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ABSTRACT

The role of soil microorganisms in the biogeochemical process and nutrient cycling of soil is critical
and is colossally impacted by agronomic management practices. In order to establish climate-smart
precision land leveling practices in cereal based cropping systems, comprehension of the land

*Corresponding author: E-mail: r.knaresh@yahoo.com;



Naresh et al.; IJPSS, 33(7): 563-66, 2021; Article no.lJPSS.67744

bacterial local area and supplement nutrient dynamics under differentiating management practices
is of most extreme significance. Climate smart agriculture (CSA) practices are gaining traction in
subtropical India as a viable alternative to conventional cereal-based cropping systems for
reversing natural resource depletion. Sustainable soil management alternatives that sequester
carbon in the soil, reduce greenhouse gas (GHG) emissions and help intensify production, all while
enhancing the natural resource base. Aggregate-associated soil organic carbon (SOC) contents in
0-15 cm depth were recorded highest SOC at 15-30 cm depth in Precision Land Leveling (PLL)
systems as 9.4% for both M-P-MbP_ and M-W-MbP,,. Highest PON change in arable cropping
system (30.9 & 40.1%) was found in O-W-Mb with precision land levelling plots followed by R-P-O
with precision land levelling plots (26.1 & 35.8%) as compared to R-W and S-W system. The
values of LFOC in surface soil were 194.7, 187.9, 176.2, 170.9, 168.5, 150.6, 132.8 and 123.8
mgkg'1 in R-P-O, R-C-O, M-W-Mb, O-W-Mb, M-P-Mb, R-P-Mb, R-W and S-W with precision land
leveling treatments. Therefore, adopting Climate Smart Agriculture Precision Land leveling
practices can dramatically boost system productivity in cereal-based cropping systems by
improving SOC and soil biological quality. The overview literature accrued indicate that CSA based
totally totally management has a remarkable impact on top soil resilience in phrases of relative
abundances of bacterial groups, soil organic carbon & to be had plant nutrients and as a result may
additionally play a vital function within the sustainability of the extensive cereal based cropping

systems.

Keywords: Soil organic carbon; precision land leveling; carbon; conservation agriculture.

1. INTRODUCTION

Soil plays an essential role in the global carbon
(C) cycle acting as both source and sink of
organic C [1,2]. Soil contains three times more
organic C than both plants and atmosphere.
According to the importance of soil as a C sink
on a global scale, there's difficulty that climate
and land use adjustments will turn it right intoa C
source [3]. such a supply-sink transfer couldn't
most effective be brought approximately through
a exchange in the physical and chemical state of
soil, however also via modifications in soil biota
and their interactions with plants [2,4]. Indeed,
soil biota plays a pivotal position in soil C
dynamics; mainly when it comes to stabilization
of soil organic matter (SOM) and persistence of
soil organic C (SOC). Climate-Smart Agriculture
(CSA) is an technique that sustainably increases
crop productivity, system resilience (adaptation),
reduces the GHGs emission, and enhances
achievement of national food security and
development goals [5]. CSA based management
practices are emerging as an alternative to
reverse the process of natural resource
degradation and to maintain the systems
sustainability [6]. CSA is based on the concept of
conservation agriculture (CA) which involves
zero-tillage, crop residue retention; precise water
and nutrient management along with efficient
crop rotation. In CSA, crop production deals with
the management of available agricultural
resources with latest management practices and
farm machinery under a particular set of edaphic
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and environmental conditions. CSA based
management practices in isolation may or may
not play their potential role in adapting to climate
risks in rice-wheat (RW) system. Therefore,
suitable combinations of these management
practices may help in building resilience to
extreme climate variability to ensure future food
security in the region. CA-based crop
management activities in IGP substantially alter
soil physical, chemical, and biological properties,
leading to changes in the composition and
distribution of soil microbial communities [7,8]. In
any agro-ecosystem, interactions between soil
microbial communities and soil organic matter
play an important role in driving soil functions,
and the soil microbial biomass definition may
help us understand this interaction [9]. Soil
microbial biomasses help in regulating nutrients
like carbon (C) and nitrogen (N) through the
process of immobilization and mineralization and
considered as sensitive indicators towards crop
management practices [10].

