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ABSTRACT
Soil salinity is a major abiotic stress which limits the agricultural productivity throughout the world. Anthropogenic strategies play
a vital role in mitigating soil salinity and restoring soil health. These strategies encompass physical, chemical and biological
processes, each targeting different aspects of soil salinity management. Physical processes involve the manipulation of soil and
water properties to minimize salt accumulation. Improved irrigation techniques, such as drip irrigation and sprinkler systems,
optimize water distribution and minimize salt buildup. Efficient drainage systems prevent waterlogging and facilitate salt leaching.
Chemical processes focus on modifying the soil environment through amendments, such as gypsum and organic matter additions,
to enhance soil structure, nutrient availability and salt displacement. These processes improve soil quality and salt management.
Biological processes exploit the capabilities of halophytes, salt-tolerant plant species, to reduce soil salinity by accumulating salts
in their tissues. Microbial inoculants or biofertilizers containing beneficial microorganisms enhance nutrient cycling, soil structure
and plant tolerance to salinity. The integration of physical, chemical and biological processes offers a comprehensive approach
to soil salinity mitigation. By combining these strategies, researchers and practitioners can develop tailored management plans that
address site-specific conditions and crop requirements. Successful implementation of anthropogenic strategies can lead to
sustainable solutions for soil salinity, improving agricultural productivity and promoting the long-term health of soil ecosystems.
This comprehensive review provides insights into the latest research trends and advancements in anthropogenic strategies for
mitigating soil salinity, contributing to the development of effective and sustainable approaches for soil salinity management.
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Soil salinity is a major abiotic stress factor that significantly
affects agricultural productivity and poses a global
challenge to sustainable food production. The FAO reports
that soil salinization renders up to 1.5 million hectares of
farmland unproductive each year. Furthermore, it decreases
the production potential of up to 46 million hectares of land
worldwide (FAO, 2021). India experiences an annual loss
of approximately 16.84 million tons of farm produce due to
soil salinization (Kumar and Sharma, 2020). It is
characterized by the excessive accumulation of salts in the
soil, particularly sodium chloride and other soluble salts,
which can hinder plant growth and development. It is
characterized by the excessive accumulation of salts in the
soil, particularly sodium chloride, and other soluble salts,
which can hinder plant growth and development. Soil
salinity is primarily caused by natural processes, such as
geological formations, weathering of rocks and seawater
intrusion, but anthropogenic activities have also contributed
significantly to the problem. Anthropogenic factors,
including improper irrigation practices, excessive use of
fertilizers and inadequate drainage systems, have
accelerated the onset and severity of soil salinity as shown
in Fig 1. As a consequence, there is an urgent need to
develop effective strategies to mitigate soil salinity and
restore soil health to ensure agricultural sustainability.
Mitigating soil salinity requires a multidimensional
approach that integrates various anthropogenic strategies
aimed at reducing salt accumulation, improving soil

structure and promoting plant tolerance to salinity stress.
These strategies encompass a range of management
practices, technological advancements and policy
interventions.

One of the key anthropogenic strategies is the
implementation of improved irrigation techniques as shown
in Fig 1. For instance, adopting precision irrigation
methods, such as drip irrigation or sprinkler systems, can
minimize water wastage and the leaching of salts beyond
the root zone (Maas and Hoffman, 1977; Zeng et al., 2021).
This approach helps maintain a more balanced soil
moisture content and reduces the risk of salt buildup.
Additionally, investigations into the design and
implementation of efficient drainage systems have provided
insights into their role in preventing waterlogging and
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facilitating salt leaching (Rhoades et al., 1992; Alzubaidi
et al., 2022).

In addition, effective soil management practices play
a vital role in mitigating soil salinity. Implementing proper
soil nutrient management plans, including balanced
fertilization and organic matter additions, can enhance soil
fertility and improve nutrient availability for plants (Munns
and Tester, 2008; Hussain et al., 2021). Moreover,
incorporating suitable soil amendments such as gypsum
or organic materials, can aid in the leaching of excessive
salts and improve soil structure, thereby facilitating better
root growth and nutrient uptake.

Another important anthropogenic strategy is the
development and utilization of salt-tolerant crop varieties
through breeding and genetic engineering approaches
(Munns and Gilliham, 2015; Flowers et al., 2020). Selective
breeding programs aim to incorporate genes responsible
for salt tolerance from wild relatives into commercially
important crop species, enhancing their ability to withstand

salinity stress. Genetic engineering techniques offer
additional opportunities to introduce novel genes or modify
existing genes to confer salt tolerance traits to crops.

