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Abstract

Continuous and use of conventional management techniques like deep tillage, removal of crop
residues and indiscriminate use of fertilizers led to a loss of soil organic carbon, which has
worsened soil degradation and reduced the soil's physical, chemical, and biological qualities.
Soil organic carbon (SOC) is a crucial component of soil that enhances agricultural productivity,
soil fertility, soil tilth, and soil sustainability in general. The depletion of SOC leads to poor soil
aggregation and stability, loss in water holding capacity, fertility, enzymatic activities and soil
biology. In this regard, preservation of SOC can be considered as an essential measure as it
ensures improvement of soil quality and ultimately crop productivity. This paper review
potential influence conservation agriculture practice on soil organic carbon and soil labile
organic carbon fractionation. Conservation agriculture practices, comprising minimum soil
disturbance, crop residue mulch with crops diversification which has the ability to maintain SOC
and the subsequent impacts on soil properties and crop yields. By reducing soil disturbance,
conservation agriculture helps to maintain SOC, improve soil structure, reduce the turnover rate
of macro aggregates, enhancing the physical protection of labile soil organic matter, minimize
soil degradation, conserve water, reduce the use of harmful chemicals in terms of synthetic
nutrients, enhance soil fertility and increase crop production. Thus our review indicated that
adoption of conservation agriculture practice increase soil fertility by improving SOC, reduce
COzemission which used for climate change mitigation, and improve crop production.
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Introduction

Soil is a tiny layer of material on the Earth’s surface. It
serves a critical function in regulating flow and mass and
energy transmission between the lithosphere, biosphere,
hydrosphere, and atmosphere (25). It is also an important
medium for human existence since it supports
agricultural production, which produces 95 percent of the
world food (12). Soils are important reservoirs of global
biodiversity and the second largest carbon pool on the
continent after the oceans (68), since it stores
approximately 1600 Pg carbon in the first meter of soil
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layer (67).In contrast, the exploitation of agricultural
soils based on crop monocultures and deep tillage with
inversion of the layers has resulted in progressive soil
structure degradation and compaction and reductions in
soil organic matter content. These detrimental
developments have triggered negative cascade effects on
the soil biota and fertility, increasing soil water and wind
erosion and CO, emissions. Soil organic carbon is an
important determinant of soil fertility, productivity and
sustainability, and it is also a useful indicator of soil
quality. Managing soil organic carbon (SOC) is a pre-
requisite for restoring soil health and sustaining high
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productivity. Balanced fertilization as an agricultural
management strategy is being used to promote soil
carbon storage (52) which could directly or indirectly
increase the soil organic carbon inputs and thereby
change the availability of nutrients and soil turnover. Soil
organic carbon consists of multiple compounds, from
simple to more complex molecules having varying
lability (52). The labile carbon fractions in soil are the
important component that determines the soil quality
Although these fractions constitute a relatively smaller
fraction of total organic carbon and have a very short
turnover times in soil which are highly sensitive to land
management changes (77) (28). The composition of
these carbon fractions varies depending on the stage of
decomposition, but they have critical role in soil
functioning and health (8). In fact, the wuse of
conventional —management practices based on
conventional tillage causes soil degradation as well as a
loss of several soil capacities to provide ecological
functions for various forms of life (53). Likewise the
exploitation of agricultural soils based on crop
monocultures and deep tillage with inversion of the
layers has resulted in progressive soil structure
degradation and compaction and reductions in soil
organic matter content. Six et al, (63)stated that in
conventional tillage, soil is tilled several times and the
aggregate formation process is disturbed each time due
to destruction of aggregates. During multiple tillage
operations, soil organic matter (SOM) is redistributed
within the soil profile and minor changes in it may affect
the formation and stability of soil aggregates. Crop
production capacity has decreased as a result of the
significant degradation of the soil resource base caused
by conventional farming methods, particularly tillage and
crop residue burning. Similarly crop monocultures and
deep tillage with layer inversion have led to the
exploitation of agricultural soils, which has gradually
degraded the soil structure, caused compaction, and
decreased the amount of organic matter in the soil. In
order to improve soil quality reduce tillage system such
as minimum tillage or no tillage with minimal soil
disturbance, permanent soil surface cover with mulch of
crop residues, and diverse crop rotation are among viable
alternative to conventional agriculture. Hence, novel
changes like conservation agriculture or regenerative
agriculture are required to achieve desirable productivity
and upkeep of natural assets. In order to improve soil
quality, the authors of Stockmann ef al., (67) reduced
tillage systems such as minimum tillage or no-tillage
with minimal soil disturbance, permanent soil surface
cover with mulch of crop residues, and diverse crop
rotations are among viable alternatives to conventional
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agriculture. In this review we gather current information
on the potential effects of conservation agriculture on
soil organic carbon and labile soil organic carbon

