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Abstract-

The continuous population boom has made us heavily reliant on the agricultural sector to
meet our nutritional requirements. The global agricultural output however faces several
challenges. The lack of phosphorous as a nutrient and the presence of various stressors in the
environment are the major of these challenges. Phosphorous is an essential macronutrient
responsible for overall plant growth and development. However, despite their abundance in
soil, they remain inaccessible to plants because of their insoluble nature. Traditional methods
of availing this inaccessible phosphorous such as chemical phosphate fertilizers have adverse
effects on the environment, so alternative methods are sought. To tackle this issue, phosphate
solubilizing bacteria were introduced which possess the ability to convert insoluble forms of
phosphorous into their soluble forms which become available to be utilised by plants. These
phosphate solubilising bacteria are also capable of offering protection against the various
stressors plaguing the global crop supply such as salt stress, drought stress, temperature
stress, pH stress and heavy metal stress. Therefore, utilizing phosphate solubilising bacteria
as bioinoculants serves to potentially tackle both the lack of soil phosphorous and the
presence of various stressors. This review deals with the major stressors that affect the global
crop supply and the various phosphate solubilising bacteria that are employed to bio-protect

such crops in order to maintain the global crop output.

Keywords- Phosphate solubilising bacteria, plant growth promoting rhizobacteria, salt stress,
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Introduction-

Phosphorous is one of the most important nutrients required for sustaining all life on Earth. It
is a structural component of human and plant nucleic acids and aids in cell division and
physiological reactions. Deficiency of phosphorous can lead to major problems including a
loss of appetite and bone soreness in humans. Meanwhile in a phosphorous deficient

environment, plants suffer from stunted growth and development. Despite their abundance in
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the ground, phosphorus remains inaccessible to plants and animals. Previously, chemically
produced phosphate fertilizers were used to meet the phosphorous needs of plants, but this
practice typically has unfavourable effects on the habitat (Yadav, 2022). To meet the
phosphorous demand of plants without the introduction of chemical phosphate fertilizers into

the environment, innovative and environmentally acceptable alternatives are required.

The majority of phosphorous in the soil is insoluble and present in organic and inorganic
forms. This unavailability results from phosphorous-fixation, which occurs when
phosphorous is either adsorbed on soil minerals or precipitated by free Fe3* and AI** in the
soil solution which renders it unusable for plants (Sharma et al., 2013). When phosphorous is
supplemented to the soil, its availability to plants rapidly increases. However, a significant
portion of this phosphorous immediately gets transformed into its insoluble form, leaving
behind a minute portion accessible to plants. This necessitates the continuous administration

of fertilizers.

Therefore, in order to maintain a steady supply of available phosphorous for plants, there has
been a constant requirement for the repeated application of phosphatic fertilizers. Most
phosphatic fertilizers however, contain various heavy metals (Azzi et al., 2017). This leads to
their accumulation in the soil which has a negative impact on soil fertility, animal and
consumer health, eutrophication, and an ever-growing carbon footprint (Huang et al., 2017).
Given the situation, a green strategy that may accomplish the same purpose as synthetic

fertilizers without the accompanying drawbacks is urgently required.

There has been a substantial, ongoing effort to seek alternative methods of increasing
phosphorous availability and solubilization. Live microorganism used as bioinoculants and
biofertilizers called phosphate soubilizing microorganisms (PSMs) are promising alternatives
to traditional agrochemicals. PSMs are responsible for improving the soil fertility by making

the primary nutrients like nitrogen and phosphorous available to host plants.

Another link in favour of using PSMs as bioinoculants is the protection they offer against
various stressors. Various abiotic and biotic stress conditions cause damage to plants during
every stage of development which significantly reduces their yield. This reduction in yield
causes significant damage to the global crop supply. The presence of such stressors also
significantly impacts the establishment and performance of PSMs, which makes it pertinent
to isolate microorganisms with good phosphorous-solubilizing abilities from these conditions

such as saline or alkaline soil (Sharan et al., 2008). The efficiency of phosphate-solubilizing
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bacteria (PSB) is governed by various elements linked to the interaction of the plant and

bacteria.

From an agricultural viewpoint, under changing climatic conditions, systematic identification
of bacterial strains offering cross-protection against different stressors would be extremely
beneficial. A plant can be bio-protected against biotic stressors by being injected with non-
pathogenic bacteria, while some root-colonizing bacteria boost resistance to abiotic
conditions like drought, heavy metal toxicity, and salinity. Understanding the underlying
physiological, morphological, and molecular mechanisms of bacterially mediated stress
tolerance is essential for bacterial cross-protection to be employed as a useful tool (Dimkpa et
al., 2009).

