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Abstract

Salinity is one of the most important abiotic stress factors in ecosystems, especially in arid and semi-arid regions,
where the presence of salts such as NaCl in the environment affects soil and water properties significantly. It is
estimated that about 20% of irrigated land on Earth is affected by salinity. This is considered a serious problem
because it can harm soil composition and make it unproductive. Microorganisms are important organisms
involved in processes of recycling, nutrients, decomposition of organic matter, and formation of soil fertility, but
their activity is negatively influenced by salinity stress. Osmotic pressure, ionic toxicity, and changes in pH caused
by salinity result in decrease in number, variety, and activity of microorganisms. High salinity negatively affects
cell function, the activity of enzymes, and the stability of membranes, which leads to inhibition of growth in many
bacteria and fungi. Nevertheless, some microorganisms, for example, halophiles and halotolerants, have the
ability to adapt to high salinity through production of compatible solutes, control of ion transport, formation of
stress proteins, and EPS synthesis. This adaptation allows them to survive under harsh environmental conditions
and helps maintain stability in ecosystems. Moreover, halophiles can be used in agriculture to improve plant
growth.
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1. Introduction within soil communities, contributing to the

cycle of nutrients, degradation of organic

Salinity stress is one of the abiotic stresses compounds, and sustaining soil structure

that pose a significant threat to ecological and fertility. But salt stress drastically

systems, especially in arid and semiarid modifies physicochemical characteristics

environments. This kind of stress occurs as of the soil, which includes osmotic effect,

a result of the deposition of salts, which toxic ions, and soil pH levels, hence

include mainly sodium chloride (NaCl), in influencing  microbial  viability and

both the soils and the aquatic systems, development (Yan et al., 2015). High salt

creating  harsh  conditions  for living levels may disturb cellular equilibrium,

rganisms. il lini h n .
organisms.  So salinity has  bee decrease enzyme performance, and impact

recognized globally as an environmental . . )
g 9 y metabolic functions of microbes. It has

i 0
problem, with almost 20% of the total been found in a number of investigations

irrigated lands in the world affected by that salinity stress causes a decrease in

salinity (Shrivastava & Kumar, 2015). microbial biomass and diversity. High

Other causes of salinity stress include sea- levels of salinity cause the retardation in the

level rises and climate change (Rengasamy, growth of various bacteria and fungi, thus

2010). Microbes are crucial elements

54



Intl. J. Engg. Sci. Adv. Research 2024 June; 10(2): 54-72

lowering the density and activity of these
organisms in soil habitats (Wichern et al.,
2006). Besides, salinity is a factor for
selecting those microorganisms that can
survive high saline conditions whereas
other sensitive ones cannot, causing
changes in microbial communities (Oren,
2008). However, despite all the negative
impacts, there are some organisms that
adapt themselves in response to osmotic
stress conditions. This is done through the
formation of compatible solutes such as
proline and glycine betaine, the
management of their ion channels, stress
protein synthesis, and EPS secretion (Paul,
2013). the

microorganisms  to

Adaptation helps

maintain  normal
metabolic activities in harsh environments.
Apart from this, salt-resistant bacteria have
been shown to improve plant growth in
unfavorable conditions; hence,

their

making

use in sustainable agriculture
worthwhile (Egamberdieva et al., 2019).
The

bacteria, fungi, archaea, and microalgae,

microorganisms, which include
contribute greatly to the stability of
ecosystems through their participation in
nutrient  cycling, organic  material
degradation, and soil fertility. Nonetheless,
high salt levels in soils exert great pressure
on the development, metabolic reactions,
The

the

and survival of microorganisms.

