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INTRODUCTION 

There are several indications of a rapidly 
changing world, with serious concerns over the 
safety of our ecosystem and its ability to support life 
and human existence in the next few hundred years. 
The World Health Organization (WHO) has described 
climate change as “the single biggest health threat 
facing humanity,” and in the past few decades alone, 
increasing reports of extreme weather conditions, 
unprecedented events of diseases, pandemics, and 
natural disasters have been documented, many of 
which have been attributed to global warming and 
climate change. In the wake of these undesirable 
events, climate change has become a huge concern 

globally. Defined as a change in the normal weather 
pattern of a place, which could be a change in the 
amount of yearly rain usual to a place, climate 
change could also be a change in the monthly or 
seasonal temperature observed in a place (NASA, 
2017). According to Denchak & Turrentine (2021), 
climate change is generally defined as a significant 
difference in the average weather conditions over a 
long time, reflected in record floods, raging storms, 
and deadly heat. Although some of the factors 
driving climate change are naturally occurring, such 
as the intensity of the sun, volcanic eruptions, and 
changes in naturally occurring greenhouse gases 
(GHGs), the rate of global climate change today 
is primarily driven by human activities (Denchak 
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ABSTRACT 

Concerns over the negative impacts of climate change on ecosystems 
and human life have entered a new phase where many hypothetical 
views are fast becoming realities. Presently, the rampaging effect 
of climate change is, in theory, causing ecological catastrophes, 
and it is being felt at an alarming scale worldwide. As an important 
ecological niche, the soil ecosystem hosts a diversity of microbiomes 
and macrobiomes and affords a soil-plant-microbes ecological 
continuum. Also, it supports essential ecological processes meant to 
promote life-sustaining habits. However, changes in plant diversity 
due to increasing greenhouse effects, anthropogenic activities, and 
global warming have severely impacted the stability of soil microbial 
communities and interactions, particularly the soil-plant-microbe 
interaction. A good understanding of the mechanisms underpinning the 
plant-soil-microbial interactions, the complexity of the soil microbiome, 
ecosystem adaptability to climate change-induced stresses, and 
niche functionality of microbiota is necessary for the empirical impact 
assessment of climate change on soil microbial behaviors. Moreover, 
the soil system parameters and the various ecological services 
affected need to be further studied to identify opportunities that 
could assist the quest to mitigate the debilitating effects of climatic 
change in the soil ecosystem and sustainable food security initiatives.    
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& Turrentine, 2021). The increasing effects of 
anthropogenic activities on the natural environment 
over many centuries have resulted in major 
worldwide problems to the detriments of planetary 
and human health (Klenert et al., 2020). Moreover, 
the results of climate change are extreme weather 
events, such as heat waves, droughts, floods, and 
hurricanes, that are evident in many parts of the 
world (Osaka & Bellamy, 2020).

Extreme weather events, especially global 
warming, stress the healthy survival of plants, 
animals, and microbes. In nature, various organisms 
have different ways of overcoming short-term 
and long-term stress due to the effects of climate 
change. According to Pusch et al. (2018), when 
animals are faced with short-term stress, such as 
a severe storm, the physiological stress response, 
brought about by the activation of the hypothalamic-
pituitary-adrenal (HPA) axis, provides a crucial 
survival mechanism, designed to assists the animal 
overcome the stress and return to allostasis. In the 
case of plants, Cho (2018) commented that plants 
develop stress resistance strategies, which include 
intracellular physiological and metabolic changes, 
like increasing membrane fluidity, modulation of 
cuticular wax, guard cell activities, and CO2 fluxes, 
and expression of cytoprotective metabolites, by 
regulating stress signal transduction, to cope with 
stressful situations (Hamann et al., 2021; Krasnova 
et al., 2022; Penna & Naithani, 2022). On the 
other hand, plants are exposed to climate-related 
stresses, instigating phenotypic plasticity in them 
(Cho, 2018). Certain studies have suggested that 
phenotypic plasticity can be considered a trait 
subject to local adaptation to climate (Kreyling et 
al., 2019). It is important for species’ responses 
to global change but can increase mortality under 
warming and frost-stress conditions.

