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GRICULTURE productivity is severely hampered by salinity stress in many parts of the world,

including the Ararat Plain in Armenia. The need for food security is growing worldwide, and
new strategies are essential to meet this challenge. In the context of the Ararat Plain, this paper exam-
ines the potential utility and promising role of biogenic nanoparticles (NPs) and biochar in reducing
salinity stress, boosting crop resilience, and guaranteeing sustainable food production. This paper in-
volves the mechanisms underlying salinity stress, as well as the properties and synthesis of biogenic
nanoparticles and biochar, and their applications in increasing plant salinity tolerance. The potential
application of biogenic nanoparticles and biochar to mitigate the adverse effects of salinity on crops,
soil, and water resources has been recently illustrated by several case studies and research findings.
Additionally, we go over the safety issues, environmental implications, and potential applications of
biogenic nanoparticles and biochar in sustainable agriculture on the Ararat Plain and elsewhere. This
paper advances our knowledge of innovative strategies for addressing salinity stress and improving
food security in areas with comparable problems.

Keywords: Salinity stress, Bio-nanoparticles, Biochar, Ararat Plain, Soil, Crops, Dry area.

1. Introduction

With 29.740 square km of total land area, Armenia
has a comparatively small amount of land used for
agriculture about its total area. Merely 2.043 mil-
lion hectares, or roughly 0.69%, of the nation's
2.974 million hectares of land are classified as agri-
cultural land. Arable land covers 446.0 thousand
hectares, or 21.8%, of this region's total agricultural
land area. Of these arable lands, 68.1 thousand hec-
tares, or 15.2%, are found in the Ararat Plain, an
important agricultural region. However, salinity
concerns significantly hinder this region's agricul-
tural potential. About 30,000 hectares of Armenian
land are salinized, a serious problem that jeopardiz-

es food security and the sustainability of agricul-
ture. This highlights the urgent need for novel strat-
egies, like biogenic nanoparticles, to combat soil
salinity in areas like the Ararat Plain (Ghazaryan et
al., 20204, 2022).

Salinity stress seriously threatens food security in

Armenia's historically crucial agricultural region,
the Ararat Plain. Salinity, which impairs crop
growth, decreases yields, and jeopardizes the liveli-
hoods of local farmers, is a result of increased solu-
ble salt deposition in soil and water (Ghazaryan et
al., 2020b). Given the world's ongoing population
growth, ensuring food security in these areas, in-
cluding the Ararat Valley, is crucial. Among other
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stressors, soil salinity is widespread in arid and
semi-arid agricultural environments (Van Zelm et
al., 2020; El-Shahawy et al., 2022). When the
amount of water-soluble salts in the soil is more
than 4 dS m™, the soil is referred to as saline. Soil
salinity and limited water resources are major ob-
stacles to agricultural productivity and are predicted
to deteriorate significantly in the coming century
(Qureshi and Daba). The need for food is expected
to increase by 70% by 2050 due to urbanization is
pushing farming into drier or more marginalized
areas, necessitating improvements in agricultural
production on smaller land areas and with less wa-
ter input (Pimentel, 2008).

Although numerous approaches have been attempt-
ed, depending on the particulars of each case, the
majority are either unworkable or, at best, little
successful (Khamidov et al., 2022). Both developed
and developing countries struggle against salinity,
but many are looking for long-term solutions im-
plemented in significant portions of saline areas for
better crop cultivation that also fits the environment
(Figure 1). Furthermore, studies have been done to
improve grain-producing plants that can thrive in
extreme salinity environments. As an alternative,
developing countries have attempted to address
salinity by adopting short-term soil reclamation
strategies, many of which have failed and, in some
cases, have even worsened the soil salinity. Compa-
rably, the health of the soil has been neglected for a
very long time, and the most important area of the
planet is still irrigated with salt water, which con-
stantly adds salt to the soil (Zeng and Shannon,
2000; Rana et al., 2019; Ghazaryan et al., 2020a).
On the other hand, salinity risk has increased as a
result of poorly planned short-term initiatives and
the exploitation of marginal areas. This growing
concern casts doubt on the safety of food supplies
in underdeveloped nations.

Similarly, less developed countries move much
more slowly than their more developed counter-
parts to mitigate the damaging effects of salinity
(Manuel et al., 2017). The moment has come to
investigate what the developing world can learn
from the sustainable practices of the industrialized
world. This discovery may help develop better,
longer-lasting solutions to the problem of salinity in
the soil, which will help raise agricultural yields in
many  developing  countries  (Shokat and
GrofRRkinsky, 2019). To improve agricultural sus-
tainability and mitigate the negative effects of salin-
ity, creative solutions are needed (Kamran et al.,
2019). By enhancing plant resistance to salinity
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stress, a new field of nanotechnology called biogen-
ic nanoparticles provides promising ways to ad-
dress this problem. Using biogenic NPs in the Ara-
rat Plain region of Armenia may assist agricultural
plants growing under salinity stress, as previous
research reports showed that their application in an
ecologically comparable saline location helped al-
leviate crop output (Daba et al., 2019; Shokat and
GrofR3kinsky, 2019; El-Ramady et al., 2020; Patil
and Chandrasekaran, 2020; Daba and Qureshi,
2021; Dikshit et al., 2021; Rakgotho et al., 2022).

These days, various organic alterations have been
applied to minimize the severe effects of salinity,
including compost, farmyard manure, biochar, ani-
mal manure, and crop residues. Known as "black
gold" for agriculture, biochar improves soil quality
and crop yield while retaining more carbon (C) in
the soil (Kim et al., 2017a; Zulfigar et al., 2019;
Soliman et al., 2022). The term "biochar" refers to
biomass that has undergone a decomposition or
compositional change caused by the application of
high temperatures and heat. It has a significant po-
tential to reduce potential climate change effects,
like extended wet spells or harsh droughts (Rezende
et al., 2011). By keeping nutrients in the soil and
improving its chemical and physical characteristics,
biochar serves as a soil conditioner that promotes
plant growth (Lehmann et al., 2003). By enriching
the physical, chemical, and biological properties
and soil enzymatic activity of severely deteriorated
soil, thereby supporting a beneficial platform for
plant-soil interaction, biochar mitigates the salinity
stress, Na* adsorption ratio, and electrical conduc-
tivity (EC) for sustainable crop production (Guo et
al., 2020). Also, biochar limits the ability to absorb
of heavy metals for crops growing in unfavorable
or poor-quality soils (Gascé et al., 2016), stabilizes
heavy metals, and enhances soil aeration, porosity,
bulk density, infiltration rate, aggregate stability,
water holding capacity, and hydraulic conductivity
(Foster et al., 2016). Additionally, according to
Zheng et al. (2017) biochar increases microbial
quantity and diminishes the negative effects of sa-
linity, heat, and drought on crops. It supports bio-
logical N fixation (Osman et al., 2022), increases
crop growth and productivity (Murtaza et al.,
2023), and eases carbon sequestration. However,
recent years have seen a significant increase in in-
terest in the potential application of biochar to en-
hance soil health (Haider et al., 2022). Many recent
reviews (Saifullah et al., 2018; El-Naggar et al.,
2020; Abhishek et al., 2022; Singh et al., 2024)
have suggested the possible advantages of using
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biochar in several different fields. To clarify how
different types of biochar affect soil and plants,
however, synthesis and current knowledge on bio-
char-soil-plant interactions are desperately needed.
This paper covers all the aspects of using biogenic
NPs and biochar during salt stress.

Therefore, this study focuses on the role of biochar,
and biogenic nanoparticles in mitigating the dry and
salinity conditions in Ararat Plain, Armenia. The
sustainable nano-approach to optimize food securi-
ty and foster European Trade in such area also will
be discussed.