presence of too much salt in

environment results in osmotic pressure,
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leading to  dehydration of the

microorganisms, damage of the cell
membranes, and interference with enzyme
function (Oren, 1999). Moreover, the build-
up of ions, such as sodium and chlorine
ions, may disrupt cellular stability.
Different reactions to salinity stress in
microbial populations exist based on the
adaptive capacity of each population.
Halophiles and halotolerants possess
particular adaptations that allow them to
live in saline habitats. This includes the
presence of compatible solutes (such as
proline and glycine betaine), ion
transportation control, the production of
stress proteins, and changes in cellular
structures (Ventosa et al., 1998). On the
other hand, non-halophiles face difficulties
in their growth and survival in saline
habitats because of their inability to adapt
to salinity stress. The effects of salinity
stress on the activities of microbial
communities have several ecological
ramifications. For example, salinity can
like

and

impact biogeochemical processes

nitrogen  fixation, nitrification,
mineralization by changing the functions
and abundance of different groups of
microbes (Rath & Rousk, 2015). This can
have consequences for soil conditions,
symbiosis between plants and microbes,
and overall productivity within the system.
Furthermore, salinity stress can cause

reductions in the microbial biomass and
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enzyme activities, thus impacting soil
fertility and sustainable agriculture. Over
the last few years, more attention has been
paid to investigating the biological
mechanisms that lead to the development of
salinity resistance in microorganisms due to
the importance of microbes in agriculture.

Salt-resistant microbes can be used as a

means to create biofertilizers,
bioremediation  solutions, and crop
protection from salinity stress.

Consequently, a good understanding of the
effects of salinity on the growth of microbes

is important.

2. Salinity Stress

Salinity stress is a significant abiotic
stressor that negatively impacts the growth
and survival of microorganisms and overall
ecological processes. It is a result of high
salt concentrations in the form of NaCl,
sulfates, and bicarbonate found in soil and
aquatic environments. Climate change,
irrigation, and human activities have led to
rising soil salinity levels, which has made
salinity stress an international problem
(Rengasamy, 2010; Shrivastava & Kumar,
2015) Salinity stress is one of the major
abiotic stresses impacting both terrestrial
and aquatic environments, especially in dry
or semiarid environments. Salinity stress
occurs as a consequence of high levels of

soluble salts, mostly sodium chloride
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(NaCl), which have accumulated in soil or

water, resulting in various effects in
biological systems. As per statistics from
the Food and Agricultural Organization of
the United Nations, nearly 20 percent of the
irrigated area in the world experiences
salinity  stress.Salinity  stress  causes
disorders in homeostasis, osmosis, and
metabolism in the organisms. In case of
microorganisms, plants, and animals,
salinity stress results in biochemical and
physiological changes, which impact
growth and development, causing various
adverse effects in the organisms (Munns &
Tester, 2008). The level of salinity stress
experienced by the organisms depends on
various aspects, such as salinity level and

organism resistance.

2.1 Concept and Nature of Salinity

Stress

Salinity stress can be defined as the
negative impacts induced on the living
system owing to excessive build-up of
soluble salts, particularly sodium chloride
(NaCl), as well as other types of salts
including sulfate and bicarbonate, in soil
and aqueous environments. Salinity stress
is a prevalent abiotic stress which plays a
crucial role in shaping the productivity of
agriculture, soil quality, and microbial
ecology globally. The term salinity stress is

based on the two-sided nature of the
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phenomenon, which includes osmotic
stress and ionic stress. Osmotic stress arises
when there is a large amount of salt in the
external environment leading to the
lowering of water potential and hindering
water uptake by organisms such as plants
and microbes, thereby inducing conditions
of physiological drought despite the
availability of water. On the contrary, ionic
stress arises due to the build-up of harmful
ions like Na™ and CI™ in the cell, which
affect cell physiology, enzymatic reactions,
and nutrient status (Munns & Tester, 2008;
Shrivastava & Kumar, 2015). Salinity stress
is a complex issue in that it affects life

forms in various ways, ranging from

morphology  through  physiology to
biochemistry and genetics. As for
microorganisms, salinity affects cell

membrane permeability, changes in the
structure of proteins and enzymes, and
metabolism, resulting in decreased rates of
microbial growth and viability. There are
examples of  microorganisms  with
increased tolerance to salinity, due to the
expression of stress-resistance mechanisms
that the

include production  of

osmoprotectants such as proline and

glycine betaine, regulation of ion
transports, and the expression of genes
coding stress-related factors (Oren, 2002;
Yan et al., 2015). When it comes to plant
life forms, the negative effects associated

with salinity stress include lower seed
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inhibited

photosynthesis, oxidative stress due to the

germination capacity,
formation of reactive oxygen species, and
reduced rates of growth. Finally, salinity
not only impacts soil structure but also
affects microbial diversity, influencing
As for the

ecological context, salinity stress is a

biogeochemical processes.
problem arising both naturally and as a
result of anthropogenic activities. Thus,
weathering of rocks, intrusion of sea water,
and arid conditions are natural sources of

soil salinity.