Phosphate Solubilizing Bacteria-

Among the PSMs, the bacteria possessing the capacity to solubilize phosphate are called
phosphate solubilizing bacteria (PSB). These microorganisms solubilize phosphorous for
their own needs as well as to satisfy the plant’s phosphorous requirement. PSBs are capable
of maintaining a supply of phosphorous by various methods, the three main methods among

these are solubilization, mineralization, and immobilization (Kour et al., 2021).

Employing PSMs as bioinoculants can provide a sustainable alternative to accomplish the
same goals as chemical fertilizers, thereby lowering the dependence on such fertilizers (Kour
et al., 2020). Several soil microorganisms exhibit the capacity to solubilize dicalcium
phosphate (DCP), tricalcium phosphate (TCP), and hydroxyapatite (HAP), generally by
releasing phosphorous from the soil by secreting mono-, di-, or tricarboxylic acids which are
most effective in dissolving calcium phosphate (CaP) complexes (Padmavathi, 2015). These
microorganisms have been thought to be important in providing phosphorous to plants,
especially those that thrive in specific soil conditions, such as alkalinity and salinity, where
CaP complexes are twice as high.

Numerous soil plant growth-promoting rhizobacteria (PGPR), including PSB inhibit a variety
of plant pathogens and enhance plant growth through a variety of mechanisms, including the
direct and indirect production of various phytohormones, decomposition of organic matter, as
well as an increase in the bioavailability of various mineral nutrients like iron and
phosphorous (Saeed et al., 2021). PSBs are usually associated with the genera Bacillus and

Pseudomonas. They are thought to reside in the rhizosphere and are generally used as
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inoculants for bio-stimulation, biocontrol, and biofertilization. Some bacterial strains produce
siderophores and employ them as bio-controlling agents by preventing various
phytopathogens from accumulating iron and inhibiting their growth (Numan et al., 2018).
Gibberellins (GA), indole acetic acid (IAA), abscisic acid (ABA), cytokinin (CK), cofactor
pyrroloquinoline quinine (PQQ) and ethylene are just a few of the hormones that enhance
plant growth are activated by PGPR (Sahu et al., 2017).

Environmental stressors against plants and the protective role of phosphate

solubilizing bacteria:

In a world with expanding population and rising food prices, abiotic stress factors like
drought, extreme (high/low) temperatures and salinity are recognized as the primary causes
of crop output losses. Limited nutrient availability and notably poor phosphorous soil status
coupled together with stressors have an adverse effect on overall plant health. In light of this,
finding a resource with the ability to make the unavailable deposit of phosphorous in soil
accessible to plants as well as provide protection against the different stressors can
tremendously help in increasing the global crop output. A few of the major stressors which

plague the global crop supply are discussed in the upcoming sections.
Salt stress-

About 5.2 billion hectares of fertile land is affected by salinity, erosion and soil degradation
causing enormous problems for farmers. About 50% of these areas are affected by salinity
stress alone (Riadh et al., 2010). Salt stress can be defined as the osmotic forces exerted on
plants when growing in salt marshes or other excessively salty conditions. The accumulation
of carbonates (CO3%), bicarbonate (HCOs), sodium (Na), sulphate (SO4%), calcium (Ca),
magnesium (Mg), potassium (K), chloride (CI) and other salt ions in soil is called
salinization. Sodium chloride is the main component of most salts, and its chloride ions are

toxic to plants, and at high concentrations said to retard plant growth (Ruan et al., 2010).

Salinity significantly diminishes agricultural acreage every year which has a negative socio-
economic impact on food production. Plant development and metabolism is negatively
impacted by the high concentration of sodium ions in plant tissue present in saltwater
environment. In addition to reducing flowering, salinity also reduces the yields of various

crops. It reduces grain yield and seed by affecting pollination (Machado & Serralheiro, 2017).
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Salt tolerance is the ability of plants to grow in saline conditions despite the adverse effects of
high salt concentrations. Plants develop different mechanisms of salt tolerance like hormone
modulation, biosynthesis of compatible solute and osmoprotectants, antioxidant enzyme
activation, antioxidant compound synthesis, ion uptake and transport, polyamine production,

ion homeostasis and nitric oxide production (Numan et al., 2018).

