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ABSTRACT

Nanotechnology is the backbone of the modern renaissance in all fields. Agriculture, as one of the most
important of these fields, has received a large share. Agricultural crops can be affected by many abiotic
factors such as temperature, humidity, drought, salinity, and light. Nanoparticles can reduce the negative
efficacy of abiotic factors by making synergistic action to the phytohormones and thus increase the crop
yields. Nanoparticles such as silver nanoparticles, zinc oxide nanoparticles, selenium nanoparticles, and
silicon dioxide can regulate the protective responses of plant by inducing of synergistic action against
different abiotic factors. This study aim to clarify the role of nanoparticle elements in reducing the harmful
effects of abiotic stress.
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INTRODUCTION

Abiotic factors are considered one of the most important agents affecting crop production. Abiotic factors
are defined as natural components that reduce agricultural production. These factors include heat,
humidity, salinity, elevated carbon dioxide levels, and drought etc’. Abiotic factors can reduce crop
production and reduce the quality of crops®. Plant hormones (phytohormones) can reduce their efficacy
by reducing the stress of abiotic factors. So, plant hormones are vital compounds regulating critical
aspects of plant development, environmental stress response and plant growth®.

Nanotechnology can contribute to reducing abiotic factor stress by regulating the phytohormone
signaling®. Nanoparticles can regulate the synergistic or antagonistic action of phytohormones in plants®.
This chapter studied the synergistic action of nanoparticles and plant hormones under different abiotic
factors such as heat, salinity, humidity, etc. Khan et al® found that great interaction between the
nanoparticles and phytohormones. The results found that the silicon nanoparticles (40, 60, and 80 mg/L)
and indole acetic acid hormone improve the plant biomass and plant growth of Oryza sativa’. Zinc oxide
nanoparticles (50 mg/L) and 24-epibrassinolide hormone improve the photosynthetic activity, plant
growth, and antioxidant enzyme activities in Solanum lycopersicum®. Calcium nanoparticles (100 mg/L) and
abscisic acid reduced the negative effects of drought in Brassica napus and induced the chlorophyll
content’. Titanium oxide nanoparticles and nitric oxide increase total soluble proteins and reduced the
drought stress in Triticum aestivum'.
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Synergistic action of nanoparticles under heat stress: Heat stress is defined as an increase of
temperature with up normal limits'". The climatic changes play an important role in heat stress. Heat stress
has a direct effect on photosynthetic processes'. The low temperature also has diverse effects on plants
such as root architecture, photosynthesis, shoots growth etc.”®. Using of nanoparticles can be reduced the
side effects of high temperature.

Effect of selenium nanoparticles on heat stress: Selenium (SN) is a metallic element existed in earth’s
crust at concentrations ranging from 0.1 to 10 ug/g™. This element recommended by World Health
Organization (WHO) by dose 40 ug Se/L in drinking water'. Heat stress effects on the most of critical
operation in plants. It is effects on protein and lipids contents. Heat stress causes many damages to plant
such as necrosis, flower sterility, growth inhibition, and loss of photosynthetic pigments'®. Nanotechnology
can resolve this problem. Some nanoparticle metals can activate the plant hormone and reduce
the harm effects of heat stress. Selenium nanoparticles have protective action against heat stress".
Djanaguiraman et al."®
sorghum plants. Selenium nanoparticles protected the pollen germination and increased the crop yield

by activating the antioxidant defense system in sorghum plants. Gudkov et al.”® found that the use of
1.20

found that the use of selenium nanoparticles reduced the effect of heat stress on

selenium nanoparticles on eggplants increased the heat tolerance. Igbal et al.*” summarize the mechanism
of selenium nanoparticles’ action to reduce the heat stress by increasing heat shock proteins (HSP) in
plants, improvements nutrient uptake and pathways, activation of photosynthesis, and activation of vital
metabolites process. Omar et al*' found that selenium nanoparticles were very effective in heat stress
suppression when used as a foliar application on wheat, Triticum aestivum L. The results showed that
selenium nanoparticles increase plant growth and shoots. So, selenium nanoparticles are not only used
to reduce the heat stress but also used as a fertilizer. The results also showed selenium nanoparticles
decrease the heat stress by increasing the activity of antioxidant enzymes such as superoxide dismutase,
ascorbate peroxidase, and catalase. El-Saadony et al®* found that using selenium nanoparticles
by 100 pg/mL as a foliar application on wheat improves the wheat tolerance against heat stress and plant
growth compared with selenium normal particles. Khan et al.® reported that selenium nanoparticles have
many advantages on plants such as reducing abiotic factors and increasing of crop yield. Seliem et al.*
used selenium nanoparticles with particle sizes ranged between 50 and 100 nm improves the biochemical
and physiological properties of Francofone and Sensuous under heat stress by increasing antioxidant
enzyme activity. Hussein et al.** used selenium nanoparticles as a seed dressing before sowing by dipping
of the plant seeds in selenium nanoparticles solution or used it as a foliar application to improve the stress
tolerance. Selenium nanoparticles also have great role in increasing antioxidant enzymes such as
peroxidase and catalase. Seliem et al.*?
150 and 200 mg nano-Se/L) with the foliar treatment on Chrysanthemum morifolium. The results showed
that selenium nanoparticles increase of the heat tolerance by activation of antioxidant enzymes.