Furthermore, effective land and water management
practices can contribute to mitigating soil salinity.
Implementing appropriate land-use planning strategies,
such as afforestation, agroforestry, or integrated farming
systems, can help stabilize soil structure, improve water
infiltration and reduce the risk of salt accumulation (Kumar
et al., 2019; Islam et al., 2021). Furthermore, regulating
water usage and promoting sustainable irrigation practices
through policy interventions can minimize the impact of
anthropogenic activities on soil salinity (Sharma et al., 2020;
Wei et al., 2021).

Anthropogenic strategies for mitigating soil salinity
Some anthropogenic strategies are used to reduce soil
salinity. They may be physical, chemical, or biological as
shown in Fig 2.

https://www.fao.org/3/cb7247en/cb7247en.pdf

Fig 1: Factors influencing salt accumulation in the soil.

Fig 2: The conventional and modern approaches for soil salinity management.
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Physical
Leaching, a commonly employed method for remediating
salt accumulation in soils, involves the application of large
volumes of good-quality to wash away soluble salts
(Ravindran et al., 2007). This approach is considered highly
effective, particularly in regions with a low water table and
abundant good-quality resources. However, areas affected
by soil salinization are often arid or semi-arid, resulting in
limited access to water.

Deep tillage is another physical decontamination
technique that can be employed to address soil salinity.
This method involves mixing the surface soil, which tends
to have high salt content, with deeper soil layers. The mixing
process effectively dilutes the salt concentration in the upper
soil profile (Provin and Pitt, 2017). Although deep tillage
can promote improved plant growth, it is associated with
significant disruptions and increased erosion rates.
Moreover, deep tilling may enhance evaporation rates,
exacerbating the salt problem. Deep tilling can exacerbate
soil salinity by exposing deeper saline layers, disrupting
capillary rise and increasing the evaporation of water within
the soil, ultimately leading to higher salt concentrations near
the surface where plants grow (Cuevas et al., 2019).

The management of soil salinity can be achieved through
the implementation of soil-improving cropping systems
(SICS) (Cuevas et al., 2019). These systems not only
incorporate established techniques like leaching with high-
quality water but also involve the use of salt-resistant plant
species to enhance overall soil fertility. While SICS is primarily
applied in agricultural contexts, plant-based remediation
approaches utilizing halophytes can be employed in various
settings to effectively manage saline soils.

Chemical use strategies
To improve soil quality, the application of chemical
amendments is an additional option. One such amendment
is gypsum (CaSO4), which can enhance calcium levels and
improve soil structure (Gupta and Abrol, 1990). Saline soils
exhibit diverse compositions and require specialized
approaches, including the use of sulfur-containing
compounds like gypsum, for effective management and
long-term reclamation (Stamford et al., 2015).

Gypsum application is a prominent method used to
reclaim salt-affected soils, with other related amendments
including elemental sulfur, sulfuric acid (H 2SO4),
polysulfides of sulfur and hydrogen sulfite (Abdelhamid et al.,
2013; Lastiri-Hernández et al., 2019; Wang et al., 2019).
Field studies have demonstrated the effectiveness of
gypsum in soil reclamation, particularly in comparison to
other amendments (Lastiri-Hernández et al., 2019).
Gypsum application to saline soils can lead to
improvements in various soil properties, such as physical
characteristics (bulk density, aggregate stability and water
infiltration) and chemical attributes (pH, SAR, ESP, CEC,
EC, nutrient availability and organic carbon) (Lastiri-
Hernández et al., 2019; Wang et al., 2017; Kim et al., 2016).

Additionally, gypsum application has been shown to
increase biomass production and crop yields (Lastiri-
Hernández et al., 2019; Wang et al., 2017).

Gypsum (CaSO4) has several beneficial effects when
applied to saline soils. One of the primary advantages is its
ability to enhance soil structure. Saline soils often have poor
physical characteristics, such as high bulk density and low
aggregate stability, which can hinder water infiltration and
root penetration. Gypsum, when applied into the soil, helps
to loosen compacted layers and improve soil porosity. It
promotes the formation of stable soil aggregates, creating
a more favorable environment for root growth and water
movement (Wang et al., 2017; Kim et al., 2016).

In addition to improving soil structure, gypsum
application has a significant impact on soil chemistry.
Saline soils tend to have high levels of sodium, which can
negatively affect soil properties and plant growth. Gypsum
contains calcium, which competes with sodium for soil
exchange sites. By displacing sodium ions and increasing
the calcium content, gypsum helps to reduce soil sodicity
and improve the soil’s ability to retain essential nutrients
(Kim et al., 2016; Alcívar et al., 2018). This leads to a more
favorable soil pH, reduces the sodium absorption ratio
(SAR) and exchangeable sodium percentage (ESP) and
increases the cation exchange capacity (CEC) of the soil
(Wang et al., 2017).

