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Abstract

In the present study, the effects of foliar application of zinc sulphate and na-
no-zinc oxide on physiological indices (chlorophyll and carotenoids content,
antioxidant activity, total phenolic content, proline, lipid peroxidation and
sugar) of rosemary were evaluated. Greenhouse cultivation experiment in a
randomized complete block with three levels of foliar zinc and three levels of
foliar nano-zinc oxide and control treatment, each with three replications, was
carried out. The results showed that low concentrations of zinc and nano-zinc
oxide significantly increased chlorophyll and carotenoid compared to the
control. Whereas with the high concentration of nano-zinc oxide, chlorophyll
and carotenoid decreased compared to the control. Antioxidant enzymes ac-
tivity increased with zinc and nano-zinc oxide compared to control plants. In
addition, proline, membrane lipid peroxidation, soluble sugar and phenolic
compounds increased in the treated plants. Proline and plant antioxidant en-
zymes to scavenge free radicals have increased. Two levels of zinc increased
the total phenolic compounds of rosemary leaves significantly but nano-zinc
oxide did not show a significant difference compared to the control.

Keywords

Nanoparticle, Physiological Response, Rosemary, Zinc

1. Introduction

Low efficiency of soil absorption of some micronutrients by plant is economi-
cally very costly, and hence alternative methods such as spraying can be used [1].
Some fertilizer can be sprayed on the leaves and stems of the plant [2]. Foliar ap-

plication can access nutrients for plants to achieve high performance guarantee [3]
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[4]. Zinc is an important nutrient for plants that is absorbed in the form of diva-
lent cations and has various physiological roles in higher plants and is involved
in the metabolism of proteins, carbohydrates, nucleic acids and lipids, photo-
synthesis and biosynthesis of auxin [5] [6]. This element is used as part of the
structure of enzymes or acts as regulator cofactors in a number of enzymes. Re-
search has shown that Zn is used in the building of at least four enzymes: car-
bonic anhydrase, Cu-Zn superoxide dismutase, alcohol dehydrogenase, RNA
polymerase. Other enzymes have been discovered that need Zn for activity, the
most important of these enzymes include alcohol dehydrogenase, aldolase,
trans-phosphorylase, DNA and RNA polymerase [7]. In plants that have Zn de-
ficiency, reduced protein synthesis will occur [7]. Ribosomes are broken without
Zn but with Zn consumption the building dates back to the first case. Zn is es-
sential to build indole acetic acid (IAA) and excessive concentration of trypto-
phan in the leaves of plants that have Zn deficiency is probably caused by this
problem [7]. Zinc absorption by plant is done with both active and passive me-
chanisms. Passive absorption takes place through electrostatic adsorption ions
on the root cells cell wall. Active absorption is influenced more by temperature
and ventilation root and it seems that active absorption mechanism is a major
supplier of the Zn that plants require. Due to slow absorption of zinc and other
similar elements through root it is better that these elements be placed at the
disposal plant through aerial parts [1]. Although there is little need of Zn for
plants (5 - 100 mg-kg™), but if enough of this element is not available plants suf-
fer physiological stress resulting from the inefficiency of multiple enzyme sys-
tems and other metabolic actions related to Zn [8]. The results of research in the
field of zinc suggest that the use of this element in different stages of plant
growth can affect plant performance in different ways [9]. Zinc plays an impor-
tant role in the regulation of stomatal opening, because this element is involved
in the maintenance of potassium in stomatal guard cells [10]. Zinc nutrient ele-
ment is involved as cofactors in the activation of many enzymes on the biosyn-
thetic pathway of secondary metabolites [8]. Nanotechnology is accurate and
controlled manipulation of atomic or molecular structure of materials to pro-
duce nanoscale tiny particles with new features and special applications [11].
Nanometals features with more contact area and high surface energy may be to-
tally different from characteristics of base metals [12]. Conversion of the materi-
al to the nanoscale changes the physical, chemical, biological features and cata-
lytic activities of them and the addition of higher solubility, capable of penetrat-
ing the cell membrane and chemical activity in these nanoparticles emerges [12].
In recent years, nanoparticles oxidized elements, such as nano zinc oxide are
used in different cases [13]. Studies have shown that nanoparticles compared to
metal ions have higher toxicity to allow them to penetrate the cell membrane
and release metal ions inside the cell [14]. Increasing the concentration of Zn in
corn has been reported with the use of zinc sulfate [15]. Rosemary, with the
scientific name Rosmarinus officinalis belongs to the family of Lamiaceae [16].