  While our understanding of the impacts of 
climate change on macroorganisms (plants and 
animals) seems encouraging, this has not been the 
case with edaphic microorganisms. In the opinion 
of Zhou et al. (2020), understanding how global 
climate factors (including climate change) influence 
biodiversity and their relation to the functionality 
of microorganisms falls significantly behind that of 
plants and animals. The study of the changes in 
microbial community structure may be problematic 
and complex (Wang et al., 2020). Two reasons were 
suggested for this. The first is that soil microbial 

communities are diverse and have high spatial 
variations, while the second is that about 80-90% 
of soil microbes cannot be characterized using 
classical cultivation techniques, posing a huge 
problem for microbial analysis. Seemingly agreeing, 
Xue et al. (2020) emphasized that microbial 
mechanisms under long-term greenhouse cultivation 
in agricultural ecosystems are still very uncertain, 
and one reason for this is that soil microbes are 
highly diverse with somewhat abundant species. In 
addition, soil microorganisms play an immeasurable 
role in the terrestrial ecosystem, such as organic 
matter decomposition, nutrient cycling, influencing 
plant diversity and productivity (Schimel, 2016).

Similarly, mineralization by microbes of soil 
organic matter is a crucial process for the GHGs 
transfer from the terrestrial ecosystem to the 
atmosphere (Wang et al., 2022), which contributes 
to global warming/climate change. Current evidence 
shows that ecosystem functioning is under great 
threat by the continuous disappearance of species 
because of climate change (Cardinale et al., 2012). 
Even though information about the role of the 
earth’s unseen microorganisms in climate change 
processes is not well established nor frequently 
discussed, there were reports that they support the 
existence of all higher trophic life forms exposed to 
this travails by perpetually regulating the effects of 
Anthropocene climate change (Cavicchioli et al., 
2019). As such, using an array of literature, this 
research shows the interaction continuum among 
plants, soil, and microorganisms. We also show 
how climate-induced plant stress factors affect soil 
system parameters.

MATERIALS AND METHODS

The study investigated the effect of climate 
change influence on soil microbial interaction 
by reviewing about 60 published scientific 
literature (2003-2022) in various repositories 
and backgrounds. Only articles focused on how 
climate factors affect microbial signaling behaviors, 
ecological services, and succession patterns were 
contextualized for this study.

DISCUSSION

Soil Microbial Interactions and the Impacts of 
Climate Change

Soil microorganisms interact with one 
another and plants in numerous ways that define 
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and maintain ecosystem properties. These 
interactions can shape the landscape of plants and 
animals, including their abundance, composition, 
distribution, and diversity (Berg et al., 2010; van 
der Putten et al., 2013). A significant impact of 
climatic change is altering species distributions 
while simultaneously affecting interactions among 
organisms (Wookey et al., 2009; van der Putten, 
2012). Soil microorganisms such as viruses, 
bacteria, archaea, and fungi play diverse and often 
decisive roles in ecosystem functioning and services, 
such as driving the cycling of major elements like 
nitrogen (N), carbon (C), and phosphorus (P) 
(Dubey et al., 2019). Climate change’s direct and 
indirect impacts on microorganisms have been 
fairly discussed (Chen et al., 2014; Classen et 
al., 2015). By implication, global climatic changes 
with associated increase in temperature, variation 
in moisture, and increase in extreme events, and 
unabated anthropogenic activities of the agro-
allied industries, which, if it remains unchecked, 
can have severe and unprecedented impact on the 
soil microbial composition, plant diversity, and their 
performance in terms of yield and productivity.

