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Abstract: Soil salinity is a common problem of the developing world as well as the developed world.
However, the pace to reduce salinity is much slower in the developing world. The application
of short-term approaches with an unsustainable supply of funds are the major reasons of low
success. In contrast, the developed world has focused on long-term and sustainable techniques,
and considerable funds per unit area have been allocated to reduce soil salinity. Here, we review
the existing approaches in both worlds. Approaches like engineering and nutrient use were proven
to be unsustainable, while limited breeding and biosaline approaches had little success in the
developing countries. In contrast, advanced breeding and genetics tools were implemented in the
developed countries to improve the salinity tolerance of different crops with more success. Resultantly,
developed countries not only reduced the area for soil salinity at a higher rate, but more sustainable
and cheaper ways to resolve the issue were implemented at the farmers’ field. Similarly, plant microbial
approaches and the application of fertigation through drip irrigation have great potential for both
worlds, and farmer participatory approaches are required to obtain fruitful outcomes. In this regard,
a challenging issue is the transition of sustainable approaches from developed countries to developing
ones, and possible methods for this are discussed.

Keywords: advanced agricultural approaches; resilience; salinity; salt tolerance; sustainability

1. Introduction

Among different stresses, soil salinity is a common problem in arid and semi-arid agricultural
regions [1]. All soil in which water-soluble salts exceed 4 dS m−1 is considered saline. Soil salinity
and restricted water availability are strongly limiting agricultural production and are predicted to
increase considerably during this century [2]. The urban spread is forcing agriculture into drier or more
marginal lands, and global food requirements are projected to increase 70% by 2050, requiring gains
in agricultural productivity on less land area and with lower water input [3]. Although numerous
approaches have been introduced, most of these turned out to be unsustainable and/or had only limited
success, depending on local conditions. For example, soil salinity is an evenly distributed problem
among developing and developed regions (Figure 1) yet, in developed countries, sustainable strategies
have been adopted and big areas either reclaimed or replaced with suitable plant genotypes. Moreover,
certain grain-producing crops have been extensively investigated and then improved to grow at higher
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levels of salinity. In contrast, in developing countries, short-term soil reclamation approaches have
been adopted to tackle salinity, most of which failed and a few of which even increased the level of
soil salinity. Likewise, soil health has always been ignored and the biggest area of the world is still
being irrigated with saline water, and ultimately, adding salt to soil every year [4]. In contrast, poorly
planned short-termed strategies and the use of marginal lands have amplified the risk of salinity [5].
This ever-increasing trend is imprinting a question mark on food security in developing countries.
Similarly, the pace to reduce the negative impact of salinity is much slower in developing countries
compared to the developed world. It is important and timely to identify and discuss what developing
countries can learn from the sustainable approaches of the developed world. This could allow for more
suitable and sustainable options to tackle soil salinity and to improve crop production under the saline
conditions of the developing countries (Figure 2).
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Figure 1. Global distribution of salt-affected areas [6,7].
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Figure 2. Performance of different wheat genotypes grown under saline (left) and normal
(right) conditions.

In this review, we briefly address the general aspects of global areas affected by soil salinity,
salinity, and plant interactions. The focus of the review is on the efforts to alleviate the impact of
salinity on crops in the developing world in comparison to developed countries, especially what
the developing countries can learn from the developed world. In this context, we discuss novel
breeding approaches, such as physiological breeding and genome editing, as well as recently emerging
management approaches, such as the application of beneficial microbes. Finally, we analyze the overall
benefits and potential drawbacks of these approaches, and which approaches will be more sustainable
in the future, especially under consideration of the conditions in resource-limited developing nations.
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1.1. Basic Classification of Salinity

Previous reports defined soils with salt amounts of more than 0.34 × 109 ha (23%) as saline
(ECe > 4 dS m−1) [8]. Based on severity, the saline area is categorized into four major classes, i.e.,
very severely saline (ECe > 16 dSm−1), severely saline (ECe 8–16 dS m−1), moderately saline (ECe
4–8 dS m−1), and slightly saline (ECe 2–4 dS m−1) [9].