Overview of Conservation Agriculture Practices

Conservation agriculture is a sustainable agricultural
production method that incorporates agronomic,
environmental, and economic factors to safeguard
agricultural land and water. (25).Schlesinger, (60)
revealed that the practice of conservation agriculture has
been marketed as a way to improve agricultural
sustainability while also potentially reducing greenhouse
gas emissions. Conservation agriculture is one idea for
protecting natural resources, reducing the negative
consequences of climate change, and increasing
profitability (21), and reduce the loss of soil organic
carbon from the soil profile by reducing the turnover rate
of macro-aggregates, enhancing the physical protection
of particulate organic matter, and minimizing microbial
attack (33), and substantial impact on soil organic
carbon, aggregate stability, pore size distribution,
aggregate size distribution, water retention, and
aggregate associated carbon. This would help reduce
greenhouse gas emissions that contribute to global
warming and decrease the loss and decomposition of soil
organic carbon. Long-term application of conservation
farming methods reduce soil temperature and increase
soil moisture, which slows down the oxidation of organic
matter and promotes the buildup of organic matter and
nutrients in the topsoil. It is well recognized that
conservation farming techniques, such as stubble
retention and no-tillage, reduce soil carbon losses from
agricultural soils(46). According to Heenan et al., (35),
long-term experiments conducted in Wagga. Wagga over
a 20-year period demonstrated that the soil under
traditional practices (traditional tillage and stubble burnt)
was losing carbon at a rate of 400 kg ha'year' in
comparison to no-till and stubble retained. Crop rotation,
minimal soil disturbance, and preserving a permanent
soil cover are the core tenets of conservation agriculture.
Numerous benefits have been linked to conservation
agriculture and its constituent parts, such as increased
soil water storage, enhanced soil quality, reduced
erosion, and in certain cases, increased yield and net
farm income (70). Due to these advantages, conservation
agriculture has been recognized as a crucial instrument
for securing food production in the future and protecting
agricultural output from extreme weather events like heat
waves and drought, which are predicted to occur more
frequently as a result of climate change (11). Among the
many advantages of conservation agriculture are higher
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crop yields, better soil health, less water use, more
biodiversity, and better carbon sequestration (40).
Conservation agriculture has been demonstrated to be
successful in lowering greenhouse gas emissions,
enhancing food security, and raising farmers' incomes. It
can also contribute to the development of climate change
resilience by lowering the likelihood of crop failures and
guaranteeing communities' access to food and livelihood
security.

The ideas of conservation agriculture appear to be
relevant to a variety of crop production systems, ranging
from high-yielding irrigated environments to low-
yielding, dry rain-fed systems. According to Aslam et
al., (4), in a rice-based cropping system, farmers who
used no-tillage produced 10% more wheat grain than
those who used at least three ploughings with planking.
According to Sainju et al., (58), maintaining soil fertility,
enhancing fertilizer and water use efficiency, improving
soil physical conditions, and increasing crop productivity
all depend on keeping crop residues on the soil surface,
fertilizing with organic manure, and rotating crops with
legumes.

Total organic carbon

Soil organic matter (SOM) is the most complex and
poorly understood part of soil, which is made up of a
variety of heterogeneous organic materials that are
closely related to the inorganic components as well as
senesced plant material, root exudates, microbial, and
animal bodies in different stages of disintegration. The
amount of SOM affects a number of soil characteristics,
such as water retention, extractable bases, macro and
micronutrient supply capability, soil aggregate stability,
and soil aeration. According to Simansky and Pollakové
(62), SOM is becoming more widely acknowledged as a
measure of soil quality and a component of the stability
and sustainability of the biosphere. Huang et al.,(38)
revealed that SOM is the primary factor that determines
and indicates the fertility and quality of soil and is
intimately linked to soil productivity. SOM, the main
carbon pool, affects the physical, chemical, and
biological characteristics of soil, making it an essential
component of soil quality. Through mineralization, it
provides plant nutrients (N, S, and P). It gives soil biota
nutrients and acts as an energy source. It is a crucial
metric for environmental resilience as well as
agricultural output.