2. Armenian Agriculture: Fostering European
Trade and Sustainability

Armenia agricultural landscape is a rich tapestry,
offering a diverse array of crops ranging from fruits
to vegetables and grains (Strategy of the main
directions ensuring economic development in
agricultural sector of the Republic of Armenia for
2020-2030. | FAOLEX). In nowadays much more
agriculture products are supply to Russia but Ar-
menia exploring new reading partners in Europe
and Middle East countries for increasing their agri-
culture marketing size. Moreover, Armenia’s strate-
gic geographical location provides a logistical ad-
vantage, facilitating efficient transportation and
distribution of agricultural products to European
markets (Better land management - better
economic, social and ecological
sustainability |FAO in Armenia|Food and
Agriculture Organization of the United Nations).
The emphasis on organic and sustainable farming
practices in Armenia resonates with the increasing
European demand for ethically produced and eco-
friendly agricultural goods. The country's diverse
climate not only supports a variety of crops but also
allows for the cultivation of specialized ones that
might be challenging to grow in certain European
regions (Sustainable Development in Armenia:
Learning From the EU - EVN Report). This pre-
sents an opportunity for European markets to access
distinct and sought-after agricultural products, con-
tributing to a more extensive and diverse food sup-
ply.

As collaboration between Armenia and Europe in
the agricultural sector strengthens, there is potential
for mutually beneficial trade partnerships that en-
hance economic cooperation. Additionally, intro-
ducing Armenian agricultural products to European
cuisine can foster a rich cultural exchange, bringing

unique flavors and ingredients to European tables.
This collaboration supports European food security
by diversifying sources and plays a pivotal role in
Armenia economic development, contributing to
stability and prosperity. The adaptability of Arme-
nian agriculture to changing market preferences and
its commitment to meeting international standards
ensure that its products comply with European reg-
ulations, reinforcing the notion of a dynamic and
responsive supply chain. Overall, integrating Ar-
menian crop production into the European supply
chain holds promise for bolstering resilience, sup-
porting sustainability goals, and promoting a fruit-
ful exchange between the two regions. There are
following some key points for better understanding
the need of Armenian agriculture production of
European countries (The European Union and
Armenia | EEAS):

A. Diversity of Agricultural Products
Armenia has diverse agricultural products,
including fruits, vegetables, grains, and
livestock. This diversity can contribute to
European markets by providing consumers
a wider array of options and ensuring a
stable and varied food supply.

B. High-Quality Organic Produce
Armenia is known for its traditional and
organic farming practices. The production
of high-quality, organic agricultural goods
aligns with the increasing consumer de-
mand in Europe for healthier and envi-
ronmentally sustainable products.

C. Strategic Location for Trade
Armenia's geographical location at the
crossroads of Europe and Asia makes it
strategically important for facilitating agri-
cultural trade. This can aid in improving
trade routes and logistics for the import of
agricultural goods into Europe.

D. Climatic Conditions for Specialized

Crops

Armenia's diverse climate and topography
create favorable conditions for cultivating
certain crops that may be challenging to
produce in other European regions. This
can lead to a complementary relationship
where Armenia specializes in specific
crops that are in demand in Europe.

Egypt. J. Soil Sci. 64, No. 2 (2024)
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E. Supporting Sustainable Agriculture Practices
The expertise of European nations in sustainable
agriculture presents a great opportunity for col-
laboration with Armenia. As European countries
prioritize sustainable and eco-friendly farming
practices, they can benefit from a collaborative
effort with Armenia. By working together, Eu-
rope can support Armenia's initiatives for pro-
ducing green and cleaner agricultural products
while fostering a mutually beneficial exchange
of sustainable agricultural practices.

F. Market Diversification for European Con-
sumers
Importing agricultural products from Armenia
not only provides European consumers with ac-
cess to a broader range of products but also in-
troduces traditional and high-value crops that
may not be readily available or are produced at
a lower cost in Europe. This diversification con-
tributes to enhancing the choices available to
consumers, offering unique and culturally sig-
nificant crops that bring value to the European
market. Additionally, the exchange of agricul-
tural goods between Armenia and Europe fos-
ters economic cooperation and strengthens trade
relations, creating a mutually beneficial partner-
ship in the agricultural sector.

G. Economic Opportunities for Armenia
A boost in agricultural exports to Europe can
significantly contribute to Armenia's economic
development. This, in turn, can have positive
implications for stability and prosperity in the
region, which aligns with European interests in
fostering economic development globally.

H. Fostering International Collaboration
Collaborating with Armenia in the agricultural
sector can strengthen diplomatic and economic
ties between Armenia and European countries.
This collaboration can include the exchange of
expertise, technologies, and research in agricul-
ture.

I. Meeting Increasing Food Demand
As the global population grows, there is an in-
creasing demand for food. Armenia's agricultur-
al production can contribute to meeting this de-
mand, ensuring food security and stability,
which is of interest to Europe as well.

J. Cultural and Culinary Exchange
Armenia's unique agricultural products and cul-
inary traditions can offer Europeans an oppor-
tunity to experience and appreciate a different
culinary culture. This cultural exchange can cre-

ate new markets and preferences for Armenian
agricultural products in Europe.

3. Problem of Saline Soil with Crop Cultivation
3.1 Classification of Salinity

Soils that are acidic or saline are typically the result
of hydrological, pedological, and geological pro-
cesses. These processes include: (1) seawater in-
trusion through subterranean porous shoreline
structures, caused by upstream river flows
(Franceschini and Signorini, 2016); (2) salt deposi-
tion by wind from saline or sodic water sources
onto adjacent lands and (3) the native (parent) min-
erals' in situ dissolution and significant surface
deposition, which affect initial soil salinization pro-
cess (Ondrasek and Rengel, 2021).

Salinization in the Ararat Plain is a challenging task
shaped by its unique geographical and environmental
features (Yeghiazaryan, 2017). The existence of re-
sidual salts from geological deposits, which include
pieces of past marine, lacustrine, alluvial, or colluvial
sediments, is one crucial contributing factor. The
minerals and salts found in these weathered deposits
are rich in sodium and result from the local geologi-
cal formations. Groundwater supplies and mineral-
ized surface water are also common, which is con-
tributing to the salinization of irrigation water. The
problem is exacerbated by ineffective irrigation
techniques, which apply salt-dissolved water to fields
without proper management. Inadequate drainage
systems compound the problem by trapping water in
the soil, hindering the leaching of accumulated salts.
The salinity problem worsens when lowland regions
combine with an arid climate characterized by high
evaporation rates and little rainfall. Historical agri-
cultural techniques like crop rotation and selection
have also influenced salt buildup. In order to pre-
serve agricultural productivity in the Ararat Plain
Valley, specific strategies that consider these particu-
lar factors—such as enhanced irrigation and drain-
age, crop varieties that can withstand salt, and sus-
tainable land management techniques—are neces-
sary to address salinization effectively. Of all these
precautions,  however, soil  management—
specifically, controlled nutrient management—is
essential to crop production and sustainable agricul-
ture in the Ararat Plain. Therefore, the most im-
portant step in determining the salinity level in the
Ararat Plain Valley is identifying the saline soil clas-
sifications. Previous studies identified soils with salt
concentrations of 0.34x109 ha (23%) or higher as
saline (ECe > 4 dS m™) (Tanji and Wallender, 2011).
The salinity of a region can be divided into four
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broad categories based on its ECe value: extreme
salinized (ECe > 16 dS™), high salinized (ECe 8-16
dS™), moderate salinized (ECe 4-8 dS™), and slightly
salinized (ECe 2-4 dS™ ) (Table 1) (Wicke et al.,
2011).