1.2. Effect of Changing Climate, Underground and Canal Water on the Global Distribution of Salinity

Harsh climatic conditions, irrigation with unfit groundwater, and an uneven distribution of
rainfall are the major contributors for salinity development [10]. A changing climate, with higher
temperatures and a bumpy pattern of rains, can cause greater evaporation of water from the soil surface
and low leaching of the salts, which could increase the problem of soil salinity. Thus, cultivation in
these saline areas largely depends on canal irrigation or underground water. A higher evaporation rate
from the soil results in the depositing of a salt layer on the soil surface. There is evidence that the use of
canal water deteriorated the agricultural land in Euphrates valley (7000 years ago), and people started
to grow more salt-tolerant barley instead of salt-sensitive wheat [11]. Similarly, in other regions of the
world, in areas associated with river systems for irrigation, the soils had become saline. For example,
the Indus in Pakistan, the Ganges system in the northwest of India, the head-waters of the Mekong
river system in the northeast of Thailand, the Huang and associated rivers in the North China plains,
the Colorado in the southwest of the USA, the Nile in Egypt, and the Murray–Darling catchments in
Australia [12]. It is a fact that canal irrigation water contains sufficient amounts of salts of different
kinds to cause soil salinity. It is estimated that the use of water with an electrical conductivity of only
0.5 dS m−1 (with a salt concentration of 0.3 g L−1) adds enough salt, particularly NaCl, to cause salinity.
When soils are insufficiently drained, these salts accumulate in the root zone, and become a great threat
to agricultural activities. Likewise, even canal water is not available to every farmer, and consequently,
some have to irrigate crops with unfit groundwater, with higher salinity (Figure 3). As a result, the
saline area is increasing day by day.
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Figure 3. Countries with more than one million hectares of area under saline water irrigation [13].
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1.3. Soil Salinity and Plant Interactions

Salinity is known to affect all plant organs, from roots to leaves. The transportation of ions affects
the physiology, anatomy, and overall health of the plant. While mild salt stress can promote root
growth [14], high salt concentrations in the root zone may depress the growth of most plant species by
lowering the water potential, the excessive accumulation of ions, and the effects of specific ions on
metabolic processes, ranging from the absorption of nutrients to enzyme activation [15]. Soil salinity
directly reduces the plant water potential [16], which reduces the expansion of leaves, ultimately
reduces photosynthesis and proliferation of new tissues and, as a consequence, retards the whole plant
growth and production. There are numerous reports on the suppression of photosynthesis as a result
of salt stress [17–19]. Several studies revealed that reduced plant growth and decreased yield under
stress conditions were due to an unequal supply and impairment in essential nutrient elements and
water deficit, abnormal metabolism, and the improper synthesis of proteins [20–22].

Apart from yield, the quality of the harvest product is a key parameter in agricultural production.
Quality parameters of fleshy fruits, such as strawberry (Fragaria ananassa Duch.), tomato (Solanum
lycopersicum L.), watermelon (Citrullus lanatus L.), or pepper (Capsicum annuum L.), can be improved by
increased salt concentrations in growth substrates [14,23–26]. The enhanced accumulation of different
soluble compounds, which are described as important fruit quality parameters, could be considered as
an “enrichment effect”, as fruit yield is limited at the same time. Also, the negative impact of salinity
on reducing fruit yield by promoting physiological disorders, such as blossom end-rot, has been shown
in different crops [26,27]. Similarly, grain quality parameters of important cereal crops, such as wheat
(Triticum durum Desf. and Triticum aestivum L.) [28–30], rice (Oryza sativa L.) [31], or corn (Zea mays
L.) [32], could be improved by applying salinity, depending on the specific conditions and cultivars.
However, decreased wheat [30,33] or rice [34] grain quality in addition to yield decline under salt stress
conditions has also been reported.

The process of maintaining cell turgor initiated by plants by increasing cell solutes to compensate
for external osmotic stress is described as osmoregulation, osmoprotection, osmotic compensation, or
osmotic adjustment [35]. Osmoregulations in higher plants under salt stress depends either on the
reduced uptake of salts, the synthesis of organic solutes, or both. In plants, the major osmoregulators or
osmoprotactants are glycine betaine, proline, and polyols [36]. These changes help plants to complete
their life cycle under salt stress.

