanoparticle, the amount of this trait decreased
significantly. According to these results, Rui et
al. [28] reported an increase in the activity of
the enzymes of peroxidase in Archis hypegea
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plants by foliar application with iron
nanoparticles.

Catalase Enzyme Activity Rate

The consequence of the combined analysis of
data indicated that the simple effect of
experimental location, treatment on the activity
rate of catalase enzyme was significant at the
5% level statistical, while the simple effects of
foliar application with each of the magnesium
and iron nanoparticles, as well as the effects of
the interactions treatments of magnesium
nanoparticles x iron nanoparticles on this
trait,had a significant difference at the 1% level
(Table 4).

The results of the mean comparison of the data
(Fig. 5) showed that the highest activity rate of
the catalase enzyme of this plant in this study
was pertinent to the interaction treatment of the
of 0.03% magnesium nanoparticle concentration
and the 0.01% concentration of iron
nanoparticle (34.84 pmol/mg protein/min) and
also interaction treatment of 0.01%
concentration of magnesium nanoparticle and
0.03% concentration of iron nanoparticle (33.58
pumol/mg protein/min).

The lowest amount activity of this enzyme was
observed in control or non-application of
nanoparticles (20.56 pmol/mg protein/min),
which had no significant difference with the
interaction treatment of 0.03% magnesium
nanoparticles and concentration of 0.03% iron
nanoparticle (22.82 umol/mg protein/min) (Fig.
5).

On the basis of Table 5 results, it was
determined that the activity rate of catalase
enzymes in roselle planted in Dehak region with
the amount of 28.09 pmol/g protein/min was
higher than the activity of this enzyme in plants
of Hashtgerd region (26.40 umol/mg
protein/min).  According to these results,
increasing of antioxidant enzyme activity was
reported by Amiri-Nezhad et al. [29] and Rui et
al. [28]. In the experiment of Azarbara [30],
catalase activity of Medicago sativa (alfalfa)
was not affected by the treatment of foliar
application with magnesium nitrogen, while a
decrease of catalase activity of wheat plant in
case of deficiency of magnesium element was
reported by Abbasi and Enayati [31]. Along
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with these results, Joshan et al. [32] also
reported that application of iron nanoparticles in
fodder corn increased the catalase enzyme
activity of fodder maize.

Discussion

According to the result of soil test in two
locations of this experiment (Hashtgerd and
Dehak), the deficiency of iron and magnesium
in both experimental farms is quite evident
because the critical level of iron in the soil for
different plants is 10-16mg.kgof soil [33] and
the critical level of magnesium in soil for
different plants, is 74 mg/kg of soil [34], while
the amounts of iron and magnesium in both of
these farms (Table 3) is lower than the critical
amount of these two elements. Therefore, both
farms (Hashtgerd and Dehak) were deficient in
two iron and magnesium elements, and in order
to compensate for the deficiency, iron and
magnesium in the form of nanoparticles were
used in our experiment because the superiority
of iron and magnesium nanoparticles to their
bulk forms is due to small particles of iron and
magnesium Nano lead to the formation of
multiple complexes, therefore the solubility of
these elements is increased, therefore, their
absorption by plants is easier due to high
specific surface as well as being light and small
size of this nanoparticle [35]. Magnesium plays
an important role in metabolic processes such as
sucrose loading, activation of rubisco enzymes
and chlorophyll biosynthesis.The lack of this
element results in an increase in the production
of various active oxygen species [36], besides
magnesium deficiency, by reducing the stomatal
conduction and production of photomasmilates,
lead to reduction of the Rubisco enzyme activity
in the Calvin cycle, therefore resulting in a
reduction of the NADP +/ NADPH, H + ratio
(Ort, [37]).

This is due to a reduction in the ratio of +
NADPH, H in the Calvin cycle. For this reason,
the carriers of the electron transport
pathwayalso come in the form of resuscitation,
and the electron leakage leads to incomplete
oxygen regeneration and an increase in toxic
oxygen species [38]. Whereas different types of
active oxygen can attack vital cellular
compositions such as unsaturated fatty acids,
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proteins, and nucleic acids. These reactions
naturally reduce the features such as, membrane
fluidity, ion transfer, enzymatic activity, and
protein synthesis, leading to degradation of
nuclear and mitochondrial DNA and ultimately
cell death [39].