Excess soluble salts in solution and Na* ions on
exchange sites can be detrimental to the health of
soil-plant systems (Shahid et al., 2018). Salt-
affected soils are classified as saline, saline-sodic,
or sodic based on total soluble salts (Electrical con-
ductivity-(EC)) and sodium dangers (sodium ad-
sorption ratio (SAR) or exchangeable sodium per-
centage (ESP) of a soil system (Shahid et al., 2018).
Classification of salts are particularly investment-
worthy saline-sodic and sodic soils which is crucial
for the overall rehabilitation and management of
salt-affected soils. Understanding the kind of salts
present in soils affected by salinity is crucial for
management and rehabilitation (Shahid et al.,
2018).

3.2 Key Factors for Salinity Stress in Ararat Plain
in Armenia

The main region of soil salinity in the Ararat Plain in
Armenia is primarily concentrated in the western
part of the plain, bordering Turkey. This area faces
significant salinity issues due to a combination of
natural factors and human activities (Ghazaryan et
al., 2024)(Figure 2). The total saline lands in
Armenia are about 30,000 ha. In the Ararat Plain, a
few major factors that affect soil salinity are as fol-
lows:

3.2.1. Natural Saline Deposits: Because the Ararat
Plain is located in a closed basin, salts have accumu-
lated in the soil over geological time as a result of
natural processes. This phenomenon is exacerbated
by the region's arid climate, which results in high
evaporation rates, leaving salts behind in the soil
(Flowers and Colmer, 2015; Moghanm et al., 2018).
3.2.2. Irrigation Practices: The cultivation of crops
like wheat, barley, and cotton, which requires inten-
sive irrigation practices, has significantly contributed
to the enhancing in soil salinity. Irrigation water of-
ten contains dissolved salts, and when this water is
applied to the fields, it leaves behind salts as it evap-
orates (Ganjegunte et al., 2014; Abd-Elrahman and
Shalaby, 2017).

3.2.3. Inadequate Drainage: Inefficient drainage
systems in certain parts of the Ararat Plain trap water
in the soil, accumulating salts. This problem can be
made worse by improperly managed irrigation,
which saturates the soil with salt water (Abdel-Fattah
and A Merwad, 2016; Kumar and Sharma, 2020;
Masilamani et al., 2020).

Egypt. J. Soil Sci. 64, No. 2 (2024)

3.2.4. Over-Extraction of Groundwater: Increas-
ing groundwater salinity may result from excessive
groundwater pumping for industrial and agricultural
uses. Crop root zones may be impacted by salts that
are brought closer to the surface by rising water ta-
bles (Rengasamy and Rengasamy, 2010; Mahgoub et
al., 2015).

3.2.5. Historical Land Use Practices: Salts have
accumulated in the soil over time due to historical
land use practices like improper crop rotation and a
lack of organic matter incorporation (Farifteh et al.,
2006).

4.Navigating Agricultural Challenges in the Ar-
arat Plain Armenia

4.1 Impact of Salt-Affected Soils on Soil Produc-
tivity

Scientific investigation is necessary in order to fully
comprehend the complex problem of soil salinity
and how it affects soil productivity in the Ararat
Plain, an area with a long history of agriculture.
This historically significant area has encountered a
contemporary challenge in the form of salinity
stress, necessitating a systematic investigation. The
complex interactions among geological, climatic,
and human activity in this setting have led to a sci-
entific investigation into the effects of soil salinity
on crop yield and soil health in general.

It has been demonstrated that salt affects soil's
physical and chemical fertility, which lowers crop
productivity. Excess sodium causes colloidal soil
particles to swell and disperse, changing the physi-
cal properties of the soil and affecting water-
holding capacity, root penetration, and seedling
development (Singh et al., 2022b). The dispersive
action of sodium on soil particles causes soil com-
paction, alters the pore size distribution, and reduc-
es the total volume of soil, increasing A higher so-
dium component in the soil reduces the aggregation
stability, encouraging clay to disperse (Setia et al.,
2010). Second, poor aggregation effects on bulk
density, hydraulic conductivity, and mean weight
diameter were caused by the high exchangeable salt
content, as demonstrated in Figure 1. This has a
significant negative impact on crop productivity.
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Table 1. According to the rating of EC classification, degree of soil salinity with crop tolerances (adapted

from Stavi et al. 2021).

Salinity degree

Range of EC (dSm™) Crop’s tolerance

Non 0-2
Slight 2-4
Moderate 4-8
High 8-16
Extreme >16

Salinity affects are negligible for all plant types
Yields of very sensitive crops may be restricted
Yields of many crops are restricted

Only tolerant crops yield is satisfactory

Only some extremely tolerant crops can survive.

4.2 Effect of Soil Salinity on Crop Yield

Sodic and saline soils found in arid regions allow
plants to maintain an unstable balance with their
environment, as excess soluble salts and exchange-
able sodium content can inhibit crop growth. Inap-
propriate management can result in decreased crop
yield or complete crop failure, which decreases the
land's value and eventually leads to the property to
be abandoned for agricultural use (Ganjegunte et
al., 2014). Salinity hinders the uptake of water and
nutrients from the soil solution, adversely affecting
seed germination, seedling establishment, and plant
growth (Nekir, 2019). Even in moist soil, plants
will die from drought or water stress if the concen-
tration of salt in the field increases to a certain point
(Chinnusamy et al., 2005; Ashraf and Foolad,
2007). Crop yields decrease as salt increases above
the plants' threshold (Qureshi and Daba). According
to research done in Armenia, higher salinity levels
have been found to negatively affect wheat and
barley genotypes' dry biomass yield and grain yield.
Researchers have found that an increase in the os-
motic pressure of the soil solution, an induction of
ion toxicity and nutritional imbalance, and un-
favourable soil physical qualities result in stress for
plant growth and development The yields of broad
beans and lentils decreased by 5% at an ECe of 2.0
dSm-1. Raising the salinity to 3.1 dSm-1 caused a
15% and 95% decrease in crop yield, respectively
(Kitila et al.) . Due to excessive salt accumulation
that affects the quality of the fodder, Alfalfa and
Rhodes grass produce less dry matter and have an
increased leaf-to-stem ratio (Shahid et al., 2018).
Onion yield fell exponentially as soil pH, EC, and
ESP increased. As Figure illustrates, enhancing salt
stress also inhibited the germination of Rhodes
grass (Daba et al., 2019). Increased salinity leads to
poor cell elongation due to decreased turgor, cell
volume, and cell growth. As a result, poor seed
establishment caused by rising salt can reduce grain
and biomass production (Chen et al., 2005; Singh et
al., 2022b).