Shalaby et al.”® treated selenium nanoparticles on cucumber plants to reduce the efficacy of heat stress.

used sequence concentration of selenium nanoparticles (50, 100,

Effect of silver nanoparticles on heat stress: Silver nanoparticles are considered one of the most
technologically advanced agents used in the nanotechnology field. Silver nanoparticles used in agriculture,
medical, industrial, etc. The global market of silver nanoparticles is expected to increase from $1.5 billion
in 2020 to $6.6 billion in 2030%. Green silver nanoparticles were prepared by many plants, such as Eugenia
roxburghii®’. Jonapa-Hernandez et al.®® found that silver nanoparticles with a concentration of 250 ppm
have a significant role in increasing gibberellin (very important phytohormone) content in Annona
muricata leaves. Igbal et al.*® used silver nanoparticles on wheat plants. The results showed that silver
nanoparticles are very effective in reducing heat stress by reducing the side effects of hydrogen peroxide
and malondialdehyde concentration. Igbal et al.*® synthesized silver nanoparticles from Moringa oleifera
leaves. Sequence concentrations of silver nanoparticles (25, 50, 75, and 100 mg/L) were used on wheat
leaves to examine the efficacy of heat stress on wheat after silver nanoparticle treatment. The results found
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that using silver nanoparticles on wheat increased plant fresh mass from 1.2% without silver nanoparticles
treatment to 2.0% after silver nanoparticles treatment. The plant dry weight was increased from 0.6 to
0.60%, root length from 2.5 to 5.4%, root number from 1.8 to 5.7%, shoot length from 6.2 to 26.1%, leaf
area from 21.1 to 33.8%, and leaf number from 2 to 4.8%. The results also found that silver nanoparticles
provide complete protection to the wheat plant against heat stress. Pociecha et al*' found that silver
nanoparticles accelerate of wheat flowering, compared with ionized silver. The acceleration of flowering
due to changes in phytohormone balance in wheat plants.

Effect of silicon dioxide nanoparticles on heat stress: Silicon dioxide is a very important material for
reducing the effect of heat stress due to its low toxicity, stability, and biodegradability®. In agriculture,
silicon dioxide is a promising element in sustainable agriculture. The main use of silicon dioxide
nanoparticles is to protect plants against pests and abiotic factors®. Found that using silicon nanoparticles
as a soil treatment improves plant cellular structures caused by heat stress and increases the chlorophyll
contents in plant leaves®. Younis et al.** exposed the seedlings of wheat to high (45°C) and low (4°C)
temperatures to evaluate the efficacy of heat stress on the seedlings of wheat. Silicon dioxide
nanoparticles and silicon dioxide were used as a foliar application on wheat seedlings. The obtained
results showed that both silicon dioxide nanoparticles and silicon dioxide significantly suppressed the heat
stress. With silicon dioxide nanoparticles, photosynthetic capacity was increased in wheat leaves.

Effect of titanium dioxide nanoparticles on heat stress: Titanium dioxide is generally used in
agriculture as a fertilizer. Titanium dioxide nanoparticles are used to increase the growth and crop
production®. Zafar et al*” found that titanium dioxide nanoparticles increase the ability of plant defense
against heat stress. Dinler et al.*®
two cultivars of safflower (Balci and Dinge). Treatment with titanium dioxide nanoparticles significantly
increased fresh weights and plumula dry weight (1.9 times) in both tested cultivars under heat stress
conditions. Titanium dioxide nanoparticles decreased the malondialdehyde contentin both cultivars under
heat stress. The results found that the use of titanium dioxide nanoparticles (200 ppm) improved the
ability of safflower to tolerate the heat stress. Titanium dioxide nanoparticles can repair the cell membrane
and improve some morphological structures under heat stress®. Qi et al.** found that using titanium
dioxide nanoparticles as seed dressing caused an increase in plant photosynthetic capacity, leading to a
decrease in the damage from heat stress. Thakur et al*' studied the efficacy of titanium dioxide
nanoparticles on wheat under high temperature (32°C). The results showed that titanium dioxide
nanoparticles improve the performance of seedling wheat.

studied the efficacy of titanium dioxide nanoparticles on heat stress in

Effect of zinc oxide nanoparticles on heat stress: Zinc oxide is an organic compound used in many
fields such as medicine, industry, agriculture, etc. This compound mostly produced synthetically.
Nanoparticles of zinc oxide (ZnO-NPs) are very important in many fields in agriculture such as pest control
agents and fertilizers. These nanoparticles are also used to reduce the side effects of abiotic stress such
as oxidative stress and heat stress*. Guo et al.*® found that zinc nanoparticles as a foliar application
reduced the harmful action of heat stress on rice fields and increased the yield. The results showed that
this heat tolerance was due to an improvement of nutrient uptake and photosynthesis by 74.4%. The dose
used was 0.67 mg/d per plant for six days. Abdul Kareem et al.** found that the foliar application of zinc
oxide nanoparticles (90 mg/L) to alfalfa seedlings can mitigate the harmful effects of heat stress on plant
cell walls, chloroplasts, and mitochondria by increasing the plant biomass by 45.5%. Abdul Kareem et al.**
used zinc oxide nanoparticles with sequence concentrations (0, 15, 30, 45, and 60 mg/L) on the leaves of
mungbean, Vigna radiata L., under heat stress conditions. The obtained results showed that using zinc
oxide nanoparticles increases the yield of Vigna radiate compared with the control. Azmat et al.*
evaluated the efficacy of zinc oxide nanoparticles on growth parameters in wheat under heat stress. The
recommended field rate was 10 ppm. The results showed that after zinc oxide nanoparticles were treated
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Fig. 1: Efficacy of drought stress on wheat, maize, rice and soybean
Razzaq et al.”'