Arginine, cysteine, and methionine account for 55% of the total amino acids and have been
reported to decrease with salinity exposure, while proline demonstrates a reported increase in
concentration. Proline accumulation is a known measure used to reduce salinity (Ben Ahmed
et al., 2010). Proline accumulated during salt stress confers tolerance and is an important
source of organic nitrogen during stress (Saxena et al., 2013).

More than 60% of the world’s land surface is affected by salt; the majority of this salt-
affected land was created by natural processes and the long-term deposition of salt in arid and
semiarid regions. Salinity in the soil prevents plants from absorbing water from the soil by
causing osmotic stress, ion toxicity, oxidative stress, and nutritional (N, Ca, K, P, Fe, Zn)
deficiencies (Artiola et al., 2019).

In saline soil, these issues are typically resolved by using techniques like addition of organic
matter such as sewage sludge, farmyard manure and modified biochar (Ding et al., 2020).
Unfortunately, these mitigating strategies have drawbacks and have a deleterious impact on
soil like causing unfavourable changes in the soil’s physical, chemical, and biological
properties as well as the accumulation of toxic heavy metals (Dey et al., 2021). It was
discovered that PSB isolates generally demonstrated the potential of phosphate solubilization
up to 70% NaCl concentration, and that colony expansion was seen even at higher NaCl
concentration without the presence of a halo zone of clearing (Mohan et al., 2017; Sharan et
al., 2008).

Hypersaline conditions harm the plant in more ways than one. It has been observed that
salinity disrupts the normal physiology and biochemical processes of the plant and makes it
susceptible to infections. According to some studies, salt-tolerant phosphate solubilizing
bacteria (ST-PSB) may help provide resistance against the various phytopathogens and
provide an added layer of protection against infections. The phytopathogens are resisted by
ST-PSB via several methods. Rhizobacteria that produce siderophores have been discovered
as possible biocontrol agents for preventing or lowering pathogen’s proliferation and

controlling plant illnesses. ST-PSB produces a lot of siderophores which may actively
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contribute in controlling phytopathogens by taking away the soil iron which remains essential

for microbial growth (Olanrewaju et al., 2017; Pandey & Gupta, 2020).

There are multiple methods by which ST-PSB can potentially control pathogen outbreak. ST-
PSBs produce various enzymes such as fungal cell wall-degrading enzymes like chitinase and
lipase which can break down the lipid-associated with fungal cells and protease, which can
break down the associated protein in the cell wall of the fungus. Chitin is an essential
component of the fungal cell wall and its breakdown leads to cell lysis and death, thereby

preventing the onslaught of fungal infection (Bouizgaren et al., 2013).
Drought stress-

Drought is a major environmental condition that hurts the agricultural sector globally. In 50%
of the world’s dry or semiarid terrain, groundwater levels are scarcely available to the local
plants. Since water is such an essential component of the regular functioning of the plant
metabolic activities, this lack of water leads to dehydration of plant cell and a stressful
condition known as drought stress. Drought stress affects the biochemical, morphological,
and physiological processes that normally occur in plants by restricting leaf size, nutrient
intake, stem extension, root proliferation and the relative water content (Hidayat, 2019; Kang
etal., 2021).

The frequency of extreme drought conditions is rising due to the constant rise in temperature
and water scarcity (Salim et al.,, 2019). Crop plants under drought stress have poor
development, growth and productivity due to a reduction in the availability of nutrients. By
increasing metabolite flux and producing reactive oxygen species which increase the
oxidative load and severely damage biological macromolecules, drought stress also results in

membrane damage and stomatal closure (Osakabe et al., 2014).

According to several recent studies, adding PSMs that promote plant growth in the plant-soil
system lessens the adversity brought on by drought stress (Vassilev et al., 2012). In a study
using multifunctional Azospirillum species, including those with phosphate-solubilization
activity, it was shown that adding more helpful microorganisms to the soil during drought
stress increases the overall number of bacteria compared to the uninoculated control
treatment, showing that bacteria can survive drought stress due to plant adaptation, which is
in turn made possible by the presence of Azospirillum. Some scientists also used different

plants to demonstrate the impact of five drought-tolerant Pseudomonas strains that exhibited
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traits that encourage plant growth and production of siderophore, IAA, gibberellins along
with a marked phosphate solubilizing activity (Sandhya et al., 2010). Previously published
isolates from drought-tolerant plants solubilized more phosphorus under stress compared to
regular conditions, making PSBs more popular as phosphate biofertilizers owing to their cost-
effectiveness and environmental sustainability alongside their phosphate solubilizing activity

even in drought stress (Arzanesh et al., 2011; Bouizgaren et al., 2013; Kang et al., 2021).
Temperatu re stress-

