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Abstract Climate change is one of the most important global concerns of modern
era, with economic, social, scientific, political, moral, and ethical aspects. The soil
ecosystem, which encompasses an enormous diversity of microbial life, is critical in
this regard because it is a key component of the carbon and nitrogen cycles and is
associated in the removal of greenhouse gases in the atmosphere which contribute to
climate change. The microbial world is an important component of various biogeo-
chemical cycles, and its role in climate change must be considered. Microbes, on the
other hand, are rarely mentioned in climate change discussions. Microbial activity
has not been taken into account sufficiently in most climates due to a lack of adequate
understanding. Therefore, this book chapter provides an insight into the the intrinsic
and extrinsic attributes, direct and indirect mechanism and emerging technologies
for understanding of plant-microbe responses to climatic change that confer reason
of soil microbial communities to climate extremes.

Introduction

For more than 12,000 years, Earth’s climate remained stable which in turn is vital for
human kind’s very existence [1]. During the past century, the typical global tempera-
ture increased close to a 1.5°F, and in next 100 years, it is expected to rise an additional
0.5°F-8.6°F. This is a critical problem since even little changes in the average global
temperature can lead to significant changes in the weather and climate [2]. The micro-
bial communiity is extremely significant for this context because it plays a crucial
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role in the nitrogen and carbon cycles and is proportionately involved in the removal
and emission of gases that play a partin climate change, such as methane and CO2 [3].
While heterotrophic microorganisms break down organic substances to release green-
house gases, photosynthetic microbes consume atmospheric carbon dioxide. The net
carbon flux is primarily determined by the balance between the two processes, and
it varies across different ecosystems based on climatic factors like temperature. As
a result, microbial reactions play a critical role in the earth’s carbon cycle because
they not only lock up large amounts of carbon but also release it, according to [4,
5]. It is important to emphasise that most greenhouse gases, including CO,, CHy,
and N,O, are produced by microbes [6]. In this book chapter we have discussed
about the various action mechanisms of climate change including the mechanisms
affecting the microbial community, alterations in microbial diversity, the physiolog-
ical alterations, action mechanisms on plants, variations in moisture content, and the
various consequences on microorganisms due to change in climate, rising tempera-
tures, altered precipitation, increased CO, emissions, drought situations and try to
elaborate on emerging technologies and better comprehension of plant and microbe
responses to variations in climate and their interactions. Respectively the end of
the chapter deals with mitigation strategies like mulching, use of organic residues,
fertilisers, crop and landscape administration are also taken into account.

Action Mechanisms of Climate Change

Temperature, precipitation, and changes in length of seasons are all indicators of
climate change [7]. Therefore, the major ways in which its mechanism of action is
exhibited are changes in temperature and moisture levels.

Mechanisms Affecting the Microbes

Soil microbial populations are affected both directly and indirectly by climate change
elements such as increased atmospheric CO,, changing temperature forms, and
overall warming [8]. In addition, as a result of multiple components changing abruptly
because of climate change, the terrestrial microbial population undergoes compli-
cated alterations [8]. The microbial population, plants, and soil carbon balance may
all be notably impacted by such large-scale changes brought on by climate change [9,
10]. Nonetheless, interactivity between different climate alterationelementsare also
possibly discerning towards certain soil microorganisms, which can lead to conver-
sions in factions that may ultimately determine the future condition of ecospheres [8].
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Alterations in the Microbial Variety