Rosemary is the plant that is shrub, perennial, evergreen and with height of 1 to
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2 meters, with erect branches, and sometimes lying on the ground with green
color, brown and fragrant, leaves are opposite, narrow, long, sharp and slightly
rough bent backward, leaves are without hairs but in some varieties, green leaves
and white hairs and cotton is covered behind it. Leaves are without petiole and
flowers are arranged in clusters along the axis. The flowers are usually white to
pink or white and occasionally purple that appears in late spring. Four nut fruit
with brown color, firm, round and its egg is small inside the fruit. All leaves,
blossoms and scented members are aromatic [17]. Rosemary is native to the Me-
diterranean region well-calcareous areas that tolerate arid and semi-arid hot
weather [17]. Rosemary components are very important in various industries,
due to its numerous properties, including convenient and good odor which is
emitted as a sedative, food preservative, preservatives, colors and flavors of food
and very potent antioxidant that has high consumption [18]. The aim of this re-
search is study of the effect of zinc sulphate and nano zinc oxide on some physi-

ological parameters of R. officinalis.

2. Materials and Methods
2.1. Seedling Preparation

Rosemary seedling was purchased from greenhouse Ghasroldashti in Shiraz.
Similar plants were put in pots arranged in the greenhouse. The pots were ran-
domly labeled.

2.2. Treatments Preparation

Zinc oxide nanoparticles were prepared from Nanosany Company (Mashhad,
Iran). The particle size of zinc oxide was about 10 - 30 nm with 99% purity and
6.5 g/cm’ density with white color and almost spherical morphology. Then, zinc
concentrations (2, 4 and 6 grams per thousand) and nano-zinc (1, 4 and 7 grams
per thousand) were prepared in the laboratory. The pots were irrigated 50 ml for
4 weeks every other day. The minimum and maximum temperatures in green-
house were 32 + 3 and 38 + 3 centigrade. Treatments were applied as spray on
plants three times over a period of three weeks. At the end, the plants were har-

vested and frozen in liquid nitrogen.

2.3. Chlorophyll and Carotenoids Measurements

Chlorophyll was measured using Arnon method [19]. Two hundred mg of the
leaves were weighed and 80% acetone was added and centrifuged at 4800 rpm
for 20 min. The above solution was used to measure chlorophyll and caroteno-
ids. The Shimadzu UV-160A model spectrophotometer was adjusted at wave-
lengths of 645 and 663 nm for chlorophyll and at wavelengths of 412, 431, 460

and 480 nm for carotenoids.

2.4. Proline Measurement

Bates method was used for measure of proline [20]. Two hundred mg of the
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leaves was weighed, and then 10 ml sulfosalicylic acid 3% was added. After 48
hours, 2 ml of the above solution with 2 ml ninhydrin and 2 ml of acetic acid
were added and heated for one hour in a hot water bath at 78°C. After cooling
on ice, 4 ml of toluene was added and vortexed for 20 seconds. Finally, the upper
phase containing red complex was used to measure the proline at a wavelength
of 520 nm by a spectrophotometer (Shimadzu UV-160A Model, Japan).

2.5. Soluble Sugars Measurement

Soluble sugars were measured according to the Nelson method [21]. In this ex-
periment, a solution of 70% ethanol, distilled water, chloroform, alkaline copper
reagent and arsenomolybdate were used. Two hundred mg of plant tissue was
placed in tubes and 10 ml of sulfosalicylic acid 3% were added. After 48 hours,
0.9 ml of distilled water and 1 ml alkaline copper solution were added to 0.1 ml
of solution and healed in water bath for 20 minutes at 78°C. After cooling, 1 ml
of arsenomolybdate and 7 ml of distilled water was added to each tube and
mixed by vortex. Light absorption spectrophotometer UV-160A Model Japan
was used at wavelength of 520 nm and soluble sugars were determined using a

standard curve.