the susceptibility of the wheat plant was decreased, and the plants were more resistant to heat stress than
the control. This plant resistance is due to zinc oxide nanoparticles increasing photosynthetic pigments,
biomass, soluble sugars, and protein contents. Wang et al.*’ found that using of zinc oxide nanoparticles
improved water relations and increase of free proline in leaves in some crops such as wheat, chickpea,
alfalfa and mungbean under heat stress condition. Kapoor et al*® used green zinc nanoparticles
synthesized from Lantana camara leaf to evaluate them against heat stress in wheat. The obtained results
found that using zinc oxide nanoparticles at 100 ppm increases and improves the total protein content
and growth parameters in wheat under heat stress conditions. The results also showed that zinc oxide
nanoparticles as a foliar application on wheat reduced the side effects of heat stress on chlorophyll
content, cellular membrane stability and water content. Wu and Wang* evaluated the role of zinc oxide
nanoparticles in mitigating of heat stress efficacy in Arabidopsis thaliana seedlings. The results
showed that using 1 ug/mL of zinc oxide nanoparticles elevated the tolerance of A. thaliana under heat

stress.

Synergism action of nanoparticles under drought stress: Drought is considered one of the most
important factors affecting crop productivity. So, drought is defined as a deficiency of precipitation over
an extended period of time (one season or more). Drought stress results from a decrease in water supply
and causes molecular, biochemical, and physiological responses in plants and harmful effects on the
growth and yield of crops®. So, some processes can be done to overcome the side effects of drought.
Many crops were affected by drought stress around the world. According to Razzaq et al.! the average
yield losses of wheat, maize, rice, and soybean by drought stress were 8, 7, 3, and 7%, respectively
(Fig. 1). These losses cost an estimated 9.09, 15.42, 7.66, and 12.24 US$ billion, respectively. On the other
hand, the percentage of land affected by drought stress was 75, 82, 62, and 91%, respectively.

Nanotechnology one of these processes such as using of nanoparticles to overcome the negative effects
of drought.

Effect of selenium nanoparticles on drought stress: A selenium nanoparticle is one of most important
factor used in reducing the harm effects of drought in crop production. Asghari et al.>®
nanoparticles against drought stress on Ocimum basilicum L. Sequence concentrations of selenium
nanoparticles were used (50, 100 mg/L, and control). The obtained results showed that selenium
nanoparticles, especially the lowest concentration (50 mg/L) enhance the drought stress in O. basilicum
and increase the quality and quantity of essential oil. Zeeshan et al.** tested the efficacy of selenium
nanoparticles in reducing the negative effects of drought on soybean. The results showed that selenium

evaluated selenium
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Fig. 2: Efficacy of selenium nanoparticles on tomato growth under drought stress

nanoparticles improve the relative water content in soybean plants. Furthermore, selenium nanoparticles
increase the activity and contents of protective enzymes and osmolytes. Daler et al.** evaluated different
concentrations (0, 1, 10, and 100 ppm) of selenium nanoparticles on drought stress in grapevine rootstock.
The results showed that 10 ppm is the best concentration in reducing of drought stress. This concentration
increase of the leaf numbers shoot fresh and dry weight compared with the other concentrations.
Furthermore, this concentration is improving the stomatal conductance values and relative water content.
On the other hand, the highest concentration (100 ppm) had a toxic effect on the grapevine rootstock.
Nasiri et al.>® compared the efficacy of both selenium and selenium nanoparticles on drought stress. The
results showed that under drought conditions, the chlorophyll content decreased by 40%. After selenium
nanoparticles were used (10 m/L), the total phenolic, pigment content, and total soluble protein were
significantly increased under drought conditions. The obtained results confirmed that the use of selenium
nanoparticlesimproves the physiological, growth, and biochemical characteristics of plants under drought
conditions. Neysanian et al*® tested the efficacy of selenium nanoparticles in reducing of the negative
effects of drought on tomato (Fig. 2).

Foliar application of selenium nanoparticles was used with different concentrations. The results showed
that using of selenium nanoparticles accelerated the flowering stage in tomato, increasing of growth, fruit
quality and increasing of tomato yield under drought condition. These results may be due to the positive
correlation between the use of selenium nanoparticles and the increase of non-protein thiols,
phenylalanine ammonia-lyase, and proline rates. kram et al.*” evaluated the role of selenium nanoparticles
as a foliar application on wheat under drought conditions. Four concentrations were used: 10, 20, 30, and
40 mg/L. Under 35% irrigation field capacity, 30%, the results showed that significant improvement in
plant growth with concentration 30 mg/L. While with 40 mg/L the improving parameter was decreased.
This means that the third concentration (30 mg/L) was very suitable for increasing the drought tolerance
in wheat plants. Sardari et al.*® compared the efficacy of selenium and selenium nanoparticles in reducing
the negative effects of drought on wheat. Two concentrations used from selenium (25 and 50 mg/L) and
one-tenth of this concentration were used as nanoparticles (2 and 10 mg/L). The obtained results showed
that both selenium and selenium nanoparticles were the same in improving of plant growth under
drought conditions. This result may be due to the correlation relationships between selenium and
antioxidant enzyme activities in wheat plants.