All live and dead organic matter in the soil, including
plants, soil organisms, and animal matter, is referred to
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as soil organic carbon (SOC), which makes up around
58% of organic matter. Numerous factors influence a
given soil's amount of soil organic carbon (SOC), such as
climate (such as temperature and moisture regime) and
variables pertaining to the soil, such as the parent
material of the soil, the amount of clay present, and the
cation exchange capacity (22). In soil systems, SOC is
constantly changing as it is mineralized, released, and
lost to (or replaced by) fresh organic carbon inputs.
Therefore, the net balance of organic carbon inputs and
losses is reflected in the SOC state. Among the practices
that increase SOC losses are cultivation, stubble removal
or burning, and fallowing. By boosting the
decomposition of SOM, decreasing organic carbon
inputs to the soil, or both, these farming methods can
lower SOC. Tilling, for example, breaks up the soil
aggregates and exposes the aggregate-protected SOM,
hastening the loss of SOC by mineralization. Arable land
cultivation causes a significant loss of soil organic matter
and increases soil CO, emissions into the atmosphere,
which raises the atmospheric CO, concentration.
Conversely, SOC storage can be increased by
agricultural management techniques that enhance organic
carbon inputs into soil systems, such as by boosting plant
production and diversity, applying organic carbon from
outside sources, or reducing carbon losses.

In agricultural soils, soil organic carbon influences a
number of soil chemical, physical, and biological
characteristics. It is essential for a number of soil
functions, including nutrient cycling, soil aggregate
formation, water retention, and the provision of habitat
for biodiversity and energy for soil organisms. Chen et
al., (20) revealed that soil organic carbon is a key
indication of soil health and one of the most significant
elements in soil that favorably affects crop productivity,
soil fertility, soil property development, and overall soil
sustainability. One of the most important conditions for
maintaining stable agricultural soil and promoting the
optimal growth of crops is the amount of Soil Organic
Carbon (SOC) present in the soil. Maintaining the quality
and quantity of SOM is crucial for ensuring long-term
soil fertility since it is a crucial indication of soil quality.

Carter, (17) reported that Maintaining the soil organic
carbon level in the soil is critical for long-term
sustainable productivity, because it is an essential factor
of soil quality, which regulates nutrient cycling, soil
structure, water availability, and other important soil
properties and has a close relationship with crop
productivity, since declining carbon levels generally lead
to decreased crop productivity.
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Additionally, Francaviglia et al., (26) stated that in
addition to carrying out numerous ecological services,
soil organic carbon an important factor that supports
food production and soil health while also playing a
major role in climate change adaptation and mitigation.
In order to attain optimal soil functions, fertility, and
crop production, it is imperative to maintain or increase
soil organic matter (SOM). Every year, the amount of
soil organic carbon (SOC) that is digested by
microorganisms in the soil is about equal to the amount
of inputs from plant debris. SOC is a very dynamic
component of the soil. Managing soil organic carbon
through optimized management practices is one strategy
to enhance soil ecosystem services. Increasing organic
carbon storage in the soil not only sequesters
atmospheric carbon but often enhances soil physical,
chemical, and biological processes and properties.
Improvement in one soil property by soil organic carbon
concomitantly affects other properties and processes as
physical, chemical, and biological properties are all
interrelated. For example, an increase in soil aggregate
stability can enhance macro porosity, increase water
infiltration, and promote soil microbial activity. Different
pools and fractions of SOM have different levels of
stability and decomposition; these fractions could be
helpful in examining the short- and long-term effects of
land management and use on SOC dynamics. Both labile
and non-labile types of SOC make up total organic
carbon (TOC), which varies in how sensitive it is to
different land use changes and management techniques.
Varies studies have revealed that labile fraction, such as
the light fraction organic carbon (LFOC) (63), particulate
organic carbon (POC) (14), readily oxidized carbon (9),
and microbial biomass carbon (MBC) (43), are quickly
changed and restored. Therefore, in contrast to TOC,
these labile SOM fractions can be utilized as sensitive
indicators to investigate the short-term effects of
management techniques and land use change on soil
quality and SOM alterations. Each of the SOM labile
components seems to be closely related to the others and
could significantly impact soil quality.

Factor affecting soil organic carbon loss
Agricultural practice

About 40% of the land area on Earth is made up of
agricultural land systems, such as cropland and
pastureland (64). Due to significant depletion brought on
by historical land use focused on extractive soil
management techniques, the SOC pool of the majority of
soils is below its potential level. Croplands, which make
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up one-third of all agricultural lands, are particularly
vulnerable to processes that cause soil degradation,
including erosion, compaction, waterlogging,
acidification, salinization, and chemical pollution (18).
Furthermore, after native vegetation was converted to
cropland, adverse changes in land use, land cover, and
land management over the past few decades have
significantly reduced the amount of SOC pools stored in
soils worldwide. This loss is estimated to be around 78
Pg carbon, of which 26 Pg carbon came from erosion and
25 Pg carbon from mineralization (46).