Negative impact like Abiotic stress brought on by climate change can change the
variety and functioning of soil microbes [11]. Because different microbial species
prefer different temperature scales for activity and growth, an increase in tempera-
ture may have an effect on how the microbial population is formed [6, 12]. Swiftness
of processing of microorganisms, yield, as well as activity is prompted with an
increase in temperature. Therefore, the microbial community shifts in approval of
the species with sped up rates of development and better tolerance for higher temper-
atures [8]. The effects of climate change on two important cyanobacteria, namely
Microcoleus steenstrupii and Microcoleus vaginatus, present in topsoil of arid region
of western USA, exemplifies this impact. As global temperatures rise, the former,
which is thermotolerant, has been observed to replace the latter and even outcom-
peteit, which ispsychrotolerant. These microorganisms are essential for preserving
the topsoil’s microbial community, whose traits are necessary for preventing soil
erosion [13]. For the reason thatmicrobial community differ in terms of sensitivity
to temperature, physiology, andgrowth rates,it shows that climate change alters both
the relative abundance and activity of soil microbial populations. Therefore, as a
result it has a direct impact on how these organisms’ particular functions are regu-
lated [9, 10]. Warming-related variations in the population of microbes’ organisation
may also result in a decrease in the amount of substrate that is readily available
[14]. In the same context, it shall be noted that both bacteria and fungi abundance is
likely to be impacted by global warming [14]. It is noteworthysincecertain microbes
control ecological processes like nitrification, denitrification, nitrogen fixation, and
methanogenesis. Therefore, changes in their relative abundance have a direct effect
on how quickly these processes occur. Although, because a diversity of organisms
manage some activities thattake place at a very coarserate (viz., as mineralization
of nitrogen), abiotic factors like moisture and temperature have a greater impact on
these processes than microbial community makeup [9, 10].

Conversions in Physiology

Rising temperature increases the upkeep of microbes, which leads to escalation in
demand of themaintainence of microbial community (respiration per biomass) [15].
As aresult, heat increases soil respiration by accelerating soil microbial activity [16,
17]. Changes occurring in the respiration of soil is started because of alterations in the
available carbon comparative abundance [18], composition of the microbial commu-
nity [19], the quantity and quality of plant litter [17] and the availability of substrate
[20, 21], which are all associated with temperature elevation. Therefore, it is believed
that due to sensitivity to temperature of microbial metabolism and also the activities
they engage in, changes all over the globe changes such as temperature increase
can directly impact the rates of respiration of soil bacteria [9, 10]. Temperature and
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moisture levels are firmly connected, and high or low moisture levels may restrict
soil respiration [22]. Although, until other factors like moisture and substrate become
limited or the conformation/formation of a forest stand is reformed or changed, it
is unlikely that the microbial community’s makeup will change or that adaptations
will occur that indicate a rise in soil respiration [14]. Changes in soil temperature
and moisture brought on by differences in precipitation can also affect soil respi-
ration [23]. In this context, enzyme activity should also be taken into account. It
is important to note that, as temperatures rise, microbes allocate more nutrients for
the development of enzymes (to obtain the additional nutrients needed) [24, 25].
In reality, due to direct and indirect effects on microbial production of enzymes and
turnover rates, climatic change causes long-term changes in enzyme pools in addition
to minisculechanges in activity of enzymes steered by thermodynamics [26, 27]. Due
to their impacts on substrate availability, enzyme efficiency, and microbial efficiency,
variations in temperature and moisture have an impact on both the comprehensive
and relative rates of production of enzymes. If soil temperature rises, increasing the
processing of substrate and the existing enzyme pool becomes available, microor-
ganisms may devote less energy to producing enzymes if biomass of micobes stays
constant [28]. It should be recognised that C-degrading enzymes are more tempera-
ture sensitive than N-degrading enzymes [29-31]. Substrate temperature sensitivity
is a related issue that is influenced by a number of variables including oxygen avail-
ability, moisture content and accessibility (surface assimilation and accumulation
state) [20]. The relationship between temperature and soil respiration can be under-
stood by looking at substrate usage and microbial development [32]. Additionally,
the kind of soil influences soil microbial activity, which may be a relevant role in this
case. Due to the characteristics of allophone, it ought to be emphasised that microbi-
ological activity is minimal in soil made of volcanic ash [33]. The fact that microbial
biomass turnover, respiration and soil organic matter are all higher in tropical soils
than in temperate soils serves as an illustration of the importance of temperature with
regard to these processes [34].

Action Mechanisms on Plants

Plants are significant biotic components that are crucial in this context. By allowing
roots to release carbon substrates [35, 36], changing temperature of soilas well
asmoisture with the help ofshade and transpiration [37], and changing the quantity
of rain that ultimately reaches the soil, they modify rates of soil microbial respira-
tion. Additionally, the type of plant remnants and quality viz., organic matter, that
reaches the soil and the respiration of soil, are determined by the constitution of
the vegetation. The variation in soil respiration beneath evergreen and deciduous
forests serves as one example of this [38]. According to [39], the kind of anthro-
pogenic land use and management and plant cover both affect the nature of organic
materials in soils with a comparable geology. This is very significant since the key
factors affecting how sensitive soil respiration is to temperature are the availability
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of temperature-dependent substrate release and rapidly decomposable carbon [32].
Changes in the sensitivity of temperature of organic matter of soil disintegration can
result in significant inaccuracies in models of C-cycle [32].