3. Microbial Diversity in Saline

Environments

Salt-containing water bodies such as salt
lakes, coastal marshes, hypersaline pools,
and salt-contaminated soils host an
extensive variety of microbes that have
evolved adaptations for survival in harsh
osmotic and ionic stress. They are inhabited
mainly by microorganisms that are either
from the

halophiles or halotolerant,

domains of Bacteria, Archaea, and
Eukarya. Of these, halophilic Archaea,
mostly from the family Halobacteriaceae,
are abundant in hypersaline waters and
have high growth requirements for sodium
chloride (NaCl) (Oren, 2002). Bacterial
populations in salt-rich waters consist of
like

Salinibacter, and Bacillus, each with unique

several genera Halomonas,
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characteristics of salt adaptation and
metabolism (Ventosa et al., 1998). Apart
from prokaryotes, several eukaryotic
microorganisms including the single-celled
green algae called Dunaliella salina and
halotolerant ~ fungi  also  contribute
significantly to productivity and recycling
of nutrients in salt-containing waters (Elevi
Bardavid et 2008).

molecular

al., Recent

developments in biology
techniques, especially metagenomics and
high-throughput sequencing methods, have
led to an increased knowledge of microbial
diversity in  hypersaline  habitats,
identifying a huge array of novel microbial
species (Dillon et al., 2013). It is also
known that the pattern of microbial
diversity is influenced not only by the level
of salinity in the environment but also by
other factors such as ecological and
evolutionary relationships, which influence
global biodiversity patterns (Lozupone &
Knight, 2007). Moreover, the presence of
microbes is essential for carrying out
biogeochemical processes in  the
environment, which include processes like
carbon fixation, nitrogen transformations,
and sulfur metabolism, thus ensuring the
stability and productivity of the extreme
ecosystem (Oren, 2002). In addition, the
special metabolic capabilities of halophilic
microbes make them important from a
biotechnological standpoint since they can
various  salt-stable

produce enzymes,
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pigments, and compounds (DasSarma &
DasSarma, 2012).

3.1 Halophilic microorganisms

Halophiles are a category of extremophiles
that thrive in habitats with extremely high
salt concentrations, such as salt lakes, saline
soils, hypersaline ponds, and marine
environments. Halophiles can be found in
all domains of life, including Bacteria,
Archaea, and certain members of the
Eukarya kingdom like halophilic algae and
fungi (Oren, 2002). On account of their
levels of resistance

varying to salt,

halophiles are categorized as slight,
moderate, and extreme halophiles based on
the optimum level of NaCl concentration
required for growth (Oren, 2002). Among
these, extreme halophiles, mainly the
archaeal genera of Halobacterium and
Haloferax, require highly salty conditions
for survival
2012).The problem faced by halophiles is
mainly related to osmotic stress brought
the high

concentrations of salt outside the cell that

(DasSarma & DasSarma,

about by presence  of
results in water loss and dehydration of the
cells. Two mechanisms are utilized by
halophiles to overcome these challenges.
These include the "salt-in" approach, in
which inorganic salts, particularly K* and
Cl~, accumulate inside the cell to offset the

effects of osmotic stress. The second
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mechanism is the "compatible solute™
mechanism, whereby compatible organic
osmolytes are produced in the absence of
any disruption to the cellular processes
(Roberts, 2005; Empadinhas). Apart from
osmoadaptation, halophiles possess a
number of morphological and physiological
characteristics that are unique to these
organisms. For instance, halophilic
microorganisms have an abundance of
acidic amino acids in their proteins, thus
facilitating the activity of enzymes in
conditions of high salt concentration.
Additionally, the cell membrane structure is
adapted to survive in harsh environments,
specifically with respect to the ether bonds
between lipids in haloarchaea. Halophiles
that contain bacteriorhodopsins employ the
energy-producing process based on light-
driven proton pumps, whereas Dunaliella is
able to conduct photosynthesis (Grant,
2004).Halophilic bacteria occupy important
ecological niches in the process of nutrient
cycling, especially when it comes to the
processes of carbon and nitrogen turnover
in halophiles. In addition, halophiles have
numerous applications for biotechnology
because they are able to synthesize salt-
resistant enzymes, compatible solutes, and
also help in the remediation of saline and
environments

hypersaline waste

(DasSarma, 2006; Oren, 2011).