The conversion of natural soils to agricultural land
results in a significant loss of soil organic carbon (SOC),
primarily in the form of CO, (74). Agricultural
sustainability is also under risk due to biodiversity loss,
which is largely caused by agricultural expansion.
Specially, conventional agriculture with intensive tillage
and high inputs of synthetic chemicals has critically
depleted the soil carbon pools which affect the soil
physical, chemical and biological properties. But
enhanced carbon sequestration in agricultural soils not
only has the potential to help reduce atmospheric CO,
concentrations (65), but also promotes the productivity
and sustainability of agricultural systems (46). SOC
sequestration is "the process of transferring carbon
dioxide (CO,) from the atmosphere into the soil of a land
unit through plant residues and other organic materials
which are stored or retained in the unit as part of the
SOC with a long mean residence time so that it is not re-
emitted back into the atmosphere."Sequestration of SOC
can therefore be accomplished by (i) promoting plant
growth within a land unit, (ii) preserving the plant
biomass (both above and below ground) within the land
unit to be converted into SOC, (iii) stabilizing and
protecting the SOC within the land unit from erosion and
decomposition, and (iv) boosting soil, plant, and
atmospheric processes to create a positive soil/ecosystem
carbon budget until the soil carbon sink capacity is
saturated. Consequently, it has been demonstrated that
raising soil carbon increases soil fertility, reduces erosion
and nutrient discharge, and improves water quality.
Higher carbon stock agricultural soils are better able to
support crop growth and provide farmers or landowners
with additional income. According to Lal (46), soil
carbon can be raised by increasing organic carbon inputs
and reducing organic carbon breakdown through
agricultural management decisions. Small or short-term
changes in SOC are difficult to track because of the soil's
high and variable carbon background (78). Poor soil
aggregation and stability, as well as a reduction in water-
holding capacity, fertility, enzymatic activity, and soil
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biology, are all consequences of (SOC) depletion (28).
Lal (47) reported that soil erosion and loss in soil
productivity are among the visual consequences of soil
organic carbon depletion. This situation is further
aggravated by farmer behavior, bringing out all biomass
without any effort to return the residue of organic matter
to agriculture land, thus finally lowering crop
productivity.

Land use change

According to the IPCC (2000), land use is "the collection
of anthropogenic activities and arrangements (such as
cultivation, grazing, and timber extraction) in a piece of
land for economic and social welfare.SOC storage is
significantly influenced by land use, and changes in land
use are thought to be the most dynamic element
influencing SOC variations. One of the primary causes of
environmental change is land use change, which has
been acknowledged as a global concern. Different
societal activities influence land use patterns, which
result in changes to biodiversity and greenhouse gas
emissions that negatively impact the biosphere and
global climate. Because of increasing carbon degradation
and soil disturbance-induced erosion, land use change
and management can affect the amount of organic carbon
in the soil. This causes changes in ecosystem carbon,
which in turn leads to low land productivity, poor soil
quality, and biodiversity loss.

Land use change reflects that of land management, which
in turn, changes the content and composition of soil
organic carbon. Such change may have an impact on
carbon fraction dynamics in the soil, the environment
(emission, leaching, and erosion), as well as crop
productivity. Because changes in land cover, land use,
and management techniques can have a major impact on
global carbon stores and fluxes, scientists have recently
focused more on how these factors affect SOC dynamics.
Because land use change can affect the structure and
function of ecosystems and biogeochemical cycles, it
may result in changes to land productivity and soil
quality over time and space. For example, cultivation of
forest or grassland decreases the SOC level (50). Severe
SOC pool depletion results in a reduction in soil
biodiversity, with a particularly negative effect on the
activity and species diversity of soil macrofauna (e.g.,
earthworms), a decline in soil quality, a negative
nutrient/elemental balance, and a negative water balance
made worse by high losses from severe runoff and high
soil evaporation. Srinivasarao et al., (66) reported that
traditional management techniques combined with
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ongoing, heavy tillage have led to a loss of SOC and
deterioration in the physical, chemical, and biological
properties of the soil On the other hand, it has been noted
that conservation agriculture combined with appropriate
residue management raises SOC and fractions while
improving soil quality and lowering the risk of soil
deterioration (5). Additionally, according to Ramesh et
al., (57), the conversion of fallow lands to cropland,
horticultural land, or agroforestry land may result in a
higher log-term build-up of SOC and fractions because
of increased organic matter inputs to the soil through
aboveground and belowground biomass.