Crop-based agriculture, except pastureland, now
covers 1.7 billion hectares worldwide [11].
Agricultural soils are thought to store 111 to 170
Pg C, or around 10% of the earth's total soil C
(1500 Pg [11,12]. Part of the reason for the
renewed interest in SOC is that it serves as a
significant indicator of soil quality [13] and has
the ability to act as a C drain [14]. Farming
systems that employ best management practises
have the potential to increase agricultural
productivity, minimize negative environmental



impacts, and reduce anthropogenic carbon
dioxide emissions by sequestering soil carbon. If
the potential benefits of SOC sequestration are
to be validated, the underlying processes,
energy, and durability of C pools in agricultural
lands must be elucidated and accurately
quantified.

Cereals are the most important staple crops
worldwide including Asia. Rice, wheat and maize
provide 60% of the human food globally and
these three crops account for more than 90% of
Asia’s cereal production. In Asia, the population
is expected to grow by 40% in 2050 compared to
2000 [15,16]. Thus, this continent is facing a
tremendous challenge for meeting food
production at the pace of people demand as well
as the sustainability of its natural resource base
[15,16]. This is becoming even more challenging
due to the threat of global warming and
deterioration in soil health. Even though the
cereal based systems in Asia are highly diverse
due to contrasting eco-physical conditions in
different regions, there are a few mega-systems
that account for a greater share of food
production in the continent. These include
cropping systems such as rice-rice (RR) in the
tropical climate of East and Southeast Asia, rice-
wheat (RW) in the intensive agro-ecosystems of
China and South Asia, cereals-legumes in South
Asia and wheat-fallow and wheat-cotton (WC) in
the drylands of China, India and West and
Central Asia. Of many rice-based systems, Rice-
wheat (RW) is the most widely grown in South
Asia alone and covers more than 24 M ha. The
wheat-based cropping systems exist in different
countries depending on temperature, type of
wheat grown (spring, facultative, winter) and
water availability [16].

Soils’ microbial diversity is considered important
for ecosystems’ functioning, both in relation to
direct interactions with plants with respect to
nutrient transformations and organic C cycling
[17]. Cropping systems are known to affect soil
microbial biomass and diversity, which impacts
enzyme activity in soil, despite changes in SOC
pool and nutrient transformations caused by soil
microorganisms [18]. The physico-chemical
conditions of soil and measures of its microbial
status are manifested by soil enzymatic activities,
which are referred to as "sensors" of soil
degradation [19]. To depict changes in the soil
environment, soil microbial biomass is
considered more reactive than the SOC [18,20].
Indeed, the effects of soil management-induced
changes can be seen in the microbial biomass
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and enzymatic activity of the soil [18,20,21].
There is a direct connection between seasonal
variations in soil microbial biomass and soil
organic matter turnover and nutrient cycling.
Understanding the processes of SOC dynamics
requires an understanding of soil enzymatic
behaviour, which is highly sensitive to changes in
soil climate. Soil enzymes respond quickly to
changes induced by natural and anthropogenic
factors that affect particular C substrate. Soil
management activities under various cropping
practises have been shown to alter biological
processes in the soil, which has an effect on soil
quality [22].

Soil is a dynamic and living resource and
therefore biologically mediated processes are
central to its ecological functions [23]. Land use
change has a direct impact on soil nutrient
supply and their distribution, and stimulates the
biological changes in the rooting zone [24].
Changes in land wuse system and its
management can cause positive and negative
impact on the rhizospheres’ microbial community
[25]. The root exudates and secretions in the
rhizosphere vary differentially among plant
species grown which serves as a substrate for
soil micro-organisms. It is well known that the
nutrient demand of crops is different and crop
species differ widely with respect to quantity and
quality of litter produced [24], This, in turn, has
an effect on the diversity and structure of
microbes [20]. The changes in land use systems
lead to wide variations is above and below-
ground ecosystem, often causing depletion in soil
C and biodiversity loss [26].