Plant-Soil Microbial Interaction as a 
Continuum, Indicator of Soil Disturbances

A continuum model represents a structure or 
process of gradual and uninterrupted change in the 
elements between two distinctive points or poles 
defined by a particular measure (Sharpley, 2016). 
In our context, the plant-soil microbial interaction is 
a series of complex, continuous, ongoing processes 
evolving slowly over time as a continuum leading 
from the past to the present and even into the 
future. Another perspective to this concept is that 
it assumes a perpetual variable level of reversible 
communications resulting in efficient resource 
sequestration and support garnering between the 
interacting factors, such as the activities of one 
impacting the life dynamic pattern of the other (Wang 
et al., 2022). These interactions form a continuum 
that ranges from species-specific to species-
systemic mutualism involving microbes' interaction 
with plant tissues (endophytic) or the general 
microbial communities (rhizospheric) present in 
the soil. This facilitates a strong feedback system 
that influences plant growth and general well-being 
(Mojumdar et al., 2022). The plant chemistry and 
microclimate extensively affect the soil microbial 
community. The interaction between the plants and 

the soil microbial community can thus be a helpful 
feedback indicator of critical global processes, 
such as climatic change and soil disturbances or 
healthiness (Aamir et al., 2019; Keeler et al., 2021).

The Nexus Between Plant-Soil Microbiome 
During Climate Change

The type of vegetation in a geographical 
area can affect the composition of the soil 
microbial community and species diversity. This, by 
implication, can determine the quality of the soil, its 
response in the face of increasing anthropogenic 
effects, and its multifunctional ability to respond 
tolerably to extreme events caused by climatic 
changes (Classen et al., 2015). Plant species can 
cause changes to the microbial composition and 
community structure. They significantly affect the 
ecological processes within the soil (Bever, 2003) 
and mediate the so-called feedback events that 
affect neighboring plants and those that eventually 
colonize the soil (Ke et al., 2021). There have also 
been strong indications that vegetation biomass 
and seasonal changes significantly affect microbial 
biomass and its community structure’s susceptibility 
to climate change (Wu et al., 2018). 

More importantly, the soil microbiome, 
defined as the ecological community of commensal, 
symbiotic, and pathogenic microorganisms that are 
resident in the soil environment (Berg et al., 2020), 
is highly dependent on the type of plant species or 
vegetation cover in the context of this study. Plants 
interact with the root microbiome (which comprises 
the microbial communities in the plant root 
ecosystem) to facilitate plant disease suppression, 
toxicant filtration, resilience to adversities, nutrition, 
and growth (Lakshmanan et al., 2014).

Plants are varied in their effects and 
responses to soil microbiome. For instance, 
the plant rhizosphere, which depicts the narrow soil 
region surrounding the roots, is directly impacted 
by microbes and root secretions (exudates). This 
constitutes an important niche that hosts abundant 
beneficial, non-beneficial, or harmful neighboring 
microorganisms and an enabling ecological 
environment (Ulbrich et al., 2022). Peñuelas et al. 
(2012) noted that the abundance and composition 
of endophytes (common rhizospheric bacteria such 
as Burkholoderia, Pseudomonas, and Bacillus are 
significantly altered by changes in the climate.

The rhizospheric microorganisms accumulate 
carbon metabolites such as organic acids, amino 
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acids, sugars, polyphenols, flavonoids, hormones, 
and nutrients for plant use. These are food and 
energy sources for the soil microbial communities 
surrounding the roots. The importance of plant 
root exudates and metabolites in regulating the 
impacts of biotic and abiotic stresses due to climate 
change has been extensively reviewed (Lladó et 
al., 2018; Bakker et al., 2018; Olanrewaju et al., 
2019; Babalola et al., 2020). More recently, the 
use of soil–plant-associated microbiomes regarded 
as “phytomicrobiome,” in combination with 
agronomic practices in an integrated management 
option, is considered a promising alternative 
for managing soil health and crop productivity 
under stressed agroecosystems (Pattnaik et al., 
2021). Certain soil microbes such as Alcaligenes, 
Arthrobacter, Bacillus, Burkholderia, Pseudomonas, 
Rhizobium, Rhodococcus, Sphingomonas, 
and Stenotrophomonas have been indicated 
as promising plant growth-promoting (PGP) 
candidates, possessing important traits, such as 
the production of phytohormones and antibiotics for 
disease suppression.