2. Efforts to Alleviate Salinity Impact on Crops in Developing Countries

Diverse approaches to tackle soil salinity have been followed in different developing countries;
however, the outcomes were not sustainable. Mostly, short-range solutions were executed to solve this
difficult task and, in most of the developing countries, saline water is used for irrigation (Figure 2).
For example, Pakistan is predominantly an agricultural country, and a major part of the agricultural
area is commanded by an extensive canal irrigation system. The continuous use of low-quality canal
and underground irrigational water affects about 5.7 × 106 ha of arable land within the country [37].
This practice has caused 0.6 × 106 ha to be slightly saline, 1.23 × 106 ha to be moderately saline,
2.385 × 106 ha to be severely saline, and 2 × 106 ha very severely saline areas [38]. This distribution
of saline area presents the progression of salinization in such countries and has become a threat to
agriculture. A very serious and prolonged effect of this soil-related irrigation is causing desertification,
which affects both the developed and developing world, to different degrees. This is clearly a major
threat to food security in the overpopulated areas, particularly in India, Bangladesh, and Pakistan [39].

2.1. Engineering Approaches

A few drainage projects have been introduced to tackle the salinity in waterlogged areas of
the developing world. Likewise, several measures to reclaim the huge acreage were using gypsum,
Sulphur, and sulphuric acid, which accelerated the leach down the salts present in the root zone [40]. In
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addition to a chemical approach, tube wells were installed under the Salinity Control and Reclamation
Project (SCARP) in waterlogged areas of Pakistan [41] and a hydrological approach in India [42–45].
Although these approaches were effective in decreasing the concentration of salt to some extent, they
became uneconomical for the developing countries due to the escalating costs of labor, energy, and
chemicals. Secondly, these drainage projects lowered the water table to a great extent, and the threat to
search the alternative water resources increased with the passage of time.

2.2. Conventional Breeding (Limited Efforts)

Since the development of the civilized world, plant domestication and selection has been proven
to be the more suitable option for global food security among different nations of the world. It has
helped people to ensure food security. Plant scientists many years ago started to exploit plants’ genetic
resources for developing crop cultivars tolerant to soil salinity. The success stories of breeders provided
impetus to other breeders for bringing genetic modifications in plant species endemic to the area
affected by salinity. Different varieties of T. aestivum, Hordeum vulgare L., Gossypium barbadense L., and
O. sativa were developed for high yields in saline regions of Pakistan, India, and Egypt. These varieties
were also found to be suitable for non-saline areas [46,47] like Kharchia-Rata, a T. aestivum line in India,
Sakha-8 in Egypt, and LU-26S and SARC-I in Pakistan [48], the O. sativa variety Giza-159 [49] and G.
barbadense cultivars, Bhatim-108 and Bhatim-110 [50], and in Pakistan cultivars of Gossypium hirsutum
L. NIAB-78 [51,52] and MNH-93 [52], were found to be most tolerant to soil salinity.

Although the breeding of plants for salt tolerance is considered most economical, it depends
on a long-term commitment. However, no continuity has been seen to develop cultivars based on
new breeding approaches. Numerous studies in different crops have been conducted at an academic
level [53–55], but the final product relevant for agricultural use is missing. Likewise, most of the
potential developed genotypes with tolerance to certain stressors are being sent through different
international organizations, such as the International Maize and Wheat Improvement Centre (CIMMYT),
Mexico, International Rice Research Institute (IRRI), Philippine, International Center for Agricultural
Research in Dry Areas (ICARDA), Syria, and International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), India, but these centers have very little or no focus on breeding for the salinity
tolerance of these crops. Similarly, no breakthrough was achieved in any other crop, as only small-scale
and short-term studies were conducted for most of the crops.

2.3. Unsustainable Efforts on Biosaline Approaches

Salt tolerant plant species, which can grow on saline water, are grown on saline soils. Salt marshes,
salt swamps, inland saline sweeps, and saline deserts are salt-rich in nature and are known to be
natural sources of salinity, and the plants growing there show evidence of their ability to survive under
these adverse and severe conditions of salinity, for example, Atriplex hastata L., Salicornia europaea L.,
Eucalyptus camaldulensis Dehnh., Spartina townsendii H.J., and Distichlis spicata L. have shown adaptation
to high salt concentrations, and they complete their life cycle without being affected by salinity [56].
A considerable number of projects have addressed the potential of these shrubs and trees in developing
countries, but most of them were finished with little success, mainly due to a lack of continuous
funding. One of those projects was the plantation of E. camaldulensis in Asia to mitigate waterlogging
and salinity [57]. However, this approach failed in semi-arid areas, as insufficient water was available
to grow Eucalyptus. This plant species not only utilizes water at a higher pace but also depletes the soil
nutrients [58]. The SAFPDP project with an integrated biosaline approach was started in Pakistan and
the Philippines in collaboration with Australia. The success of this project was significant, however,
this project was ended by a lack of funds [59].