Effective land levelling reduces the work in crop
establishment and crop management and
increases the yield and quality. Even, it is a
process for ensuring that the depths and
discharge variations over the field are relatively
uniform. As a result, water distributions are
uniform in the root zone [27]. There are two land
levelling philosophies: (1) to provide a slope
which fits a water supply and (2) to level the field
to its best condition with minimal earth movement
and then vary the water supply for the field
condition. The second philosophy is generally the
most feasible. Because land levelling is
expensive and large earth movements may leave
significant areas of the field without fertile topsail,
this second philosophy is also generally the most
economic approach [28]. We study the effects of
to (i) quantify the relationship between C input
and SOC sequestration in whole soil and SOM
fractions, and (ii) identify mechanisms of long-



term soil C stabilization in cropping systems that
represented a gradient of C input levels in this
review article.

2. SOIL BIOTIC INDICATORS

Complete biomass, behaviours, functioning,
population composition, and interactions of soil-
inhabiting macro- and microorganisms that
determine the trophic or food web complexity of
soil ecosystems are examples of biotic indicators
of soil health. The effects of continuous cropping
(CC) on soil bacteria and fungi were stated by
Pervaiz et al [29]. However, little is known about
how other microbial groups, such as viruses and
protists, respond to CC in a variety of soil and
environmental conditions. Both viruses and
protists are microbial environment micro-
predators that govern and monitor soil microbial
populations and functions, which are critical to
soil health and crop yield [29].

3. MICROBIOMIC INDICATORS

Microbiomic Indicators are a collection of
indicators that measure the diversity of bacteria
in Disease and pest control, crop plant nutrition,
and resistance to anthrophonic and climatic
changes are all controlled by soil microbial
communities [30,31]. They also help with sail
aggregation, crop residue breakdown, nutrient
mineralization, and fixation, among other abiotic
measures of soil health. Continuous cropping
(CC), on the other hand, can have a negative
impact on a number of soil microbial community
parameters and functions.

4. BIOMASS OF MICROORGANISMS OR
ABUNDANCE OF MICROORGANISMS

Microbial biomass, or abundance, is an important
component of a healthy soil ecosystem, and its
composition influences soil quality and crop
yields [32,33]. A decrease in soil microbial
biomass as a result of continuous cropping (CC)
not only reduces the abundance of beneficial
microbial taxa, but it may also result in a decline
in general soil functions, which are important for
soil health and productivity [34]. For example,
there is a growing consensus that under CC, the
abundance of soil fungi and bacteria increases
and decreases over time [35]. The CC, in
particular, reduces the abundance of important
beneficial bacterial taxa that provide important
soil ecosystem services including N-fixation and
disease suppression [36]. For example,
continuous crop plantation reduces the
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abundance of important soil fungal taxa (e.g.,
Gliocladium and Trichoderma spp.) that act as
biological control agents against soil-borne
pathogens (e.g., Fusarium spp) [37,38]. Long-
term CC has also been shown to reduce
microbial biomass P [39] and C content in some
studies [40].

Furthermore, some classic comparative studies
have found lower soil microbial biomass under
continuous rather than rotation cropping systems
[41,42,43], and these effects have been
attributed to lower and higher resources or crop
residues for microbes under monoculture rather
than mixture cropping systems [41,42,43], and
these effects have been attributed to lower and
higher [43]. Overall, a decrease in microbial
biomass under continuous cropping (CC) can
indicate a lower input of organic materials and
crop residues into the soil, emphasizing the
importance of rising cropping diversity to improve
soil organic matter and microbial biomass.