On the other hand, the rhizobiome, a term 
used to describe all the microbial communities 
inhabiting the rhizosphere (Olanrewaju et al., 2019), 
can impact the plant community by promoting a 
mutualistic coexistence of organisms within the 
soil ecosystem through positive association with 
the host plant or negative interaction in which 
case pathogens or predators are involved (Bever 
et al., 2012). Plant-microbial interactions are 
usually regarded as unfavorable if the reduction 
in plant performance becomes evident due to 
the overall effects of all soil organisms, including 
the pathogenic ones, symbiotic mutualists, and 
decomposers. However, the interactions can be 
considered positive if the benefits accrued from 
such soil community enhance plant performance 
and survival. 

The soil microbiome plays a vital role 
in ensuring nutrient availability to plants. Soil 
microbiomes form interconnected microbial 
networks important in plant health and ecosystem 
functioning (Babalola et al., 2020). The soil contains 
an enormous diversity of microbial communities, 
a massive collection of microorganisms that live 
in intimate association with plants, either in the 
rhizosphere, within plant tissues, or as epiphytes 
attached to aboveground plant tissue (Vorholt, 

2012). Soil microorganisms are important bio-
indicators of soil health and plant growth quality. 
They control the biogeochemical cycling of carbon, 
nitrogen, and other elements critical for supporting 
plant growth and animal life. The impact of warming, 
a negative consequence of climatic change on soil 
microbiomes and the ecosystem, will, therefore, 
devastate the soil ecosystem, profoundly affecting 
the functional, interaction, distribution, diversity, 
and resilience characteristics of continum elements 
(Aamir et al., 2019). Plants’ exposure to long 
hours of heat or warming due to climate change 
causes a shift in the exudation flux, interaction 
dynamics, and a plunge in microbial biomass (Jiang 
et al., 2022). Cavicchioli et al. (2019) also notice 
that warming, besides disrupting the existential 
continuum, alters the adaptation pattern of both 
plants and their interacting microbes and increases 
microbial migration, extinction, and replacement in 
the soil. Therefore, global warming has undeniable 
implications for the plant-soil-microbes continuum’s 
stability and balanced interaction.

Impact of Climate-Induced Plant Stress Factors 
on the Soil System

The inability of plant organisms to move freely 
like their animal counterparts predisposed and 
exposed them to the consequences of a changing 
climate and environment. This may require them to 
evolve or acquire a matching morpho-physiological 
response to mitigate the distressing effect of the 
changing climate. While these responses may 
be slow or spontaneous, passive or active, and 
apparent or hardly detectable, they translate to the 
plants’ adaptive processes (structural, anatomical, 
biochemical, physiological) in improving their 
chances of surviving nature’s variables. It suffices 
to say terrestrial plants’ response behavior may 
be innate (genetic), phenotypic, or transiently 
induced according to the varying environmental 
conditions, which, within the context of this review, 
also means stressors. In addition to the changing 
climate and ecological variables, plants, due to 
their transfixed or sedentary characteristic, are 
vulnerable to nature’s oddities like flooding, global 
warming, radiation, droughts, storms, volcanoes, 
earthquakes, anthropogenic activities (pollution, 
deforestation, forest disturbances, agricultural 
practice), microbial activities, and animals (grazing, 
vectors of pathogens, stampede, trampling). 
Depending on genetically based differences, plants’ 
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situation is further worsened by the direct impacts 
of their habitats’ conditions and environmental cues 
as well as community composition and diversity. 
Although the significant support perceptibly offered 
by the edaphic and rhizospheric microorganisms 
to aboveground plants distressed by warming 
remains unclear and intangible. Hamann et al. 
(2021) and Penna & Naithani (2022) observed that 
such support might be drawn from the microbials’ 
phenomenal ability to facilitate transgenesis, 
nutrient resource sequestration, soil humification, 
toxicants’ filtration, stimulate the production of 
plants’ antistress hormones as well as metabolites, 
and absorbing some of the distress. Many studies 
focusing on the effect of climate change on biotic 
communities, particularly plants, were biased to 
short-term responses to isolated stressors rather 
than the natural holistic effects of climate change 
on survival, their partnership or recruitment elicitors, 
and tradeoff patterns with soil microorganisms.