Effect of silver nanoparticles on drought stress: Silver nanoparticles have vital role in reducing the
abiotic factors stress. So, it is called eco-friendly nanomaterial. Drought is among these abiotic factors. The
main mechanisms of action by silver nanoparticles to reduce the negative effects of drought are
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accelerating of plant growth and improving of gas exchange rate under drought stress®. Hojjat and
Kamyab® found that silver nanoparticles protect the lentil under drought stress by improving the seedling
growth and plant weight. Sener and Say§1°®' evaluated the efficacy of silver nanoparticles on boysenberry,
Rubus ursinus, under drought stress conditions. In control, drought stress reduces the growth of root and
shoot. Two concentrations of silver nanoparticles were used: 0.1 and 0.2 mg/L. The results showed that
silver nanoparticles significantly increase plant growth under drought stress. This plant growth is due to
silver nanoparticles increasing the activity of catalase and superoxide dismutase and decreasing
malondialdehyde in boysenberry plants under drought stress. The results also showed that 0.1 mg/L is

more effective than 0.2 mg/L. Sarwar et al.®

use of silver nanoparticles (60 ppm) as a protective agent
against drought stress, especially during the tillering phase of wheat, Triticum aestivum. Different water
levels were used (100, 75, 50, and 25% field capacity). The results showed that under 50 and 25% field
capacities treated by silver nanoparticles, the wheat yield was increased by 22 and 17%, respectively. This
means that the silver nanoparticles have an active role in suppressing the drought side effects.
Alabdallah et al.”® synthesized silver nanoparticles from Albizia lebbeck leaf extracts and used them to
reduce the negative effects of drought on eggplant seedlings. After using different concentrations of silver
nanoparticles, the antioxidant enzymes increase and improving the plant growth under drought stress.
The silver nanoparticles have many roles in mitigating drought stress efficacy on plants, such as making

fundamental changes in abscisic acid, gibberellin, and ethylene concentrations in rice plants®.

Effect of silicon dioxide nanoparticles on drought stress: Silicon dioxide nanoparticles are mainly used
against the harmful environmental conditions®. Foliar application of silicon dioxide nanoparticles increases
the crop yield and improves the plant tolerance against abiotic factors. Ebrahimi et al.®® evaluated the
efficacy of silicon dioxide nanoparticles in the tomato field to reduce the harmful effects of drought.
Different irrigation rates were used (100, 85, and 70%) and different concentrations of silicon dioxide
nanoparticles (0, 50 and 100 ppm). The obtained results showed that the highest crop yield was obtained
with 70% irrigation capacity and 50 ppm silicon dioxide nanoparticles. These results confirmed that silicon
dioxide nanoparticles are very effective in reducing the negative effects of drought. Sharf-Eldin et al.”’
used silicon dioxide nanoparticles to overcome drought stress in maize fields. Silicon dioxide nanoparticles
(0.25 mg/L) were used as foliar application under drought stress condition. After application many positive
changes in maize plants were occurred such as increase of chlorophylls content, antioxidant enzymes, leaf
water content and proline content. These results confirmed that silicon dioxide nanoparticles can improve
plant healthy under drought stress. Alabdallah et al.%® used different concentrations of silicon dioxide
nanoparticles (10 and 20 mg/L) under different water capacity (75, 50, and 25%) in barley, Hordeum
vulgare. The results showed that silicon dioxide nanoparticles improve the metabolic activities and some
biochemical processes by mitigating the oxidative stress in barley plants. The growth hormones such as
tZR, tZ, and cZ sharply increased. Verma et al.* used silica nanoparticles as soil and foliage treatments to
regulate both the physiological and biochemical processes in plants and reduce the reactive oxygen
species produced by drought stress. Liu et al.”® evaluated the silicon nanoparticles on Cunninghamia
lanceolata seedlings (some growth parameter) under drought stress. The obtained results showed that
after silicon dioxide nanoparticles treatment increasing of root volume, total root length, the numbers of
root tips, stomatal conductance, photosynthetic contents, antioxidant enzymes and intercellular CO,
concentration. So, the results concluded that silicon dioxide nanoparticles improve plant activities under
drought stress. Sulaiman et al.”" used silicon dioxide nanoparticles (soil and foliage treatments) to improve
the tolerance to drought in rice and wheat. After using of sequence concentrations of silicon dioxide
nanoparticles on both rice and wheat, the results clear that using of silicon dioxide nanoparticles improve
water and nutrient absorption and improve the water balance in rice and wheat plants. On the other hand,
silicon dioxide nanoparticles decrease the water loss in green leaves by enhancing stomatal closure and
also decrease the oxidative stress by increasing of antioxidant enzymes. El-Naggar and Osman’
developed silicon dioxide nanoparticles to reduce the negative effects of drought on Mentha pulegium.
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Three concentrations of silicon dioxide nanoparticles were used; 100, 50 and 25 ppm and another control
(free of silicon dioxide nanoparticles). The results showed that 50 ppm was the best concentration in
reducing of the side effects of drought on M. pulegium. This concentration improves the drought tolerance
by increasing of accumulating some osmolytes and biosynthesis. Raza et al.” found that silicon oxide
nanoparticles increase the crop production of wheat under drought stress by increase of grains per spike,
the spike length and plant height compared with the untreated plants. Furthermore, silicon oxide
nanoparticles enhance of the leaf gas and chlorophyll content by decreasing of oxidative stress.
Abdo et al.”* used green silicon dioxide and silicon dioxide nanoparticles extracted from rice husk to
reduce the negative effects of drought in wheat fields. Different water capacities; 40, 60 and 100% and
two concentrations (100 and 200 mg/L) were used. The results clears that the silicon dioxide whether
normal or nanoparticles improve the physiological characterizations of wheat plant such as the plant
growth, photosynthetic pigments, leaves area and root length. The silicon nanoparticles not only improve
the tolerant of drought but also very safety on nontarget organisms. Zadegan et al.” found that using
silicon nanoparticles as a foliar application on cowpea, Vigna unguiculata can mitigate the negative
efficacy of drought. Chen et al.’® evaluated the efficacy of silicon dioxide nanoparticles on reducing the
harmful acts of drought on Ehretia macrophylla. The obtained results showed that using of silicon
nanoparticles concentration; 100 mg/L reduced the hydrogen peroxide content and increase of the
antioxidant enzymes activity, under drought stress. The silicon dioxide nanoparticles increase the
metabolism of a-linolenic acid and fatty acid that may be play vital role in increasing of drought tolerance.