Undulation in Moisture

Changes in moisture, a major variable that significantly affects the patterns of soil
respiration in many terrestrial ecosystems, is another way that climate change has an
impact on soil ecosystems [40]. Numerous variables that change with the moisture
present and amount of water, such as gas diffusion, water movement, solute diffu-
sion, and the motility and survival of microorganisms, have an impact on microbial
activity and, consequently, decomposition [22, 41]. Additionally, moisture could
reduce activity of microbes in a variety of settings, including soils and saltwater.
Less water availability diminishes intracellular water potential, which in turn lessens
enzyme activity and hydration [42]. The release and dynamics of CO, can be signifi-
cantly impacted by soil moisture [40]. All of this is demonstrated by the observation
that in grasslands, temperature and soil moisture are the key regulators of respiration
in soil, that in turn controls CO; response between soil and atmosphere [40].

Consequences of Climate Change on Microbes

Microbes respond dynamically to both abiotic and biotic stimuli [43], therefore
the consequences of change in climate on these microorganisms are evident. In
general, soil microbes are extremely active and respond promptly to environmental
factors [34]. However, the relevance of each environmental component is regulated
by temporal and spatial dimensions [44]. At higher latitudes, the consequences of
temperature rise on microbial processes are projected to be most severe [20, 45].

Rising Temperature

By 2100, the average global surface temperature is expected to rise by 1.1 to 6.4 °C,
which may have an impact on soil carbon sequestration by potentially accelerating
heterotrophic microbial activities [46]. Droughts in the [40] area may become more
frequent, intense, and long-lasting as temperatures rise [47]. The structure and activ-
ities of soil microbial communities are known to be sensitive to variations in both
temperature and water accessibility [48]. Temperature increases hasten microbial
breakdown, increasing CO, released by soil thereby creating a positive feedback
loop to climate change [49]. Because of global warming, by 2100, it is anticipated
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that 25 percent of permafrost might melt resulting in releasing around 100 Peta-
grams (Pg) of carbon for microbial breakdown [20]. The enormous organic carbon
stocks (400 Pg, or 4,000 million tonnes) in these soils are susceptible to higher
breakdown rates due to higher melting rates and depths in high-latitude permafrost.
Flooding of melted permafrost regions generates anaerobic conditions conducive to
methanogenesis breakdown. Increased temperature is closely related to increased
soil respiration, and a 2 °C increase in world average temperature is anticipated to
increase soil carbon release by 10 Pg, owing mostly to increased microbial activity.
The ideal scales of temperature for optimum activity and growth are different for
different microbial groups. Rising temperatures can influence the composition of the
microflora, which can limit the emission of organic carbon of soil in some circum-
stances due to the extinction of acclimatised microbiota [50]. Tropical soils emit
more CO2 than temperate soils because to higher and longer heat regimes, where the
overall rate of disintegration of organic matter is substantially faster due to increased
microbial activity. Changes in soil temperature are anticipated to change microbial-
operated nitrification and denitrification activities in the environment of soil due to
population shifts indenitrifiers and nitrifiers. Changes in the soil microenvironment
can induce community changes and changed metabolic reactions in microorganisms
engaged in soil nutrient cycle, as well as an increase or decrease in the viability and
pathogenicity of soil-mediated pathogenic bacteria such as Salmonella typhimurium.
As aresult of the lower temperature, microbial growth and activities normally reduces
in the winter. In general, extremely high temperatures are harmful to many bacteria.
Indeed, some organisms may be able to endure such harsh environments by trans-
forming into dormant forms that can withstand high temperatures. Although, such
typical periodical/seasonal patterns might differ in individual ecosystems of soil. For
example, in arctic soil, microbial density is at its peak in late winter when tempera-
ture is reduced [51]. The ideal average temperature for microbe life is about around
20 °C, whereas the upper limit is somewhere near 50 °C [52].