5. COMPOSITION AND DIVERSITY OF
MICROBIAL COMMUNITIES

Microbial-driven soil functions, which determine
soil fertility and crop productivity, may be
influenced by the composition and diversity of
soil microbes [31,44,45,46]. Previous research
has shown that agricultural intensification can
change the diversity, composition, and function
of microbial communities in soils under various
crop conditions [37,47,48]. For example, CC of
tea plants from five to eight years improved the
microbial community composition, but it had a
negative impact in the long run (50-year-old to
90-year-old) [49]. Another study found that soils
with wheat-corn-soybean crop rotations had
higher relative abundance of essential bacterial
phyla such as Proteobacteria, Actinobacteria,
and Firmicutes than soils with continuous
soybean cropping [50]. Tea plants' CC also
decreased Shannon's diversity index of sail
microbial communities [51].

Furthermore, the CC may alter microbial
community structure by changing the abundance
of specific microbial taxa; for example, Tang et
al., [562] found that Actinobacteria were more
abundant in agricultural soils when soybean-corn
rotation was used rather than continuous
soybean cropping. They found that under canola
monocultures, rather than wheat monocultures,
major changes in the composition of soil
microbial communities occurred, implying that
CC has a monoculture-specific impact on sail



microbial diversity [53]. Another study found that
continuous banana cropping reduced soil
bacterial diversity and changed the composition
of the bacterial population [54]. Similarly, the CC
of legume pea plants altered the microbial
community composition of soils by reducing the
concentration of arbuscular mycorrhizal fungi and
gram-positive bacteria [55]. Similarly, the CC of
cotton increased the abundance of certain soil
fungal taxa like Ascomycota [56], while the
differential effects of monoculture cropping
systems like soybean [57], peanut [58], and
vanilla [59] on soil microbial community
composition and diversity have also been stated.
Bacillus amyloliquefaciens' effect on soil
microbial communities was investigated in a
recent study using sorghum-—maize rotation,
sorghum, and maize CC systems [60]. The
bacterial and fungal diversity in rhizosphere soil
under continuous sorghum cropping was lower
and higher, respectively, than in soil under a
sorghum—-maize rotation system. They
discovered that the CC system increased the
abundance of some bacterial phyla, such as
Acidobacteria and Gemmatimonadetes, as well
as some fungal taxa, such as Basidiomycota.
Despite the fact that fungal taxa of the class
Tremellomycetes were the most prevalent under
CC, the use of B. amyloliquefaciens greatly
decreased their abundance in the soil [60]. Under
the CC of Panax notoginseng, another research
looked into the root-endophytic and rhizospheric
bacteria [61]. They discovered that the CC of P.
notoginseng decreased rhizospheric bacteria
abundance while having no effect on endophytic
bacteria. Furthermore, they found that bacterial
diversity was higher in healthy rhizospheric soils
under P. notoginseng plantation than in
contaminated soils. However, the CC increased
the abundance of certain bacterial phyla, such as
Proteobacteria, Cyanobacteria, Actinobacteria,
and Acidobacteria, in general, and the changes
in  microbial community composition were
determined by changes in soil properties such as
total P, pH, and soil organic matter contents [61].

6. ENZYME ACTIVITIES IN THE SOIL

Extracellular enzymes produced by soil microbes
and plant roots are diverse, and these enzymes
play a key role in catalysing biochemical
reactions in the soil [62]. As a result, the degree
and magnitude of soil biogeochemical processes
are determined by enzyme activity [62,63]. Soll
enzymes control a variety of soil ecosystem
properties that are influenced by soil, vegetation,
and climatic conditions. Soil enzymes can predict
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the biological health of soil ecosystems in
addition to affecting soil edaphic properties. For
example, soil sucrase activities were found to
have a strong negative relationship with the
abundance of important soil-borne pathogens
including Fusarium spp [64]. As a result, soil
enzymes are regarded as important markers of
soil health, sustainability, and function [62,65].
Soil enzyme-driven organic matter processing is
important for nutrient cycling and the
sequestration of essential elements including soil
carbon. Afforded how responsive soil enzyme
activities are to land-use changes, a better
understanding of soil enzyme sensitivity to
continuous monoculture cropping is critical for
agricultural soil management in today's scenarios
of agricultural intensification and climate change
[66]. For example, under CC, soil dehydrogenase
activity is known to decrease [67]. Important sail
enzymes like urease, alkaline phosphatase, and
sucrose could be significantly reduced by the CC
of important crops like potato and cotton [68,69].
After 26 years of cropping, Dou et al. [70]
examined the effect of CC of sorghum, cotton,
corn, and cotton/sorghum rotations on sail
enzyme activities. They found that soil enzyme
activities like arylsulfatase, alkaline phosphatase,
and -d-glucosidase were highest and lowest in
soils under sorghum and cotton monoculture
cropping, respectively. Overall, soil enzyme
activities were lower in monoculture soils than in
rotation cropped soils [70]. Similarly, the CC
decreased the activities of urease,
dehydrogenase, and catalase in agricultural soil
in another study [71]. Despite the fact that
several examples of the impact of CC on sail
enzyme activities have been found, we believe
that monoculture cropping can reduce the
activities of vital soil enzymes that are essential
for soil biological and biogeochemical health.