A key abiotic stress that influences plant life, geographic spread and yield on a worldwide
scale is temperature stress. Plants adjust their morphological, physiological and metabolic
pathways and cellular and sub-cellular structures to cope with temperature stress through
signal transduction and the expression control of temperature stress-related genes (Huang et
al., 2017; Kim et al., 2015).

Extreme temperature conditions put plants under stress. As an illustration, root elongation
occurs only above a specific, species-dependent minimum temperature and grows virtually
linearly with rising temperature until a particular maximum temperature, at which point the
elongation rate sharply declines. High temperatures have a strong negative impact on
photosynthesis while low temperatures will damage many essential parts of the
photosynthetic apparatus (Greer & Weedon, 2012; Tan et al., 2011).

Agriculture production systems are vulnerable to shifting environmental circumstances in an
era of global warming. It has been demonstrated that root-colonizing bacteria can boost the
tolerance of host plants to abiotic stimuli and can mediate as well as enhance resilience to
biotic stressors. So, it would be extremely beneficial to identify certain bacterial strains that
can concurrently provide cross-protection against a number of stress factors. Temperature
stress and the related tolerance mechanisms have been discussed further in the upcoming
sections under the headings of cold and heat stress.
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Cold stress-

It was discovered that agriculture has several significant obstacles in various hilly places of
the world. Cold temperature and low fertility are the major causes among these. Due to the
direct suppression of metabolic enzymes by cold stress and the programming of gene
expression, cold stress can harm a plant by lowering photosynthetic rates (Al-Busaidi et al.,
2012). 1t has been discovered that using commercially available biofertilizers in cold
conditions, such as those prevalent in mountainous locations remains unsuccessful in tackling

these issues.

Over the past 20 years, several biotechnological and microbiological strategies utilizing
organisms that are either cold-loving or cold-tolerant have been tested to overcome these
difficulties (Yarzabal, 2014). According to their capacity to thrive at low temperatures, which
may range between 0-20°C and 0-35°C, cold-tolerant soil microorganisms are classified as

either psychrophilic or psychrotrophic respectively (Vassilev et al., 2012).

A team of Indian scientists conducted one of the first research on cold-tolerant phosphate-
solubilizing microorganisms to address the need to choose beneficial soil bacterial strains
from the high-arctic and low-temperature zones of the Indian Himalayan Region (Das et al.,
2003). It has been demonstrated that the process of phosphate solubilization can be
accompanied by the generation of organic acid, various plant stimulants, enzymes, and

biocontrol activity.

Similar experiments using Acinetobacter rhizosphaerae, a bacterium isolated from the frigid
deserts of the Himalayas, showed the bacterium’s multifunctional capability and high
competence in promoting plant growth. High inorganic and organic phosphate solubilization
activity was demonstrated by the wild strain and its mutations (Gulati et al., 2009). In
controlled environments, A. rhizosphaerae increased root length and dry matter in maize,

barley, peas, and chickpeas, compared to unvaccinated controls in field conditions.

In the mid-to-late 1990s scientists acquired cold-tolerant mutants of Pseudomonas
fluorescens, a well-known PGPR species capable of solubilizing phosphorous and assessed
their impact on plant growth promotion at low temperatures. The mutants were created by
treating three separate P. fluorescens strains- GRS1, PRS9, and ATCC13525 with
nitrosoguanidine (Dash et al., 2019; Mohammed et al., 2011). Some scientists demonstrated
that some of these P. fluorescens mutants could solubilise significantly more phosphorous

at10°C than their respective natural strains. This original work was supplemented by a second
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investigation that showed two of these mutants might improve both in-situ and in-vitro

growth of wheat and mung bean growth at 10 °C.