Effect of conservation Agriculture on total organic
carbon

Minimum tillage

The goal of soil cultivation is to create favorable
circumstances for crop growth and development, which
are directly represented in yields. Cultivation practices
have an effect on soil water retention capacity,
temperature, aeration and the rate of decomposition of
crop residues. The productivity and fertility of soil are
impacted when appropriate agricultural technology is
applied on arable land. The practice of conservation
agriculture has the potential to preserve SOC and the
ensuing effects on soil yield and characteristics. In
agriculture, minimum tillage, also known as reduced
tillage, is a technique that involves lowering or doing
away with the frequency and depth of soil disturbance.
Specifically, it has been demonstrated that limited tillage
improves the amount of soil organic carbon (SOC),
which is essential for soil fertility and health (44).
Halvorson et al, (31) had encouraging results with
minimum tilling of soil compared to conventional tillage;
it increased soil organic matter content and biological
activity, improved soil structure with the maintenance of
soil aggregates and reduced oxidation of soil organic
matter. According to Trivedi et al., (72), soil organic
carbon is a measurement of the quantity of carbon stored
in the soil, mostly as organic matter. It is essential for
preserving soil fertility, structure, and general health as
well as controlling nutrient cycling and soil water
retention (79). Furthermore, a key element in reducing
the effects of climate change and a crucial part of the
global carbon cycle is soil organic carbon. The practice
of minimum tillage in conservation agriculture has been
proven to result in a large rise in SOC content, due to the
reduced oxidation of organic matter and the increased
buildup of organic residues on the soil surface (7).
Jayaraman et al, (41) reported that the SOC
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concentration was significantly affected by different
tillage practices and cropping systems. The soil under no
tillage recorded significantly higher SOC concentration
(0.74%) than reduce tillage (0.70%) and conventional
tillage (0.62%) at 0-5 cm depth, whereas at the lower
depths (i.e., 15-30 cm) tillage systems did not have any
significant effect. Page ef al., (55) stated that minimum
tillage can raise the soil's SOC content by slowing down
the breakdown of organic matter, which increases the
soil's capacity to retain carbon. Ella et al., (24) reported
that after three cropping years, the amount of soil organic
carbon at a depth of 0-5cm decreased from 3.3% at the
beginning of the conventional agriculture practice system
to 3.1% at the end of the system. These outcomes can be
linked to tillage's interference with the carbon cycle. In
addition to keeping the soil's water content higher, less
soil disturbance slows down the breakdown of organic
matter and encourages the buildup of organic residues on
the soil's surface. Numerous advantages, such as better
soil structure, increased water retention, enhanced
nutrient cycling, and increased resistance to erosion,
have been associated with the higher SOC content in
soils treated with minimum tillage. These advantages
may lead to a more sustainable farming system, higher
yields, and lower input costs (15). Additionally, the rise
in SOC content can also result in a reduction in
greenhouse gas emissions, as the carbon retained in the
soil is not released into the environment.

Permanent soil cover

The practice of leaving agricultural residues on the soil
surface after harvest in order to preserve soil fertility and
health is known as residue management, and it is one of
the major tenets of conservation agriculture (17).Because
of increased microbial decomposition and wind and
water erosion of poorly protected soils, intensive
cropping and tillage techniques have resulted in
significant declines in the organic matter contents of
much of the world's best farmland. Decreases in soil
production have coincided with this drop in SOM levels.
The management of crop leftovers is the primary factor
controlling the drop in SOM concentrations. Leaving
agricultural residues in the soil increases the total organic
carbon in the soil, this is because root and aboveground
residues add carbon to the soil. As crop residue addition
represents carbon-input in the soil carbon balance, the
management of agricultural residues affects SOC
content. By increasing infiltration, aggregate stability,
and the concentration of soil total organic carbon at the
soil surface (29), residue mulch can improve the physical
and chemical quality of soil in conservation systems.
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This can lead to variations in the quality of soil organic
matter and the distribution of carbon throughout the soil
profile which in turn can affect changes in soil labile
organic carbon fractions, thus affecting changes in soil
labile organic carbon fractions. However, studies on the
effects of conservation management practice on soil
labile organic carbon presented diverse results.