Consequently, a typical terrestrial plant 
is equipped with a diverse range of response 
mechanisms to overcome stresses caused by 
climate change, particularly global warming. Even 
though the aboveground plants communicate their 
distress differentially from warming to the soil via 
signal molecules locked up in the exudates and 
their functional and physiological changes, global 
warming changes the soil ecosystem characteristics 
(Ihaddadene et al., 2017). These characteristics 
like soil aggregation, water-retention capacity, 
capillarity, biochemistry, nutrient recycling pattern, 
and diversity of microorganisms (recyclers, plant 
pathogen suppressers, plant-growth promoters, 
transcriptomics, etc.) have implications for the 
plant-microbes interaction. Such warming impact on 
the soil may trigger plant hypersensitivity reaction 
to heat that induces cellular, structural, biochemical, 
and signal-based responses. 

Many plants boost their chances to efficiently 
adjust and survive environmental stresses by 
deliberately recruiting a biotic agent (symbiont) 
into a relationship (endophytes, mycorrhizae, 
rhizobial nodulation, nitrogen fixers) involving 
differential transcriptional tradeoffs with residing 
microorganisms (Desaki et al., 2018). Besides 
engaging in symbiosis with soil microorganisms 
to survive, some other reasons for this may 
be to improve plant nutrition, water uptake, 
protection, energy utilization, and reproductive 

capacity. Although the mechanisms leading to the 
engagement of plant-microbes symbiosis remain 
poorly understood, reports of their cooperation in 
mediating the stress effect of changing environment 
exist in the literature (Amanifar & Toghranegar, 
2020; Riaz et al. 2021; Su et al. 2021; Kumawat 
et al., 2022). Also, Franzino et al. (2022) noted the 
intricate role of primary and secondary metabolites 
coupled with other intermediate compounds in 
initiating such a relationship or defining resource 
benefits accruable to each of the partners. 
Climate change or warming may equally alter the 
soil microbial association, communication, and 
ecological resource management among the 
biotic communities. Hence, the role of keystone 
taxa in influencing plants’ survival of prevailing 
environmental cues cannot be ignored (Tian et al., 
2022).

Impact on the Soil Ecology
Though critical for improving human welfare, 

the soil is a complex ecosystem covered above 
(plants, animals, microbes) and below (animals, 
microbes, plant debris) with abiotic communities 
of different ecozonal strata and physical variables. 
Like the diversity of plants above the soil and their 
plants’ holobionts, some soil animals may also 
possess a diversity of microorganisms that are 
resident on or in them. This suggests that every soil 
harbors significant populations of microorganisms 
whose diversity and composition are differently 
defined by variations in ecological characteristics. 
For example, environmental, climate, land use, 
and diversity of soil-surface biota determine soil 
versatility. The soil stratigraphically interfaces 
between the atmosphere and underground while 
connecting global biota to non-solar resources for 
the efficient utilization of energy in strong support of 
a plant-microbe-soil continuum rather than discrete 
entities. Suffice it to say the soil receives, modifies, 
transports, and releases life-sustaining resources 
or elements for the survival of biotic communities 
in or on it. From this perspective, the ecological 
role and quality of the soil in providing ecosystem 
services is multidimensional and subject to an 
interplay of factors. Some of these services, which 
are fundamental determinants of soil health and 
critical to the protection of the planet’s non-aquatic 
biodiversity, may include water storage, food/energy 
supply, biological conservation, recycling (carbon-
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compound sequestration, biotransformation or 
degradation, and distribution), and filtration. 
Notwithstanding, the global risk perceptions of 
climate change on soil delivery of socioeconomic, 
public health, food security, conservation, energy, 
and biodiversity benefits to humanity are regionally 
variable and require further investigation. However, 
it is pertinent to suggest further investigation to 
understand clearly how this continuum or the soil 
microorganisms contribute biogenic gases to the 
atmosphere and the role of these gases in the 
dynamics of global warming or climate change, 
especially in influencing sunlight irradiation 
(Cavicchioli et al., 2019).    