Some of the most remarkable bacterial species that have been isolated thus far from natural
soils of alpine and sub-alpine locations and tested for both their resistance to low temperature
and their effectiveness in dissolving inorganic phosphate are Pseudomonas putida, Bacillus
megaterium, Acinetobacter rhizosphaerae, Mycobacterium phlei, Achromobacter sp.,
Tetrathiobacter sp., Bacillus subtilis, Rahnella sp., Pseudomonas corrugata, Pseudomonas

lurida, Pseudomonas fragi and Serratia marcescens (Saeed et al., 2021).

The cold-tolerant PSB is a diverse group that encompasses species from both distantly related
and closely related genera of Gram-positive and Gram-negative bacteria. Pseudomonas has
been found and tested as the most pertinent cold-tolerant PSB followed by Bacillus species
(Yarzébal, 2014).

Heat stress-

During high-temperature conditions, heat shock proteins (HSPs), which are abundantly
present in fungi, mammals and plants, may be crucial in the body’s reaction response to heat
stress. It may enhance the generation of reactive nitrogen species (RNS), which harm cells
and cause nitrosative stress (Corpas et al., 2011; Grof} et al., 2013).The equilibrium between
the synthesis and removal of reactive oxygen species (ROS) is drastically upset. Increasing
amounts of ROS can chemically modify or render inactive proteins, lipid membranes, and
DNA (Zhang et al., 2017). High levels of ROS including H2O, and O are generated in
seedlings in situations with severe temperatures, which causes a rise in membrane
permeability, protein breakdown and the loss of other cellular components (Martinez et al.,
2018).

Cellular phospholipid membrane fluidity can be altered by both cold and heat stress. Integral
membrane proteins are capable of detecting a kind of alteration, which enables stress
transcription factors to activate stress-responsive genes (Scharf et al., 2012). Eventually,
these pathways result in a modification to plant metabolisms and growth that are intended to
achieve homeostasis under challenging circumstances. Similar research has demonstrated that
exposure to high temperatures can cause either excessive or sluggish growth, as well as a
decrease in the relative water content of seedling leaves. High-temperature stress causes
stomatal closure, which causes a decrease in CO utilization, which causes a fall in

photosynthetic rate (Ahanger et al., 2014; Al-Busaidi et al., 2012). Therefore, identifying and
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isolating microbial strains like PSBs and PGPRs from the soil facing heat stress becomes

important in overall plant protection.
pH stress-

During summer, many places in India experience high salt, high temperature, and high pH
load on bacteria thriving in alkaline soils. Temperature can vary from 35-45 “C in the alkaline
soils of the tropics, where salt concentrations can reach 2% and pH can reach 10.5
(Alexandre & Oliveira, 2011). In semi-arid and dry areas of the world, PSB could increase
the production of food and forage due to its genetic potential for increased tolerance to high

salt, high temperature and high pH.

The ability of bacterial strains to reproduce, survive and disseminate in alkaline soil under
high salt and high pH conditions may be crucial. Osmotic, pH, and temperature-stressed
habitats are likely to contain microorganisms that can withstand stress. Recently, some
scientists have developed a defined medium for PSB screening and created a method for the
majority of effective phosphate solubilizers in soil (Abdul Rahman et al., 2021). They
isolated four bacterial isolates using this technique: NBRI0603, NBRI2601, NBRI13246, and
NBRI14003. The other three isolates were obtained from various alkaline soils, while strain
NBRI0603 was isolated from the rhizosphere of chickpeas growing in alkaline soil.
Regarding phosphorus solubility in the presence of the 10% salt, pH 12, or 45 °C, NBRI2601

was the most effective strain among the four (Nautiyal et al., 2000).

Heavy metal stress-

Heavy metals are dangerous for plants, animals and bacteria because they directly impact our
ecosystem in general and the agroecosystem in particular. Heavy metal pollution of the
biosphere has been observed at a global scale (Yeo & Langley-Turnbaugh, 2010).
Bioremediation is one of the most prevalent, affordable, and environmentally friendly

methods that can be used to successfully address this issue (Dash et al., 2019).

Globally, soil pollution from hazardous heavy metals has increased as a result of rapid
urbanization and industrialization. Heavy metals pose a concern to human health because
they are easily concentrated by plants and animals, are difficult to degrade in the environment

and are amplified by biomagnification (Zhang et al., 2017).