5. Unravelling the Multifaceted Impact of Soil
Salinity on Crop Agronomy, Physiology, Bio-
chemistry, and Yield

5.1 Effect on Crop Agronomical Traits

There is ample evidence regarding the impact of
soil salinity on plant growth and development
(Hachicha et al., 2018). How salt stress impairs
plant growth depends on various factors, including
salt concentrations, intervals, plant species, varie-
ties, photochemical quenching capacities, growth
stages, stress types, gas exchange characteristics,
photosynthetic pigments, and environmental factors
(Aghighi Shahverdi et al., 2018). Multiple investi-
gations were conducted on Zea mays L. (Hamada,
1994), Oryza sativa L. seedlings (Lee et al., 2011),
Vigna unguiculata L. (Ibrahim, 2016), Brassica
campestris L. (Memon et al., 2010), and Vicia faba
L. (Hanafy et al., 2013) all reached the same con-
clusion: modest levels of salinization improved
plant length. However, the heights of Vigna mungo
L. (Kapoor and Srivastava, 2010), Helianthus an-
nuus L. (Jan), and Tanacetum parthenium L.
(Mallahi et al., 2018) decreased when exposed to
higher concentrations of sodium chloride salt The
decrease in plant height revealed the negative ef-
fects of high salt levels on photosynthetic rate,
growth inhibition caused by a drop in carbohydrate
and growth hormone levels, and decreased protein
synthesis due to changes in antioxidant enzyme
activities (Abdul Qados, 2011). Because there are
less soluble salts in the growth medium, the plant's
osmotic activity may have changed, leading to an
increase in height. It was hypothesized that because
low water uptake efficiency results in less leaf area
expansion than root growth, soil moisture is pre-
served during salinization to prevent the formation
of a significant amount of soluble salts in the soil
(Ahmadi et al., 2018).
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Numerous studies have demonstrated that a low os-
motic gradient in the feeding medium causes a nota-
ble build-up of Na* and Clions in the cell sap, which
minimizes water intake and affects the plant's mor-
phological characteristics (Aghighi Shahverdi et al.,
2018; Van Zelm et al., 2020; Singh et al., 2022a). It
has been established that CI" and NO; as well as Na*
and NH," interact to limit N accretion in plants,
which has an impact on plant growth and agricultural
yield (Cantabella et al., 2017). Plant growth in saline
environments may also be stunted by loss of photo-
synthesis due to stomatal closure and the consequent
loss of carbon uptake (Chen et al., 2005). Reduced
osmotic pressure causes a notable decrease in nutri-
ent component absorption, which has been observed
as a secondary effect of salinity stress on reduced
plant feeding (Taha et al., 2000; Peng et al., 2016).
5.2 Effect on Crop Physiological Traits

Soil salinization is a serious issue that can harm crop
growth and vyield even in irrigated areas (Abbasi et
al., 2015). Nearly half of the world's arable land is
expected to disappear due to salinity by the middle of
the twenty-first century, which could lower agricul-
tural productivity in up to 20% of irrigated fields
globally (Foronda, 2022). Salinity stress has recently
been found to lower the physiological characteristics
of both wheat (Triticum aestivum L.) and mung bean
(Vigna radiata L.) (Hajihashemi et al., 2009; Zayed
et al., 2017). Soil salinity may have negative effects
on plant growth and yield due to decreased leaf chlo-
rophyll content (Chl a, b, carotenoids) and photosyn-
thesis capacity, as well as energy changes in the
mechanisms of ion exclusion, osmotic adjustment,
and nutrient imbalance (Flowers and Colmer, 2015;
Akter and Oue, 2018). Plant growth in salt-affected
soils is adversely affected by three main mecha-
nisms: oxidative damage, ion imbalance, and osmot-
ic stress (Munns and Tester, 2008b). The primary
way that plants respond to soils impacted by salt is
by becoming less vigorous because of the buildup of
dangerous sodium (Na®) and chloride (CI) ions
(Akter and Oue, 2018). While Na* ion buildup in
plants under salinity stress disturbs ionic equilibrium
plant metabolism and promotes oxidative damage,
K" ion status in plant tissues helps plants develop
tolerance towards soil salt (Hajihashemi et al., 2009;
Zorb et al., 2019). The K" ion concentration in rice
(Oryza sativa L.) grown in salt-affected soil was only
minimally impacted, but the Na" ion content was
increased in the leaves, and the K'/Na® ratio was
dramatically dropped (Singh et al., 2022a). Addi-
tionally, there was a noticeable slowdown in straw-
berry plant growth. These growth retardations may

be partially explained by decreased photosynthetic
activity caused by decreased Chl a and Chl b at dif-
ferent salinity levels (Talei et al., 2012; Rossi et al.,
2019). Na" and Clions entering plant cells cause an
ion imbalance in plants and soil, which can result in
major physiological problems for the plant (Chen et
al., 2005). A high concentration of salts in the soil
profile may cause physiological drought because of a
reduction in plant osmotic potential, a decrease in
water uptake and salt accumulation in the root zone,
and consequently the disruption of cell metabolic
activities due to ion toxicity (Stavi et al., 2021). Plant
cell membranes and organelles are harmed by exces-
sive Na* exposure, which decreases the rate of net
photosynthesis, stomatal conductance, transpiration,
intracellular carbon dioxide, and soil plant analysis
development (SPAD) value—all essential physiolog-
ical processes (Gharaei et al., 2015; Palmqyvist et al.,
2017; Faizan et al., 2021; Zhang et al., 2021).

5.3 Effect on Crop Biochemical Traits

A breakdown in the cell membrane can cause chang-
es in the antioxidant enzymes, slow down photosyn-
thesis, and prevent the plant from detoxifying the
reactive oxygen species (ROS) in the cytoplasm,
among other effects on plant physiology (Trchounian
et al., 2016). These oxidative processes can disrupt
the regular functions of proteins, DNA, and lipids in
plants when they are exposed to abiotic stress, espe-
cially soil salinity (Biczak et al., 2016). In addition to
reducing chlorophyll synthesis, high salt exposure
can also change the structure and functions of the
pigment-protein complex in plants (Van Zelm et al.,
2020). Many enzymes are assumed to be inactive
under salt stress, including Mg-chelatase, 5-
aminolevulinic acid dehydratase, coproporphyrino-
gen Il oxidase, porphyrinogen IX oxidase, porpho-
bilinogen deaminase, and protochlorophyllide oxi-
doreductase (Hasanuzzaman et al., 2019). These
enzymes are responsible for a decline in leaf water
potential, nitrogen absorption, photosynthesis, and an
increase in chlorophyllase activity (Razzaque et al.,
2010; Talei et al., 2012). Thylakoid and chloroplast
membranes are destroyed by salinity-induced super-
oxide radicals and H,0O,, which may be a factor in
the degradation of chlorophyll (Gill and Tuteja,
2010a; Das and Roychoudhury, 2014; Biczak et al.,
2016; Maity et al., 2020). Ultimately, through altera-
tions to the lipid, protein, and nucleic acid structures,
these ROS may interfere with regular plant metabo-
lism (Das and Roychoudhury, 2014). Apoptosis, cell
shrinkage, chromatin condensation, and DNA break-
age have all been linked to the accumulation of
greater levels of H,O, caused by soil salinity (Gill
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and Tuteja, 2010b). Increased reactive oxygen spe-
cies (ROS) formation in response to salt stress may
lead to an increase in malondialdehyde (MDA) con-
tents in thylakoid membranes (Das and
Roychoudhury, 2014; Del Rio and Lopez-Huertas,
2016a; Qin et al., 2017). MDA content is a reliable
biomarker of lipid peroxidation and can be used to
estimate lipid peroxidation in plant cells (Del Rio
and LOpez-Huertas, 2016b). The balance between
the production of ROS and their elimination by the
antioxidant defense mechanism in plants dictates the
degree of damage to these molecules during metabo-
lism (Imlay and Linn, 1988). Plants develop a com-
plex antioxidant defense system to cope with the
oxidative stress caused by salinity as a result of the
acute oxidative damage that soil salinization causes
to plant tissues (Kim et al., 2017b). Antioxidant en-
zymes protect cells from ROS produced from expo-
sure to salt. It is believed that crop plants, with their
robust antioxidant system, have a higher salt toler-
ance than other types of plants. Tanacetum partheni-
um L. (Mallahi et al., 2018), Brassica napus L.
(Mohamed et al., 2020), Oryza sativa L. (Moradi and
Ismail, 2007), and Glycine max L. (Gaafar et al.,
2020) have all been studied for their varying re-
sponses to salinity stress on antioxidative enzymatic
and non-enzymatic activities. The enzymatic antiox-
idative system is made up of enzymes such as perox-
idase, superoxide dismutase, ascorbate peroxidase,
glutathione reductase, polyphenol oxidase, and oth-
ers, whereas the majority of the non-enzymatic anti-
oxidative system is composed of carotenoids, ascor-
bic acid (vitamin C), -tocopherol, and flavonoids
(Soltabayeva et al., 2021; Natasha et al., 2022). By
eliminating the damaging radicals produced during
oxidative stress, the enzymatic antioxidative system
helps agricultural plants withstand abiotic stressors
like soil salinity (Pulskamp et al., 2007; Mohamed et
al., 2017; Tripathi et al., 2017b). Almost every por-
tion of the plant contains antioxidants in their natural
form. Natural antioxidants include vitamins, carote-
noids, phenols, flavonoids, food-source glutathione,
and endogenous metabolites (Noctor and Foyer,
2003). Plants produce antioxidant enzymes as a first
line of defense against oxidative stress brought on by
soils impacted by salt.