2.4. Nutrient Management

Nutrient management of crop plants is being used to ameliorate the level of salinity tolerance. The
amendment of different nutrients to cope with salinity stress is also a part of fertilizer research in few
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countries. Studies have indicated that sensitive crop species have shown significant tolerance through
the use of selective nutrients. A few nutrients have the potential to abate the severity. Previous studies
on salt tolerance revealed that the adverse effects of salinity, in the presence of macronutrients in the
soil, are less drastic. Numerous studies showed that the presence of NPK in saline soils stimulated
plant growth and increased the lint yield of G. hirsutum [60], C. annum [22], and S. lycopersicum [61].
Sodium disrupted the potassium (K) uptake in most of the saline soils [62], likewise, calcium (Ca) is an
important determinant of plants under salt stress and acts as a second messenger in stress signaling [63].
This indicates that both K and Ca are necessary nutrients for normal plant growth and the provision of
these two nutrients can help plants to survive under salt stress conditions. Different studies showed
that these nutrients improved the plant biomass as well as the grain yield. Results from Z. mays
hybrids by Abbasi et al. [64] suggested that high levels of soil salinity were efficiently mitigated by
the application of K. Similarly, Yousuf et al. [65] manifested that high salinity can be tackled by high
levels of K and Ca in Brassica napus L. Likewise, Rashid et al. [66] identified that most of the calcareous
soils of Pakistan are deficient in boron (B), while the application of this element would be effective in
combating salinity. Abid et al. [67] demonstrated that Na concentration was decreased in B. napus.
straw by the application of B. Parallel to the other nutrients, silicon is considered a minor nutrient for
plant growth and plants can complete their lifecycle without it. Yet, under salt stress it has an important
contribution and Abdel-Haliem et al. [68] reported that silicon upregulated the plant phytohormones,
especially jasmonic acid (JA), in rice grown under salt stress and it further activated the antioxidants
and osmolyte production.

Despite the great potential of nutrient application for coping with the effects of soil salinity, only
small success has been observed in field applications. One of the major problems is the availability of
scarce resources. Typically, farmers either have only small land holdings with a limited budget or do
not have enough water to irrigate their crops. Obviously, it is very hard for them to apply nutrients
along with chemical fertilizers and consequently, no significant contribution has been observed.

3. Approaches from the Developed World

In comparison to the developing world, more sustainable approaches were evolved and
implemented in the developed countries. More focus was given to plant species and their management
in response to soil salinity levels. Recent microbial and molecular tools were identified, and both plant
and soil were successfully engineered. Potential approaches were tested and implemented at farmers’
fields to get the better reward.

3.1. Physiological Breeding

In contrast to specific qualitative and quantitative traits aimed at conventional breeding, more
complex physiological plant traits may be promising novel targets in breeding and agricultural
management practices. As developmental and environmental cues are integrated at the physiological
level, physiological breeding targets may allow for improving plasticity under varying conditions, which
subsequently stabilizes yield [69]. Physiological breeding can play an important role in identifying
plants tolerant to abiotic stress. Several studies have demonstrated salt tolerance mechanisms, however,
ion accumulation [70–72], ion exclusion [52,73], and osmotic adjustment [74,75] are the most common
mechanisms of salt tolerance in most of crop species.

A well-developed mechanism of osmotic adjustment is found in halophytes. Their ability to
synthesize more organic compounds, such as glycerol, mannitol, sorbitol, and proline supports them
in reducing the effects of dehydration and salinity [76]. Proline and glycine betaine have been found to
decrease the toxic effects of salinity caused by NaCl [77]. To avoid dehydration and to maintain turgor,
the cell must decrease total water potential by reducing osmotic potential. The primary responses
of almost all the agricultural crops (commonly known as glycophytes) to salinity are the restricted
transport of the salt to the shoots and the maintenance of a favorable water balance by the synthesis of
organic solutes [78]. In order to survive, the plant must adjust osmotically by building up even higher
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internal solute concentrations. Organic solutes, such as proline, sugars, and glycine betaine are the
main organic osmoregulators in glycophytes, which protect them from adverse effects of salinity [36,78].
In the presence of these organic substances, plants become able to accumulate high levels of salts,
maintain the soil–water balance, and can grow under high salt concentrations [79,80].

