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ABSTRACT

Climate is the long term basis shift in weather and temperature pattern over a particular
region. The climate supports the plant and microbial community growth. Still, the adverse
effect can lead to the destruction of microbial and plant diversity, intense heatwaves, and
loss of glacier levels with the rise in water levels causing threats to the terrestrial and
marine ecosystem with occurrences of the intense drought of higher frequencies. The
higher temperature degrades the soil organic matter content, which in turn declines the
nutrient status of soil with alteration of soil properties, thus hampering soil health
condition. The crop growth and sustainability in the agricultural production system also
hampers by affecting plant and microbe's interactions with each other and their reduced
biodiversity in respective ecosystems. Water resources play a key role in ensuring proper
crop growth, maintenance of soil system, and proper biological functions, and in
response to this climate change, water resources are degrading. Climate change alters
the enzymatic and other key functionaries in soil and associated ecosystems,; thus,,
monitoring the the impact of adverse climate effectseffects should be checked for
Sustainability in agriculture.
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INTRODUCTION
Climate change refers to any variation or
changes that might happen in the general

climate trend over some time, either due
to natural factors or anthropogenic factors
(Intergovernmental  Panel on  Climate
Change, IPCC, 2007). According to
Framework Convention on Climate Change

(FCCQC), climate change is the change of
climate or alteration in climatic situations
either caused indirectly or directly by
natural and  human  activities.  The
Concentration of global warming gases like
carbon dioxide, methane and nitrous oxide
gas has increased by a huge amount if we
compare it to the preindustrial period.
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It has been reported that the carbon
dioxide concentration increased at the rate
of 1.9 ppm per year from 1995 to 2005,
and the rate of variability changes each
year (Karmakar et al, 2016). Mountain
glaciers and snow cover mass have
decreased in the earth system, and the sea
level rose at the average rate of 1.8mm
per year, which is connected to drought
stress (Rahmstorf et al., 2007). The heavy
precipitation rate has increased from the
past to the present, with a higher water
loss in water vapour form in tropical
climatic conditions. Climate change is also
responsible for soil erosion (Parry et al.,
1999) processes, thus reducing the nutrient
status in soil and ultimately declining crop
production.  Higher  rainfall  condition
accelerates soil loss with negative impacts
on crop growth during the different crop
growth stages. Higher temperature and loss
of vegetation in soil reduce the soil's
organic matter status in the process of its
degradation by providing suitable condition
for microbes (Patil & Lamnganbi, 2018).
Different land-use patterns also create
situations  like  salinity, sodicity, and
waterlogging  conditions, which  affect
resource  utilisation and reduced crop
production.

Causes of Climate Change

Several factors drive the pathway for
degradation or alteration in the normal
climatic conditions. The changes that might
happen are expressed in terms of radiative
forcing, that acts as a balancing agent to
analyze and stabilize the balance between
incoming and outgoing radiations. The
factors affecting the global climate changes
are as follows:

1. Natural factors:

Natural factors such as the drift of
continents, volcanic activities, the earth's
tilt, and ocean currents with meteorites
affect the climatic wvariations at a large
stake. Earth's environment is always
dynamic and natural autonomous. To
analyze the environmental phenomena,
scientists collect the samples from pollen

Copyright © Jan.-April, 2022; ETCC

Emrg. Trnd. Clim. Chng. (2022) 1(1), 37-48

ISSN: 2583 — 4770
grains, tree bark diameter and annual rings;
the sea i1s sediments, coral reefs and snow
samples.

2. Anthropogenic factors:

Human-made anthropogenic factors such as
industrialization, deforestation along with
pollution of different natural resources have
led to enhancing the Concentration of
global warming factors such as carbon
dioxide, methane, water vapours etc., which
in turn heat the earth's natural atmosphere
(Kutilek, 2011; Carter, 2007, Bluemle et
al.,, 1999; & Anjali & Dhananjaya, 2019).
3. Greenhouse gases:

Greenhouse gases (carbon dioxide, methane,
nitrous oxide, water vapours) trap the
outgoing longwave radiation from the
earth's sphere and absorb incoming short
wave solar radiation. This situation heats
the earth's natural atmosphere and the
global warming effect. The global warming
potential of different gases, such as carbon
dioxide, is 1; for methane, it is 24; and
for nitrous oxide, it is 296. The different
global warming gases and their
concentrations are increasing day by day,
and mainly CFCs gas concentration
increase cause detrimental effect to the
ozone layer and by depleting it causes
U.V. light related diseases with certain
types of cancers in human and animal
being. This whole phenomenon is called
the greenhouse effect, which leads to
global warming, thus enhancing the surface
temperature of the earth and causing
damage to soil, crop and microbial
ecosystem (Rakshit et al., 2009; & Anjali
& Dhananjaya, 2019).