Soil, like plants, is also exposed to 
environmental vagaries, such as prolonged 
rainfalls, flooding, high temperatures, anthropogenic 
disturbances, acidification, and the effects of climate 
change. Since the soil, unlike the oceans, is static 
except flushed by runoffs or flooding, it becomes 
more vulnerable to the effect of climate change. 
Despite different global views on the causes 
and unprecedented effects of climate change on 
biodiversity conservation, the perception in this 
review conceptualizes climate change (dramatic 
shift in temperature) as arising from the unending 
depletion of the atmospheric ozone layer due to the 
increasing emission of greenhouse gases leading 
to global warming. While scientific research is few 
on the impact of climate change on soil pedology, 
species distribution dynamics, conservation, and 
ecology, the effect of global warming on soil alters the 
activities of the soil microorganisms (Balima et al., 
2022). Soil heat disrupts quorum sensing activities, 
metabolism, relationships, reproductive patterns, 
and infectivity. For example, prolonged high soil 
temperature dramatically alters the soil structure. 
It accelerates the rate of soil microbial metabolism 
(carbon-catabolic regulation-CCR), dormancy of 
beneficial microorganisms (mycorrhizae, rhizobium, 
non-symbiotic nitrogen fixers), the emergence of 
xerophytic opportunists, and desiccation of free-
living microbial cells (Franzino et al., 2022). These 
often increase the release of gases, cause a loss of 
surface plant diversity, and cause starvation. Also, 
drought conditions in the soil raise the pH due to salt 
accumulation and exacerbate root exudation by soil 
surface plants, which destroys the soil’s microbial 
community (Abe et al., 2022).

Effect of Climate-Change-Induced Stresses on 
Plant-Microbe-Soil Continuum

Even though the variable impacts (direct 
or indirect) of climate change on the interaction 
between plants and soil microorganisms are not 
substantially understood, long-term exposure 
of this biota to climate change variables alters 
their metabolic orientations, genetic properties, 
chemical signaling, orgasmic chemistry, and overall 
reactions to each other. More so, the extent of 
disruption of interspecific relationships among 
the biotic community and the magnitude of the 
impacts exerted by climate change is selectively 
predicated on abiotic parameters or the interplay of 
abiotic factors. Additionally, it causes an alteration 
of the chemical cues of plants and associated 
microbes, triggering opportunistic aggression from 
the holobionts, undermining endobiotic functions, 
disorienting both hormonal and enzymatic activities, 
there by weakening plant resistance. The soil 
physicochemical properties are equally altered to 
create conditions that impair signal transduction, 
deplete growth-promoting nutrients and substrates, 
and affect soil oxygen and water circulations. This 
would likely have unprecedented implications on 
efficient mutualistic interactions in the affected 
community, net global biogeochemical cycles, and, 
more predominantly, carbon dynamics.

Consequently, the physical cues because of 
the rising climate change effect can cause variable 
reactions from biotic populations in the same 
community. Biotic reactions may be conceptually 
categorized into hypersensitive, mildly sensitive, 
and insensitive based on their reaction gradients 
and drastic changes in ecological climate patterns. 
Hypersensitive biota, particularly some plants, 
and microorganisms, react negatively to long-term 
changes to their accustomed ecological climate 
pattern, leading to their death, and in extreme 
cases where the biota is biogeographically and 
demographically limited, they may become 
extinct. Mildly sensitive groups respond by slowly 
acclimatizing to the fluctuations in their accustomed 
ecological climate pattern. Though the mechanisms 
underpinning this kind of response are not fully 
understood, it might be due to corresponding 
phyto-physiological changes propelled by the 
activation of stress-tolerant genes. This may cause 
the expression of overwintering habits such as 
the evolution of biological dormancy, regressed 



Fisayo Yemisi Daramola et al.: Climate Change on Soil Microbial Interactions .......................................................