Crop resilience to changing levels of soil salinity has improved and the combination of
agro-physiological traits has successfully been utilized to breed different crop species in developed
countries (Table 1). Consequently, a number of crop species have been released and are performing well
the farmers’ fields. The incorporation of a few of the above-mentioned traits with positive associations
with agronomic parameters can help the plant breeders to develop a better ideotype of crops.

Table 1. Crops improved against soil salinity using physiology breeding.

Crop Species Physiological Traits Traits Reference

Oryza sativa Glycine Betaine Quantum yield of PSII
under salinity Harinasut et al. [81]

Nicotiana tabacum Glycine betaine, proline,
mannitol, and Sorbitol Salinity tolerance Rontein et al. [36]

Triticum aestivum and
Triticum durum

Higher K+ around root
zone Plant biomass and yield Cuin et al. [82]

Gossypium hirsutum Higher K+/Na+ ratio, and
proline accumulation

Better performance at
higher salinity levels Nabi et al. [54]

Miscanthus x giganteus
Water Use Efficiency,

stomatal conductance, and
leaf water contents

Plant Biomass Stavridou et al. [83]

Triticum aestivum and
Hordeum vulgare

Higher proline within roots,
and osmotic adjustment

better performance at
salinity Darko et al. [84]

3.2. Genome-Wide Associations for Marker–Trait Associations

In the genomic era, whole genome sequencing combined with the development of statistical
methods led to the emergence of genome-wide association studies (GWAS) as a powerful tool to
describe the associated variation [85], which increasingly contributes to the advancements in modern
crop research. Likewise, Gabriel et al. [86] demonstrated that GWAS, along with haplotype frameworks,
provides substantial statistical power in marker traits association studies and provides a foundation
for the construction of a haplotype map, which may be helpful for studying rare variation [87]. This
technology is becoming cheaper and the rewards are long term. Brachi et al. [88] reported that GWAS
is even more powerful in plants as compared to human research. In recent years, several GWASs
addressed salinity tolerance in different crops. Early responses in plant growth and transpiration can
be tracked using this approach [89]. Different complex traits have been investigated successfully with
GWAS and a number of useful regions have been incorporated within crop plants. In model plants
like Z. mays, GWAS is not only helpful for cloning the genes but has also proposed certain new genes
for complex traits [90]. Next-generation sequencing approaches have paved the way for associating
genotypic and phenotypic data with minimum errors. These approaches are helpful for studying the
salinity responses of different crops during the growth or postharvest stages.

One of the major debates surrounding growing crops in saline areas is the quality of their grains
or harvest products. A focus does exist on postharvest research of these crops. However, in the
developing countries where the grains are the staple foods, this is rarely studied. In recent years,
studies were conducted to understand the genetics of grain quality grown under adverse environments.
Developed countries have already made major progress and numbers of genomic regions have been
identified to be associated with protein and starch contents. Likewise, free amino acids (FAAs) serve
as an alternative source of energy. Angelovici et al. [91] stated that manipulation FAA can significantly
impact the nutritional qualities of grains and through GWAS the genes coding for free amino acids
can be identified. Liu et al. [92] identified four candidate genes for kernel starch and expressed that
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these genes can also elucidate the genetic basis of starch content. Similarly, with the advancement in
analytical techniques and tools, the identification of qualitative traits has become cheaper.

3.3. Transgenes and Genome Editing

To serve the purpose, numbers of genes have been incorporated, bypassing the conventional
crossing for the improvement of certain crops. Few genes conferring tolerance to soil salinity have
been incorporated in the cultivated crops. The most common approach was the transformation with
Nax1 and Nax2 [93,94]. These genes could exclude toxic ions and this exclusion capacity is useful for
improving salinity tolerance as it results in less injury to the cells.

A few other genes have also been identified to maintain a higher ratio of K+/Na+ within the
cells. Among these, AtHKT derived from Arabidopsis thaliana (L.) Heynh. mediates the loading and
unloading of Na+. AtNHX1 plays a role in pH maintenance and/or K+ homeostasis in specialized
cells [95] and the overexpression of AtNHX1 has been proven to ameliorate the Na+ toxicity in A.
thaliana and study of this model species indicates such genes can improve tolerance of field crops [96].
Xu et al. [97] reported that Petunia hybrida Juss., with an over-expression of AtNHX1, has maintained
higher water content, more proline, and higher K+/Na+ ratio within the plants. Pyramiding of these
genes within the cop plants will improve the plasticity to varied range of soil salinity (Table 2). Such
approaches may facilitate the breeders of developing nations to improve the salinity tolerance of crops.