The second largest issue for academics after soil contamination is heavy metal pollution of

the atmosphere. Anthropogenic sources release about 30% of the world’s annual mercury
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emission into the atmosphere, with Asia accounting for 50% of this total (Sundseth et al.,
2017). As they are persistent, heavy metals build up in our bodies and cause a number of
health problems (Garg et al., 2014). Our bodies absorb heavy metals from food, drink, and
the environment. However, the primary route by which heavy metals enter our bodies is
through food (Yadav et al., 2017). Anthropogenic activities that pollute soils with heavy
metals (HM) pose a serious risk to plant viability all over the world. However, through
sophisticated physiological features, metabolic pathway adaptations, and interaction with
helpful bacteria, several plant species may thrive in this environmental circumstance (Xu et
al., 2015).

Like all other living forms, microorganisms are stressed by heavy metals. Diatoms and
microalgae are commonly employed as bioindicators and for assessing heavy metal pollution
(buki¢ & Mandi¢, 2006). Even at species and strain levels, they show signs of being
extremely vulnerable to heavy metals. Different habitats and kinds of microbes have varying
levels of tolerance to heavy metals.The process of microbial biosorption, which involves
certain metabolic or physiochemical pathways allow microorganisms to uptake heavy metals.
The physiochemical state of the cell, the characteristics of the growth media and the type of
microorganisms growing all play a role in the rate of this heavy metal uptake (Vijayadeep,
2014).

The chemical process by which an organism alters chemicals such as nutrients, amino acids,
toxins, and drugs is known as biotransformation. The carbon source and pH are the two most
important factors in heavy metal biotransformation in soil. One of the better changes for the
bioremediation of heavy metals in the rhizosphere is through plant growth-promoting
rhizobacteria. Biotransformation is another way for microbes to demonstrate resistance to
heavy metals. The bioremediation of heavy metals is more productive and effective when
rhizobacteria modify plant metabolism in response to heavy metal stress, enabling plants to
resist high metal concentrations (Hartmann & Six, 2023).

Among all of these heavy metals, arsenic is listed by WHO as one of the 10 most dangerous
substances. Regular use of food tainted with arsenic poses a direct hazard to one’s life. One
of the primary sources of arsenic pollution in the soil is agricultural herbicides. These
compounds allow a total of 80-90% of the arsenic produced each year to enter the soil
(Tchounwou et al., 2012).
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Lead, a dangerous heavy metal, combines with phosphate to generate a stable compound.
Lead poisoning can have a negative impact on the nervous system, the liver and kidney
system, and hematological function as well as cause catastrophic illness and high migraine
(Wani et al., 2015). By immobilizing lead with insoluble phosphorous sources, selected PSB
can be used to photostabilize lead-contaminated soil, preventing environmental degradation
brought on by the use of soluble phosphate sources for Pb immobilization. This is
accomplished by solubilizing insoluble phosphorous sources which in turn promotes plant
growth (Hidayat, 2019).

The main remediation techniques of heavy metals now involve stabilizing and immobilizing
hazardous heavy metals in the soil in order to prevent lead or cadmium from being absorbed
by plants, particularly crops (X. Zhang et al., 2017). This stabilization and immobilization
can be attained by using various PSBs and PGPRs. For instance, Lepidium sativum plants and
rhizospheric Azotobacter bacteria are utilized to restore damaged soil from cadmium and
chromium contamination (Sobariu et al., 2017). Rhizobacteria such as Bacillus magaterium
and Pseudomonas aeruginosa isolated from the weed Suaeda nudiflora growing in
chemically polluted locations were responsible for the bioremediation of zinc (Chang Lee et
al., 2018). Gram-negative Rhizobacteria including Rhizobium radiobacter, Rhizogenes,
Enterobacter asburiae, Agrobacterium radiobacter, Sphingomonas paucimobilis, Pantoea
sp.and gram-positive Rhizobacteria like Bacillus megateruim, Bacillus pumilus, Bacillus
cereus, Arthrobacter globiforms, and Staphylococcus lentus are the microbes which help to
inhibit arsenic contamination (Titah et al., 2014). Anthrobacter, Flavobacterium sp.,
Burkholderiasp., and Pseudomonas sp., are significant genera of cadmium-resistant
rhizobacteria reported from some food crops maize,pumpkin, barley, mung bean, black gram,
and wheat (Saluja & Sharma, 2014). A comprehensive description about the use of various
bacterial inoculants to provide protection against different environmental stressors in plants is

given in table 1.
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Table 1: Plant tolerance to various abiotic stressors mediated by bacteria.