4. Local activities:

The local climatic influential activities also
affect the macro and the regional climate
to a large extent. The forest cover
depletion and changes over a particular
region change the temperature and rainfall
pattern at large. The forest cover in the
Amazon basin influence the moisture flux
to the atmosphere, biosphere and regional
rainfall pattern and the drought condition
in Sahelian Africa region is due to the
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destruction of local vegetation (Allan et al.,
1995; Clausan et al., 2001; Roy &
Avissar, 2002; & Karmakar et al., 2016).
Climate change effect on  Global
Phenomena

Earth has nearly 97.5% water source on
earth in the form of oceans and rivers,
which covers almost two-thirds of the
continent, and only 2.5% occur as
freshwater. The snow and other glacier
water sources are unavailable for their use.
The alteration in the water sources, glacier
content, and cloud coverage (Bates et al.,
2008) affect the radiation emission and its
balanced distribution over the globe, thus
causing climatic changes towards the
emission of different greenhouse gases;
thus impact of this climate change cause
stress conditions on various water sources
in future. Now almost 40-45% of countries
on a global scale are affected by water
stress, and still, it is increasing at an
alarming rate; it has been estimated that
by the end of the year 2050, 2/3rd of the
entire population will be affected by the
water stress condition (Gosain et al.,
2006). These climate changes lead to
global warming in which evaporation of
water sources into the atmosphere alters
ocean currents like El Nino and La Nina,
which changes the rainfall pattern, flooding
chances, and drought situation over a
region for a long time. Climate change has
become a serious concern on a regional
and global platform, which affect the
quality and quantity of water sources
(IPCC, 2014). A recent report published by
Intergovernmental Panel on Climate Change
(IPCC) said that the average temperature
of the earth will rise between 1.1 and to
6.40C by the year 2090-2099 as when
compared to  1980-1999 when the
temperature rise was 2-30C lower than the
projected temperature (Goa & Zewude,
2021).

Factors influencing climate change and
its Impact on Resources

The dominant water sources and their
availability are affected by precipitation
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pattern, evaporation demand, the
temperature of water sources, and wind
speed with  humidity level in the
atmosphere. Climate change affects the
associated environment with it and also the
soil ecosystem. Therefore, threats to the
soil ecosystemefore, affect food security
(Lal, 2010; Blum & Nortcliff, 2013 &
Brevik, 2013) and crop production at large
with changes in soil physical, chemical and
biological properties with various soil
processes. Variable rainfall and temperature
patterns affect the amount of
evapotranspiration rate and nature with the
extent of surface runoff. Among other
continents, Sub-Saharan African agriculture
faces a large challenge in water stress, and
almost 90% of its area is now rainfed in
nature to produce food. In Sub-Saharan
Africa, it has been estimated that by the
end of the year 2050 (Warburton et al.,
2011), rainfall could drastically reduce by
10%, which could worsen the water stress
condition and livelihood, and the drainage
would reduce by 17% (Anil, 2014).

The various hydrological responses can
influence and control the water stress
condition and give a good response to
climate changes which is also related to
mostly  land-use  patter and  cover
(Warburton et al., 2011; & Warburton et
al., 2005). Other factors such as
deforestation, industrialization, lack of
water reservoirs, water wastages, heavy
tillage and application of pesticides,
fertilizer etc., directly or indirectly affect
climate change and cause detrimental
effects on various ecosystems. The climatic
changes and their consequences are faced
by  terrestrial and  social  systems
(Sohoulande & Singh, 2016).