Altered Precipitation

The rate of decomposition of soil organic carbon and another significant regulator
of terrestrial microbial community structure is soil moisture, which can be influ-
enced by the IPCC’s (Intergovernmental Panel on Climate Change) projected 20
percent increase or decrease in precipitation. Long dry periods may restrict micro-
bial growth and decomposition, having a negative feedback effect on carbon flux
in some ecosystems. Carbon dioxide generation is also influenced by the periodic
soaking and drying of soil. When dry soils are re wetted, the activities of latent
bacteria rises. This adds to increased CO, evolution during soil rewetting. Soil mois-
ture can have an influence on chemical engineers both directly and indirectly. Soil
moisture has a direct impact on bacteria’s physiological condition and may impede
their ability to breakdown various types of natural substances [53]. The soil mois-
ture values required for optimum microbial activity vary according to type of soil
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and microbial community diversity [54]. Soil moisture also has an indirect effect
on microbial community development, activity, and composition by changing the
quality and amount of plant litter formation. These can have an impact on plant—
microbe interactions. Since availability of water and temperature are driving forces
of N mineralization, denitrification, and microbial activity in dry land soils [55, 56],
changing climate will have a significant impact on these processes through its impact
on soil water and temperature availability [57, 58].

Increased CO;

Anthropogenic CO, emissions are to blame for the current rise in atmospheric CO,.
Carbon dioxide levels in the atmosphere are rising at a 0.4 percent annual pace and are
expected to double by 2100, owing mostly to anthropogenic activities including fossil
fuel consumption and land-use changes. An estimated 30—40% of 20 produced by
human activities into the atmosphere dissolves in seas, rivers, and reservoirs [59, 60],
contributing to ocean acidification. The direct impact of increasing CO, on above-
ground biomass production has indeed been widely researched [61]. It has been
demonstrated that increasing above-ground net plant productivity (ANPP) increases
C availability below-ground and boosts soil microbial activity [62]. Plants’ average
growth rate is accelerated by high o, concentrations, allowing them to store more
COs,. Plant development was accompanied by a rise in soil respiration as a result of
the increased availability of nutrients for breakdown by producing more CO, into
the atmosphere. Increased CO,; levels have an impact on the root zone’s release of
pliable sugars, organic acids, and amino acids, which can promote microbial activity.
Long-term, it is thought that increased microbial biomass brought on by improved
carbon release from roots may cause soil nitrogen to become immobilised, lowering
the amount of nitrogen available to plants and creating a feedback loop that restricts
further growth in plant development. The improved soil C:N ratio that follows may
favour greater fungus diversity and dominance. Fungal cell walls are mostly made
of carbon polymers (chitin and melatin), which are significantly more resistant to
being destroyed than those found in bacterial membranes and walls (peptidoglycan
and phospholipids). This means that fungi are more efficient at assimilating carbon
(they store more carbon than they metabolise) than bacteria. As a result, soil respi-
ration rates are often low in fungi-dominated environments, increasing the potential
for carbon storage. A rise in atmospheric CO, may be one of the repercussions of
climate change, and it can drastically alter the soil environment by changing the
distribution of above and below-ground nutrients. Because CO; is the basic building
block of photosynthesis, a rise in atmospheric CO, might result in enhanced plant
growth. This may lead to an increase in rate of production of litter and a change
in molecular structure of litter, which may result in a change in digestibility. Such
changes will subsequently have an impact on the type of organic matter accessible to
soil microbes [63]. As a result, altered litter generation may alter total carbon supply
and N movement between plants and microbes [64]. Furthermore, rising CO, levels
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may result in increased root development, which will have a considerable influence
on soil structure and serious ramifications for soil biota.

Droughts

As temperatures rise, the intensity and severity of drought episodes in mesic ecosys-
tems are expected to rise as well [65]. Water stress is predicted to have an impact
on both microbial and plant populations, by disrupting important nutrient cycles
and plant-microbe responses. Drought lowered soil moisture dramatically, gener-
ating unfavourable growth circumstances that resulted in a 50-80% fall in microbial
population number [66]. Drought stress has been demonstrated to affect both the
initiation and functioning of legume Rhizobium symbiosis [67, 68]. According to
[69], populations of Rhizobium leguminosarum and Rhizobium japonicum declined
biphasically in drying soils.

