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Role of Zn nanoparticles for the management of abiotic stresses
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Abstract

The role of zinc oxide nanoparticles (ZnO NPs) in plants and agriculture attracted huge interests during the last few years.
A whole range of positive of NPs has been demonstrated and these exquisite material can be serve as alternatives to many
fertilizers, micronutrients, fungicides or antimicrobial chemicals. The ameliorative roles against abiotic stress (drought,
salinity and high temperature) in various crops are particularly significant. However, high concentrations of ZnO NPs have
been observed to produce a range of toxicity including growth/yield inhibition, physiological aberrations, cytotoxicity,
genotoxicity and oxidative stress. The positive or negative effects depend on the type, dose of nanomaterials, methods of
treatments, developmental stage, and genotype of the species or environmental conditions. Until a fuller understating of
various modes of interactions between ZnO NPs and plant genome or epigenome develops, it is difficult to use these new
resources for the optimal benefit, substituting conventional agents of growth promotion or protection. This requires
development of appropriate methods to identify plant conditions and optimize the nanomaterial treatment.
Keywords: Zinc oxide nanoparticles, beneficial effects, Abiotic stresses
Introduction
Zinc (Zn) is a crucial micronutrient that is required for the appropriate growth and development of plants. Zn not only
participates in protein synthesis and metabolism of biomolecules, but it also encourages protection against environmental
stresses. Zn acts as cofactor of above 300 proteins, among which majority are DNA and RNA polymerases and zinc fnger
proteins. It is the only metal present which regulates the activity of all six enzyme classes (oxidoreductase, transferase,
hydrolases, lyases, isomerases and ligases) (Lacerda et al. 2018). Zn also contributes to cell division, synthesis of
tryptophan/ auxin, maintenance of membrane structure and chloroplast function (Lacerda et al. 2018). Moreover, Zn also
causes regulation of alteration in gene expression during biotic and abiotic stresses. The defciency of Zn causes reddishbrown patches on the lamina of subterminal leaf, inward curling of leaf, interveinal chlorosis, reduced leaf size, stunted
growth, necrosis in root apex, decrease in crop yield and quality. Thus, a suffcient quantity of Zn is necessary for plant
growth, development and crop yield. Application of nanoparticles has gained the momentum as a promising approach for
sustainable agriculture to maintain the adequate amount of available form of micronutrients. Use of nanoparticles in the
feld of agriculture is one of the greatest boons of the twenty-frst century. This technology has impacted in every arena of
science and technology including agriculture. The application of nanoparticles (NPs) reveals potential advantages for crop
improvement, crop protection against abiotic and biotic stresses, and post-harvest management (Usman et al. 2020).
Nanoparticles exhibit advantages in terms of their unique properties such as extreme ultra-fne size (1–100 nm) and
physiochemical characteristics, in comparison of bulk forms of the same elements (Faizan et al. 2020). Nanoparticles have
the potential to overcome the harmful effects of insecticides, pesticides and fertilizers and introduce plant’s natural source
of nutrition. Nanoparticles help in maintenance of plant’s nutrition, disease management and soil remediation. Among the
metallic nanoparticles, zinc oxide (ZnO) has received focused attention since they are stable and possess good conductivity
and catalytic properties. Additionally, they harbour antimicrobial properties. These features of ZnO NPs are good enough
to select it as an entity useful for scientifc and industrial applications. Development of engineered nanoparticles based on
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metals: silver (Ag), iron (Fe), zinc (Zn), copper (Cu) or metal oxides such as titanium dioxide (TiO2) and zinc oxide (ZnO)
has created a pathway for their potential application as nanofertilizers. ZnO plays effective role in physiological and
anatomical responses in plants and utilization of zinc oxide particles (ZnO NPs) in agriculture has been accelerated and
gained importance (Agarwal et al. 2017). Zinc in the form of capsules of size 1–100 nm can be utilized as a Zinc
nanoparticle (Zn NPs). ZnO NPs are safer and relatively less toxic than its other forms such as ZnSO4 NPs (Du et al.
2019). ZnO NPs are distinctive due to their greatly ionic nature, elevated surface areas and extraordinary crystal structures.
It is a durable moiety with greater selectivity and heat resistance. Moreover, Zn is also important for human health and
ZnO NPs are compatible to human cells. Further, ZnO NPs have been shown to enhance nutrient uptake, seed germination,
growth of plants and crop yield. Additionally, Zn NPs have been associated with abiotic stress tolerance in plants such as
temperature stress, drought, heavy metal stress and salinity by increasing the concentration of antioxidant enzymes and
metabolites (Taran et al. 2017b). Furthermore, Zn nanomaterials strengthen plant defence against pests and pathogens and
can be applied as bacteriostatic agents for managing the infection caused due to pathogens. Their roles in improving
germination in seed, seedling vigour, radicle and plumule length were recently reported (Singh et al. 2016). These NPs are
especially effective in cases where pathogenic microbes have gained multidrug resistance. Many investigators have verifed
their antibacterial and antifungal properties (SoriaCastro et al. 2019). Zn compounds/Zinc nanopowders are well used as
fungicides and pesticides. Therefore, in this chapter, we have scrutinized various roles of ZnO NPs as growth boosters and
stress relieving agent for plants. We have also discussed the importance of ZnO NPs in agriculture due to its ameliorative
effects on biotic and abiotic stresses.