6. Needs of Biogenic NPs: An Environmental and
Safety Considerations

Due to their unique physicochemical properties, NPs
are valuable in many industries, such as electronics,
agriculture, chemicals, pharmaceuticals, foods, etc
(Saleh, 2020). Among the most often utilized NPs in
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a range of industries are metal oxide NPs, which
include silicon oxide (SiO2), titanium dioxide
(TiO,), zinc oxide (ZnO), aluminum hydroxide
[AI(OH)3], cerium oxide (CeO), copper oxide (CuO),
silver (Ag), nano-clay, carbon nanotubes, nanocellu-
lose, etc (Pulit-Prociak and Banach, 2016; Kaphle et
al., 2017). However, the local ecology and its inhab-
itants are suffering from the nano-waste created as a
result of the massive release of NPs into the envi-
ronment (air, water, and soil) by various sectors. NP
toxicity is influenced by a number of factors, includ-
ing size, nature, reactivity, mobility, stability, surface
chemistry, aggregation, storage duration, etc (Wang
et al., 2013a; Tripathi et al., 2017b). The use of NPs
negatively impacts the health of both human and
animal.

NP exposure has been related to a number of diseas-
es, including diabetes, cancer, bronchial asthma,
allergies, inflammation, and other conditions
(Mukherjee et al., 2013). Numerous NPs, including
Au, TiO,, have been shown to be dangerous, and
their toxicity even affects an animal's reproductive
system (Fig 3) (Wang et al., 2013b). Inhaled or in-
gested, NPs are absorbed by cells through the pro-
cesses of phagocytosis and endocytosis. Once inside
the cell, they cause the release of reactive oxygen
species (ROS) which damage mitochondria, cause
lipid peroxidation, and so forth (Keunen et al., 2011,
Nair and Chung, 2014; Kharusi et al., 2019; Li et al.,
2022). It has been demonstrated that a number of
NPs, such as Ag, Cu, ZnO, Ni, etc., block the activity
of microbes' enzymes. The ecosystem's food network
is also being disrupted by the overproduction of NPs
(Tripathi et al., 2017b). The toxicity of NPs to a vari-
ety of organisms, including microbes, animals, and
plants.

6.1 NPs based Phytotoxicity in Plants

Plants are extremely valuable to the ecosystem be-
cause they can produce oxygen and carry out photo-
synthesis. Compared to other organisms, plants may
be more susceptible to NPs pollution because all
plant parts—roots, shoots, and leaves—are regularly
in contact with air, water, and soil.
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Fig. 3. Nanotoxicity effect on cells oxidative and genotoxic stress in plants (Singh et al., 2024).

While roots can specifically absorb NPs from soil
and water, leaves allow atmospheric pollutants to
enter the plant body through their stomatal pores
(Wang et al., 2013a; Tripathi et al., 2017a).

It has been found that NPs damage and impede the
growth and development of plants. ROS production
is primarily responsible for plant toxicity; ROS
triggers lipid peroxidation, which damages DNA
and reduces photosynthetic pigments, plant bio-
mass, soluble protein content, and other factors
(Verma et al., 2018). Plants have an antioxidant
defense against oxidative stress in the form of en-
zymatic and non-enzymatic antioxidants, but this
process may be damaged in the presence of higher
levels of oxygen (Verma et al., 2018).

6.2 NPs based Genotoxic in Plants

While gene toxicity can be demonstrated by DNA
damage in plant cells, the morphological and phys-
iological consequences of NPs on plants can be
assessed. One can assess the phytotoxicity of nano-
particles by evaluating the effects on crucial phys-
iological parameters of plants, such as germination,
biomass production, leaf number, photosynthetic
capacity, root and shoot length, etc. Examining
plant root cellular analysis for aberrations in chro-
mosomes, mitotic index, and other factors is the
most straightforward method of observing genotox-
ic effects (Barbafieri and Giorgetti, 2016). Due to

its extensive use and high demand, one of the most
commonly produced metal oxide NPs is silicon
dioxide. SiO, NPs have been found to have benefi-
cial benefits on a wide range of plants, including
Oryza sativa, Vicia faba, Solanum lycopersicum,
Medicago sativa, etc (Adhikari et al., 2013;
Simopoulos, 2022). Slomberg and Schoenfisch
(Zmeeva et al., 2017) studied the toxicity of SiO,
NPs in Arabidopsis thaliana, Karimi and Mohsen-
zadeh (Karimi and Mohsenzadeh, 2016) studied the
toxicity in Triticum aestivum another researcher
Silva and Monteiro studied the toxicity in Allium
cepa (Silva and Monteiro, 2017). Z. mays and Vicia
narbonensis, V. narbonensis, V. faba, etc. have all
shown to be adversely impacted by TiO, NPs
(Ruffini Castiglione et al., 2014, 2016). ZnO NPs
have a sizable market share in agricultural applica-
tions, such as fertilizers and pesticides (Singh et al.,
2023; Verma et al., 2021). AgNPs inhibited the
growth of Chlorella vulgaris and Dunaliella tertio-
lecta, two types of green algae (Oukarroum et al.,
2012). This was accompanied by increased ROS
generation and lipid peroxidation. Green algae like
Pithophora oedogonia and Chara vulgaris were
also found to be sensitive to Ag NPs (Dash et al.,
2012).

Egypt. J. Soil Sci. 64, No. 2 (2024)



470 ABHISHEK SINGH, et al.,

7. Needs of Biochar: An Environmental and
Safety Considerations

Vegetable or animal-based biochar is a substitute
for carbon sequestration and an organic soil condi-
tioner. It can be added to agricultural soil to in-
crease crop production potential and sequester car-
bon (Petter et al., 2012; Dennis et al., 2015;
Zulfigar et al., 2019). Biochar is used for more than
just increasing crop productivity and sequestering
carbon; it also reduces other major greenhouse gas
emissions. According to research published in add-
ing 30 g kg™ of biochar to the soil significantly
reduced nitrous oxide and methane emissions
(Petter et al., 2012). The author speculates that
these observations could be the result of enhanced
soil aeration, a decrease in anaerobic conditions,
and perhaps a reduction in the nitrogen cycle
through an increase in the soil's C/N ratio. Addi-
tionally, by influencing nitrification and denitrifica-
tion, two major processes that produce the green-
house gas nitrous oxide, biochar can change the
rates at which nitrogen cycles in soil systems. Some
experiments were reported that biochar may have
an effect on the activity of ammonia- and nitrite-
oxidizing bacteria in soil, which could reduce N,O
emission; however, the rate at which biochar is
applied to the soil will determine these effects
(Helaoui et al., 2023; Wu et al., 2023; Zhang et al.,
2023). Because biochar contributes to carbon se-
questration and increases crop productivity, its use
as a sustainable soil corrective has been suggested
as a appealing approach to reduce greenhouse gas
emissions (Singh et al., 2018; Nan et al., 2021; Qi
et al., 2021). Calculation by using biochar could
decrease yearly net emissions of CO,, N,O, and
CH; by 12% without compromising soil health,
availability of food, or ecosystems preservation
(Woolf et al., 2010). These qualities exhibited by
biochar not only help the soil retain more water and
nutrients but also enable the adsorption of a variety
of potentially harmful substances, such as pesti-
cides heavy metals and other contaminants (Ali et
al., 2017; Zhang et al., 2020).