Different monogenic traits have been improved through genome editing, either by deletion or gene
duplication [98,99], by the advent of techniques like engineered endonucleases, zinc finger nucleases
(ZFNs), transcription activator-like effector nucleases (TALENs), and clustered regularly interspaced
short palindromic repeat (CRISPR)/CRISPR-associated protein 9 (Cas9). Each technique has some
limitations over the other. However, CRISPR-Cas9 looks more promising, with minimum limitations,
and the development of climate-smart crops appears realistic. Four wild accessions of tomato were
improved without losing the genetic diversity for disease resistance and salinity tolerance [100].
Likewise, Zsögön et al. [101] improved wild species of tomato (Solanum pimpinellifolium L. (Mill)) by
editing six loci of tomato, which resulted in an improvement in the yield fruit size and five-times
increase in lycopene contents. Similarly, Sánchez-León et al. [102] modified 35 genes out of 45 reported
genes responsible for high gluten, and developed low-gluten wheat using this approach. These
findings indicate that traits like disease resistance and drought tolerance have been improved [103]
and tolerance to salinity in grain crops can be enhanced by using CRISPR-Cas9 in combination with
other plant breeding approaches.

Table 2. Crops improved against soil salinity using transgenes.

Transgene Plant Species Physiological Improvement Reference

Nax1 Triticum durum Na+ was removed from the xylem James et al. [104]

Nax2 Triticum durum Plants did not retain Na+ within the
leaf and Na+ functioned only in the root James et al. [104]

AtNHX1 Petunia hybrida Maintained higher water contents,
proline and higher K+/Na+ ratio Xu et al. [97]

AKT1 Arabidopsis thaliana K+ channel is expressed in roots. Hirsch et al. [105]
AKT2 Arabidopsis thaliana Expressed in the leaf phloem tissue. Deeken et al. [106]

SOS1 Triticum durum
Triticum aestivum

Extrusion of Na+ from roots to
external zones Wu et al. [107]

CIN Solanum lycopersicum

Increased in sucrolytic activities (cwInv,
sucrose synthase, and vacuolar, and

cytoplasmic invertases), and decreased
in the

1-aminocyclopropane-1-carboxylic acid
(ACC) activity

Albacete et al. [108]
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3.4. Microbial Approaches

Novel approaches in fundamental science and agriculture target utilizing diverse beneficial
microbes to improve plant growth and stress resilience [109], including increased tolerance to salt stress.
Both bacteria and fungi have been shown to enhance plant tolerance to salinity. The inoculation with
one of the best-studied endophytic root fungi, Piriformospora indica, resulted in an enhanced tolerance
of rice (O. sativa), barley (H. vulgare), and clover (Medicago truncatula Gaertn.) to salt stress [110–112].
In these plant species, P. indica inoculation resulted in an increased biomass accumulation under
salinity, which correlated with the elevated activities of key antioxidant enzymes [110–112] and
increased levels of proline as osmoprotectant in rice and clover [110,112]. The proteomic analysis of P.
indica-inoculated barley allowed for the identification of more than 50 proteins of diverse functions,
including photosynthesis, antioxidants, and signal transduction, which correlated with improved
salt tolerance [113]. Similarly, diverse bacteria have been shown to improve salinity tolerance in
different plants. A Pantoea agglomerans isolate of the corn ancestor teosinte improved salt tolerance
in a tropical corn variety, evidenced by increased biomass under salinity, which correlated with the
up-regulated expression of aquaporin genes, which may contribute to the observed salt tolerance [114].
Inoculation with the plant growth-promoting bacteria Achromobacter piechaudii and Sphingomonas
sp. alleviated salt stress in tomato [115,116]. A. piechaudii-mediated salt tolerance correlated with
its ACC deaminase activity, by which increased ethylene production in the salt-stressed plants was
counteracted [115], while Sphingomonas inoculation affected the levels of proline, glutathione, and
the phytohormones abscisic acid (ABA), jasmonic acid (JA), and salicylic acid (SA) in salt-stressed
plants [116]. Various phytohormones are critically involved in regulating plant growth and tolerance
or resistance towards biotic and abiotic stresses [117,118]. Therefore, especially the modulation of
phytohormone homeostasis and signaling of the host plant by beneficial microbes, either by microbial
phytohormone production or by regulating the host’s phytohormone balance, is a promising approach
for future strategies to improve crop cultivation, including the alleviation of salt stress. Pseudomonas
isolates producing the auxin indole-3-acetic acid (IAA) have been shown to improve the germination
and growth of wheat and cotton under salinity stress [119,120]. In addition, these strains increased the
resistance of cotton plants to infection with the fungal pathogen Fusarium [120]. Also, ABA-producing
Bacillus amyloliquefaciens improved the salt tolerance of rice plants [121]. Similarly, different species of
the fungal endophyte Penicillium enhanced salinity tolerance in soy, tomato, and pepper by their GA
production [122–124], which also conferred heat and drought tolerance to pepper plants [124].