New Developments and Improved Knowledge
of Plant-Microbe Response to Climate Change

To understand complex community dynamics and function, studies attempting to
understand microbial dynamics have traditionally relied on methods like DGGE
(denaturing gel gradient electrophoresis), TRFLP (terminal restriction fragment
length polymorphism), PLFA (phospholipid fatty acid analysis), or simply measures
of biomass. In general, these methods have shown trends in the make-up of micro-
bial communities [70], but they do not show responses from particular taxa and only
offer a scant amount of information regarding functional changes. Researchers are
now focusing on microbial interactions with hosts that are more functionally signif-
icant and at the highest resolution thanks to the development of new sequencing
techniques and the -omics revolution. Researchers can identify changes in microbial
communities that will enhance their comprehension of which bacteria are present
in an environment and what their potential roles are by employing the methods of
meta-genomics, transcriptomics, proteomics, and metabolomics [71, 72]. One tool
that can be used to focus on the active microbial community, which is involved in a
variety of tasks, is stable isotope probing [73]. When these methods are used more
frequently, researchers are faced with a number of difficulties, such as determining
which methods produce the most accurate results and how to analyse these enor-
mous datasets in the most precise and pertinent ways. Amplicon sequencing of the
16 s rRNA gene has become popular for determining the makeup of the bacterial
community in ecosystems [74]. Although this generates a lot of data at a depth where
species accumulation curves are starting to saturate, it has very little to no impact on
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future functional changes in communities [75]. In order to comprehend the composi-
tion of microbial communities as well as their potential for function, some scientists
are now using shotgun metagenomics to look at the variety of functional genes that
are present in a habitat. The data produced by this method could be used to deter-
mine function, but it lacks the depth of amplicon sequencing and might miss rare
taxa [76-78]. It is crucial to start sampling microbial communities at a size that is
appropriate for the diversity and function of these tiny creatures, especially with the
introduction of several new technologies targeted at understanding the dynamics of
soil microorganisms.

At such a coarse geographic scale, it could be challenging to detect mean-
ingful diversity patterns about these communities due to the significant variation
contained in a soil sample [79]. Microorganisms can interact at the scale of the
soil aggregate or at the plant root-soil interface, and there are significant differ-
ences between soil aggregates [80]. Future study should take into account the ques-
tions regarding diversity and function they are asking and appropriately alter their
sampling technique to completely begin understanding how microbes interact with
one another and their plant hosts. Beyond the question of what instruments to use
to research microbial populations, the problem of how to interpret these signifi-
cant datasets is a complex one [78]. Today, a variety of software programmes are
available to assist with processing and analysis, including giime [81], mothur [82],
and less well-known tools like IMTORNADO [83], which assign taxonomy iden-
tity by utilising a variety of different taxonomic databases. The given dataset may
produce different results depending on which of these processing approaches is
used and which taxonomy is used when accessing the various databases. To enable
dataset comparisons between laboratories and research teams, researchers must start
contrasting diverse approaches and creating a standard procedure. Researchers must
specifically investigate which processing pipeline produces the most pertinent results
quickly, which database contains the most up-to-date and accurate taxonomic infor-
mation for the taxa of interest, and how to standardise analyses across research
groups in order to extract the most information from a given dataset. The molec-
ular underpinnings of plant-microbial interactions at the plant root-soil interface,
where microorganisms are prevalent and closely interact with plant roots, are also
becoming better understood thanks to technological advancements [84]. It is diffi-
cult to identify how various soil bacterial subgroups enter the plant root and popu-
late it. We are starting to put together the molecular foundation for these inter-
actions by utilising state-of-the-art sequencing technologies that enable the rapid
and affordable sequencing of entire organismal genomes. The genome of the ecto-
mycorrhizal fungus Laccaria exhibits unusual characteristics, such as effector type
small-secreted proteins with unknown functions that are only produced in symbiotic
tissues, according to studies on the mutualistic relationship between Laccaria and its
plant host [85]. Additionally, the plant host Populus has complete D-mannose lectin-
like receptor gene deletions, which significantly reduces Laccaria colonisation [86].
By comprehending the molecular underpinnings of these interactions, the microbial
population can be controlled to enhance plant and ecosystem level functions. It will
also allow researchers to start creating microbial communities that can boost plant
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growth, carbon allocation, and carbon storage, as well as beginning to forecast which
microbes will live in the plant root endosphere.