2.6. Total Phenolic Compounds Measurement

The amount of total phenolic compounds using the Folin-Ciocalteu was per-
formed according to the method of Kim and co-workers [22]. In this experi-
ment, the methanol extract of leaves of plants, 100% ethanol, 50% methanol,
reagent Folin-Ciocalteu, Sodium bicarbonate 6% and Gallic acid standard solu-
tion were used. Five ml Folin-Ciocalteu reagent and 45 ml of distilled water were
added. Two hundred microliters of different concentrations were added to test
tubes containing 1500 ml of the diluted Folin-Ciocalteu reagent and the samples
were analyzed for 5 minutes at room temperature. Then, 1500 microliters so-
dium bicarbonate 6% (vw) was added to the solution. The samples were placed
for 130 minutes at room temperature. Absorbance of the samples was measured

at 750 nm wavelength.

2.7. Total Antioxidant Measurement

The antioxidant potential of using the stable radical DPPH was performed ac-
cording to the method described by Shimada and co-workers [23]. The metha-
nol extraction of the plant, by using methanol, 0.004% DPPH in methanol and
Trolox solution were carried out. The 0.024 g DPPH was dissolved in 100 ml of
methanol. Then, 150 ml of methanol extracts of different concentrations was
added to 2850 ml 0.004% DPPH in methanol and placed in the dark for one
hour. Total antioxidant was measured by spectrophotometer at 515 nm wave

length.

2.8. Lipid Peroxidation Measurement

The membrane lipid peroxidation was performed by Heath and Packer method
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[24] based on complex formation of malondialdehyde (MDA). Leaf tissue (0.3 g)
was homogenized in 10 ml TCA 0.1% and then centrifuged for 15 min at 10,000
rpm. One ml of the supernatant was added to 4 ml TCA 20% containing TBA
0.5%, then mixed and boiled in water bath at temperature of 95°C. After 30 mi-
nutes the tubes were placed in crushed ice and then centrifuged for ten minutes
at 10,000 rpm. The light absorption at a wavelength of 532 nm was measured.
Absorption conflicting compounds were measured at wavelength of 600 nm and
for absorption correction, were deducted of the absorbance at 532 nm. The
membrane lipid peroxidation was calculated using the equation A = ebc extinc-
tion coefficient vs. TBA-MDA complex 105 x 1/56.

2.9. Statistical Analysis

This experiment was performed in a completely randomized design with 7
treatments (3 levels of zinc and 3 levels of nano zinc oxide) with 3 replicates and
each pot was one replicate. The data were analyzed using ANOVA by SPSS16

software and mean comparison at 5 percent was calculated by Duncan test.

3. Results
3.1. Chlorophyll and Carotenoids

The results showed that the application of zinc changed the total chlorophyll
significantly (Figure 1). Mean comparisons showed the highest chlorophyll was
found at concentration of 4 and 6 gr per thousand zinc (SB and SC) compared to
the control. Nano zinc oxide did not change the chlorophyll, significantly. The

highest total carotenoid was found at concentration of 1 and 4 gr per thousand
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Figure 1. Chlorophyll at various levels of zinc and nano zinc oxide of rosema-
ry leaves. SH (control), SA, SB and SC are concentrations of 2, 4 and 6 g per
thousand zinc, respectively. ND, NE and NF are concentration of 1, 4and 7 g
per thousand nano zinc oxide, respectively. The different letters means statis-
tically significant, at 0.05 by Duncan test.
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nano zinc oxide. The zinc treatments did not increase carotenoid significantly
(Figure 2).

3.2. Membrane Lipid Peroxidation

The results showed that only 4 and 7 gr per thousand nano zinc oxide increased
membrane peroxidation significantly (Figure 3). The highest amount of peroxi-

dation of membrane lipids was found at concentration of 7 gr per thousand nano
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Figure 2. The carotenoids in different levels of zinc and nano zinc oxide of rosemary
leaves. SH (control), SA, SB and SC are concentrations of 2, 4 and 6 g per thousand zing,
respectively. ND, NE and NF are concentrations of 1, 4 and 7 g per thousand nano zinc
oxide, respectively. The different letters means statistically significant, at 0.05 by Duncan
test.
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Figure 3. The membrane lipid peroxidation at different levels of zinc and nano zinc oxide
nanoparticles of rosemary leaves. SH (control), SA, SB and SC are concentrations of 2, 4
and 6 g per thousand zinc, respectively. ND, NE and NF are concentrations of ,4and 7 g
per thousand nano zinc oxide, respectively. The different letters means statistically signif-
icant, at 0.05 by Duncan test.
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zinc oxide (NF), which was significantly different from 4 gr per thousand nano
zinc oxide (NE).