The application of gypsum enhances nutrient
availability, including phosphorus and promotes a
balanced concentration of electrolytes in the soil solution
(Kim et al., 2016; Alcívar et al., 2018). Furthermore, gypsum
treatment not only modifies the physical and chemical
properties of the soil but also stimulates microbial activity,
biomass and respiration (Alcívar et al., 2018).

Apart from its effects on soil physical and chemical
properties, gypsum also plays a crucial role in stimulating
soil microbial activity. Microorganisms are essential for
nutrient cycling, organic matter decomposition and overall
soil health. Gypsum application has been shown to enhance
soil microbial biomass, activity and respiration rates (Alcívar
et al., 2018). This increased microbial activity can lead to
improved nutrient mineralization and organic matter
decomposition, facilitating nutrient cycling and promoting a
more favorable soil environment for plant growth.

Biological
Amending salt-affected soils requires considering the type
of salinity present and the availability of suitable soil
amendments. Two effective options for improving the
biological, physical and chemical aspects of saline soils
for food production are the application of CaSO4.2H2O
(gypsum) and bio-organic amendments.

Bio-organic amendments involve the use of beneficial
bacteria and organic nutrients to enhance crop yield. These
amendments contribute to the increase in soil organic
matter, important nutrients (particularly nitrogen and
phosphorus), water availability, soil structure and microbial
activity (Bello et al., 2021). Beneficial microbes include plant
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growth-promoting microorganisms, arbuscular mycorrhizal
fungi, cellulose-decomposing bacteria, phosphorus-
solubilizing bacteria and nitrogen-fixing bacteria. By
harnessing the ecological survival traits of these microbes,
such as salinity tolerance and the production of growth-
stimulating hormones and compatible solutes like glycine
betaine, crop tolerance to salt-affected soil conditions can
be enhanced (Murphy et al., 2018; Shrivastava et al., 2015;
Mbarki et al., 2017).

Plant root-colonizing microorganisms, such as fungi
and bacteria, form symbiotic partnerships with plants to
impart salinity tolerance. These partnerships facilitate
better root system growth, leading to improved nutrient and
water uptake and the balance of sodium ions (Na+) in the
rhizosphere. For example, the dual inoculation of
arbuscular mycorrhizal fungus Rhizophagus intraradices
and plant growth-promoting bacteria Massilia sp. RK4 has
been shown to increase nutrient accumulation, arbuscular
mycorrhizal colonization and leaf proline synthesis
(Krishnamoorthy et al., 2016). Soil microbes also play a
vital role in nutrient cycling through processes such as
mineralization and immobilization, which enhance soil
nutrient availability, aeration and organic matter content
(Xu et al., 2015). Specific microbial species like
Pseudomonas stutzeri and Trichoder maharzianum have
been found to improve salt tolerance in glycophyte plants
by reducing reactive oxygen species toxicity, superoxide
dismutase activity and lipid peroxidation (Mbarki et al., 2017;
Bacilio et al., 2016). Trichoder maharzianum application
has been demonstrated to improve tomato yield, soil fertility
and biodiversity under salinity stress (Wagner et al., 2016).
Additionally, inoculation with Trichoder maharzianumhas
been shown to reduce sodium absorption ratio (SAR),
enhance tomato fruit output and increase soil phosphorus
levels (Daliakopoulos et al., 2019). In a 3000-ppm salty
water irrigation experiment, Azospirillum, peanut compost

and their combination (Azospirillum–compost) increased
germanium plant growth and biomass yield with reduced
Na+ accumulation (Leithy et al., 2009). Bacillus pumilus
and Pseudomonas pseudoalcaligenes improve rice (GJ17,
a salt-sensitive cultivar) tolerance to salinity stress by
reducing ROS toxicity, superoxide dismutase activity and
lipid peroxidation (Jha et al., 2014). Other microbial
mechanisms that enhance crop tolerance to salinity stress
include increased 1-aminocyclopropane-1- carboxylate
deaminase, nitrate reductase and nitrogenase activities,
regulation of leaf water content, phosphate solubilization,
higher K+/Na+ ratio, improved germination and growth,
indole acetic acid and exopolysaccharide production and
regulation of Na+ transporter (HKT1) (Shrivastava and
Kumar, 2015) (Fig 3).