3.2 Halotolerant microorganisms
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The

diverse in terms of types and belong to a

halotolerant microorganisms are
broad range of bacteria, archaea, fungi, and
specific algae known for their capacity to
survive in salt-rich habitats, while not
necessarily being dependent on these
environments for growth. Halotolerant
microorganisms are abundant in saline
soils, coastal ecosystems, salt marshes, and
even hypersaline regions with variable salt
content. In comparison to obligate
halophiles, these organisms have metabolic
flexibility enabling adaptation to both salty
and nonsalty environments (Ventosa et al.,
1998; Oren, 2002). One of the most
challenging features that halotolerant
microorganisms have to adapt to is high
osmotic pressure caused by high salt
content in the environment which leads to
cellular dehydration and loss of turgor. As
a response to these conditions, halotolerant
organisms use osmoadaptation techniques
which involve accumulation of compatible
solutes such as proline, glycine betaine,
trehalose, and ectoine, among other
substances. Compatible solutes enable the
cells to achieve osmotic balance without
any negative impact on metabolism and
(Roberts, 2005;
2008).

Ecologically, halotolerant microorganisms

enzyme  activity

Empadinhas & da Costa,
play an important role in nutrient cycles,

decomposition, and  soil  fertility,

particularly in saline and semi-arid habitats.
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In addition, they have been recognized for
their potential use in biotechnology, such as
biofertilizer

in  enzyme  production,

manufacture, and production of
osmoprotectants like ectoine. Moreover,
due to their ability to thrive in such adverse
environments, they can be used in
bioremediation processes in saline soils

(Paul, 2015; Singh & Jha, 2016).

3.3 Bacteria, fungi, and archaea

diversity

Bacterial, fungal, and archaeal diversity
constitutes one of the most diverse and
functionally essential elements of life on
our Bacteria are a

planet. very

heterogeneous group of unicellular
organisms that can be found in almost any
habitat. Being able to adapt to any
environment, bacteria possess the unique
capacity to engage in metabolism. For
instance, bacteria can fix nitrogen and
decompose organic compounds and take
part in biogeochemical cycles. In addition,
many halotolerant and halophilic bacterial
genera such as Halomonas, Bacillus, and
Pseudomonas have acquired several special
adaptations, including the accumulation of
compatible solutes and ion regulation.
Thus, the mechanisms allow them to cope
with changes in osmolality (Ventosa et al.,
2015; 2002). As

microorganisms, fungi play an essential

Oren, eukaryotic
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role in the functioning of an ecosystem
because of the involvement in nutrient
recycling and decomposition. Among other
fungi, there are several salinity-tolerant
groups, which include  Aspergillus,
Penicillium, and Cladosporium. The latter
group possesses several adaptation features
including increased osmolyte production
(for

melanin synthesis, and alterations in the

example, of glycerol), increased
structure of cell walls that enable them to
thrive in extreme saline conditions (Gunde-

Cimerman et al., 2009).

4. Mechanism of Salinity Stress in

Microorganisms

The main cause of stress in microorganisms in
response to increased salinity levels is caused
by higher amounts of soluble salts, mainly
(NaCl), the

surroundings. Osmotic stress is one of the major

sodium  chloride found in
causes that cellular dehydration and a drop in
turgor pressure because of the high levels of
external solutes. This stress affects enzyme
activity and leads to a reduction in the volume
of cytoplasmic water, compromising the
stability of biological macromolecules (Oren,
2002; Yan et al., 2020). Microorganisms also
experience ionic stress as an effect of high salt
concentrations since the accumulated toxic ions
like Na* and CI~ accumulate inside cells and
lead to adverse conditions within. The extra
amount of sodium reduces the ability of the cell
to perform