According to Chao et al., (19), residue management is
critical to preserving the amount of soil organic carbon
(SOC), a vital soil characteristic that influences soil
fertility, water-holding capacity, and soil structure.
Similarly, Andrews et al., (2) revealed that conservation
agriculture; crop leftovers are a significant source of
organic matter that enhances soil fertility, water-holding
capacity, and soil structure. The organic matter that is
accumulated in soil as a result of plant and animal waste
is known as soil organic carbon. The pace of
decomposition, the stability of the organic matter, and
the input of organic matter all affect the gradual process
of SOC accumulation. SOC is preserved in the soil by
conservation agriculture, which lessens soil disturbance
and the loss of SOC due to oxidation, leaching, and
erosion. An essential part of conservation agriculture is
residue management, which directly affects the soil's
SOC content. The improved SOC content can lead to
increase soil fertility, improved water holding capacity
and reduced soil erosion which can have positive impacts
on crop yields. The amount, type and quality of crop
residues are important factors that influence the SOC
content of the soil. Fu et al., (27) reported that crop
residues having higher carbon content like cereal straw
are more efficient at raising the SOC content than
residues with lower carbon content, such maize stover.
Crop residues level of decomposition is particularly
crucial because undecomposed residues have a higher
ability to raise SOC content than decomposed residues.

Crop rotation and diversification

Crop rotation is the process of growing various crops in
the same land throughout time in a predetermined order.
Crop yields are increased, disease and insect issues are
decreased, and soil fertility is managed with the use of
this technique. A key component of conservation
agriculture, crop diversification promotes a diversified
soil decomposer community that improves carbon
sequestration by forming resistant residues and boosts
the chemical complexity and variability of microbial
substrates (37). Crop rotation and crop diversification are
fundamental practices in conservation agriculture, which
aims to reduce soil degradation, improve soil fertility and
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promote agricultural yield (61). It has been demonstrated
that these methods significantly change the amount of
soil organic carbon (SOC), a crucial soil characteristic
that influences fertility and soil quality. Because diverse
crop residues have distinct chemical compositions and
root activities, crop rotation diversity can also impact soil
health by altering carbon levels (66). In conservation
agriculture, it has been demonstrated that crop rotation
and crop diversification both improve SOC content (3).

Ligowe et al., (49) reported that on the top soil of the
conservation agriculture treatments, the SOM
concentration increased slowly and progressively from a
mean value of 34.0 g kg™! in the first year (2007) to 42.0
g kg! in the fifth year (2011). With a SOM concentration
of 45.0 g kg'lin the top layer of soil, 0-10 c¢m, the
cowpea-maize rotation was the most abundant
conservation treatment. Therefore, standard practice
decreased SOM content from 35 g kg in year 1 to 31 g
kg! by the fifth year, resulting in a mean decline in SOM
of 4 g kg™ over the course of five years. Jayaraman ef al.,
(41) reported that the cropping systems had a significant
effect on SOC concentration, among the cropping
systems compared, the maize + p. pea recorded
significantly higher SOC (0.75%) under no tillage than
soybean-wheat and maize-chickpea (0.73%) at 0-5 cm
depth; almost similar trends were observed under reduce
tillage.

Effect of conservation agriculture practice on labile
organic carbon

Soil organic carbon (SOC) is one of the most widely
used soil quality indicators together with pH and
available phosphorous and potassium (13). It affects
various soil chemical, physical and biological properties
and plays a primary role in multiple soil functions in
agricultural soils, such as nutrient cycling, soil aggregate
formation, water retention and habitat provision for
biodiversity.

Its consists of multiple compounds, from simple to more
complex molecules having varying lability (52). Since
changes induced by soil management practices are often
difficult to detect by total SOC measurement, assessing
rapidly changing SOC pools, i.e. labile pool, might be
more informative to assess soil quality (6). The smallest
component of SOC, labile organic carbon, is crucial for
regulating  the availability of nutrients for
microorganisms and crops. Labile organic matter in soil
mainly originates from the decomposition of plant and
faunal biomass, root exudates, and deceased microbial
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biomass (10). Labile carbon is the SOC pool which is
directly available for microbial activity and, hence, is
considered to be the primary energy source for
microorganisms. Soil organic carbon change is relatively
slow; hence, total SOC only does not reflect sensitive
changes in soil quality due to land use. Labile organic
carbon, a component of SOC was found to be a good and
sensitive early indicator of minor changes in soil after a
change in land use (28). Soil labile organic carbon
fractions (i.e., microbial biomass carbon, dissolved
organic carbon, particulate organic carbon, and
permanganate oxidizable carbon) that turn over quickly
can respond more rapidly to soil management than total
organic carbon (34).Some of the important labile pools
of SOC widely used as indicators of soil quality are
permanganate oxidizable carbon(POXC), microbial
biomass carbon(MBC) and particulate organic carbon
(POC).