3.3. Leaf Proline Content

The results showed that the 6 gr per thousand zinc sulfate and 4 and 7 gr per
thousand nano zinc oxide increased proline of rosemary leaves (Figure 4). The
highest amount of proline was for 7 grams per thousand nano zinc oxide (NF)
which was significantly different from other concentrations. In addition, proline
of 4 gr in thousand nano zinc oxide treatment was significantly higher than 6 gr

per thousand zinc.

3.4. Soluble Sugar Content

The 6 gr per thousand zinc and 4 and 7 gr per thousand nano zinc oxide in-
creased the soluble sugar content of rosemary significantly (Figure 5). The

highest amount of soluble sugar was for 7 gr per thousand nano zinc oxide (NF).

3.5. Total Phenolic Compounds

The 4 and 6 gr per thousand zinc increased the total phenolic compounds of ro-
semary leaves significantly (Figure 6). Concentrations of 1, 4 and 6 gr per thou-

sand nano-ZnO did not show a significant difference compared to control.

3.6. Total Antioxidant Potential

The 4 and 6 gr per thousand zinc treatments increased the total antioxidant of
rosemary leaves significantly compared to control (Figure 7). The nano zinc

oxide did not show any significant increases in total antioxidant.
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Figure 4. Effect of zinc sulfate and zinc oxide nanoparticles on proline of rosemary
leaves. SH (control), SA, SB and SC are concentrations of 2, 4 and 6 g per thousand zing,
respectively. ND, NE and NF are concentrations of 1, 4 and 7 g per thousand nano zinc
oxide, respectively. The different letters means statistically significant, at 0.05 by Duncan
test.
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Figure 5. Effect of zinc sulfate and zinc oxide nanoparticles on the soluble sugars content
of rosemary leaves. SH (control), SA, SB and SC are concentrations of 2, 4 and 6 g per
thousand zinc, respectively. ND, NE and NF are concentrations of 1, 4 and 7 g per thou-
sand nano zinc oxide, respectively. The different letters means statistically significant, at
0.05 by Duncan test.

0.4 -

b a abc
a
0.35 -+ abc abc
034 ¢ be
(&)
B% 0.25 -
g o
il ]
<
= ‘3, 0.15 -
= £
= 01 -
0.05 -
0 J
SH SA SB SC ND NE NF

Concentration (M)

Figure 6. The total phenolic compounds of rosemary leaves at different concentration of
zinc and nano zinc oxide. SH (control), SA, SB and SC are concentrations of 2, 4 and 6 g
per thousand zinc, respectively. ND, NE and NF are concentrations of 1, 4 and 7 g per
thousand nano zinc oxide, respectively. The different letters means statistically signifi-
cant, at 0.05 by Duncan test.

4. Discussion

4.1. Chlorophyll and Carotenoids

In a study on safflower, spraying of zinc increased chlorophyll, which illustrates
the significant role of zinc in the metabolism of the nitrogen element and chlo-
rophyll production [25]. Zinc by protection of sulfhydryl groups caused synthe-
sized chlorophyll [26]. In the presence of zinc, completion and the formation of
chlorophyll is finally facilitated. Of course, the zinc element in the formation of
chlorophyll is not effective directly, but may be effective on concentration of
food elements involved in the formation of chlorophyll or substances that are

part of the chlorophyll molecule such as iron and magnesium. In fact, zinc is
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Figure 7. The antioxidant potential of rosemary leaves at different concentrations of zinc
sulphate and nano zinc oxide. SH (control), SA, SB and SC are concentrations of 2, 4 and
6 g per thousand zinc sulphate, respectively. ND, NE and NF are concentrations of 1, 4
and 7 g per thousand nano zinc oxide, respectively. The different letters means statistical-
ly significant, at 0.05 by Duncan test.