Climate Change Effect on Water Cycle
and Resources

The water cycle describes the various
forms of water, i.e. liquid, vapour and
solid form with its energy exchange with
the atmosphere for its conversion from one
form to another and its movement in a
cyclic manner in a continuous manner
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between ocean, land and atmosphere. The
water cycle depends on the extent and
amount of precipitation, evaporation, runoff
pattern, groundwater, and storage. The
changes in the water cycle pattern that
leads to the instability and destruction of
the natural pattern of the water cycle also
threaten the stability of the existence of
human and natural ecosystems. Rising
global temperature will cause drier zone
formation, and heavy precipitation will lead
to flood situations, which may alter the
responses of water sources to changing
climate conditions. It has been estimated
that climate change over the 2Ist century
will reduce the surface water and
groundwater sources in dry subtropical
regions, which  will increase  the
competition among various water sources,
and the strongest ocean warming is found
in tropical and Northern Hemisphere
subtropical regions (IPCC, 2014). The
changes in temperature patterns and
precipitation occurrences lead to a decline
in groundwater recharge, leading to drought
and other abiotic stresses in  the
environment. The changes in the water
quantity ~ might  affect the  marine
environment, and its ecosystem is severely
affected. Climate change severely affects
the economic and social development of
major developing countries, such as water,
agriculture, fishery and tourism, etc.
(Munang et al., 2013).

Climate Change Effect on Soil and Soil
Resources

Soil is a natural three dimensional,
dynamic body which provides habitat for
billions of microorganisms for their habitat
and supports plant growth by supplying
essential nutrients. The soil now being
considered a key resource for the entire
carth's ecosystem, and we need to analyze
the impact of climate change as well as
vegetation and pollution on the soil
system; along with it, we also need to
ensure the soil provides benefits to the
human and natural ecosystem (FAO &
ITPS, 2015). Various soil processes are
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responsible for climate changes, regulate
the emission of greenhouse gases, control
particulate matter concentration in the
environment, maintain thermal, and
moisture Concentration as well as adversely
affect the air quality index (Schmidt et al.,
2011). The drainage pattern of organic Soil
and other cultivable Soil is responsible for
the emission of at least 10% of total
greenhouse gases. Effect of climate like
temperature when it is in favourable range
for microbes helps in degradation of
organic matter, and microbes respire carbon
dioxide back to the atmosphere. Thus, the
fixed form of carbon is released back
again along with the release of methane
gas the atmosphere. Higher temperatures
and other fire events degrade the organic
matter, and the remaining burning or
charred materials persist in soil for a
longer duration (Lehmann et al., 2015).
Land use pattern alters the nature of the
soil to act as whether sink or source and
affect the climate change. The higher the
temperature, the higher the degradation rate
of organic carbon in the soil, while the
drought has the opposite behaviour towards
decreasing organic carbon status in soil.
The organic matter status in soil controls
soil fertility status, in which carbon and
nitrogen are the important components of
organic matter. Climate change impacts soil
nutrient status, formation and various
transformation processes, and the impact on
soil's physical, chemical and biological
properties. Higher temperatures favour more
pronounced vegetation growth, which in
turn leads to more carbon stock in the soil
system  (Brevik, 2012); the higher
temperature  also  increasesincreases  the
decomposition and mineralization processes,
decreasing the organic carbon or organic
matter status in soil. The addition of
organic matter in soil releases more carbon
dioxide by microbial degradation of organic
matter. This organic matter helps improve
soil health and other soil properties for
sustainable  agriculture.  Higher  carbon
dioxide in the atmosphere helps in more
plant growth and production by enhancing
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the rate of photosynthesis. The carbon
content increase can lead to more carbon
sequestration in soil and increase the
carbon stock on a global level.

Impact of Climate Change on Soil
Formation and Different Properties

Soil is dynamic, and its formation, like
lem layer of soil formation, takes
thousands of years of the process of
weathering. Weathering is the disintegration
and decomposition of rocks and minerals
in nature, which leads to the formation of
fine particle soil (Brady & Weil, 2008).
Climatic factors such as rainfall,
temperature, vegetation, topography, wind
speed, and microbial activities help and
regulate the soil formation processes. The
changes in external factors such as climate
influence the internal transformation of the
soil, and this climate change will produce
the necessary energy for the degradation or
destruction of mineral matter present in
rocks, which can lead to lower fertility
status of the soil. Water or moisture
concentration with carbon dioxide is
essential for the chemical weathering
process of soil. The Concentration and
transformation due to climate change cal
lead to the development of different soil
profiles or soil horizon development.