Climate Change Effects on Plant—-Microbe Interactions

Some plant species are adapting to climate change by moving to higher elevations
and latitudes, flowering and leafing out earlier in the growing season, and changing
the expression of advantageous features [§7-92]. On a smaller scale the arctic has
become increasingly shrubby as a result of warming, with woody shrubs replacing
grasses and forbs in some parts. This change in the ecosystem’s features has led
to carbon feedbacks in these systems [93-96]. Soil communities, especially those
that are strongly connected with plants, have the potential to speed up or slow down
changes in plant communities. Studies by [97-99], for instance, found that micro-
bial communities associated with rootscould have a big impact on phenology, plant
survival, and the expression of functional characteristics. All of these characteristics
are sensitive to climatic variations. There is currently a lack of knowledge regarding
how interactions among plants, the microbial population with which they coexist,
and climate change impact ecosystem processes [100, 101]. The carbon balance in
the soil, changes in the overwhelming majority of the soil microbial community,
and plant growth and establishment may all be adversely affected by climate change
for a very long time. In reality, interactions between plants and soil ecosystems,
such as plant-soil feedbacks, are among the most important yet poorly understood
controllers of soil nitrogen and carbon dynamics. The interactions between plants
and soil communities will decide how an ecosystem responds if soil microbial popu-
lations shift as a result of climate change, which effects the establishment and growth
of plant species. Recent studies have shown that the early responses of the local soil
ecosystem might shield plants from drought stress [ 102]. There is mounting evidence
that shifts in microbial diversity may affect the selection of functional characteristics
in plants [103]. The indirect impacts of climate on plants and the soil communi-
ties that support them can differ greatly from the direct effects of temperature on
the majority of the soil community. [43] discovered, for instance, that changes in
precipitation had an impact on the soil community and its function in an oldfield in
TN (USA), but that the impact of precipitation on the composition and function of
the soil community varied depending on the plant the soil was obtained from. To
evaluate the influence of climate change on communities and functions, soil samples
were collected and homogenised from various parts of the site. These results suggest
that the reactions of soil ecosystems to climate change may be cancelled out if the
mix of plant communities’ changes along with climate change. Most research may
not adequately capture these community and functional modifications because soils
are collected from many plant species and homogenised together [43]. These inter-
actions may progressively build up in the soil system and alter ecosystem function
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(like carbon cycling) and trajectory (like plant establishment), given the strong inter-
actions between plants and the soil communities they are linked with;Strong interac-
tions between plants and the soil communities they are linked with may eventually
accumulate in the soil system and alter ecosystem function (like carbon cycling)
and trajectory (like plant establishment); however, research must be conducted to
distinguish these interactions.

Alleviation Schemes

The same methods that boost productivity and resistance to climate change give
favourable co-benefits in terms of agricultural GHG reduction. There are three basic
techniques for regulating GHGs in agricultural production: (a) lowering emissions,
(b) increasing carbon removal from the atmosphere, and (c) minimizing emissions by
using bioenergy or agricultural expansion rather than growth [104]. There is a positive
relationship amongst soil organic carbon and crop output; methods that improve
fertility of the soil productivity also reduce GHG emissions, especially in places
wherein soil degradation is a major concern [105]. Reference [106] distinguishes
between actions with high and low mitigation potential, as well as those with high
and low food security prospects.

Light Soil Sealing/Mulching

The technique of mulching involves covering the soil’s surface to prevent erosion and
boost fertility. Mulch is frequently laid down at the beginning of the growing season
for crops and can be replaced as necessary. By retaining both heat and moisture, it
first helps to warm the soil. Mulch can be created from a variety of substances, such
as organic waste products (such as hay, bark, and agricultural residue), manures,
wastewater sludge, and rubber or plastic covers.

Utilization of Organic Waste (Compost, Manure, and Sludge)

The amount of organic matter in soil is increased by a variety of carbon-rich wastes,
including coffee-berry pulp, sludge, grain and legume straw, animal manure, etc.
Before being applied to the field for agricultural reasons, organic leftovers should be
given time to degrade. For microbes to grow and flourish, they need both carbon and
nitrogen, and the addition of carbon-rich substances makes soil nutrients momentarily
immobile.
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Fertilizers

Microorganisms become more active when nitrogen is made readily available to them
by some inorganic nitrogenous fertilisers in large quantities. As a result, low-quality
organic inputs and soil’s organic content break down more quickly, leaving less soil
carbon behind and the organic matter content of the soil continuing to decline. This
causes the soil to become less healthy and its ability to hold water to decline.