Significant variation in DHA was also observed in
the rhizosphere and bulk soils of various
scenarios, according to Jat et al. [72] (Fig. 1).
DHA activity was significantly higher in
rhizospheric soils than bulk soils before sowing
the crop, regardless of cropping method. Rice-
based CSA systems (mean of Sc3 and Sc5) had
significantly higher DHA activity in rhizospheric
soil before sowing (59.6%) and flowering stage
(18.7%) than maize-based CSA systems (mean
of Sc4 and Sc6) (Fig. 1a and 1c). Before sowing
in a maize-based scheme, rhizospheric soil had
a 35 percent higher DHA activity than bulk soil.
DHA activity was significantly higher in partial CA
dependent rice system (PCA-RW, Sc2) (1459
TPF g-1 soil hr-1) than others at maximum



tillering level, regardless of sampling site (Fig.
1b). DHA activity was 12 percent higher in the
rhizosphere of PCA-RW (Sc2) at flowering than
in bulk soil (Fig. 1c). In a rice-based CSA system,
bulk soils (98 g TPF g-1 soil hr-1) had
significantly higher (21%) DHA activit¥ than
rhizospheric soils (81 g TPF g soil hr') after
crop harvest (Fig. 1d).

7. SOIL
ABUNDANCE,
COMPOSITION

MACRO-ORGANISMS
DIVERSITY AND

Soil macro-organisms include several
invertebrate animal companies, inclusive of
mites, nematodes, and earthworms, while these
organisms show a tremendous complexity in
their biotic and abiotic interactions within the soil
surroundings. these organisms pressure many
trophic (predation) and non-trophic (competition,
facilitation) interactions, which universal decide
their pinnacle-down consequences on soil
microbial groups inside the soil meals net. those
organisms may also affect several essential soil
procedures which includes the decomposition of
crop residues, mineralization, and damage down
of humic substance, bioturbation, bio-engineering
of soil structure, immobilization of nutrients,
nutrient cycling, and biological N-fixation.
however, alas, the CC coupled with detrimental

@ &hizosphe ne-Flowe ring
B 5ulk 50il-Fiowering

Naresh et al.; IJPSS, 33(7): 563-66, 2021; Article no.lJPSS.67744

and homogenous farm control practices may
additionally negatively affect the composition,
range, and functioning of those organisms
considering they are extra touchy to agriculture-
driven soil disturbances [73,74,75].

8. SOIL EARTHWORMS

As one of the most common soil invertebrate
organisms, earthworms are known as the natural
engineers of soil ecosystems due to the reality
they can regulate the soil biophysical houses to
boom soil fithess and crop productions. They
play a high role in enhancing the soil conditions,
consisting of breakdown of organic substance,
soil aggregation, aeration, nutrient biking and
sequestration, microbial network composition,
and functioning [76,77]. in the meantime,
earthworms are taken into consideration to be
touchy to the climatic prerequisites [78], soil
moisture, herbal depend [79,80],
physicochemical residences [81], nutrient assets
[82], heavy metals [83], natural pollution [84,85],
and trophic interactions (predation) [86]. The
repeated tillage practices beneath CC may
additionally moreover have an effect on their
abundance and functioning inner the agricultural
soils [87]. moreover, it's additionally normally
perceived that traditional CC practices decrease
the biodiversity of soil earthworms extra than