Zinc Oxide Nanoparticles
I. Intake and transport of Zn NPs in Plants
Plants uptake available micronutrients by roots from the soil. Zn, one of the essential micronutrients, is uptaken in the for m
of Zn2+ or in complex with chelates. It is translocated to the shoot through xylem via transporters such as members of ZIP
(ZRT IRT-like proteins), NRAMP (Natural resistance-associated macrophage protein), YSL (Yellow stripe like), PCR
(Plant cadmium resistance), MTP (Metal tolerance protein) and HMP (Heavy Metal ATPases) families (Yoneyama et al.
2015). Further, Zn2+ reaches to assimilatory organs through symplastic movement via phloem (Lin and Xing 2008). Plants
can also take Zn2+ from leaf surface, if Zn compounds / ZnO NPs are sprayed on it (Du et al. 2019). However the
mechanism of Zn transport through leaf is not completely understood. ZnO NPs uptake and transport is well studied in
tomato, barley, ryegrass, rice and common bean (da Cruz et al. 2019).
Root-to-shoot translocation occurs because of decreasing concentration gradient of Zn concentration. Most likely, there are
two mechanisms of Zn transport from root to shoot: radial Zn movement and axial xylem transport. Axial transport system
carries the ions from the lower region of the stem to upper region, via xylem. The Zn content and velocity decreases while
getting transported away from root. Simultaneous radial movement delivers the Zn from xylem towards cortical cells.
Cortex tissue stores transported Zn for nutrition pathway and for defence purpose strategy, when Zn is not able to reach
leaves via axial mode of transport (da Cruz et al. 2019). During transport of Zn into the petiole and leafet, Zn concentration
gradient is created and it decreases from petiole to the tip of leaf. In leaves Zn is mainly present in two forms: Zn
phosphate and Zn-histidine complex and Zn-malate.
Abiotic stresses
Impact of ZnO NPs
Abiotic stresses are major constraints for normal growth and development of plants. Drought, salinity, heat, ultraviolet
radiation, chilling and metal toxicity are common abiotic stresses which are experienced by plants. ZnO NPs contribute
towards alleviation of abiotic stresses by stimulating antioxidant activity, increasing osmolytes build up, stress-related
unbounded amino acids and nutrients.
Heavy Metal Stress
Plants are continuously exposed to heavy metals due to soil pollution, which hinders plants growth and development.
When high concentrations of heavy metals [such as Arsenic (As), Lead (Pb) and cadmium (Cd)] are present in soil, they
cannot be metabolized by plants and cause toxicity. Among all the heavy metal toxicity, Cd and As toxicity are more
prevalent. ZnO NPs are suitable to alleviate Cd toxicity and enhancing growth, photosynthesis rate, chlorophyll a and b
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contents, antioxidant enzymes and protein content in Lycopersicon esculentum (Faizan et al. 2020).
Heat Stress
Heat stress is faced by plants when there is a rise in temperature beyond optimum temperature for a particular period of
time or prolonged exposure of high intensity light which causes irreversible damage. Excess of heat or temperature results
in loss of the reactive oxygen species scavenging system. The response to tolerate heat stress due to ZnO NPs
supplementation has been studied in few plants. ZnO NPs at a low concentration enhanced the plant genomic instability
and triggered epigenetic changes to cope with heat stress (Wu and Wang 2020). ZnO NPs increased the life span of wheat
during heat stress increasing the total yield (10 ppm ZnO NPs). The enhancement was associated with increased
antioxidant enzyme activities (catalase, superoxide dismutase, Glutathione S transferase, and peroxidase) and decreased
lipid peroxidation product: malondialdehyde (Hassan et al. 2018).
Heavy metal stress
Nano biotechnology growing as a technology that could make the environment cleans. Nanoparticles, often regarded as
particles having a significant amount of surface area with unique physical and chemical properties and having applications
in reducing the negative effects of heavy metals on the natural wealth. Some workers have exploited nanotechnology to
explore plant phytotoxicity caused by heavy metals in various environments. Although nanoparticles are cost-effective in
reducing heavy metal toxicity in plants, mitigation of heavy metal-induced root growth inhibition and oxidative stress in
the plant has been barely studied (lin et al., 2012).