Effect of titanium dioxide nanoparticles on drought stress: Titanium dioxide nanoparticles have a vital
role in mitigating of harm effects of drought. These efficacies depend on two factors; the method of
treatment and the concentration. Javan et al.”’ evaluated the role of titanium dioxide nanoparticles in
reducing of the drought stress on strawberry, Fragariaxananassa. Different water capacities (sustained
deficit irrigation (SDI), partial root zone drying (PRD), full irrigation (Fl), and concentrations (0, 10, 20, and
30 mg/L) were used. Using of foliar application of titanium dioxide nanoparticles under partial root zone
drying increased the carbohydrate content in strawberry fruits and fruits color. The results showed also
using of titanium dioxide nanoparticles enhanced of the productivity of plants under drought stress. This
study recommended that use of titanium dioxide nanoparticles enhanced many physicochemical
parameters in strawberry under drought stress. Cevik’ used titanium dioxide nanoparticles (100 ppm) on
tomatoes plants under drought stress. The results showed that titanium dioxide nanoparticles increase
the value of photosynthesis-related proteins. The final results found that titanium dioxide nanoparticles

elevated the tolerance of drought in tomatoes plants. Mustafa et al.”

evaluated the efficacy of titanium
dioxide nanoparticles on wheat under drought stress. After using of titanium dioxide nanoparticles
(40 ppm) the wheat plants sharply grow. The shoot length, root length, dry weight and fresh weight were
increased by 53, 33, 44 and 48%, respectively, compared with control. The results also, showed that using
of titanium dioxide nanoparticles improve the nutrients uptake. Moreover, drought can cause many
damages to medicinal plants. Razavizadeh et al®* found that drought causes reduce of many vital
processes in Melissa officinalis such as reduce of protein synthesis, photosynthesis and nutrient uptake.
Using two concentrations of titanium dioxide nanoparticles may help in reducing of the negative effects
of drought stress. The results found that titanium dioxide nanoparticles increased essential oil content in
M. officinalis such as alpha-pinene, y-3-carene, citral, limonene and myrcene. Moreover, using titanium
dioxide nanoparticles increased the tolerance of drought in M. officinalis due to increasing of antioxidant
systems and photosynthetic pigments. Kamalizadeh et al.*' found that using titanium dioxide nanoparticles
with 30 ppm on the Moldavian dragonhead plant, Dracocephalum moldavica under drought stress reduce
the negative effects of drought. Titanium dioxide nanoparticles not only reduce the harmful effect of
drought but also increased the essential oil content, chlorogenic acid and rosmarinic acid in D. moldavica.
These results clear that the use of titanium dioxide nanoparticles can be used a new strategy to overcome
drought stress. The main mechanism for titanium dioxide nanoparticles to reduce the side effects of
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drought is improving nutrient absorption in plants®. Improving nutrient uptake and absorption increase
the plant growth and plant tolerance to drought. The titanium dioxide nanoparticles increase the
antioxidant enzymes content which increases the plant tolerance against drought stress.

Effect of zinc oxide nanoparticles on drought stress: Zinc oxide plant an important role as a fertilizer
to many crops. Zinc oxide reduces drought stress in many crops by increasing of reactive oxygen
scavenging substances and photosynthesis pigment®’. The physiological and biochemical performance
were improved in wheat, T. aestivum after using of zinc oxide nanoparticles under drought stress. These
results may be due to zinc oxide nanoparticles prevent chlorophyll degradation resulted from drought
stress. Zinc oxide nanoparticles activated the antioxidant enzymes®. Rukhsar-Ul-Hagq et al.* used different
applications of zinc oxide nanoparticles (water only, without any treatments, 50, 100 and 150 ppm) as
foliar application on wheat under different drought levels. The results showed that 100 and 150 ppm were
significantly reduced the harmful effects of drought stress by increasing the chlorophyll contents in plants.
Karimian and Samiei® compared between the efficacy of zinc oxide nanoparticle and zinc sulfate in
reducing the negative impacts of drought stress in Dracocephalum kotschyi. The results showed that both
zinc oxide nanoparticle and zinc sulfate significantly improving the physiological and biochemical
processes in D. kotschyi such as sugar and proline content under drought condition. The results showed
also zinc oxide nanoparticle was more effective on drought than zinc sulfate. On the other hand,
Shirvani-Naghani et al.®” used different concentrations of zinc oxide nanoparticles (200 mg/L) as a foliar
application on soybean, Glycine max. Zinc oxide nanoparticles greatly enhanced the drought tolerance
and increased the yield in soybean by increasing of proline contents and antioxidant activities. The crop
yield was increase to 79.4% compared with untreated crop. Ajmal et al® evaluated the zinc oxide
nanoparticles in reducing of drought stress on Vigna radiate. The results demonstrated that zinc oxide
nanoparticles (200 pg/ml) was very effective in reducing the negative effect of drought on V. radiate by
increasing of proteins, soluble sugars, and proline. Zinc oxide nanoparticles have a great role in increasing
of total protein, soluble sugars, carotenoid contents, chlorophyll, antioxidant enzymes activities and
proline accumulation in wheat crop under drought stress®. The results also showed that zinc oxide
nanoparticles (1 g/L) induced the expression of the genes that regulate catalase activity, proline
biosynthesis and dehydration-responsive genes which are known as drought-tolerance parameters. Due
to these advantages, zinc oxide nanoparticles increase the yield of grain in wheat crops. Zinc oxide
nanoparticles inhibit the degradation of chlorophyll in Maringa peregrine leaves which results by drought
[*" found that zinc oxide nanoparticles play a great role in controlling the closing and
opening of stomata pores and also controlling stomatal conductance, the process of photosynthesis and
% used zinc oxide nanoparticles to mitigate the side effects of drought stress

stress®. Pooja et a

transpiration. Sedghi et a
in soybean crop.