necessary functions through

interfering with K* balance in cells, which plays
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a role in enzyme activity, protein synthesis, and
ribosomes' structural stability (Hohmann, 2002;
Slama et al.,, 2015). As to the

aforementioned stress factors, microorganisms

response

employ various adaptation mechanisms that
include synthesis of compatible solutes, such as
proline, glycine betaine, and ectoine, which
allow maintaining osmotic equilibrium without
hindering metabolism (Empadinhas & da
Costa, 2008). Another mechanism involves
control of ion homeostasis via use of actively
transporting systems such as the Na'/H*
antiporter system that excretes excess sodium
ions (Padan et al., 2005). Moreover, some
halophiles use the "salt-in" approach that
involves retention of high salt concentration
within the cells for balancing osmotic potential
(Oren, 2008). The mentioned strategies ensure
the ability of microorganisms to survive in
highly saline conditions, although not
necessarily promoting active proliferation and

development.

4.1 Osmotic stress and water
imbalance

The first environmental factor that causes
osmotic stress to microorganisms is the
existence of differences in solute
concentrations between intracellular and
extracellular environments and leads to
disturbance in water balance within
microbial cells (Oren, 2011; Wood, 2015).
Under hyperosmotic conditions, which
occur, for instance, under high salinity
levels, water moves from inside to outside
cell

a microbial causing dehydration,
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plasmolysis, and decreasing cell turgor
pressure, thus leading to disruption of
metabolic processes, such as enzymes'
functions, nutrient transportation, and
synthesis (Kempf &
Bremer, 1998; Sleator & Hill, 2002). On the

contrary, under hypoosmotic conditions,

macromolecules'

there is an excess water influx into a
microorganism that leads to cell swelling or
even lysis due to uncontrolled growth of the
&  Glaasker,

essential

cell size (Poolman
1998).Therefore, it is

microorganisms to maintain their osmotic

for

homeostasis in order to survive.

Microorganisms evolved several
mechanisms to adapt to osmotic stress and
The

compatible solutes, such as proline, glycine

restore water balance. use of

betaine, trehalose, and ectoine, for
osmoprotection can be considered one of
the most effective approaches as they
enable protein stabilization and do not
impair metabolic activities (Kempf &
Bremer, 1998; Roberts, 2005). The effects
of water balance in osmotic stress are
substantial and greatly affect growth and
survival, as the cells have to use their
energy resources not only for growth but
also for their adaptation to osmotic stress
(Wood, 2015). The long-term effects of
osmotic stress include oxidative stress,
inactivation of enzymes, and cell
membrane disruption, which may result in

reduced cell viability (Bremer & Kramer,
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2019). Nevertheless, there are specific
adaptive properties of halotolerant and
halophilic microorganisms, which help
them to survive in hypersaline conditions
because of efficient osmotic regulation and
maintenance of cell homeostasis (Oren,
2011; Roberts, 2005). In addition, these
properties are crucial for the function of
these microorganisms in nature and
biotechnological processes.In conclusion,
osmotic stress and water imbalance have a
considerable effect on microorganism
physiology, growth, and ecology. The
capability of microorganisms to maintain
their homeostasis

osmotic through

physiological and biochemical means
proves their ability to survive under
stressful conditions and be used for various

purposes.

4.2 lIonic toxicity (Na* and CI-
effects)

lonic toxicity constitutes an important
aspect of salinity stress and has an impact
on cell function and viability. The high
concentration of sodium ions (Na*) and
chloride ions (CI") in saline habitats causes
disturbance of the normal physiological
functioning of cells by affecting critical
physiological and biochemical processes
(Munns & Tester, 2008; Oren, 2002). The
high content of Na* in microbes increases

their concentration in the cells through
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passive diffusion and ion transport. The
consequence of Na' accumulation in the
cells is the disruption of the balance of ions
the

in the microorganisms. Namely,

concentration of essential intracellular
cations is reduced due to the accumulation
of Na* which prevents the normal
functioning of enzymes responsible for
respiration and protein production, and
consequently reduces metabolic
performance. Moreover, the high content of
Na" interferes with ATP production, turgor
pressure, and cell membrane potential
which impacts nutrient uptake by the
& Colmer,