Permanganate oxidizable carbon (POXC)

Permanganate oxidizable carbon (POXC, also referred to
as Active Carbon), and it contains also compounds like
lignin and complex polysaccharides (28). At first, POXC
was thought to be a measure of the biologically active
(i.e., labile, quick turn-over) carbon pool in soils. It is
now a frequent metric used in agricultural soil
assessment to analyze changes in SOM owing to
management activities (76).

Reduced tillage, cover cropping and organic
management are all important strategies for improving
POXC. Haokip et al., (32) reported that the influence of
tillage and residue management practices on POXC
showed significant difference in both 0-5 and 5-15 cm
soil depth depths. It was highest (1.70 and 0.77 g/kg)
under permanent beds with 20% residue retention of
wheat, 50% residue retention of maize and retention of
green gram residue and lowest (0.58 and 0.66 g/kg)
under conventional tillage with complete residue
removal in 0-5 and 5-15 cm depths, respectively.

Sarker et al., (59) reported that at the non-calcareous site,
POXC was significantly higher in the minimum tillage
than in the conventional tillage in 2020. Soils under the
minimum tillage had a higher POXC by 5.7% and 27.3%
than in the conventional tillage in 2018 and 2020,
respectively, at 0-7.5 cm depth. Likewise, residue
retention had a significant effect on POXC content at 0-
7.5 cm depth in both years. Prasad et al., (56) reported
that minimum tillage improved POXC by 43.2% over
conventional tillage practice in 0-20 cm soil depth.
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Table.1 Effect of tillage and residue management practices on permanganate oxidized carbon (POXC g/kg)

Treatment Soil depth Source
0-5cm 5-15cm
CT-RR 0.5C 0.66b
CT+RI+GI 1.29b 0.68b [71]
PB+RR 1.61a 0.75a
PB+RR+GR 1.70a 0.77a
LSD(P=0.05) 0.12 0.05

Note: CT-RR= conventional tillage with complete residue removal, CT+RI+GI= conventional tillage with 20% residue
incorporation of wheat, 50% residue incorporation of maize and incorporation of green gram residue, PB+RR= permanent beds
with 20% residue retention of wheat and 50% residue retention of maize, PB+RR+GR= permanent beds with 20% residue
retention of wheat, 50% residue retention of maize and retention of green gram residue

Figure.1 Flowchart for Conservation Agriculture
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Figure.3 Tillage x rotation x residue management interaction effects on MBC (mgkg™). NT: no-till, CT: conventional
tillage, SVS: sweet-sorghum/winter grazing vetch/sweet sorghum, SS: sweet sorghum/winter fallow/sweet sorghum.
Source: [51].
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Microbial biomass carbon (MBC)

Soil microbes are the living part of soil organic matter
and play critical roles in soil carbon and nitrogen cycling
and ecosystem functioning. They serve as both source
and sink of plant nutrients. Soil microorganisms play
important roles in ecosystem function and sustainability.
The SOC dynamic is significantly influenced by the
quantity and make-up of soil microbial communities as
well as how these communities interact with
environmental elements. Furthermore, in conservation
tillage systems based on no tillage, soil microbial
diversity and abundance are frequently enhanced (69).
Microbial biomass carbon, also known as labile organic
carbon fractions or biological fractions, is often
measured by measuring the evolved CO, produced by
microbial respiration in closed or open incubation
systems and by fumigating the soil (34). The activity of
soil microbes greatly influences short term dynamics and
long-term stability of organic matter in soil. Microbial
biomass and activities are thus closely related to labile
organic carbon in soil. The MBC pool is an important
labile fraction of SOC and constitutes a good indicator of
early changes in cropland management practices that
impact soil health and agricultural production. Soil
microbial biomass plays a significant role in enhancing
soil aggregation, promoting carbon and nitrogen
turnover, and thus nutrient cycling. It is well-known that
soil microbial biomass and activity respond sensitively to
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changes in organic carbon levels or quality resulting
from agronomic practices and other disturbances (73).
High microbial activities are inherently coupled to high
carbon turnover and CO: release; thus management
practices that reduce microbial access to organic matter
should promote soil carbon accumulation. By changing
the physical and chemical characteristics of the soil,
long-term conservation management techniques can
change the composition of the soil microbial community
and impact microorganism habitats (36).