Stressor Plant species Bacterial inoculate Reference
Salt Pea (Phaseolus Azospirillum brasilense (Dardanelli et al., 2008)
vulgaris)
Salt Maize (Zea mays) Pseudomonas syringae, (Nadeem et al., 2007)

Pseudomonas fluorescens

Salt Tomato (Lycopersicon | Achromobacter (Mayak et al., 2004a)
esculentum) piechaudii

Salt Wheat (Triticum Aeromonas (Ashraf et al., 2004)
aestivum) hydrophila/caviae

Salt Groundnut (Arachis Enterobacter aerogenes | (Saravanakumar &
hypogaea) Pseudomonas fluorescens | Samiyappan, 2007)

Salt Lettuce (Lactuca Azospirillum sp. (Barassi et al., 2006)
sativa)

Salt Maize (Zea mays) Azospirillum (Hamdia et al., 2004)

Salt Chickpeas (Cicer Azospirillum brasilense (Hamaoui et al., 2001)
arietinum)

Drying soil | Pea (Pisum sativum) Variovorax paradoxus (Wang et al., 2016)
Drying soil | Lettuce (Lactuca Bacillus sp. (Arkhipova et al., 2007)
sativa)
Drought | Tomato (Lycopersicon | Achromobacter (Mayak et al., 2004b)
esculentum) piechaudii
Drought | Wheat (Triticum Azospirillum sp. (Creus et al., 2004)
aestivum)
Temperature | Grapevine (Vitis Burkholderia (Ait Barka et al., 2006)

vinifera) phytofirmans

Temperature | Soybean (Glycine max) | Aeromonas hydrophila,
Serratia liquefaciens,
Serratia proteamaculans

(Zhang et al., 1997)

Iron toxicity | Rice (Oryza sativa) Bacillus subtilis, Bacillus
megaterium,

(Asch & Padham, 2005)
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Future Prospects-

With constantly worsening environmental conditions and an increasing dependence on
agricultural output, phosphate unavailability and the impact of various biotic and abiotic
stressors is posing an increasing threat to our reliance on crops. PSBs and PGPRs have
already demonstrated a mitigating effect in both maintaining phosphate availability and
tackling the various stress factors. However, more focus needs to be placed on understanding
the working mechanism of various PSBs against such stressors at a molecular level. Isolation
and characterization of PSB from soil which is facing these stress factors such as hypersaline
soil, drought-afflicted soil and alkaline soils is pertinent in understanding the underlying
pathways through which protection is offered. Therefore, it is necessary to perform thorough
and detailed research on PSBs in order to effectively utilize them for maintaining our
agricultural output even in the scarcity of available phosphorous and in the presence of

various stressors.
Conclusion-

Due to anthropogenic activity and natural, climate change, there are more abiotic and biotic
pressures influencing the world’s primary crop output. The most significant abiotic stress
conditions, such as low/high temperature, drought and salinity, which result in substantial
agricultural yield stagnation and economic losses, also have an impact on beneficial soil-plant
microorganisms. On the other hand, the ability of soil microbes to cause plant responses to
stress factors through mechanisms including induced systemic tolerance has increased their
importance in fostering plant development and improving overall plant health. Therefore, one
of the most significant challenges is the development of biotechnological strategies for the
management of micro-organisms associated with plants. The ability of phosphate solubilizing
microorganisms to tolerate abiotic stress factors while maintaining their solubilizing potential

has been demonstrated by a large body of evidence in recent years.

It has been demonstrated in multiple studies that PSBs have the ability to alleviate a wide
range of abiotic stresses including drought and salt stress. Two major environmental stresses
are drought and extreme environmental temperatures, both of which cause plant stress such as
osmotic and oxidative stress that affect plant physiology and biochemistry leading to plant
death or significant loss in crop productivity. For farmers, salt stress remains a serious issue.
It wreaks havoc on the soil, plant development, and crop yields. The mechanisms used by
plants to handle this stress are unique. Phosphate chemical fertiliser use has detrimental
Eur. Chem. Bull. 2023, 12( Issue 8),3492-3513 3505



effects on environmental problems. An alternative strategy in this situation would be to apply
phosphate biofertilizers like PSB, which can improve nutrient uptake, creating plant growth
hormones and serve as a biocontrol agent. These bacteria develop phosphorous management
strategy that is both affordable and effective. Their potential applications as a alternative of
chemical fertilizers and their simultaneous protective action against various environmental
stressors highlight them as an important commodity in the agricultural sector for increasing

the global crop output.
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