2008).Chloride ions, like sodium ions, are

microorganisms  (Flowers
rather harmful to microorganisms since
their  high
acidification of cell cytoplasm and disrupts

concentration  leads to
the ion balance in microbes affecting
electrolyte concentration and thus the
normal functioning of electrochemical
mechanisms (Slama et al., 2015). Na* and
Cl” can affect the stability Ionic toxicity
also leads to the generation of oxidative
stress through the increased generation of
reactive oxygen species (ROS) that cause
damage to lipids, proteins, and DNA
molecules (Munns & Tester, 2008). In
response to these negative impacts,
microorganisms adopt adaptive approaches
including the use of Na*/H" antiporters for
extruding Na* ions, ion selectivity channels

for ensuring the balance between potassium
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(K*) and sodium (Na*) ions, and storage of
compatible solutes such as glycine betaine
and proline to safeguard cells (Roberts,
2005; Paul, 2008).

tolerance levels of salinity, these strategies

However, beyond
become ineffective, resulting in growth
arrest and cell death. Thus, ionic toxicity
due to Na* and CI™ ions is vital in shaping

microbial life.
4.2 Membrane and protein damage

Membrane and protein damages constitute
some of the most damaging impacts of
salinity stress in microorganisms because of
an abundance of sodium (Na*) and chloride
(ClI") 1ions. High concentration of salts
adversely influences cellular membranes
through the change in the lipids bilayer
the membrane

structure, increase in

permeability, and enhancement of its
fluidity. All these factors lead to the leakage
of ions and metabolites.
Additionally,

impacts proteins present on the cell

important
salinity stress negatively
membrane, for instance, membrane
transporters and enzymes that facilitate the
absorption of nutrients and metabolic
processes in the organism (D. J. Kushner,
1978; Aharon Oren, 2002). Furthermore,
salinity promotes the formation of an
excessive amount of reactive oxygen
species (ROS), which causes oxidation of

lipids and consequently increases the
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instability of the cell membrane (Hans J.

Hagemann, 2011).

High concentration of salts is also harmful
for proteins since it impairs their stability
action  because of

and enzymatic

interference in hydrogen bonds and

electrostatic interactions. Moreover, ROS-
induced oxidative stress leads to proteins
oxidation, aggregation, and fragmentation,
decreasing its biological activity and the
efficiency of metabolic reactions in the
organism (Rainer Cramer & Soppa, 2011).
Microorganisms produce several molecules
that protect against salinity-induced protein

denaturation and aggregation;
4.3 Ecological Impacts

Salinity stress has major effects on
microbial community ecology through its
influence  on  microbial  diversity,
composition, and functions in ecosystems.
Salinity stress creates osmotic and ionic
stress for microorganisms, resulting in
selective pressure for halotolerant and
halophilic microbes. As a result, there is a
decrease in diversity among microbial
communities, and the emergence of
specialized microbes (Rengasamy, 2010;
Oren, 2002). Reduction in diversity may
affect the ability of microbial communities
to cope with environmental changes, thus
making them more vulnerable. Moreover,

salinity stress alters the way that microbial
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communities interact, especially in terms of
competition and symbiotic relationships,
which tends to suppress the function of
beneficial microbes such as plant growth-
rhizobacteria (PGPR), thus
affecting the condition of plants and soil
productivity (Wichern et al., 2006). Salinity

promoting

stress also interferes with biogeochemical
cycling activities of microbes, including
carbon cycling, nitrogen cycling, and
phosphorus cycling. High salinity causes a
reduction in microbial enzyme activity,
which reduces the rate of carbon
mineralization and turnover (Rath et al.,
2019). The activities of nitrogen-cycling
microorganisms, such as nitrification and
nitrogen fixation, are highly affected by
salinity stress, causing the loss of soil

fertility and nitrogen toxicity (Rietz &

ISSN NO: 2395-0730

Haynes, 2003). Moreover, salinity impacts
soil physical properties indirectly through
its effects on microbial processes. Microbes
play an important role in soil aggregation
through the formation of extracellular
However,
the

polymeric substances (EPS).
high
composition and production of EPS,

soil  salinity influences
leading to unfavorable soil structure and
porosity, low soil aeration, and higher
erosion rates (Yan & Marschner, 2013).
Additionally, increased salinity levels in
aquatic systems influence microbial food
which  affect

thus

chains, higher-level

organisms, altering  ecosystem
function (Oren, 2002). Therefore, salinity
stress not only impacts microbes but also
leads to further environmental implications

for entire ecosystems.