The use of tillage practices and residue retention can
influence the soil microclimate, the distribution and
decomposition of crop residue, and the mineralization
and immobilization of nutrients; such changes can alter
soil microbial biomass and microbial community
structure. Conservation agriculture practice no-tillage or
reduced tillage practices, integrated pest management,
crop rotations/intercropping and/or cover cropping can
directly or indirectly affect soil microbes and soil carbon
dynamics by increasing carbon input and reducing
carbon loss (39). Guo et al., (30) stated that compared
with conventional tillage treatments, no tillage treatments
only significantly increased microbial biomass carbon by
20%. Additionally indicated those microbial biomass
carbons of the 0-5cm soil layer were 18% higher under
residue returning treatments than under no residue
treatments. Likewise, Zhu et al., (80) found that straw
returning significantly increased MBC contents of the 0-
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7cm soil layer. This is due to favorable water content and
soil temperature of top soil layer during crop growing
season, causing fast residue decomposition with
microbial growth and microbial necromass production
(54). Kushwaha et al., (45) observed that the highest
levels of soil MBC (368- 503ug g') were obtained in
minimum tillage residue retained (MT-+R) treatment and
lowest levels (214-264 ug g') in conventional tillage
residue removed (CT-R, control) treatment. Prasad et al.,
(56) indicated that minimum tillage improved microbial
organic carbon by 16% over conventional tillage practice
in 0-20 cm soil depth. Likewise, Jaziri et al., (42)
indicated that Soil microbial biomass carbon was
significantly higher under no tillage (401mg C kg™ soil)
than under conventional tillage (363 mg C kg soil)
which in turn was significantly higher than under
moderate tillage (297 mg C kg). In detail, the reduced
soil disturbance under the minimum tillage system
provides a steady source of organic carbon that
consequently increases microbial activity and various
factors, such as higher moisture content and higher soil
aggregation; although a high SOC is an important factor
contributing to soil MBC content.

Particulate organic carbon

The POM fraction has been defined as a labile SOM pool
mainly consisting of plant residues, fine root fragments
and other organic debris partially decomposed (14).
Since POM is composed of identifiable organic matter
that can be separated from mineral soils and is sensitive
to modifications in soil management, it is a valuable
indicator of microbially-important SOM. POM is defined
as fresh or decomposing organic material with a diameter
of 53 to 250 mm (75). POM is serving many soil
functions; it is a source of food for both soil organisms
and provides nutrients for plants. POM also enhances
soil structure leading to increased water infiltration,
aeration and resistance to erosion. Soil management
practices, such as tillage and compost/ manure
application, alter the POM content of soil and water.
Alvaro-Fuentes et al., (1) reported that the greatest POM
was measured under no tillage at the soil surface (0-5
cm), at this depth, POM-C ranged from 0.8 in
conventional tillage to 6.4 Mg C ha' in no tillage. He
suggested that with the lack of soil disturbance under no
tillage produced an accumulation of POM at the surface
soil. Prasad et al, (56) stated that the extent of
improvement of POM-C 47.6% in minimum tillage over
conventional tillage in surface soil (0-20 cm).
Additionally, Li et al, (48) indicated that the
conservation management practices affected soil total
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organic carbon and labile organic carbon, where double
no tillage plus crop residue generally had the highest
contents of particulate organic carbon at the 0-5 cm
depth, and Single conventional tillage without crop
residue and double conventional tillage without crop
residue had the lowest contents of these organic carbon.

Conclusion

Conventional tillage can influence physical, chemical,
and biological properties of soil, thus affecting soil
productivity and sustainability. It accelerates soil organic
matter oxidation, disturb soil aggregate stability, and
increase soil erosion due to frequent soil disturbance. In
contrast, conservation agriculture practices i.e., no
tillage, reduce tillage, crop residue retention had a
positive effect on SOC thus can reduce soil erosion,
increase soil micro-aggregation and enhance soil
microbial biomass and activity. Moreover conservation
agriculture improves the physical, chemical and
biological properties of soil that are crucial for
maintaining soil condition and health. Thus, conservation
a key component of sustainable production
intensification is agriculture, which combines high
output with the provision of environmental services.
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MBC Microbial biomass carbon

POM Particulate organic matter
POXC Permanganate oxidizable carbon
SOC  Soil organic carbon

SOM  Soil organic matter
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