Partal CA

Rice based (SA  Maize b ? (5A

Fig. 1. Dehydrogenase activity in the rhizosphere and bulk soils (g TPF g-1 soil hr'') Under
different tillage, residue, and crop rotations, a) before sowing the crop, b) at full tillering, c)
flowering stage of the crop, and d) after harvesting the crop. [Source: Jat et al., [72]]



conservation cropping practices [88]. Moreover,
the especially better abundance, biomass in step
with individual, and species range of earthworms
have been seen in the soil under wintry climate
wheat plantation in an organic rather of
traditional cropping system [89], which may
additionally additionally advocate that ordinary
agronomic practices may additionally moreover
enlarge the impact of monoculture cropping on
soil earthworms. furthermore, higher abundance
and range of earthworms have been connected
to better quantities of natural depend in the
monocultures of natural in place of traditional
cropping [89]. Even although there is not a whole
lot research at the functional ecology of
earthworms in monoculture cropping structures,
current studies suggests that agricultural
intensification inside the structure of monoculture
cropping may additionally moreover negatively
have an effect on the composition, diversity, and
functioning of soil earthworms, relying on soil,
crop, and environmental conditions.

9. ABIOTIC
HEALTH

INDICATORS OF SOIL

The abiotic signs of soil health include however
aren't limited to soil aggregation, combination
balance, organic C and organic matter contents,
nutrient cycling and sequestration, the
composition of soil exudates and metabolites,
nutrient stability, and other critical properties
including pH and cation exchange -capacity
(CEC). Those properties are not best linked with
each other and alter soil biodiversity, but these
can also impact other critical physicochemical
strategies consisting of aeration, infiltration,
gaseous change, soil bulk density, and strength,
and so forth. The CC ought to probably modify or
disturb these properties, as mentioned beneath
[29].

10. AGGREGATION AND STRUCTURE OF
SOIL

The soil’'s physical health is decided by way of
soil structure, which is described because the
aggregation of soil minerals and particles into
each large and macro-mixture-size lessons. The
soil aggregation and mixture balance adjust
several physical and chemical approaches,
together with soil compaction, pore geometry,
nutrient cycling, water, air infiltration, erosion,
drainage, nutrient leaching, root penetration,
electricity, organic  activites, and crop
productiveness [90,91]. therefore, soil aggregate
balance is used as an essential physical indicator
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of soil shape and health [92]. however, CC may
cause soil degradation with the aid of dismantling
the soil shape. for instance, the continuous
soybean cropping reduced the soil mixture
stability [93]. A latest look at suggested the effect
of different cropping structures including non-
stop corn (CC), soybean-corn rotation (SC),
corn-soybean rotation (CS), fallow corn (FC), and
fallow soybean (FS) on soil aggregates stability
[94]. Their outcomes showed that the CS and FS
treatments notably more desirable the imply
weight diameter (MWD) and fractal measurement
(D). these treatments additionally stronger MWD
and geometric imply diameter (GMD) in the
water-solid aggregates (WSAs), as compared to
the CC treatment. moreover, rotation treatments
additionally multiplied the water-solid aggregates
balance charge (WSAR), further to decreasing
the aggregates destruction (PAD) extra than the
CC remedy. furthermore, rotation as opposed to
CC treatments more suitable the share of macro-
aggregates [94], accordingly suggesting that CC
may negatively have an effect on soil
aggregation, combination stability, and the
composition of combination-size lessons. but, the
impact of CC on soil shape may range among
plants. Naresh et al. [95] suggested that macro-
aggregates improved below a slit open
transplanted rice in zero until with precision land
leveling and zero till wheat seeding with residue
retained rotation than other crop establishment
methods. Bulk and combination associated C
improved in O until or reduced till systems with
extra accumulation in  macro-aggregates.
Moreover, mean weight diameter (MWD)
improved through 21 and 37% in huge raised-
bed with precision land leveling and ZT with
precision land leveling structures, compared with
puddle trans-planted rice, the development in
MWD circuitously shows the potential for
increasing soil C under zero-tillage and raised-
mattress than that of conventional tillage. Tillage
operations spoil soil aggregates and reveal soil
organic carbon (SOC) for de-composition. O-until
will increase soil aggregation through decreasing
soil disturbance and increasing soil organic
matter, and possibly the boom of fungi that bind
soil debris and micro-aggregates together [96].