Furthermore, by raising organic carbon and nutrient
levels, cation exchange capacity (MSK), hydraulic
conductivity, and cation exchange capacity (Lu et al.
2015; Chintala et al. 2014; Akhtar, Andersen, and
Liu 2015a), a biochar supplement encourages plant
growth. According to research by Akhtar et al.
(2014), biochar considerably increased the levels of
chlorophyll in drought-stressed plant leaves as well
as their stomatal density, relative water contents
(RWC), photosynthetic rate (Pn), stomatal conduct-
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ance (Gs), and water use efficiency (WUE). Because
of its great capacity for adsorption, biochar reduces
the adverse effects of salinity by limiting the absorp-
tion of Na* (Akhtar, Andersen, and Liu 2015a). This
function decreases the quantities of salt that builds
up in plant tissues, which in turn minimizes electro-
Iyte leakage (Lashari et al. 2015).

Improving K* availability is thought to be an effi-
cient way to optimize the K:Na ratio to enhance
plant development and yield under salt stressed con-
ditions (Cakmak 2005; Chakraborty, Sairam, and
Bhaduri 2016)., as Na" accumulation and K* nutri-
tion issues are important characteristics of salt-
stressed plants (Liu and Zhu 1997; Shams et al.
2020). According to Drake et al. (2016) and Usman
et al. (2016), biochar limits the amount of Na* that
crops can absorb and lessens salinity stress by in-
creasing the concentration of K* in salt-affected
soils. Thus, a variety of uses for biochar become
evident, including improving soil structure through
chemical bonds with inorganic macromolecular
structures to prevent landslides during wet seasons;
storing rainwater and using it for irrigation before
releasing it during dry spells; H" and OH" ions reten-
tion and release during soil pH regulation; retention
of metal ions that are harmful to plants (e.g., Al) or
nutrient metal ions (Ca, Fe, Cu) from plants; a boost
in agricultural productivity and plant growth; reduc-
tion in the amount of N,O released; less demand for
mineral fertilizers; and rise in the soil's organic car-
bon stock through the sorption of soil's labile organic
matter onto biochar particles, which inhibits the min-
eralization of the soil (Kookana, 2010). Thus, adding
biochar to soil can change a number of its physical,
chemical, and biological characteristics. The section
below goes over each of these effects of biochar.

8. Biogenic Nanoparticles: Synthesis and Proper-
ties

An overview of biogenic nanoparticles, involving
how they are made from biological materials like
fungi, microbes, and plants, is presented in this sec-
tion. We investigate the unique attributes of biogenic
nanoparticles, making them excellent agricultural
application options due to their small dimension,
huge surface area, and biological compatibility.
Green nanotechnology is rapidly expanding to pro-
duce novel NPs with little effect on the environment.
It is feasible to synthesize NPs using natural decreas-
ing and stabilizing agents via the biological produc-
tion techniques (Figure 4). It is economical and envi-
ronmentally safe to use this method because it does
not require energy or hazardous substances. Organ-
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isms which vary from single-cellular to multicellular,
including bacteria, fungi, actinomycetes and yeast,
algae, and plant substances, are used in the top-down
biological synthesis of nanoparticles (Shaligram et
al., 2009; Thiruvengadam et al., 2018; Mukherjee et
al., 2021). The production of nanoparticles via mi-
crobial mediated synthesis is another method. Extra-
cellular and intracellular filtrates from microbial
cultures are used as a means of reducing in this syn-
thesis technique to produce nanoparticles. Actino-
mycetes, yeast, fungi, and bacteria are among the
microorganisms that can survive in harsh conditions
and withstand metals (Zhang et al., 2011). These
characteristics enable microorganisms to withstand,
build up, and alter metals into ions of metal.

For example, initial microbes nanoparticles made
from gold were produced through Bacillus subtilis
(Southam and Beveridge, 1994). Similar to this, the
bacteria create a range of metal nanoparticles, in-
volving those of silver, gold, copper, iron, zinc, plat-
inum, and selenium. Redox reactions via the extra-
cellular and intracellular channels commonly achieve
transformation of metals into metal ions. The metal
is taken up by bacterial cells and subsequently con-
verted to metal ions by the enzymes NADH and
NADH-dependent nitrate reductase. It has been
demonstrated that the same enzymes used in the
electron shuttle donor processes can also be used to
synthesise Bacillus licheniformis silver nanoparticles
(Kalishwaralal et al., 2008). Nitrate reductase and
anthraquinones can be used by the fungus Fusarium
oxysporum to produce nanoparticles of silver (Duran
et al., 2005). The bacterial and fungal-mediated pro-
duction of metal nanoparticles mentioned above sug-
gests that NADPH nitrate reductase is possibly an
essential bio-factor in the production of metal nano-
particles.

Green nanoparticles provide a substitute to the con-
ventional approach, but it is still preferable to syn-
thesize and produce NPs using a simple method.
There were plenty of biodiversity (plants and
germs) in the fictitious universe However, from the
perspective of production and marketing, these bio-
resources must be used. The cost of dealing with
microbes, the challenge of expanding up produc-
tion, the risk of genetic transformation, and the
problems of large-scale cultivation and post-
production processing are some of the factors that
put an obstacle to the synthesis and application of
nanoparticles. Potential avenues for a more rational
direction of future investigations include using
plants as sources for creating of nanoparticles. Phy-

tochemicals like polysaccharides, polyphenols, al-
kaloids, phenols, terpenoids, saponins, tannins, and
vitamins are widely found in plants. These compo-
nents effectively diluted and stabilized the NPs.
There are numerous advantages to using plant sub-
stances as a production resource, such as easy ex-
pansion, purgative properties, cost-effectiveness,
ample availability, and easy scaling up for mass
production. Biological entities can be effectively
applied to synthesize well-characterized, extremely
tolerate nanoparticles.

7.1 Biochar: Production and Properties

By pyrolyzing organic waste materials (such as
crop residue, animal dung, or poultry manure) at
high temperatures (300-600°C) and low oxygen
levels, biochar—a product rich in carbon—is creat-
ed (Kookana, 2010). Pyrolysis can proceed either
slowly or rapidly. Therefore, both the pyrolysis
temperature and roasted matrix have a major influ-
ence on the attributes of biochar. The type of raw
biomass product and the pyrolysis process circum-
stances determine biochar's chemical and physical
attributes (Qayyum et al. 2015). The biomass is
transformed into a primarily stable and resistant
organic carbon (C) compound when heated to high
temperatures ranging from 300°C to 1000°C. High-
ly produced particular surface areas, elevated po-
rosity, pH, charcoal, and carbon percentages are
encouraged by high pyrolysis temperatures; howev-
er, small capacities for cation exchange (CEC) and
volatile compounds are hindered (Kookana, 2010).
Furthermore, the kind of substrates greatly impact
the nutritional value of biochar (Ippolito et al.,
2020).