required for the activity of enzymes that are involved in chlorophyll biosynthesis
[27]. The results of Behtash and colleagues on red beet embryo show that zinc
not only, prevented destruction of chlorophyll by cadmium but had a signifi-
cant effect on chlorophyll index and taking on increased chlorophyll content
compared to the control treatment [28]. Zn is a heavy element and like other
heavy metals, in large quantities, is toxic to many plants, including rosemary,
and degradation of chlorophyll in these circumstances is obvious. It seems that
created toxicity, in addition to preventing the absorption of essential elements in
the biosynthesis of chlorophyll (Mg and Fe), triggered stimulation of the chlo-
rophyllase enzyme and thereby reduced the amount of chlorophyll. Racuciu and
Reanga have shown that nanoparticles in low amount (50-10 ml) increase levels
of chlorophyll a, as main pigments up to 13% [29]. Generally, metallic nanopar-
ticles are strong amplifiers of photosynthetic efficiency and this in parallel
caused the absorption of light by chlorophyll to increase, it also causes the trans-
fer of energy from chlorophyll to the nanoparticles [30] [31] [32]. Due to the de-
cline of chlorophyll in the concentration of 7 grams per thousand nano zinc
oxide compare to 4 grams per thousand nano zinc oxide, it appears that maybe
the reduction in the amount of chlorophyll occurs because of prevention or de-
gradation of the precursors of these pigments. Carotenoids are antioxidant
compounds soluble in plant cells. These compounds through non-enzymatic
route operate to reduce oxidative damage to the plant. Carotenoids are present
in plast of plant tissues and in the environmental stress triggers oxidative stress,
are responsible protecting photosynthetic tissues, especially chlorophyll. It seems
that certain amount of zinc induce oxidative stress and causes synthesis of caro-

tenoids.
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4.2. Lipid Peroxidation

Zinc increases the activity of lipoxygenase enzyme as the most important en-
zyme of lipoxygenase pathway and thus stimulates the process of membrane li-
pid peroxidation [33]. In research on mint plant, increase of membrane lipid
peroxidation rate on the effect of zinc treatment can be proof of the theory that
zinc causes induced oxidative stress in plants [33]. Plasma membrane lipid pe-
roxidation and also organelles membrane such as chloroplast and mitochondria
lead to the formation of malondialdehyde (MDA). Therefore MDA is considered
as a biochemical indicator to determine the membrane damage by free radicals
[34]. In this study, it appears that Zn has phytotoxic effect on membranes of ro-
semary leaf cells. Rosemary at low concentrations of zinc, by induction of syn-
thesis of antioxidant compounds, overcomes on oxygen free radicals caused by

oxidative stress (Figure 3).

4.3. Proline

Proline as the most stable amino acid is common in many plants and naturally
accumulates in large amounts in response to the environmental stresses. In addi-
tion to its role as osmolyte, proline plays a role in the stabilization of mi-
cro-cellular structures such as membranes, proteins and destroys free radicals in
stress situation. In terms of stress, plants may be compatible with the production
of metabolites such as amino acid, antioxidant and hormones to counteract the
effects of stress and continue growing. In fact, proline as a chemical chaperone,
stabilize proteins natural form and inhibits disturbing the folding of enzymes
[35]. In some reports, a correlation is shown between accumulation of proline
and plant resistance to environmental stresses [36]. Research indicates that by
increasing the concentration of zinc shoots, proline increases. In stress condi-
tions, glutamate that is the precursor for the synthesis of chlorophyll and proline
goes into proline production. Four reasons for the increase of proline during
stress have been proposed that include: 1) stimulation of proline synthesis of
glutamate; 2) reduce its exports through the phloem; 3) prevent oxidation dur-
ing stress; 4) destruction and disorder in the process of protein synthesis [37]. A
study about the impact of nano-zinc oxide on Parivash plant showed that by in-
creasing the concentration of nano zinc oxide in nutrient solution, proline in-
creased in the shoots [38]. In our study 6 g per thousand zinc and 4 and 7 g per

thousand nano zinc oxide increased proline significantly.