Effect of Climate Change on Soil
Physical Parameters

The process of transformation, gain, loss
and movement of various resources, i.e.
air, water, organic matter, silicate and clay
matter, defines the physical processes of
Soil (Brady & Weil, 2008). The change in
climate conditions, such as heavy rainfall
and temperature etc., alters the organic
matter accumulation process and its
transformation in soil. The change in
climatic factors also influenced different
physical processes (Benbi & Kaur, 2009),
such as salinization, moisture availability,
nutrient status and dynamics of carbon and
nitrogen in the soil, which influence and
control all important processes in soil. The
effects of climate change on various soil
physical processes are as follows:

Copyright © Jan.-April, 2022; ETCC

Emrg. Trnd. Clim. Chng. (2022) 1(1), 37-48

ISSN: 2583 — 4770
A. Soil Texture, Soil Structure and
Aggregate Stability

Soil texture

Soil texture consists of the relative
proportion of sand, silt and clay particle in
a soil system. The climate affects the soil
texture directly under arid, semi-arid, sub-
humid and humid climate condition as
climate also influence various processes for
textural classification of Soil (Brinkman &
Brammer, 1990; Scharpenseel et al., 1990;
& Patil & Lamnganbi, 2018).

Soil Structure and stability of soil
aggregate

The arrangement of primary soil particles
determines the structure of the soil. Soil
structure influences the nature and amount
of organic matter accumulation in soil, air,
and water in soil pore space. Aggregates
are the compact structure formed by
combining soil particles (Dalal & Moloney,
2000; & Moebius et al, 2007). The
resistance of soil aggregate towards climate
change, such as high rainfall and loss of
organic matter condition, affect stability, as
well as the formation of aggregates and
different
management

chemical, biological, and

practices  also  influence
aggregate formation in Soil (Stavi et al,
2022; & Patil & Lamnganbi, 2018). Due
to high temperature, lower organic matter
content in soil leads to lower infiltration
rates, susceptibility towards compaction,
high runoff, and an increase in erosion of
Soil (Bot & Benites, 2005; & Karmakar et
al., 2016).

B. Porosity

Pore spaces such as macro and micropores
in the soil provide the soil to store
moisture that leads to proper plant growth
(Reynolds et al., 2002; & Patil &
Lamnganbi, 2018) and exchange air
between soil and the atmosphere. The pore
space also influences bulk density, water
availability to plants, and aeration capacity
of the soil. Various enzymatic activities
and root development in soil are closely
associated with pore space size and its
distribution in soil. The climate change
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scenario affects the pore space distribution
in soil, thus hampers the plant growth,
reduced root extension and exudates
secretion, and reducing soil aggregate
stability.

C. Soil Temperature

Soil temperature controls the microbial
activity, nutrient transformation with the
release, nitrification rate, decomposition of
organic matter, and chemical weathering in
soil.  Higher  temperature leads to
acceleration of soil processes and affects
soil microbial diversity in Soil (Patil &
Lamnganbi, 2018). The soil temperature is
affected by the types of vegetation formed
on the soil surface. The loss or gain of
solar radiation is the major source of soil
temperature. The conduction, convection
and radiation processes help transfer heat
from one system to another system
(Karmakar et al., 2016).

D. Bulk Density

Bulk density is inversely related to pore space,
and it is very harmful from plant growth and
plant standpoint of view in soil. Bulk density
is also affected by organic matter and organic
carbon status in soil. The higher temperature
condition leads to a decline in soil organic
matter status due to the rapid decomposition
process, which leads to an increase in the bulk
density of soil. Higher bulk density forms
surface soil compaction and correlates with
other abiotic stress conditions (Birkas et al.,
2009; & Patil & Lamnganbi, 2018).

