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The projected doubling in world population over the next 30 years
presents a formidable challenge to current systems of food production
and sustainability. The esclating global demands necessitate that food
systems effectively address issues of equity, advanced productivity and
ensured environment sustainability (White and Gardea-Torresdey,
2018). The productivity from agriculture is highly endangered by
abiotic stresses such as drought, salinity or salt stress, temperature and
heavy metal contamination because of the prevailed climate conditions.
These permeant challenges threatened the global food security and
severely compromised the crop yield and quality (IPCC, 2023; Kaleem
et al., 2025; Riyazuddin et al., 2025; Ulhassan et al., 2025). Therefore, it
is prerequisite to integrate technology with resilient strategies that could
help in overcoming environmental constraints and attaining sustainable
crop production. The inefficient conventional agrochemical delivery
contribute to wastage of resources (White and Gardea-Torresdey, 2018).
Crucially, nanotechnology supports sustainable crop production,
particularly when crops encounter environmental stressors.

This special issue “Harnessing Nanotechnology to Alleviate Abiotic
Stresses in Agricultural Plants” focuses on the utilization of nano-
technologial approaches to address environmental challenges, improve
crop productivity and impart abiotic stress resilience. The featured
studies included in this special issue address a diverse range of topics
such as the application of nanofertilizer for improving cluster bean
(Cyamopsis tetragonoloba) tolerance to drought stress, protective roles of
magnesium oxide nanoparticles (MgO-NPs) mediated salt stress toler-
ance in radish (Raphanus sativus), and protective roles of silicon oxide
nanoparticles (SiO2-NPs) in mitigating salt stress in tomato (Solanum
lycopersicum). Additionally, several review articles were included to
highlight the involved mechanisms of targeted delivery, uptake and
transport pathways of NPs within plants. These reviews also focused on
the factors influencing these processes and their protective roles against
abiotic and biotic stresses. Munir et al. (2025) performed a
field-experiment using a split-plot design to evaluate the effectiveness of
foliar-applied nanofertilizers in improving drought tolerance in two
different genotypes (BR-2017 and BR-2021) of C. tetragonoloba under
varying irrigation conditions. Relative to water-deficient conditions, the
application of nano-potassium, nano-boron and nano-zinc (particularly
in combination) notably enhanced the plant growth (> 60 %), dry
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biomass production, pods per plant, pod yield, 100-seed weight (by up
to 10 %), photosynthetic efficiency, nutrient-use efficiency,
water-retention, and protein levels, with the most pronounced effects
observed in BR-2021. The findings establish that these nanofertilizers
possessed the capacity to markedly elevate agricultural output and
improve plant physiological responses across varied irrigation condi-
tions. These findings demonstrate that nanofertilizers represent a
promising alternative to conventional fertilizers and offer a sustainable
strategy for enhancing crop yields under diverse water regimes. Gautam
et al. (2025) addressed that priming R. sativus seeds with biologically
synthesized MgO-NPs at 150 pg/ml mitigated the salt stress as evidenced
by enhanced shoot length, root length, total chlorophyll content, and
carbohydrate levels, alongside a concurrent reduction in the concen-
tration of protein-precipitable tannins within the tissues. MgO-NPs seed
priming significantly enhanced protein bio-availability and free radical
scavenging activity under saline stress. The improvement could be
attributed to an elevation of antioxidant enzymes and accumulation of
total phenolic and flavonoid contents. The study findings demonstrate
that MgO-NP priming is a potential sustainable method for R. sativus
cultivation in high-salt environments. A concentration-dependent
attenuation of salt-mediated oxidative damage via induction of enzy-
matic and nonenzymatic antioxidant mechanism, which were effectively
monitored as biomarkers.