11. ORGANIC CARBON AND ITS
FRACTIONS

The cultivated soils of rice—wheat had drastically
greater (64.8%) recalcitrant C pool, in contrast
with soils under cotton— wheat cropping system.
Relative preponderance of these four fractions of
variable oxidizability in the uncultivated and



cultivated soils follows an order: Fract. 1<Fract.
2<Fract. 3<Fract. 4. The Fract. 1 was the
smallest fraction, comprising 12.4%-16.8% of
TOC; and used to be appreciably greater in the
uncultivated, compared with cultivated soils. The
stable C pool (Fract. 3 and Fract. 4) comprised
68.8% of TOC in the uncultivated soils, in
contrast with 68.5% in rice— wheat, and 61.9%
in cotton—wheat soils.

Minasny et al. [97] observed that high C
sequestration rates can be achieved for soils with
low initial SOC stock (topsoil less than
30tC ha'1), and at the first twenty years after
implementation of best management practices. In
addition, areas which have reached equilibrium
will not be able to further increase their
sequestration. We observed that most research
on SOC sequestration solely consider topsoil (up
to 0.3 m depth), as it is viewed to be most
affected through management techniques. As a
strategy for climate change mitigation, soil
carbon sequestration buys time over the
subsequent ten to twenty years while different
tremendous sequestration and low carbon
technologies turn out to be viable. The challenge
for cropping farmers is to find disruptive
technologies that will further improve soil
condition and deliver increased soil carbon. Patra
et al. (2019) [98] found out that the imply
stratification ratio (SR) (i.e., a ratio of the
concentrations of SOC and TN inside the soll
floor to those in a deeper layer) of SOC and TN
for zero-five:5-10, 10-15, 15-20, 20-25 and 25-30
cm had been discovered better (> 2) below CA
practices compared to intensive tillage primarily
based conventional agricultural practice (< 2).
No-till CA-based rice-wheat-mungbean machine
stored the very best amount of SOC (25.32 Mg
ha™") whereas decreased till CA-based totally
rice-wheat-mungbean system stored maximum
amount of TN (three.21 Mg ha™) at zero-30 cm
soil depth.

Jat et al. [72] observed that rice and maize based
CSA (45%) and PCA-RW (37%) recorded
significantly higher SOC over conventional
practices (Fig. 2a). Before sowing, rhizosphere
soils of CSA based rice and maize systems
recorded 90% (in rice rhizosphere) and 63% (in
maize rhizosphere) higher SOC over their
respective bulk soils. Whereas 18-24% higher
SOC was observed in bulk soils under CT (rice
crop) and PCA-RW system (rice crop) over
rhizosphere soils (Fig. 2a). At maximum tillering
stage, considerably higher SOC was found in
bulk soils under CSA primarily based rice (36%)
and maize (44%) primarily based device over
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rhizosphere soils but about 21.4% decrease
SOC was once found in bulk soils over
rhizosphere soil beneath PCA-RW system (Fig.
2b). At flowering stage, greater SOC attention
used to be discovered in rhizosphere soils in
contrast to maximum tillering stage irrespective
of situations (Fig. 2c). But in bulk soils,
significantly lower SOC were observed in rice
(11%) and maize (18%) based system whereas
PCA-RW system recorded 66% higher SOC
compared to the bulk soil at maximum tillering
stage (Fig. 4c). At harvesting stage, higher SOC
was observed in all the scenarios irrespective of
sampling locations except the bulk soil under CT
system which registered 14% lower SOC
compared to the bulk soil under flowering stage
(Fig. 2d). Higher SOC under CSA and PCA
based rice and maize systems was due to higher
residue load which supplies organic carbon to
soils in addition to carbon input from plants
through roots, rhizodepositions, secretions etc.
Generally rhizosphere soil is characterized by
higher amount of very labile carbon and lower
contents of mineral nitrogen as well as other
nutrients with 19-32 times higher number of
microorganisms compared to bulk soil. In bulk
soil (away from roots), all the nutrients are mostly
available with limiting easily available carbon for
microbial growth. However, alteration index three
diverse considerably among the crop increase
levels and rhizosphere and bulk soil beneath
exceptional managements (Fig. 2B). Lower
values of AI3 indicated better soil quality. In
rhizosphere soil, lowest A3 (-516) was observed
at flowering stage of partial CA based system
whereas in bulk soil rice based CSA system
recorded lowest Al3 (-567) at maximum tillering
stage. Significantly higher AI3 values were
recorded before sowing of crop irrespective of
sampling location (Fig. 2B).