Effect of copper nanoparticles on drought stress: Copper has many advantages as a fertilizer. So, using
nanoparticles of copper can increase the surface area of this material and become very effective in
mitigating of drought. There are many compounds of copper such as Copper Oxide (CuO),
Copper Sulfate (CuSO,) and Copper Sulfide (CuS). Zhou et al.* used different compounds of Copper
Oxide (CuO), Copper Sulfate (CuSO,) and Copper Sulfide (CuS) nanoparticles on soybean crop, Glycine
max as a foliar treatment (10 mg/L) for 1 week with 1 day interval under drought stress condition. The
results cleared that copper sulfide was the most effective nanoparticles among all tested nanoparticles.
Raza et al** used different concentrations (300 mg/L, T2: 700 mg/L, and T3: 950 mg/L) of copper
nanoparticles on wheat crop to overcome the negative impacts of drought stress. The obtained results
showed that copper nanoparticles improved all physiological traits in wheat crop such as increase
of plant growth, plant height, spike length, leaf chlorophyll content and grain yield. Liu et al.*® evaluated
that copper nanoparticles (CuNPs) against drought stress in strawberry. Many parameters were evaluated

such as plant growth, yield production and fruits quality. The results found that using copper nanoparticles
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improved fruit quality and quantity compared with untreated under drought stress. The tolerance of
drought was increased after using foliar application of copper nanoparticles. This increase may be due to
the activity of copper nanoparticles in drought stress suppression by increasing activities of antioxidant
enzymes catalase. Singh et al.*® used copper oxide nanoparticles (300 ppm) as seed dressing with pearl
millet seeds to reduce the negative effect of drought stress. The results found that copper oxide
nanoparticles greatly improved the plant morphology and chlorophyll content. The production was
increased after copper oxide nanoparticles used on pearl millet.

Effect of iron dioxide nanoparticles on drought stress: Generally, iron is a very important micronutrient
for plants and some crops are susceptible to iron deficiency, such as rice. The availability of this element
is very low for plants due to the alkaline nature of soil. So, using nanoparticles of iron oxide may reduce
the iron toxicity in plants and improve the plant uptake of iron. Ramkumar et al.*’ synthized iron oxide
nanoparticles from the green leaves of Trigonella foenumgraecum by using 5 g dried leaves powder mixed
with 100 mL distilled water. This mixture was boiled at 60°C. After that the obtained mixture was filtered
and stored at 4°C. About 10 mL of filtered mixture added to 1.5 mL of 0.1 M ferric chloride solution and
stirred for 5 hrs. After 24 hrs of storage, the color of obtained solution was converted from transparent
yellow to intense black color. This means that iron oxide was obtained. The solution centrifuged
at 5000 rpm for 20 min. the obtained iron oxide nanoparticles can be used. Sreelakshmi et al.*® used green
iron oxide synthesized from a marine algae Chaetomorpha antennina to evaluate it against drought stress.
To types of iron nanoparticles were obtained, bare iron nanoparticles and citrate coated iron
nanoparticles. The two types were used on Setaria italica plants to overcome the drought stress. The
results showed that the iron oxide nanoparticles act as nano-nutrient for the plant and also mitigate the
harmful effects of drought stress. This means that iron nanoparticles have positive effects on mitigating
drought stress. Bidabadi et al® used iron oxide nanoparticles on seedless grape, Vitis vinifera to
overcome drought stress. After 30 days of iron oxide nanoparticles (10 uM) application, physiological and
biochemical parameters in leaves were determined. The results showed that increasing of chlorophyll
content under drought stress. Iron oxide nanoparticles reduce malondialdehyde and hydrogen peroxide
that responsible of the oxidative stress and increase of antioxidant enzymes. It was known that drought
has many negative effects of crops such as reducing of chlorophyll content of leaves, fresh petiole weight
and oil content in soybean seeds. Dola et al.'” used different concentrations (0, 100, and 200 ppm) of Iron
Oxide Nanoparticles (Fe;0,) as a foliar application on soybean under drought stress condition. The results
found that iron oxide nanoparticles increase the soybean seeds yield by 40.12% compared with the
untreated plants under drought stress. The oil content of soybean seeds also was increase by 10.14%
compared with the untreated plants. This means that iron oxide nanoparticles very effective in reducing
of the negative impacts of drought stress. Hematite ((aFe,0;) nanoparticles were synthized from
Aspalathus linearis to use it on Sorghum bicolor under drought stress'”". Sorghum seeds were treated with
different concentrations (5, 10, and 15 mg/L) of hematite nanoparticles. After fourteen days of treatment
the plant growth were improved and increased. The chlorophyll content and plant height were increased
to 104 and 70%, respectively, compared with control (untreated). Singh et al.’® synthized green iron oxide
nanoparticles from Prosopis cineraria and evaluate it on wheat to overcome drought stress. Five
concentrations were used 100, 75, 50, 25 and 12.5 ppm with three treatments. These treatments occurred
during two stages, seedling development stage and tillering stage. All treatment was tested under drought
stress. The obtained results found that the highest concentration of iron oxide nanoparticles (100 ppm)
greatly induced the wheat growth parameters compared with untreated. Rezayian et al.'® tested different
concentrations of iron oxide nanoparticles on canola plants under drought stress. The results showed that
iron oxide nanoparticles able to control of osmotic potential by enhanced of sugar content, proline and
protein. The iron oxide nanoparticles not also activated the physiological process in canola plants but also
activated the system defense of treated plants. Iron oxide nanoparticles were used with maize plants under
drought stress. Aliyeva et al.’® used iron oxide nanoparticles as seed dressing to maize seed. After 15 days
of treatment, the plant growth parameters were increased compared with untreated.
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Synergism action of nanoparticles under salinity stress: Salinity means the total salt concentration and
is expressed as parts per thousand (ppt). Salinity stress can reduce crop production by 50%'®. Sodium,
magnesium, calcium chlorides and sulphates are commonly associated with the development of soil
salinity'®. Seed germination is affected by the salinity soil. This is due to of salinity decreased gibberellic
acid levels and water absorption in seeds, and at the same time, increasing abscisic acid levels'”. About
20% of cultivated land around the world is afflicted by salinity stress, which is increasing year by year'®.
So, salinity must be reduced in the soil or water to increase the crop production. Nanotechnology may