189

fecundity, resistance/tolerant structures, symbiotic 
relationship phyto-metabolomic reconfiguration, 
and new growth requirements that afford resilience 
to the biota (Noman et al., 2020; Rodriges et al., 
2021). A few also evolved phenological changes 
to escape unbearable abiotic cues as part of the 
stress-tolerant expression. Under inconsistent 
climate change conditions, some biotas remained 
biological plastic without detectable phenotypic 
(structure, yield, fecundity, phenology) adjustment. 
While their response may be response-specific to a 
single climate factor or a limited combination of such 
stress factors as drought, temperature, pH, salinity, 
and low oxygen, it may be philosophical to attribute 
their insensitive behavior to efficient stress-factor(s) 
detectability. Early initiation of mutation, transcription 
factors, and metabolic pathways-mediated 
(metabolism regulation, signaling pathways, protein 
regulation, and enzyme activities) reactions might 
have underscored their stress-factor(s) detectability 
as well as their pre-adjustment processes (Kim et 
al., 2022; Saud et al., 2022; Aftab & Naeem, 2022). 
It is also logical to assume that the hypothetically 
insensitive biotas attracted symbionts with stronger 
resilient genes or engaged in protocooperation 
that afforded them efficient adjustment to climate 
change factors.    

Conversely, some contemporary biotas’ 
hypothetical spatial and temporal responses to 
ecological climate change-induced stress (CCIS) 
may lower economic value-add. For example, 
exposure of plants to environmental climate change-
induced stress might logically transform some plants 
hitherto unfit for grazing to herbivory-receptive due 
to the chemical transfiguration of signal messengers 
or other related phytometaboloms. Similarly, 
the acquired resilience by some soil microbial 
populations is attributed to CCIS factors (drought, 
temperature, salinity), which make them potentially 
attractive plant transcription factors for inducing 
plant stress tolerance. Shahzad et al. (2021) noted 
that CCIS may cause transcriptional changes that 
activate climate-resilience or symbiosis genes 
among exposed biotas (Gourion & Ratet, 2021). 
These variable demographic reactions to climate 
change factors by soil-supported biotas affirm the 
differential in energy utilization requirements across 
trophic gradients. Furthermore, it is empirically 
putative that there is an indispensable but intricate 
interaction, interdependence, affinity, and complexly 

organized tradeoffs’ dynamics among plants and 
soil organisms on both sides of the soil (Fig. 1). 
Suffices to say that organisms above the soil may 
reliably engage in a diverse relationship defined 
by survival needs, even though theoretical, with a 
strong possibility of equally sharing or partaking 
or cascading stresses among each other. This 
mechanism may help to mitigate their attendant 
consequences on ecological function irrespective 
of the origin or primary respondent of the stress or 
ecological niche of the respondent population. 

Effect of Climate Change on Soil Microbial 
Activities

As a complex ecosystem, the soil harbors 
heterogeneous communities of microorganisms 
(bacteria, fungi, viruses, algae, and microfauna), 
heavy metals, nutrients, and gases, as well as 
organic and inorganic compounds. Li et al. (2021) 
recognized the soil’s potential to store more carbon 
(C) and plant biomass than the atmosphere. 
Furthermore, leveraging these ecological 
compositions, the soil provides a matrix for their 
spatial and temporal coordination, migration, 
distribution, and exchange to generate the energy 
required to drive diverse biological activities such 
as metabolism, bioaccumulation, biomodification, 
multiplication, and feeding.