Effect on Soil Chemical Properties

A. Soil pH

Soil pH is the measure of acidity or
basicity of soil, which controls crop
production in particular. Soil pH is not
directly affected by the climatic conditions
such as higher temperature or higher
carbon dioxide concentration in soil. Still,
climate change also affects organic matter
status, carbon and nutrient dynamics, and
plant water availability, thus influencing
crop production and ultimately affecting
soil pH (Reth et al, 2005; & Anjali &
Dhananjaya, 2019).
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B. Electrical Conductivity and Cation
Exchange Capacity

The electrical conductivity measurement of
soil measures the level of salinity. Salt
concentration in soil solution affects the
root growth and plant growth, permitting
only limited crop growth. Different soil
and crop management practices reduce or
control the salt concentration. Higher
temperatures and fewer rainfall conditions
lead to salt accumulation in the soil
surface zone, thus increasing the electrical
conductivity in arid zones (Gil et al,
2009). Cation exchange capacity controls
the cation exchange process and its
Concentration on clay colloids. The major
cations such as Ca2+, Mg2+, K+, Al3+
and Mn3+ on clay colloidal complex and
its exchange with soil solution (Davidson
& Janssens, 2006). Higher temperature
decreases the soil organic matter status,
which directly affects soil cation exchange
capacity and declines nutrient exchange.

C. Nutrient Status and its Availability
Nutrients such as micro and macronutrients
in soil affect the soil fertility and growth
of crops on the soil and the assessment of
environmentally hazardous conditions. Soil
carbon and organic matter are the major
sources of plant nutrients in the soil.
Higher temperature leads to degrading soil
organic matter content in the soil, which
declines the nutrient status in soil; thus,
lower crop productivity can be achieved.
Carbon, nitrogen and sulphur (Weil &
Magdoff, 2004, & Kumar & Swarup,
2012) are strongly correlated, and nitrogen
content (Jastrow et al., 2005) also declines
in response to adverse climate change
conditions.

D. Soil Organic Matter

The elevation in temperature leads to faster
decomposition of organic matter in the
soil. Certain conditions such as higher
rainfall, temperature, carbon dioxide, and
atmospheric nitrogen support plant growth
and add organic matter to the soil
Availability of a higher amount of organic
matter to microorganisms depletes the
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organic matter content in soil rather than
being affected by climatic factors such as
temperature Davidson and Janssens (2006).
If we analyze the climatic condition of
cold to hot climates, then a sharp
declining trend in organic matter will
appear. The Humus formation process
declines in hot, dry conditions because of
higher microbial activity in this zone
(Brinkman et al., 1990). The increase in
temperature  helps in the  aggregate
formation of soil particles and enhances
the activities with the efficiency of
earthworms (Blume, 2011).

Effect on Soil Biological Properties
Biological parameters are considered key
components of soil health and control all
necessary soil transformation processes in
soil. Soil provides a habitat for billions of
microorganisms in the soil and organic
matter in soil act as a soil food source for
the growth and  proliferation of
microorganisms in the soil.

A. Soil Respiration

Soil respiration is directly connected with
the soil system's organic matter status and
microbial activity. Respiration is taken as a
key indicator of microbial growth and soil
health status (Chou et al.,, 2008). Soil
respiration controls the carbon dioxide
concentration in soil and the atmosphere.
Higher organic matter leads to higher
microbial activity and more respiration
status in the soil. Higher temperature leads
to low organic matter and thus lowers
respiration status.

B. Microbial Biomass

Soil microbial biomass contains living
biomass entities in soil and is also
considered a living component of soil
organic matter. Soil biomass carbon is
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related to most labile carbon pools and
acts as an indicator of wvarious soil
changing processes with alteration of
energy exchange between the soil and
another ecosystem (Rinnan et al., 2007).
The biomass carbon is affected slightly by
the changes in climatic situations in short
term conditions (Haynes, 2008 & Pregitzer
et al., 2008).

C. Enzyme Activities

Enzymes and microbes present in the soil,
serve to observe and indicate changes
occurring within the plant-soil system (Aon
et al, 2001; & Ruiz et al., 2009). The
enzymes help in nutrient recycling, indicate
soil conditions, and detect changes in soil
properties and management  practices.
Enzymes also control and alter the
emission of greenhouse gases, help the
plant release plant growth substances for
growth, and  affect soil  microbial
communities. Lower organic matter status
influences the enzymatic functions and its
activities in Soil (Castro et al., 2009).