12. ENHANCE SOIL AND BIOMASS
CARBON STORAGE

Soil carbon inventory displays the long-time
period equilibrium between carbon inputs
(rhizodeposition, crop residues and exogenous
natural products) and carbon losses by way of
mineralization. increasing carbon stocks in soils
has been considered as a promising option for
mitigating climatic alternate for decades [99].
growing C stocks in agricultural soils can be
carried out by way of reducing the C
mineralization charge, increasing C input and
combining both levers. decreased tillage has
frequently been taken into consideration
as a management exercise fostering C garage
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before sowing of crop, maximum tillering, flowering stage and after harvesting of crop under
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through lowering mineralization ~ charge.
additional C garage beneath reduced tillage isn't
always located. It does not arise or is even
lowered if biomass manufacturing (and therefore
C enter through crop residues) is likewise
decreased [100]. The impact of decreased tillage
on carbon stocks also depends on climatic
conditions, with less additional C storage
underneath  moist climate seeing that
mineralization of crop residues remaining on soil
surface is desired [101]. Furthermore, no-till
might also increase N,O emissions in poorly-
aerated soils [102] so that all GHG resources
should be considered when assessing reduced
tillage as a mitigation option (better C storage in
soil if any, less CO, emissions via tractors,
feasible impact on N,O emissions). Therefore,
the identification of soil, climate and agronomical
situations below which decreased tillage can
improve the general GHG finances of cropping
systems remains an essential mission for destiny
agronomical research. increasing C inputs may
be finished via recycling greater organic product
or by using growing subject biomass production
and recycling.

13. CONCLUSIONS

The review paper concluded that conservation
agriculture coupled with precision land leveling

61

practices in intensive cereal based cropping
systems serves as fully validated Climate Smart
Agriculture (CSA). The crucial role of soil
bacterial composition & diversity and their
interactions with available soil nutrients further
provides insights for building resilience against
climatic risks. Precision land leveling with cereal
primarily based cropping systems resulted in
markedly higher soil labile organic carbon pools
in Rice-Wheat and Sorghum- Wheat cropping
system with traditional land leveling, and it could
be a appropriate management approach to
enhance or restore soil quality. The surface soil
layer had substantially higher levels of all soil
health parameters than subsurface layer,
presumably due to higher retention of crop
stubbles, fallen leaves and root biomass. The
improved proportions of percent, LFOC, MBC in
SOC and that of PON, LFON, and DOC with the
adoption of precision land leveling and cereal
primarily based cropping systems indicate that
the improvement in labile types of each C and N
changed into exceedingly rapid than rice- wheat
or cereal based totally mono-cropping with
traditional land leveling practices suggesting that
energetic C and N pools replicate changes
because of land leveling practices. hence, usage
of precision land leveling and inclusion
appropriate cropping pattern ought to hold the
soil health beneath intensive agriculture.
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