Drought Stress
Drought stress is caused due to the lack of rainfall and reduced replenishment of underground water that subjects crop
plants to a limited supply of water. The main cause of this stress is anthropogenic activities such as excessive use of
underground water, deforestation and many more. It is known that drought stress affects the subcellular organelle structure
due to lipid peroxidation (Hu et al. 2018). It affects directly to the ultrastructure of chloroplast by damaging its internal
component and results in a decrease in the starch granules accumulation. Drought stress has been demonstrated to decrease
the nutrition and productivity of important crop plants such as wheat and soybean. Supplementation of crops with Zn ions
enhances the productivity of the crops ( Dimkpa et al. 2017). Application of ZnO NPs on drought stressed maize plants
improved photosynthetic rate, stomatal movement and enhances the effciency of water use. This occurred because of the
enhanced activity of enzymes: UDP-Glucose phosphorylase, phosphoglucoisomerase and cytoplasmic invertase. Indirectly,
ZnO NPs induce regulation of important enzymes for carbohydrate metabolism to withstand the drought stress (Sun et al.
2020).
Beneficial effects
Zn NPs supplementations promote seed germination, plant growth, development and improve crop yield and quality
(Kolenčík et al. 2019). Besides this, it is a source of micro-nutrition to the plants. When seeds of wheat were primed with
ZnO NPs, the germinated plants showed increased plant growth, photosynthesis and biomass (Munir et al. 2018). Pretreatment of seedlings with low and mild concentration of ZnO NPs (0–300 mg/L) revamps germination and seedling
development (García-López et al. 2018). Recently, the positive effects of ZnO NPs were also observed on plant growth and
performance in fabaceous, cucurbits and solanaceous plants (Dimkpa et al. 2017; Faizan et al. 2018; Sharifan et al. 2019).
Spraying of ZnO NPs upgraded fruit harvest in pomegranate (Davarpanah et al. 2016) and mango trees (Zakzouk and
Ibrahim 2017). ZnO NPs also improved the quality of cherry tomatoes by suppressing fruit ripening during post-harvest
(Guo et al. 2020). ZnO NPs treated plants show early blossoming in onion and produced more number of healthy seeds
(Laware and Raskar 2014). In foxtail millet, foliar spray of ZnO NPs improved the grain nutritional quality by slightly
enhancing the oil and nitrogen contents (Kolenčík et al. 2019). Additionally, application of ZnO NPs results in
manipulation and improvement in protein content and photosynthetic pigments in cluster bean, pearl millet, soybean and in
Cyamopsis tetragonoloba. ZnO NPs supplementation also increased the total phenolic and favonoid content and also the
photosynthetic pigments in comparison to the treatment given with only ZnO. In Saffower plant, presence of ZnO NPs
increased the level of malondialdehyde. It is vital for activation of many enzymes; the activity of enzymes such as guaiacol
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oxidase, polyphenol oxide and dehydrogenase increases at different concentration of NPs (Hafzi and Nasr 2018). ZnO NPs
as an effective elicitor increased the biosynthesis of tropane alkaloids such as scopolamine and hyoscyamine, upregulating
the biosynthetic gene, hyoscyamine-6-β-hydroxylase (h6h). This infuenced the concentration of tropane alkaloid, transcript
level of h6h and antioxidant enzyme activity in H. reticulatus L. hairy roots (Asl et al. 2019). At molecular and
biochemical level, ZnO NPs activate antioxidant enzymes to scavenge ROS. Positive effects of ZnO NPs have been
identifed in Capsicum chinense where it improved growth and metabolic markers such as germination of seeds, seedling
vigour, and accumulation of biomass and nutraceutical attributes (total favonoids, condensed tannins, total phenols, and
DPPH antioxidant capacity) (García-López et al. 2019). ZnO NPs supplementation upregulated the antioxidant activity in
Portulaca oleracea (Iziy et al. 2019). ZnO NPs also upgraded the activity of CAT, POX, and SOD enzymes and boosted
proline concentration that further enhanced photosynthetic effciency in tomato plants (Faizan et al. 2018). Soybean also
has been demonstrated to enhance SOD, CAT and POX and APX and H2O2 scavenging activities under the infuence of
ZnO NPs. Therefore, ZnO NPs can be used as a novel nanofertilizer in Zn defcient soil for crop improvement (YusefTanha
et al. 2020). Because of these positive effects of ZnO NPs, it is widely used and has many applications from seeds to postharvest in modern agriculture.
Conclusion
The most effective way for understanding the action of the mechanisms of NPs applications is to apply the present
knowledge by collaborating with various disciplines that may include molecular biology, plant physiology, plant breeding,
cytology, soil physics along nanotechnology. Such associations could be helpful for the encouragement of multidisciplinary projects that may be carried worldwide. Nanotechnology promises new insights into the mechanism of various
abiotic stress tolerance in plants to complement physiological studies. Also, there is a need to detangle various factors
responsible for abiotic stress. The implementation of action mechanisms of NPs will require information and expertise
from the aforementioned disciplines to combat various stress effects. The applicability of nanotechnology needs to be
commercialized from laboratory to agricultural fields.
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