D. Mycorrhizal Association

The Mycorrhizal associations are found
between higher plant roots and fungi in
particular, whereas the fungi support the
plant growth to a large extent by
supplying nutrients to the roots of plants
via its sheath or mycelia like structures.
The association increases with response to
elevated carbon dioxide concentration. Also,
there is an increase in mycorrhizal biomass
in  which  plants  translocate = more
photosynthates below ground to the plant's
roots. This mycorrhizal association helps
this process (Goa & Zewude, 2021). The
carbon assimilation and plant nutrients such
as N and P concentration also enhance
higher carbon dioxide concentration.

Table-1: Overall effects of climate change variables on soil processes (Goa & Zewude, 2021)

Elevated CO2 Concentration

i. More organic matter content
ii. Accelerated nutrient transformation
iii. Increased soil moisture and enhanced water use efficiency

Elevated Temperature Conditions | i. Loss of organic matter reduced soil structural stability
ii. More soil respiration

Rainfall Variability

i. Effect on nutrient leaching, reduction of compounds with nutrients
ii. Salinization, influence on nutrient availability
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Climate Change Adaptation Measures

To protect the soil from its degradation,
we must make decisions for proper
agricultural operations with more emphasis
on increasing soil organic matter status in
the soil, such as incorporating organic
residues in soil, applying organic sources,
and reducing the application of chemical
fertilizers. It has been estimated that 30-
60% of the atmospheric carbon is utilized
and fixed by green plants and the
photosynthesis process. The soil erosion
can be controlled by strip cropping,
agronomic  measures, contour bunding,
cover cropping etc. Proper cultivation
practice reduces the release of greenhouse
gases, which gives safety to the
environment and associated organisms,
including human beings (Goa & Zewude,
2021). The carbon degrading cultivation
practices should be avoided, and the
inclusion of microorganisms to enhance the
stable form of carbon such as humus and
glomalin  content by  secretion and
maintenance of these carbon forms by
microorganisms in Soil (Patil &
Lamnganbi, 2018). Higher temperature
effects can be avoided and controlled by a
large amount of vegetation and a decrease
in land surface elevation. An increase in
organic matter status in soil improves soil
health and various soil processes (Goa &
Zewude, 2021). Regular application of
organic sources in soil build-up of humus
substances in soil, enrichment of beneficial
microorganisms, the release of carbon
polymer compounds and improves soil
physical, chemical and biological properties.
Higher rainfall conditions accelerate the
erosion of soil and provide growth
conditions to crop plants. So higher
moisture should be utilized properly to
reduce the harmful effect of climate
change (Patil & Lamnganbi, 2018). The
stubble burning should be controlled as it
increases the carbon dioxide concentration
in the atmosphere, which leads to global
warming and various other  harmful
situations on soil and water ecosystem.
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Erosion of Soil reduces the nutrient status
in soil; thus, plant growth is declined in
soil with lower fertility status. Bare soil
tends to decline its organic matter content
at a large scale and kill microbial
biodiversity = through wind and water
erosion conditions. The cover crop will
add organic matter to the soil and protect
the soil from damage. Proper Iland
management practices also reduce
greenhouse gases and control their influx
to the environment, which controls the
harmful effect of climate change on soil
properties, water resources, and microbial
biodiversity in an ecosystem.

CONCLUSION
Climate change has emerged as a serious
threat to Dbiodiversity, different agro-
ecological regions, microbial communities,
and reducing sustainability in agriculture.
The changes due to climate change on soil
may influence soil fertility status, nutrient
transformation, accumulation of  toxic
substances, soil health deterioration,
alteration in soil properties, buffering
capacity of soil with nutrients, organic
matter status and its degradation process,
declining stability of soil aggregates which
affect the wvarious soil-forming processes.
Climate change and its effect on soil and
water resources should be regularly
monitored from each tropic level and
agroecological region. Climate change, land
use patterns and land degradation are
closely  related, whereas conservation
agriculture in modern farming has given
promising  hope to  minimize land
degradation and instability. Climate change
affects the economic crisis and thus should
be  tackled  carefully = with  proper

management practices.
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