Therefore, higher levels of hydrogen peroxide
were observed in control treatment plants and
treatments that received higher amounts (in
interaction mode of 0.03% concentration of
both elements) or lower amounts of both iron
and magnesium elements. According to these
results, Trankner et al. [18] and Jalali et al. [19]
investigated  the  effect of  different
concentrations of magnesium and iron
nanoparticles that the treatment of barley and
corn plants with these elements reduced the
hydrogen peroxide of the plants.

To overcome the oxidative stress, there is a high
efficiency antioxidant defense system in plants
that can destroy, neutralize or remove free
radicals. This system contains antioxidant
enzymes such as catalase, superoxide
dismutase, ascorbate  peroxidase, phenol
peroxidase and guaiacol peroxidase, as well as
non-enzymatic antioxidant system including
ascorbate, alpha-tocopherol, carotenoids,
flavonoids, anthocyanin, proline and glutathione
[40].The higher amounts of enzymatic
antioxidants in treatments that received the
desired amounts of iron and magnesium
nanoparticle elements led to higher conversion
of hydrogen peroxide to water by catalase and
peroxidase enzymes, whereas reduction of the
activity of these enzymes in the control
treatment and treatments that received less or
much more (in interaction mode of 0.03%
concentration of both elements) magnesium and
iron elements resulted in more accumulation of
hydrogen peroxide in these treatments.
Consistent with the results, Soliman et al. [17]
reported an increase in the enzyme peroxidation
of the Moringa plant that affected by application
of iron nanoparticles. It should also be
emphasized that the deficiency of magnesium
and iron highly affects chloroplasts among the
organs [41]. This organ is a major source of
active oxygen production, including free radical
hydrogen peroxide (Edreva, [42]). Therefore, in
our experiment, in the conditions of magnesium
and iron deficiency in control treatment and

interaction treatment of 0.03% concentration of
magnesium and iron, the activity of catalase and
peroxidase enzymes decreased and as result
detoxification has done incompletely that led to
an increase in hydrogen peroxide.

In this research, Roselle foliar application with
iron and magnesium nanoparticles increased the
flavonoids of this plant, but by increasing the
concentration of each of the tested nanoparticles
to the 0.03% level under the conditions of
treatment of the interaction of these two
nanoparticles, again the amount of flavonoids
decreased significantly.The phenolic
compounds of flavonoids, anthocyanin, and the
tannins have antioxidant properties that, prevent
the oxidation of vital biochemical molecules by
collecting and regenerating reactive oxygen
species, prevent oxidative stress or it prevents
oxidative stress and reduces its effects on plant
cells (Myung-Min et al., [43]).Consistent with
these results, the researchers also reported that
foliar application of Dragonhead with iron
nanoparticles had a positive effect on the
flavonoids rising of this medicinal plant [16].
Besides in our study, the application of certain
concentrations of iron and  magnesium
nanoparticles treatments in comparison with the
control treatment has a positive and additive
effect on the amount of anthocyanin in the
Roselle, which increasing of anthocyanin
amount probably lead to photosynthesis growth
by preventing damage to chlorophyll. However,
interaction treatment of 0.03% concentration of
iron and magnesium nanoparticles had a
decreasing effect on the level of anthocyanin of
this plant and probably the negative effect of
0.03% concentration of iron oxide and
magnesium oxide nanoparticles was due to the
fact that the concentration of 0.03% in
interaction condition have the toxicity,
deterioration or neutralization effects on the
growth of this plant [44].In this study, the
toxicity effect of the interaction treatment of
0.03% concentration of magnesium
nanoparticles and0.03% concentration of iron
nanoparticles, increased the concentration of
hydrogen peroxide as a harmful substances and
reduced the levels of enzymatic antioxidants of
catalase,... and non-enzymatic antioxidants,
while the interaction of 0.03% concentration of
each nanoparticle (magnesium or iron) with
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other concentrations of 0 and 0.01% of each
nanoparticle (magnesium or iron), reduced the
concentration of hydrogen peroxide and
increased the amount of enzymatic antioxidants.
In our experiment, possibly increasing the
concentration of iron and magnesium in the
plant, disturbs the balance of the other elements
in the plant, for example, the excessive use of
magnesium fertilizers, not only disturbs the
balance between magnesium and potassium, but
also disturbs the balance between magnesium
and calcium which causes a reduction in the
absorption of potassium and calcium elements
and affects the quality of the fruit [45]. In fact,
if the content of magnesium in the plant is much
increased, the ratio of magnesium to calcium
changes, consequently the fertility of the plant
as well as its yield will decrease [46], and may
even high concentrations of both iron and
magnesium through the foliar application of
Roselle plants, by increasing the production of
toxic free radicals and inducing oxidative stress,
act as an inhibiting factor forplant growth and
causing toxicity [47].