Alam et al. (2025) investigated the mechanistic approaches by which
SiO2-NPs could alleviate 50 mM salt stress in S. lycopersicum and focused
on the particular physiological and metabolic attributes. It was obvious
that SiO,-NPs applied to leaves significantly enhanced growth and
biomass, photosynthesis, and the levels of protein and sugar contents,
and total alkaloids under salt stress. The enhancement was also associ-
ated with the increase in antioxidant enzymes activity, reduction in the
overproduction of lipid peroxidation and hydrogen peroxide content,
and stabilization in the cellular structures. The speculated mechanism is
that Si ions can cause the Na™ efflux from cells and stimulate H'-ATPase.
These collective actions facilitate the cellular compartmentation and
enhance Na't vacuolar sequestration for salt stress tolerance. Multiple
mechanisms may involve in promoting salt stress tolerance. For
instance, membrane stability, protection to cellular organalles and
chloroplasts, boost antioxidant activity, and optimize carbohydrate
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metabolism. This study reveals the potency of SiO,-NPs in alleviating
salt stress tolerance of S. lycopersicum. This method provides a sustain-
able strategy for the cultivation of agricultural plants in saline-affected
soils. Manzoor et al. (2025) focused on the utilization of Artemisia
annua for zinc oxide nanoparticles (ZnO-NPs) synthesis to manage the
fungal disease in sweet cherry (Prunus avium). The antifungal activity of
ZnO-NPs against Fusarium equiseti was demonstrated through in vitro and
in vivo investigations. Particularly, the application of 100 mg/L ZnO-NP
significantly restricted the mycelial growth by 88 % and disease severity
by 77 %. These evidences strongly reinforce the utilization of ZnO-NPs
as environmentally friendly and biocompatible substitute of chemical
fungicides for sustainable agriculture.

Razzaq and Zhou (2025) discussed the role of iron nanoparticles
(Fe-NPs) in targeted delivery of plant growth regulators such as cyto-
kinins, auxins, and gibberellins). The study highlighted how this
approach can boost crop tolerance to drought and salinity. Moreover,
the authors reported recent advancements for nano-delivery and un-
derlying mechanisms for imparting abiotic stress tolerance in plants by
Fe-NPs, and future perspectives for sustainable agriculture. Afzal et al.
(2024) reviewed the economically feasible designs of nanostructures to
escalate the efficacy of agrochemicals. The designed proposed strategy
maximizes the bioavailability and mitigates the environmental
contamination. In addition, the authors highlighted the mechanisms and
factors influencing the properties and translocation of nanomaterials.
They concluded the discussion by emphasizing the need to fill the
knowledge gaps in the rational design and efficient nano-delivery to
specific plant tissues. Liu et al. (2024) reviewed how nanomaterials
interact with plants and specifically consider the physicochemical
properties such as catalytic activity, and photoluminescence. They
anticipate that technological advancements will unlock novel avenues
for nanomaterials in agriculture. The review by Rehman et al. (2025)
detailed the key functions of titanium dioxide nanoparticles (TiO2-NPs),
especially their biosynthesis methods, effectiveness as plant growth
promoter, and protective mechanisms to enable abiotic stress tolerance.
The authors also discussed how TiO,-NPs alone or their synergistically
interaction with biochar and/or phytohormones enhance their potential
to manage the abiotic stressors via multiple mechanisms. Although these
integrative strategies can effectively boost plant growth and yield
quality, reduce the impact of environmental stress factors, and support
safe and sustainable crop production. However, the practical application
of TiO2-NPs is hindered by dose-dependent toxicity, inconsistent for-
mulations of product, environmental safety concerns and constraints in
field applications at large-scale.

The application of NPs-based seed priming has proven emerging
technique for improving plant growth and environmental stress toler-
ance. The review by Faizan et al. (2024) highlighted how nano-priming
can alleviate heavy metals toxicity in plants by regulating physi-
obiochemical, metabolic and molecular responses. However, the prac-
tical implementation of nano-priming in agricultural systems
necessitates first address existing knowledge gaps in research and
environmental safety concerns. This special issue is dedicated to provide
foundation for future research on nanoparticle-plant interactions, which
is crucial for safe and sustainable agriculture amid unfavorable envi-
ronmental conditions.
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