In terms of organic amendments, the addition of
materials such as compost, straw, manure, humic
compounds and biochar to salt-affected soils has shown
potential in increasing crop production. Organic soil
additives undergo breakdown processes, releasing CO2,
H+ and organic acids (Kitila et al., 2020). Soil
microorganisms absorb CO2 as soil organic carbon, while
plant residues contribute to soil organic carbon through
CO2 fixation during photosynthesis in the rhizosphere (Ontl
and Schulte, 2012). The release of H+ from organic
breakdown facilitates the solubilization of salts and
carbonates and the subsequent solubilization of CaCO3 in
calcareous soils releases calcium ions (Ca2+) for plant
uptake and CO2 for soil organic carbon. Organic acids also
contribute to soil mineralization. Application of organic
amendments to saline soils has been found to improve
soil electrical conductivity (EC) and pH, leading to enhanced
maize growth compared to untreated control (Khatun et al.,
2019). Organic amendments help control salt distribution
in the rhizosphere, reducing soil evaporation, saltwater
transport and salt accumulation in the root zone (Cuevas

Fig 3: Role of microorganisms in mitigating soil salinity.
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et al., 2019). Organic matter also chelates Ca2+ and Mg2+ in
the soil solution, promoting their absorption by plants
relative to Na+ and reducing SAR. Wheat straw application,
similar to gypsum, has been shown to add Ca2+ and Mg2+

to the soil solution, making these cations more available
for plant absorption (Wheaton et al., 2002). Additionally, the
addition of organic manure to saline-irrigated soil has been
found to increase the availability of nitrogen and potassium
for tomato plants (Gómez et al., 1992).

Phytoremediation
Phytoremediation is a process used to remove, prevent
the buildup of, or decompose potentially hazardous
substances in the soil. It has been successfully employed
for various contaminants, including metals, organic
pollutants and even salt, offering a cost-effective approach
(cost of treatment by using phytoremediation was found to
be 5-13 times lesser than the chemical treatment (Raskin
and Ensley, 2000) to soil remediation (Campos et al., 2008;
Jesus et al., 2015; Mahar et al., 2016) as its ability to utilize
natural processes, reduce the need for costly interventions
and offer a sustainable, adaptable and environmentally
friendly approach to soil remediation.

When it comes to salt-affected soils, the use of
halophytic plants in  phyto-adaptation can be particularly
beneficial. Halophytes are plant species adapted to thrive
in high-salt environments. By utilizing these plants,
landowners can reduce costs associated with soil
remediation and minimize disturbance to the soil and the
interconnected ecosystems (Jesus et al., 2015).

In phytoremediation applications, certain halophytes
known as accumulators can be employed. These plants
have the ability to accumulate and remove salt from the soil,
making them effective in restoring salty and sodic soils
(Jesus et al., 2015). However, the benefits of halophytic
plants extend beyond salt removal. For instance, studies
conducted with Leptochloa fusca L., a halophytic grass, have
shown that it enhances salt leaching, leading to a reduction
in soil salinity and sodicity. Leptochloa fusca, enhances salt
leaching by absorbing, excreting and transporting salts from
the soil to its leaves, where they can be washed away. This
natural process, along with improved soil structure and
microbial activity, collectively leads to a reduction in soil
salinity and sodicity. The grass achieves this by releasing
carbon dioxide from its roots, which contributes to a
decrease in soil pH and by dissolving calcium carbonate
(Akhter et al., 2003). By improving soil conditions through
these mechanisms, halophytes can create a more favorable
environment for plant growth. Furthermore, halophytes, like
other plant species, contribute to an increase in organic
matter content in the soil. This organic matter helps improve
soil structure, water retention and nutrient availability,
ultimately enhancing soil quality. Additionally, the
incorporation of organic matter by halophytic plants aids in
the sequestration of carbon in the soil, contributing to carbon
storage and mitigating climate change (Jesus et al., 2015).

CONCLUSION
Various strategies have emerged as crucial tools for
mitigating soil salinity and ensuring sustainable agriculture.
Through the integration of physical, chemical and
biological processes, these strategies offer a
comprehensive approach to address the complex nature
of soil salinity. By manipulating soil and water properties,
improving irrigation practices, implementing efficient
drainage systems and utilizing soil amendments, salt-
tolerant crops and beneficial microorganisms, researchers
and practitioners can effectively manage soil salinity and
restore soil health. Efficient drainage systems have proven
valuable in preventing waterlogging and facilitating salt
leaching. Additionally, the application of soil amendments,
the utilization of salt-tolerant crops and the use of microbial
inoculants have shown promise in improving soil fertility,
nutrient availability and plant tolerance to salinity stress. It
is evident that a multidimensional approach, combining
physical, chemical and biological processes, is essential
for successful soil salinity mitigation. By tailoring these
strategies to site-specific conditions and crop
requirements, agricultural productivity can be improved
while minimizing negative environmental impacts.
Furthermore, ongoing research and innovation in this field
hold the potential to further enhance the effectiveness and
sustainability of anthropogenic strategies for soil salinity
management.
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