play an important role in this problem.

Effect of selenium nanoparticles on salinity stress: Selenium nanoparticles were used as a vital factor
in reducing the negative effects of salinity in Coriandrum sativum'®. Two levels of water salinity were used;
3.12 and 6.25 dS/m and another were irrigated by tap water as a control. The results found that selenium
nanoparticles at 50 ppm (foliar application) decreased the negative effects of water salinity in C. sativum
plants. Badawy et al.""° evaluate the efficacy of selenium nanoparticles on reducing of salinity hazard in
two varieties of rice (salt-sensitive variety Giza 177 and salt- tolerant variety Giza 178) cultivated in saline
soil. The results found that using selenium nanoparticles improves salinity stress tolerance in Giza 177 by
increasing its ion selectivity and increasing the crop yield. Kiumarzi et al.'"" estimated the ability of
selenium nanoparticles (foliar application) on reducing the harmful effects of salinity stress in pineapple
mint, Mentha suaveolens. Different selenium nanoparticle concentrations (10 and 20 mg/L) were used in
different levels of salinity (30, 60 and 90 mM NaCl). The obtained results showed that selenium
nanoparticles especially 20 mg/L improve the essential oil content in pineapple mint under salinity stress.
The physiological characterizations of treated plants were improved compared with untreated plants. On
the other hand, using selenium nanoparticles increases the organic acids and sugars contents in
strawberry fruits''. El-Badri et al."” found that selenium nanoparticles have a positive effects on mitigating
salinity stress in rapeseed by increasing antioxidant enzyme activity, germination percentage and seed
microstructure. Nagdalian et al.'"* used selenium nanoparticles as a seed dressing on barley seeds,
Hordéum vulgdre to mitigate the salinity stress damages. After application morphofunctional parameters
were observed. Using selenium nanoparticles on barley seeds improves the morphological parameters
such as the root length and plant height. The crop production was significantly increased compared with
the control. Zafar et al.'"® evaluated selenium nanoparticles on wheat under salinity stress. Green selenium
nanoparticles were prepared by using lemon leaves extract. The results found that using 1% selenium
nanoparticles significantly increased the tolerance of salinity in wheat plants. Some morphological
parameters were improved compared with the control such as chlorophyll content, biomass per plant and
grain yield. Rady et al.'"® evaluated the efficacy of selenium nanoparticles on salinity stress levels in
common bean, Phaseolus vulgaris. Different salinity (7.55-7.61 dS/m) was used with different
concentrations (0.5, 1.0, or 1.5 mM) of selenium nanoparticles. After 20, 30, and 40 days from seedling
three foliar applications were done. The results showed that 1.0 mM was the most effective concentration
in reducing the salinity effects on the tested plants and salinity was mitigated significantly.

Effect of silver nanoparticles on salinity stress: Silver nanoparticles play a vital role in mitigating the
harmful effects of salinity on some crops. Nejatzadeh'"” evaluated the efficacy of silver nanoparticles in
mitigating salinity stress on Satureja hortensis. Three concentrations of silver nanoparticles were used; 40,
60 and 80 ppm with four different salinity levels; 30, 60, 90, and 120 mM/L. The results showed that silver
nanoparticles increase the salinity tolerance in S. hortensis. Wahid et al.""® used silver nanoparticles as a
foliar application on wheat, T. aestivum. After application the silver nanoparticles reduce the negative
effects of salinity on wheat. The silver nanoparticles improve the plant health by increasing the chlorophyll
content in leaves. Bsoul et al.'"® tested the silver nanoparticles on spinach, Spinacia oleracea to reduce the
side effects of salinity. Some physiological parameters were observed after treatment. The results showed
that using 20 ppm of silver nanoparticles improve the plant health under salinity stress. Pirzada et al."*°
found that green silver nanoparticles were very effective in reducing the negative effects of salinity stress
on wheat. The chlorophyll content was increased after using of green silver nanoparticles under salinity
stress.
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Effect of silicon dioxide nanoparticles on salinity stress: Silicon dioxide nanoparticles have a great role
in mitigating salinity in water or soil. Silicon dioxide is used mainly as a fertilizer in agriculture.
Siddiqui et al.'*' evaluate silicon dioxide nanoparticles to reduce the negative effects of salinity in
Cucurbita pepo. The C. pepo seeds treated with sodium chloride and physiological parameters were
observed. The plantlength, germination percentage, number of shoots and roots were affected by salinity
stress. After treating silicon dioxide nanoparticles the plant health was greatly improved. The results
showed that the mechanism of silicon dioxide nanoparticles mitigates the salinity stress by increasing of
antioxidant enzymes content and chlorophyll content in treated plants. Avestan et al.'® used silicon
dioxide nanoparticles as a foliar application on strawberry plants to overcome the salinity stress. The
results found that silicon dioxide nanoparticles increase the salinity tolerance by changing the thickness
of the epicuticular wax layer. So, silicon dioxide nanoparticles reduce the adverse effects of salinity stress.
Gerbera plants were also treated by different concentrations of silicon dioxide nanoparticles (0, 25 and
50 mg/L) in different salt concentrations (0, 5, 10, 20 and 30 mM). After plants application, biochemical
and physiological traits were improved in gerbera plants such as an increase of stem thickness. Also, the
antioxidant enzyme activities were increased to 3.4-fold compared with untreated plants and 6-fold for
guaiacol peroxidase'®.