The demographic diversity of soil microbial 
populations and community composition is dynamic 
and subject to change intermittently because of 
chronic fluctuation in abiotic factors. Suffice it to 
say the heterogeneous nature of the soil is unstable 
and sensitive to climate cues. Even though the 
soil microbial community fulfills differentially 
separate life-sustaining functions among which 
biogeochemical cycles (nutrient cycling and carbon 
sequestration) are predominant supporting their 
natural role the mediation of the earth's wastes.  
The rates, frequency, inputs, and outputs of 
biogeochemical cycles depend on the interplay 
of prevailing but overlapping abiotic elements  
(Hemkemeyer et al., 2021). 

However, soil microbial respiration is reported 
to be more sensitive to temperature. It accounted 
for over 50% of total sources of soil respiration, 
releasing 60 PgC/year to the atmosphere as carbon 
dioxide (CO2), which increases significantly with 
temperature rise due to intense radiation from the 
sun (Shao et al., 2013). According to Li et al. (2021), 
this results in the rapid loss of carbon stocks in the 
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upper soil horizon despite a limited understanding 
of the magnitude of carbon loss at every 1oC rise 
in soil temperature. Similarly, water level fluctuation 
affects soil microbial composition and significantly 
impacts their intricate functions and metabolomic 
activities (Xiang et al., 2018; Tripathi & Gaur, 2021).

Future Prospects
This study has examined the impact 

of climate change on the soil-plant-microbes 
continuum and, by minor extension, the microbial 
communities. Suggestions are that, apart from the 
direct and indirect effects on humans, the current 
rates of global warming and its effects have had 
unimaginable consequences for the functional role 
of microbial communities to effectively facilitate 

plants' tolerance. However, it is not all gloom and 
doom because many microbes can develop natural 
features (internal and external) that not only help 
them survive under climate-induced stresses but 
contribute immensely to the overall sustainability, 
stability, and effectiveness of ecosystems to provide 
services. The adaptive potentials of the diversity of 
microorganisms as alternative options in combating 
climate-change impacts on various soil and 
terrestrial ecosystems require more understanding. 
Also, efforts to curb climate change and its effects 
must continue with more research to unravel ways 
to maximize the potential benefits of microbial 
responses to climate-induced stress or maintain 
stability in a soil-plant-microbes continuum model.

Fig. 1. Illustration of plant-soil-microbe network of interactions across below and above soil ecosystems' 
strata
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CONCLUSION

It is logical to assume that there might 
be reversible communication dynamics and 
interactions between the roots of aboveground 
plants and belowground microbial communities in 
the soil matrix. This may suggest that environmental 
distress due to chronic variation in climate change-
related factors, particularly global warming, 
experienced by an individual microorganism or a 
microbial community may be communicated as a 
chemical signal to the plant and vice versa, with the 
soil acting as a conduit. While this concept remains 
incomprehensive, perspectives on the extent of the 
impact of climate change on ecosystem services are 
still receiving attention among scientific communities 
globally. Hence, such attention has been more 
inclined to reduce anthropogenic activities that 
exacerbate climate change scenarios. In recent 
decades, the rapidity of climate change conditions 
has gradually overwhelmed the planet’s resources, 
and the rate remains unmatched by the capacities 
of diverse microbial communities and other biotic 
processes to mitigate the effects, reaffirming the 
role of microorganisms as the life-support source for 
higher biota. In addition, the relative consequences 
of warming and climate change on biodiversity, 
habitat, ecological, and ecosystem dynamics 
are less heeded, while the biotic losses due to 
warming are underestimated. Notwithstanding this 
trend, interest in climate change studies is now 
focusing on adopting advanced biotechnology 
and bioengineering options to harness the natural 
activities of microorganisms from diverse ecosystem 
conditions for climate change mitigation. Therefore, 
this review emphasizes the role of edaphic 
microorganisms in potentiating plants’ tolerance to 
climate change effects and reaffirms their inherent 
stress-mediatory role in the soil-plant-microbes 
continuum.
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