Salt tolerance mediated by beneficial microbes has been shown in diverse plant species, which
was based on different underlying mechanisms. The variety of mechanisms can be challenging
when trying to define a specific treatment in relation to a distinct mode-of-action. However, this
variety—in combination with the wide range of microbes that have been demonstrated to improve salt
tolerance—is also a promising basis for developing tools for specific stress scenarios and individual
plant species. Mechanisms such as the microbial production of phytohormones, e.g., cytokinins,
may offer additional potential to combine the improved tolerance to salt stress with other beneficial
effects [125,126] such as improved drought tolerance [127], resistance to pathogens [126,128], and
growth promotion [129,130]). Increasing understanding of their modes-of-action and their robustness
under different environmental conditions may serve as a basis for cost-effective and ecologically-friendly
microbe-based strategies [109,131,132] to alleviate salt stress by improving the stress resilience of
crop plants, potentially in combination with additional beneficial effects, as tools for sustainable
agriculture [133].

3.5. Effective Fertigation to Tackle Salinity

Soil salinity is increasing farmers’ fields due to the injudicious use of irrigations and improper
use of fertilizers [134]. However, the use of better irrigation systems, along with balanced fertilizers
with alternatives to sodium (Na+), chloride (Cl−), or sulphate (SO4

2−) ions, can minimize the chance
of soil salinity. The use of humic acid and phosphorus (P) has been practiced in beans by Aydin et
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al. [135] and Bargaz et al. [136], respectively, to mitigate the effect of soil salinity. Bacilio et al. [137]
reported that humic acid increased the ratio of Ca2+/Na+ and K+/Na+ in pepper grown under salinity.
Likewise, the use of KNO3 fertilizer in melon has effectively improved the melon production under
saline soils [138]. Martinez and Cerdá [139] reported that the presence of nitrates (NO3

_) could reduce
the uptake and accumulation of Cl− in cucumber. Moreover, salicylic acid was reported to be effective
for tomato, strawberry, and zucchini squash by Romero-Aranda et al. [140], Karlidag et al. [141], and
Savvas et al. [142], respectively. Ma et al. [143] reported that the exogenous application of salicylic
acid has improved photosynthesis, the activity of antioxidants, and the development of chloroplasts in
Dianthus superbus L.

Few of the above-mentioned fertilizers can effectively be utilized in combination by mixing with
water. This type of irrigation is also called fertigation, however, salinity is usually raised in fields when
fertilizers are injudiciously dissolved in water. Due to the inherent potential of the soil, the evaporation
of moisture occurs, leaving behind the fertilizers in the form of salts [144]. Malash et al. [145] reported
that surface and sub-surface drip fertigation can minimize the effect of salinity. It makes the soil moist
throughout the plant growth, leaving behind the risk of salinization and sub-surface irrigation is even
more promising [146]. The application of these techniques can be helpful to counter salinity and can
promote water use and nutrient use efficiency.

4. Limitations of Current Approaches, Potential of Approaches in the Developed World,
and Their Challenges

Each developing country has different constraints to control soil salinity. However, a lack of
funds is common among all. Approaches depending on a high energy consumption are difficult
to realize in countries with energy shortages. Likewise, biosaline approaches are a good option to
ameliorate soil salinity and to grow crops later, but a lack of funds is a major constraint for sustainable
development. Nutrient management also implies costs for the farming community and farmers
with small land holding cannot meet the expenses of such chemicals. Conventional breeding offers
promising solutions, but it also requires long-term commitment to find appropriate plant material with
plasticity to higher salinity.