Effect of titanium dioxide nanoparticles on salinity stress: It is known that salinity has adverse effects
on crop production. So, it's badly needed to reduce or mitigate this phenomenon. Nanotechnology has
a long hand in reducing the negative effects of salinity stress by using nanoparticle metals such as
titanium dioxide. Badshah et al." used green titanium dioxide nanoparticles (TiO, NPs) to overcome the
salinity stress on the wheat crop. Four concentrations of titanium dioxide nanoparticles were used; 5, 50,
75, and 100 pg/mL and with three levels of alt solutions; 0, 100, and 150 mM. The results showed that
50 pug/mL was the best concentrations in mitigating salinity stress. On the other hand, Shah et al.'® found
that 60 ppm of titanium dioxide nanoparticles was very effective in reducing the salinity injury in maize.
Khalid et al."®® used two concentrations of titanium dioxide nanoparticles (200 and 400 ppm) on eggplant,
Solanum melongena under moderate (75 mM) and high levels (150 mM) of salinity. The results showed
that 200 ppm was the best concentration to reduce the injury effects of salinity stress on
eggplant. Gohari et al."*’ found that using 100 mg/L of titanium dioxide nanoparticles sharply decreased
the negative effects of salinity stress on Moldavian balm. Salinity stress was also tested against faba bean
1?8 Two concentrations used; 5 and 10 ppm in two different salinity levels (40 and 80 mM NaCl). The
obtained results showed that both used concentrations greatly decreased the adverse effects of salinity

plants
stress on faba beans.

Effect of zinc oxide nanoparticles on salinity stress: Salt stress is a principal abiotic stress that
challenges global food security by adversely impacting agriculture and food production. Recently, zinc
oxide nanoparticles have been considered one of the most effective agents in reducing the salinity stress
in many cultivated lands. There is a great relationship between zinc oxide nanoparticles and DNA
polymerase'”
effects of salinity stress. Singh et a
of rice to mitigate the harmful effects of salinity. After application of zinc oxide nanoparticles, the

. Using zinc oxide nanoparticles in the early stages of crop growth can decrease the negative

1"*° used zinc oxide nanoparticles as a foliar application on two varieties

antioxidant enzymes were greatly increased in rice plants and the salinity stress decreased. These results
also showed that with many crops such as Hordeum vulgare and Vicia faba L."*". Seleiman et al."** found
that zinc oxide nanoparticles have many advantages against salinity stress. The main mechanism of zinc
oxide nanoparticles to reduce the salinity stress is the increase of physiological and metabolic activity in
plants. Zinc oxide nanoparticles can increase the resistance of tomatoes against salinity stress'®. The
results showed that using of 150 150 mg/L of silicon nanoparticles on tomato leaves increases the
chlorophyll content in plant leaves and reduces the side effects of salinity. This reduction of salinity may
be due to an increase of mineral absorption.
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Effect of copper nanoparticles on salinity stress: Copper is one of eight essential elements that
contribute to the synthesis of metalloproteins. So, copper can be considered an enzyme regulator in
plants. Shafiq et al.** used copper nanoparticles as a foliar application on maize to reduce the adverse
effects of salinity stress. The obtained results showed that copper nanoparticles were very effective in
mitigating the salinity stress in maize fields. The same results were also found with fenugreek, Trigonella
foenum-graecum L. by Fouda et al.™.

CONCLUSION

Nanotechnology plays a vital role in overcoming abiotic factors by synthesizing some vital elements in the
form of nanoparticles. These elements include titanium oxide, zinc dioxide, selenium, silver, silicon dioxide,
copper oxide and iron oxide. All these nanoparticles contributed to reducing the negative effects of some
abiotic factors such as heat, drought, and salinity by affecting the physiological, metabolic, and
morphological activity in treated crops, such as an increase of the antioxidant enzymes and chlorophyll
content in plant leaves. These nanoparticles are not only used as abiotic inhibitors but also act as
fertilizers. The crop production was increased by using these nanoparticles. The plant phytohormone was
also activated by using the tested nanoparticles. The obtained results found that nanoparticles greatly
decreased the adverse effects of abiotic factors.

SIGNIFICANCE STATEMENT

This study highlights the potential of nanoparticles elements to enhance the crop yield under abiotic stress
such as heat, salinity and drought. The results also include the role of some nanoparticles elements such
as selenium, silver, zinc and iron in improving the tolerance and resistant to the abiotic factors and
increasing the yield production.
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