Numerous farming and forestry production systems
present a significant quantity of created waste, such
as sliced waste, decaying wood, extra seedlings,
lumber mill, and crop waste left in the field after
harvesting. Biochar can be made from a large num-
ber of these leftovers (Glaser et al., 2002). Plant
leftovers and animal waste materials were the two
predominant kinds of substrates for biochar up until
this point (Zhang et al., 2020). Manure-derived
biochar’s made larger CEC even at higher pyrolysis
temperatures, while  biochar’s made  from
plants (crop leftovers and wood biomass) showed
increased surface areas, carbon contents, and vola-
tile compounds (Bruun et al., 2023).
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As a result of its warmth modification, this material
decays more slowly than non-pyrolyzed organic ma-
terial, resulting in an extensive permanent carbon
reservoir in the soil that is approximately 15002000
times more durable. High-quality biochar has a
reactive peripheral form that functions as the
environment's typical organic material and an interior
structure that is comparable to graphite, which
retains carbon in the soil for hundreds or even
thousands of years. The wide range of possible bio-
mass that can be utilized for creating biochar makes
it tough to define the material's characteristics. Fur-
thermore, the description of the finished product is
hampered by the carbonization circumstances used to
convert biomass into biochar. It is distinguished by a
significant amount of minerals (Na, K, Mg, Fe, etc.),
a high pH, high electrical conductivity, a small
amount of ash and unstable matter, and a high
amount of overall organic carbon (30-70%) depend-
ing on the temperature, aeration, and time of pyroly-
sis (Glaser et al., 2002).

In order to assess the development of roots and
shoots of barley (Hordeum vulgare L.), Hansen et al.
(2016) used two types of biochar: grass gasification
biochar and trees gasification biochar in sandy soil.
Because grass gasification biochar offered significant
potential for boosting yields of crops in rough sandy
soils by improving soil water maintenance and pro-
moting root growth, they found that it was more suc-
cessful than applying trees gasification biochar to the
soil.

Almaroai et al. (2014) applied two types of biochar
made from maize. The study's findings showed that
adding biochar to sandy loam soil positively impact-
ed plant development, nutrient uptake by plants, soil
mineral contents, and biological attributes.

9. Applications of Biogenic Nanoparticles for Sa-
linity Stress Management

Plants' basic metabolism is changed by salt stress
since it disrupts the ionic and osmotic equilibrium
within the cells (Parida and Das, 2005). One of the
primary causes of disruptions in the development of
plants under salty conditions is an excessive amount
of sodium and chloride ion accumulation (Munns and
Tester, 2008b). This build-up causes changes in cel-
lular metabolism, ionic equilibrium, and membrane
function. Standardizing cellular osmotic potential
and reestablishing cellular ionic equilibrium are two
of the pathways by which plants naturally tolerate
salt. It has been proved that applying NPs derived
from plants may considerably mitigate the negative
effects of salt stress on plants. Selenium NPs ob-

tained from leaves of Hordeum vulgare have been
found to be quite helpful in mitigating the adverse
consequences of salt stress by enhancing flavonoid
compounds and phenolic material contents, amount
of photosynthetic pigments, root and shoot length,
fresh and dry weight, and decreasing plant stress
indicators, such as hydrogen peroxide and
malondialdehyde (Habibi and Aleyasin, 2020). When
exposed to salinity stress, Abelmoschus esculentus
benefited from an exogenous application of zinc NPs
made from Sorghum bicolor extract of leaves, which
enhanced general plant development and photosyn-
thetic indices (Zafar et al., 2021). Foliar application
of zinc oxide NPs obtained from Phoenix dactylifera
leaf extracts improved overall biomass, growth rate,
and characteristics of Vigna unguiculata and Abel-
moschus esculentus subjected to salinity stress
(Alabdallah and Alzahrani, 2020; Mohammad
Alabdallah and Saeed Alzahrani, 2020). When titani-
um oxide NPs from Buddleja asiatica leaves were
applied to wheat, it was able to prevent damage and
alterations brought on by salinity-induced morpho-
logical, physiological, and biochemical modifications
(Mustafa et al., 2021). By improving their biochemi-
cal and growth parameters, gold and silver NPs
made from Mentha piperita rhizome extracts have
been demonstrated to mitigate the detrimental effects
of salinity stress on the plant species (Aliakbarpour
et al., 2020). Phaseolus vulgaris can benefit from the
application of calcium oxide nanoparticles (NPs)
synthesised with Juglans regia when it comes to salt
stress and other crucial physiological and developing
parameters ( Koca et al. 2020) Potential Effects of
CaO Nanoparticles on Germination of Common
Bean Under Salinity Stress). By applying phytogenic
NPs, one can control how plants respond to abiotic
stress through their signalling mechanisms. It has
been demonstrated that triggering calcium-mediated
stress reaction paths in Triticale callus tissues is a
useful tactic for reducing the harmful effects of salt
stress (Yazicilar et al., 2021). The Punica granatum
fruit extract is used to create these NPs. Biosynthe-
sized NPs defend plant cells from ionic toxicity when
exposed to salt stress (Wahid et al., 2020; Zahra et
al., 2021). Foliar administration of photogenic gold
NPs significantly changed the extent of ionic accu-
mulation in root and shoot by increasing the levels of
protective enzymatic (e.g., glutathione reductase,
superoxide dismutase, ascorbate and glutathione pe-
roxidases) and non-enzymatic (e.g., glutathione and
ascorbate antioxidants) during salinity stress (Zahra
et al., 2021). When sulfur nanoparticles (NPs) de-
rived from Ocimum basilicum were applied to wheat
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plants under salt stress, the plants exhibited improved
ionic ratios of sodium and potassium ions in addition
to increased nutrient uptake (particularly, potassium,
nitrogen, and phosphorus content). Furthermore, by
promoting proline levels and antioxidant enzyme
activity in Carthamus tinctorius in response to salini-
ty stress, ZnO NPs obtained from Carica papaya
altered ROS and antioxidant metabolism (Heikal et
al., 2022).

Mineral salts are a significant source of stress for
plants, especially in arid and semiarid areas where
they can negatively affect crops. Over 1.1 Gha, or
more than 7% of the world's total land area, is pre-
dicted to be influenced by excessive soil salinity
and/or sodicity (Qi et al., 2021). Salinity alters mem-
brane permeability and the body's capacity to take in
water and nutrients. These modifications impact the
plant's water and nutrient equilibrium, metabolism,
hormone balance, gas exchange, and the creation of
ROS (Munns and Tester, 2008a; Naz et al., 2016;
Mahmoud et al., 2019; Fan et al., 2020; Pastuszak et
al., 2022). The plant ultimately dies as a result of all
these modifications, which impair cell development
and division, vegetative and reproductive progress,
and the speed of leaf senescence (Feitosa De
Vasconcelos).

When biochar is applied to saline soils, it enhances
the amount of nutrients and organic matter in the
soil, boosts the ability to convert cations, and substi-
tutes Na substitution locations with Ca in the soil
solution, which helps to maintain the structure of the
soil. Consequently, biochar regulates soil water re-
tention capacity and air porosity by improving physi-
cal characteristics. Furthermore, biochar serves as an
environment for a variety of soil microorganisms that
can enhance soils influenced by sodium chloride
(Kim et al., 2017a; Abbas et al., 2020; Seleiman et
al., 2020; Foronda, 2022).

Furthermore, biochar can accelerate salt
leaching, which shortens the time needed to de-
crease the quantity of salt to a level appropriate for
crop development (Zulfigar et al., 2019). Additional-
ly, as opposed to readily degraded molecules derived
from additional organic changes, biochar enhances
the endurance of biological molecules that would aid
in binding soil aggregates for extended periods of
time and enhances soil organic C (Abbas et al.,
2020).

Because of its exceptional capacity for ad-
sorbing salt (Na®), biochar was found to be able to
reduce salinity stress in potatoes when added to salt-
affected soil. Another study found that implementing
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biochar improved grain yield and development in
saline conditions (Helaoui et al., 2023).