Consequently, according to the Kiani et al. [48],
although, commonly antioxidant enzymes
simply decompose hydrogen peroxide under
common conditions. However, under high
toxicity conditions orinteraction treatment of
0.03% concentration of magnesium
nanoparticles and 0.03% concentration of iron
nanoparticles, the inability to neutralize oxygen
radicals and the presence of hydrogen peroxide
in the plant, lead to the reaction of Fenton and
Haber Weiss reaction, in which a dangerous
radical hydroxyl is produced, which can be,
consequently, unstable types of biological
macromolecules, including lipids and proteins.
The result of oxidative stress caused by the
toxicity of iron and magnesium in plants, is the
reduction of the amount of proteins, soluble
sugars, chlorophylls and makes irreversible
injuries to biological membranes and nucleic
acids. However, the highest concentrations of
iron oxide and magnesium oxide nanoparticles
used in our experiment under the interaction
conditions have a much lower effect compared
to other concentrations of these nanoparticles
and may have a better effect than the control
treatment. According to these results, Soliman
et al. [16] also reported that an excessive
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increase of iron and magnesium concentrations
caused a reduction the amount of Moringa traits.
In our experiment, also the significant effect of
the experimental location on the characteristics
of the Roselleplant may be related to the higher
levels of iron and magnesium in Dehak farm
compared to the Hashtgerd in before spraying
time (Table 3).

Conclusion

The results of Present study indicated that
showed that when the medicinal plant of the
Roselle grows in the soil that is poor in iron and
magnesium elements, this plant will respond to
the addition of iron and magnesium fertilizers.
Now, to add fertilizer to the plant, it is better to
use a fertilizer that has a particle size equal to
the nanoscale. So that the very small particles of
iron and magnesium nanoparticles quickly and
easily pass through the cell membranes of the
plant and, by increasing the efficiency of the
photosynthetic and enzymatic systems of the
plant, increase the plant's growth. In our
experiment we found that the simultaneous
application of 0.01% concentration of
magnesium and 0.03% concentration of iron
nanoparticles treatment, due to the positive
effect of increasing of the activity of enzymatic
antioxidants (catalase and peroxidase) and non-
enzymatic (anthocyanin and flavonoids) of this
plant was the best treatment compared to the
other treatments and is recommended for areas
that Roselle plant cultivated in these two
regions with similar conditions. However, the
application of 0.03% concentration of iron and
0.03% concentration of magnesium
nanoparticles by disturbing the balance of the
Roselle plant elements, increased the free
radical species in the plant, while the enzymatic
and non-enzymatic system of this plant also did
not remove the harmful effects of the hydrogen
peroxide production and, therefore, in terms of
efficiency, this treatment was equal to the
control treatment. Further research studies are
needed to determine of changes in the physical
and chemical characteristics of Roselle under
the influence of the interaction of each of the
iron and magnesium nanoparticles with other
high-consumption and low-consumption
elements in the form of nanoparticles and
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different stress conditions and also this
experiment with these treatments can be carried
out at each of the test site in two consecutive
years.
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