A few lessons can be learned from the developed world. Areas with high salinity can be covered
with halophytes or glycophytes with low water requirements. Plant breeders equipped with diverse
tools can rightly breed crop varieties to grow the crops at certain levels of soil salinity. Tolerance to
soil salinity varies among crops; however, plant scientists of developing countries can use certain
established physiological markers to evaluate their germplasm at different levels of salinity. The
availability of genotypic data along with computerized software is helpful to associate certain plant
traits, which may put certain breeding strategies on the right path to ameliorate soil salinity problem
(Figure 4). Likewise, products grown in these areas should be tested for their fitness for human or
animal consumption. Quality analysis coupled with GWAS will be helpful for the plant scientists of
the developing world to give their products better quality (Table 3).

Selective approaches can be implemented in the selective areas for sustainable growth in the
developing world. A few of these countries have the necessary resources but a lack of technical
expertise. The provision of practical training will be helpful to execute the plans into the right direction.
Likewise, recent advancements look promising, and fertigation through sub-surface drip irrigation
and microbial approaches have the potential for both worlds. Farmers ‘participatory projects through
research-extension services can promote the farmers to test these developed products in their fields.
Moreover, keeping in view the tradition and education of the selective areas, a sustainable focus at
governmental level is required to get the desired results.
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(orange). Approaches successfully implemented in the developed world (green) and emerging
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Table 3. Status, potential benefits, and limitations of approaches to cope with salinity in the developing
and developed world.

Approaches Status Expectation/Potential Benefits Limitations

Developing world

Engineering approaches
- Chemical approach
- Hydrological approach

Closed Swift to cure soil from salinity
and water-logging

High cost of chemicals, labor,
and energy.

Increased the level of
chemicals and lower the

water table

Conventional breeding On-going Salt tolerant crop plants will
ensure enough production

Less diversity
Flimsy research at

international organizations
of agriculture

Bio-saline approach Closed Diverse options to tackle salinity
at farmers’ fields

Lacking continuous supply
of funds

Nutrient management Scanty use Acclimation of crop plants at
saline areas

Challenging to convince
farmers
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Table 3. Cont.

Approaches Status Expectation/Potential Benefits Limitations

Developed world

Physiology breeding Regularly used
Improvement of certain
agronomic parameters

Better ideotype to tackle salinity
Technical expertise required

Genome wide
associations for
marker-trait associations

Consistently being
utilized

Investigation of complex traits
with low error rates

Applicable to any crop
independent of genome size

Grains intake of toxic ions can
be studied for food and feed

consumption

Expensive to utilize High
level of expertise in

bioinformatics are required

Transgenes and genome
editing

Regular part of many
breeding programs

To improve the tolerance of the
plants by minimum uptake of

toxic ions
Elimination of undesirable

genes in short time

Skilled scientific
infrastructure and higher

investment required

Microbial approaches On the way

Cost-efficient, applicable to
diverse crops and conditions,

combination of beneficial effects,
environmentally-friendly

Complex interactions
between microbes, plants,

and environment need to be
elucidated

Microbial mode-of-actions
need to be identified

Technical solutions for field
application have to be

optimized

Fertigation On the way
Applicable to almost all crops

Improve the water and nutrient
use efficiency

Installation of drip irrigation
or sub-surface irrigation is

expensive

5. Conclusions

Soil salinity is causing a great threat to global food productivity, leading to similar basic challenges
in cultivating crops in a sustainable manner under saline conditions in developing and developed
countries. While some of the approaches implemented in the developed world successfully reduced the
negative impact of salinity on crop cultivation and emerging approaches show promising initial results,
the success of coping with salinity in developing countries has been strongly limited. A sustainable
development can be made, keeping in view the resources, technical expertise, infrastructure, and
traditions of each country. Approaches like transgenes and genome editing can be beneficial, as
they improve the physiology of the plants, and hence the performance under salinity. The provision
of plant genotypes with such genes will help the breeders of developing countries to incorporate
these traits into their own germplasm. Likewise, GWAS application can be helpful to find marker
traits associations both for pre-harvest and postharvest stages. Similarly, gene editing techniques can
be helpful for removing undesirable genes of cultivated and wild plant species. Furthermore, the
application of beneficial microbes and fertigation through drip irrigation in collaboration with farmers
will push the farming community to utilize their available resources to keep their self-sufficiency in
food and agro-based products.
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