Crop Administration/Selection of Species of Crop

The sort of habitat that soil fauna can access depends on the agricultural crop that
is chosen. Legumes, for instance, can act as organic fertilisers by boosting soil N
levels through a symbiotic relationship with rhizobia. Because crop changes affect
the populations of biological regulators, crop rotations can also help to reduce the
accumulation of diseases and pests. In order to reduce nitrous oxide emissions, it is
essential to employ crop management techniques that encourage N usage efficiency
and yield.

Landscape Administration/Hedgerows and Grassy Field
Margins

The establishment of bushes and trees or grassland strips next to intensively farmed
fields offers soil fauna a permanent habitat, food, and a secure environment. Due to
their limited mobility, shrubs, as opposed to grassy field boundaries, are much more
advantageous to soil critters, especially bio-controls; soil bacteria will have very little
spread into the fields. This is important since 10% of the soil-dwelling species found
on farms are only found in field edges.

Microbial Communities and Mitigation Strategies

Managing Microbial Communities and Reducing CO; Release

Around 2,000 Pg of organic carbon may be found in soils, which is double the
quantity in the atmosphere and three times the amount in plants [46, 107]. It has
been suggested that land use may be adjusted to sequester an additional 1 Pg of
carbon every year in soil since different land types, such as woodlands, pastures, and
agricultural land, have varying capacities to store carbon [107, 108].
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Using Microbial Community Management to Lower Methane
Emissions

Worldwide, methane memissions are perhaps more directly regulated by microbes
than carbon dioxide (CO,) emissions. Microbial methanogenesis, it’s a process which
is performed by a variety of anaerobic archaea in seas, termite guts, wetlands, etc.,
accounts for the majority of natural emissions of methane ranging approximately up
to 250 million tonnes methane per year. However, emissions from human activity,
majorly fossil fuel extraction and landfills, outnumbers the natural sources.

Conclusion

Itis admirable that microbes play a role in regulating the amount of greenhouse gases
in the atmosphere, but the scientific community still needs to fully comprehend and
value this contribution. Given the reported unpredictability, it is obvious that knowing
the immediate and long-term impacts of climate change on these bacteria, as well as
their associated short- and long-term feedbacks, would aid in our comprehension of
the potential contributions of these microbes. If used appropriately, microbes have
the potential to be an important natural resource for reducing climate change. It
might become a big problem rapidly if not managed carefully. It is imperative that
we research this topic thoroughly and comprehend the underlying mechanics and
then effectively apply what we learn to the formulation of solutions.

Future Perspectives

According to projections on the World Meteorological Organization Website, the
average global surface air temperature could rise from 1.4 °C and 5.8 °C by the
year 2100, and predictions state that a 2 °C rise in global temperature would result
in an increase in the release of soil carbon of 106 kg (i.e., 10 petagrams) of CO2
and some other greenhouse gases [62, 109, 110]. This could set off a chain reaction
that would cause the temperature to rise even more and the surroundings to alter.
Climate change is predicted to result in more precipitation throughout the winter
months in northern medium and high latitudes as well as Antarctica. Instead of
being spread out over multiple mild occurrences, larger amounts of rainwateris more
probable to be discharged withiin a few extremely large outbreaks (World Meteo-
rological Organization Website). As a result, various ecological factors in terrestrial
and aquatic environments are anticipated to alter, which will have a significant effect
on microbes. There are several models that forecast how such environmental changes
may affect bacteria [111, 112]. Recent modelling methods and research, however,
have shown that soil warming over a long period of timedepicts a larger greater than



170

S. Singh et al.

initially believed positive feedback between atmospheric soil organic matter release
and climate warming [ 113]. Terrestrial ecosystems in the region of arctic are predicted
to be especially hard hit by the issue. Consequently, the Arctic has been emphasised
as a crucial area for identifying climate change [114]. But there are few mechani-
cally determined models that forecast how soils will respond to climate change [115].
Separate ecosystems are probably going to react to the problem in different ways.
For instance, it has been predicted that in reaction to climate change, European forest
soils will behave as CO, sinks, on the other handsoils in the agricultural areacould
lose organic matter and subsequently release CO, [116, 117].
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