4.4. Soluble Sugar

The findings of this study suggest increasing the concentration of soluble sugars
in shoots impacts the treatment of zinc and nano zinc oxide. According to the
statement, possibly increasing the concentration of soluble sugars in shoot can
result in increasing transmission of soluble sugar to the root to maintain its vital
functions and cell osmotic adjustment. In support of this analysis, some research-

ers stated that the increase of soluble sugars in stress conditions, in addition to
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maintaining osmotic potential, will be able to maintain carbohydrate stores for
cell basal metabolism at an optimal level [39]. Baba Arab Abedi and colleagues
reported drought stress, spraying of zinc and potassium increased chlorophyll,

proline and soluble sugars on all leaves in stages of growth in safflower [40].

4.5. Phenolic Compounds

The total phenolic compounds in plants have been investigated in numerous
studies. In research nutrition of zinc yielded significant increase in the concen-
tration of phenolic compounds rosemary leaves. Although the specific reason for
this increase has not been mentioned, but the role of zinc in use of carbon to
produce phenolic compounds on the shikimic acid cycle and acetate can be one
of the reasons for this increase [41]. In research on the mint plant, the content of
phenolic compounds in the treated plants compared to control plants increased
with increasing concentrations of Zn. Zinc induces oxidative stress and will lead
to free radical production in the plant, the plant will lead with stress and over-
come on these species, their non-enzymatic antioxidant defense system (vitamin
E, carotenoids and phenolic compounds) will be enabled, phenolic compounds
have important role in this action, and it reduces the amount of damages caused
by it [41]. In this experiment, the concentration of zinc oxide nanoparticles in-
creases the amount of phenolic compounds entire leaf. It seems that zinc oxide
nanoparticles also have the effect of tension on the rosemary and plant defense
system has been activated. Increase in the total phenol may be due to the role of

phenolic antioxidant.

4.6. Antioxidant Potential

In a study with increasing concentration of zinc oxide nano-scale, zinc absorp-
tion was increased considerably. Because of the induced toxicity, plant growth
parameters decreased and oxidative stress is induced in the plants. Plant to fight
free radicals generated, is increased activity of antioxidant enzymes [38]. Results
show that the main reason for the high level of phenolic compounds is antioxi-
dant activity in some extracts, as according to the evidence there is a positive re-
lationship between the amount of phenolic compounds and plants antioxidant
power [42]. Phenolic compounds are efficient as hydrogen donors and act as an
effective antioxidant [43]. With increasing concentrations of phenolic com-
pounds due to the increasing number of hydroxyl groups in the reaction me-
dium, the possibility of donating hydrogen to free radicals, followed by increased
inhibition power of extract exists [44]. According to the above cases and the re-
lationship between phenolic compounds and DPPH free radical scavenging
power, it can be concluded that non-enzymatic antioxidant capacity in plant
tissues has a close relationship with concentration of protective compounds such
as anthocyanin, flavonoids and total phenols. In this experiment, the results of
DPPH free radical scavenging ability corresponded to findings in the characters

of flavonoids and total phenol concentration. So in terms of the use of zinc oxide
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nanoparticles, with a concomitant increase in flavonoids and phenolic com-
pounds, in the whole leaf DPPH radical scavenging capacity was increased sig-
nificantly. In other words nanoparticles of zinc oxide with stimulating plant
immune system increased free radical scavenging capacity and therefore have a
positive impact on rosemary. Some researchers indicated that dietary Zn sup-
plementation in the nanoparticles form improved the growth performance of
juvenile grass carp, Ctenopharyngodon idella as compare to oxide and sulfated
form of Zn [45].

4.7. Conclusion

In conclusion, the use of various combinations of zinc for example zinc sulphate
and or nano-zinc oxide increased antioxidant enzyme activity, with the know-
ledge that the majority of cellular areas have potential of production of reactive
oxygen species caused by stress. The proline, membrane lipid peroxidation, so-
luble sugar and phenolic compounds increased in the treated plants. In this
study, treatments could boost plant immune system, so it can be expected that
the use of these treatments will improve the plant tolerance levels against a va-

riety of stresses.
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