Table 1: Physiological Impacts of Salinity on Microbial Growth

Parameter Impact of High Salinity {[Consequences for Survival

Metabolic Significant Energy is diverted from growth to cellular

Activity reduction/inhibition maintenance and "repair."

Enzyme ) . ||Disruption of key cycles (e.g., Nitrogen
_ Denaturation or inhibition || )

Function fixation, C-degradation).
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Parameter Impact of High Salinity {[Consequences for Survival

Cell ) ) Loss of turgor pressure; potential physical
Dehydration and shrinkage

Membrane collapse of the cell.

Nutrient Competition with Na+||[Reduced availability of K™ and other essential

Uptake ions macronutrients.

_ Lower overall population density in saline
Biomass Sharp decrease )
environments.

Table 2: Microbial Community Shifts Under Salinity Stress

Microbial ) o Predominant
Response to Increasing Salinity Reference
Group Genera/Phyla

) Alpha diversity usually decreases;||Proteobacteria,
Bacteria _ _ [1], [4]
shift toward salt-tolerant taxa. Bacteroidetes, Halomonas

) Generally more sensitive than ]
Fungi ) S Hydropisphaera (decreases) ||[1]
bacteria; sharp decline in diversity.

Highly tolerant; often dominate in )
Archaea ) . Halobacterium, Haloferax ||[2]
hypersaline conditions.
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Microbial ) o Predominant

Response to Increasing Salinity Reference
Group Genera/Phyla

o Strongly inhibited (AOB and NOB||Nitrosomonas (some

Nitrifiers N [4]

are salt-sensitive). tolerance)
Table 3: Survival Mechanisms and Adaptive Strategies

. e Key
Mechanism Strategy Description
Compound/Process

Osmotic Accumulation of "compatible solutes” that don't||Proline, Betaine,
Balance interfere with metabolism. Polyols
lon

Homeostasis

Active pumping of Na* out and K* into the cell.

Na*/H" antiporters

EPS Secretion

to act as a barrier.

Production of Extracellular Polymeric Substances

Biofilm formation

Entering a non-metabolic state until conditions

Dormancy _ Endospore formation
improve.
Metabolic Switching from aerobic to anaerobic or nitrogen-|| )
) o Nitrate reduction
Shift based respiration.

Table 4: Classification of Microbes Based on Salt Tolerance
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o Optimal Salinity ) )
Classification Typical Environments  |[Examples
Range (NaCl)
) Fresh water, most o )
Non-halophiles |< 1% ) ) Escherichia coli
agricultural soils.
Estuaries, mildly saline||Staphylococcus
Halotolerant 1% - 5% )
soils. aureus
) _ Marine/Ocean o _
Slight Halophiles {[2% - 5% ] Vibrio fischeri
environments.
Moderate Salt lakes, fermented
) 5% - 20% Halomonas elongata
Halophiles foods.
Extreme Halobacterium
] 20% - 30% Dead Sea, Great Salt Lake.||
Halophiles salinarum
environment; only halotolerant and
Conclusion halophilic species are able to resist this
The impact of salinity stress on microbial em_nronment. These organisms UF'“ZE
e . unique mechanisms such as synthesis of
populations is vital since high levels of salts ) .
compatible solutes, ion control, and

in the environment adversely influence
microbial life in soils. This stress leads to
osmotic imbalance, toxicity from excess
ions, and interference with biological
activities. This situation results in a
decrease in the biomass of microorganisms
and changes in their population dynamics.
Microorganisms cannot endure this adverse
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production of stress proteins. There are
serious repercussions for the ecological
system as these changes interfere with the
natural processes such as nutrient cycling,
nitrogen fixation, and degradation of
organic material.
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