The saline soil treated with pyroligneous solution
(PS) and biochar poultry waste compost (BPC) en-
hanced the amount of microbial biomass carbon and
the enzyme activity of urease, invertase, and phos-
phatase in large amounts and rhizosphere soils under
maize growing (Kim et al., 2017a). Applying 30 g of
biochar per m—2 of salt-affected soil resulted in a
raise in electrical conductivity but did not change pH
(Thomas et al., 2013). In contrast to that, in saline
soil, a biochar made from furfural (utilized in the
making of artificial resin) boosted soil organic mat-
ter, cation exchange capability (CEC), and accessible
phosphorus while reducing the pH (Thomas et al.,
2013). Therefore, adding biochar to salt-
impacted soils may enhance plant development by
increasing the physical and chemical characteristics
of the soil as well as its biological function. One of
the main advantages of applying biochar to saline
soils is that it may also raise the quantity of K in the
soil, which in salt-affected soils offsets the negative
effects of Na* (Guo et al., 2021). In keeping with a
study performed by Lin et al. (2015) revealed that the
use of biochar in saline soil elevated the productivity
of wheat and soybeans by boosting plant resistance
to salt by raising the K*/Na" ratio and substitute po-
tassium concentration in plant cells.

10. Regulation NPs based goods in EU and Non-
EU nations

This study reveals that numerous nations or regions
worldwide market and employ nano-based goods in
agriculture. Different methods are used to control
and assure its safe usage. The EU and Switzerland
are the only regions with nano-specific provisions in
agriculture foods legislation, including information
requirements for NMs risk assessment, legally bind-
ing definitions of "nanomaterial,”" and the obligation
to label or report NMs in products. There is also an
EU guideline for a generally applicable definition of
“nanomaterial”. All EU regulatory definitions of
“nanomaterial” employ size as the key descriptor.
Cosmetics Regulation No 1223/2009 defines NMs as
insoluble and bio-persistent compounds. All other
uses have special information needs and risk assess-
ment for qualities like solubility or deterioration. The
European Parliament's Committee on Environment,
Public Health, and Food Safety (ENVI) found that
EU regulation is stricter and more consumer-friendly
than US legislation (Mudgal, 2014). REACH man-
dates all chemicals, including NMs, to be registered
and submit safety data. TSCA in the US requires
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safety data only in certain cases, but the US-EPA
previously in April 2015 proposed using TSCA for
one-time reporting and record-keeping of existing
exposure and health and safety information on chem-
icals in the market that are manufactured or pro-
cessed as nanoscale materials. The study found that
EU food regulation covers manufacture, processing,
and distribution from “farm to fork” (Mudgal, 2014).
The US monitors only “registered facilities” in the
manufacturing and processing supply chain to pre-
vent and intercept tainted food. The EU's cautious
approach considers scientific uncertainty, economic
costs and benefits, and consumer perspectives when
handling hazards. The US uses science-based evalua-
tions to show hazards and regulate (Mudgal, 2014).

Several non-EU nations regulate NMs in
agri/feed/food broadly. US, Australia, New Zealand,
and Canada have non-mandatory frameworks and
believe current regulatory frameworks competent to
adapt to NMs. Malaysia is adding nanotechnology
requirements to its agri/feed/food regulations
(Unclassified DSTI/STP/NANO(2012)22/FINAL
Organisation de Coopération et de Développement
Economiques Organisation for Economic Co-
operation and Development Directorate for Science,
Technology and Industry Committee for Scientific
and Technological Policy Working Party on
Nanotechnology REGULATORY FRAMEWORKS
FOR NANOTECHNOLOGY IN FOODS AND
MEDICAL PRODUCTS, 2013).

Working definitions of NMs are used outside the EU
because no legally enforceable definitions exist.
Some nations (US, Canada) define NMs or nano-
technology by other features or occurrences outside
size. This emphasises NMs with distinct hazards and
higher risk assessment priorities. Iran, Taiwan, and
Thailand have monitoring and labelling systems for
consumer items containing NMs (e.g. NanoMark),
however they differ from EU labelling requirements
(Chavez-Hernandez et al., 2024).

A solid safety net and regulatory frameworks for
nanotechnology goods are crucial as nanotechnology
applications evolve and more, more complex items
reach the market. A case-by-case risk evaluation of
each NMs or nanoform, as advised and implemented
in certain countries, is not the most efficient long-
term approach to nanoproduct safety since it would
demand too many resources and hinder innovation.
Research, international organisations, and industry
are identifying common determinants of NMs risks

to improve approaches, such as grouping NMs and
analysing hazard or exposure data (Arts et al., 2015).
Risk management to reduce NM exposure is also
advised. Certain products may not limit exposure,
such as when the nanoform increases nutritional or
active ingredient bioavailability (Salari et al., 2024).

Since nanotechnology-based agriculture food prod-
ucts may enter the worldwide commerce and be pur-
chased online, harmonised NMs marketing and safe
usage procedures would be useful. International
guidance and standards on risk assessment (test)
methodologies can be harmonised and updated as
technology advances. Numerous OECD and ISO
efforts are underway (Chavez-Hernandez et al.,
2024). The intergovernmental Codex Alimentarius
Commission, established by FAO and WHO, creates
worldwide food standards, guidelines, codes of prac-
tice, and advisory texts, including nanotechnology-
based goods. In this globalised era, a good infrastruc-
ture for sharing NMs use in agri/feed/food infor-
mation and experience is likewise desirable.

11. Conclusion

In conclusion, the exploration of biogenic synthesis
methods for the fabrication of metal NPs derived
from plants and microorganisms unveils a promising
avenue for sustainable and environmentally friendly
technologies. In contrast to traditional approaches,
these methods offer a cleaner and non-toxic route,
presenting a wide array of applications across various
materials and NP types. The diverse synthesis poten-
tial, ranging from plant extracts to microorganisms,
enables the creation of metal and metal oxide NPs
with applications in agriculture and beyond.

The synthesis process, influenced by numerous ex-
perimental parameters, highlights the need for a nu-
anced understanding of the governing factors that
shape NP characteristics. Characterization techniques
play a crucial role in unravelling the morphology and
dimensions of these bio-fabricated NPs, laying the
foundation for their potential commercialization.
However, as we delve into the applications of bio-
genic NPs, it is imperative to acknowledge the poten-
tial risks associated with their introduction into eco-
systems.

In the specific context of the Ararat Plain region in
Armenia, where crop food security is a critical con-
cern, the exploration of biogenic NPs and their appli-
cation demands a comprehensive approach. Rigorous
research is essential to assess bioavailability, poten-
tial adverse reactions, and the broader environmental
and biological impacts. The unique agricultural land-

Egypt. J. Soil Sci. 64, No. 2 (2024)



476 ABHISHEK SINGH, et al.,

scape of the Ararat Plain, with its arid soil resources,
necessitates a careful balance between scientific ex-
ploration and environmental stewardship.

Moreover, as we consider the broader implications of
these technologies, it is crucial to draw connections
with Europe, where sustainable agriculture practices
are of increasing importance. Collaborative efforts
between Armenia and European nations can facilitate
the exchange of knowledge and best practices in uti-
lizing biogenic NPs and biochar for enhancing crop
resilience in saline soils. This collaboration can con-
tribute not only to regional food security but also to
the global conversation on sustainable agriculture
and environmental stewardship.

In the journey ahead, a holistic approach that com-
bines scientific innovation, environmental con-
sciousness, and international collaboration will be
pivotal in unlocking the full potential of biogenic
NPs and biochar in addressing the challenges of sa-
linity in agricultural ecosystems. By doing so, we
pave the way for a sustainable and secure future for
agriculture in the Ararat Plain region and beyond,
contributing to the broader goals of resilient and en-
vironmentally conscious food production.
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