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ABSTRACT

Climatic disasters, like floods and landslides, are the major causes for the decline in soil fertility or soil
organic matter. Soil organic matter influences the physical, chemical, and biological properties of soil; it is
the fundamental aspect that discloses soil health. Microorganisms in the soil environment participate a
critical task in the enhancement of soil nutrients and soil fertility. Even though microbial bioinoculants are
widely studied for improving agriculture, the application of microbial consortium for the restoration of
organic matter or soil fertility in the flood and landslide depleted soils are yet to be exploited. The part of
living biomass, i.e. soil microorganisms in restoring soil organic matter seems to be crucial, as microbes are
the major drivers in escalating organic matter in the soil. The living biomass recycles the nutrients in the
soil by utilizing the plant and animal litter in the soil and offers the crops adequate nutrients. Thus,
microorganisms can force the accumulation of stable and chemically diverse soil organic matter in poor
fertile soils. Exploring such vibrant, complex advantageous interactions among microorganisms seems
imperative to replenish organic matter exhausted soil. This article reviews the relevance of soil organic
matter, the role of soil microorganisms in improving soil organic matter and emphasizes the need for
intensive research in raising beneficial microbiome for replenishing soil organic matter and thus to rejuvenate

the flood and landslide depleted soils to sustain agriculture.

Key words: Soil organic matter, Synergism, Beneficial microbes, floods and landlsides.

Introduction

Disasters in different modes impinge on multiple
sectors in varying dimensions very rapidly. The
Food and Agriculture Organisation in 2020 report
about the global disaster rise by decade and claims
more intense in the 2010s and strongly focus that the
agriculture sector absorbs 25% of the total damage
and loss from climate-related disasters. Extreme cli-
mate change can have a significant impact on crop
quality and quantity by causing numerous ecologi-

cal pressures, placing worldwide food security at
danger (Shahzad et al., 2021). Climate-resilient agri-
cultural systems seem crucial to overcome its impact
in the agricultural sector. Soil is an essential compo-
nent of the environment and the terrestrial
ecosystem’s central organiser. For ideal soils suitable
for agriculture, a balanced contribution of mineral
components (sand: 0.05-2 mm, silt: 0.002-0.05 mm,
clay: 0.002 mm), soil organic matter (SOM), air, and
water is essential, as these components allow water
retention and drainage, oxygen in the root zone,
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nutrients to facilitate crop growth, and physical hold
up for plants (Parikh and James, 2012). Depending
on the complex interactions between soil processes,
factors and causes it is susceptible to degradation
(Lal, 2015) which is a major concern that leads to
poor productivity as soil degradation implies a de-
cline in soil quality (Lal, 2009). Soil organic matter
(SOM) content, which responds efficiently to
changes in soil management, tillage, and plant pro-
duction, is the fundamental foundation (Baker ef al.,
2007).

It is critical to restore soil organic matter and nu-
trients so as to preserve soil fertility and balance in
the agro-ecosystem. Land degradation, decreased
soil fertility, and rapidly declining production levels
are all difficulties that most parts of the world face.
Maintaining soil quality by increasing organic mat-
ter content can help to alleviate these issues. In most
developing nations, nutrient depletion and soil fer-
tility loss are key reasons of low production (Berner
et al., 2016; Gaskin, 2020). SOM is a complex mixture
of soil microbial and insect corpses, plant detritus,
animal manures, dead roots, and humus in various
states of decomposition and reformation that makes
up the organic part of soil. The soil organic carbon
pool should be raised above the critical value (10 -
15 g/kg) to reach the restorative soil stage.

Soil organic matter is used as food by soil organ-
isms, including microorganisms. Organic matter in
the soil and soil organisms are intricately linked.
Microorganisms are the catalysts for most nutrient-
releasing activities, utilising SOM as food, and there-
fore making soils productive (Bot and Benites, 2005;
Gaskin, 2020; Ingham, 2000). Diverse microorgan-
isms can be found in the environment which col-
laborate and make compatible interactions among
themselves that may be a short term interaction or
long term. There are study reports which explain the
relevance of the rhizosphere microbiome and their
link to plant nutrition (Jacoby et al., 2017), their ap-
plications to overcome the gradual depletion of soil
fertility and the activities of soil enzymes (Jabborova
et al., 2020). Microorganisms not only decompose
the organic materials introduced to the soil, but they
also have a major job in the production of a complex
mixture of organic molecules known as soil organic
matter (SOM) (Rao et al., 2019).

Climate change is a current agricultural issue,
because without a healthy microbial population,
nutrients are no longer recycled, opportunistic pests
can invade, and farmers are dependent on chemicals
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to replace organic soil activities (Wallenstein, 2017).
Feeding microbes (e.g., feeding the soil with useful
microorganisms that can effectively boost organic
matter) can restore degraded soil to a healthy and
productive platform. This article reviews the differ-
ent aspects of soil-soil organic-microbial interaction
that provides information to stimulate a new reflec-
tion on a lasting relationship with the soil. It also
reveals the benefits of soil organic matter and com-
bined efforts of valuable microorganisms in raising
infertile soil to fertile one and to sustain agriculture.

Impact of flood and landslides on agricultural soils

Climate change is a significant issue of the contem-
porary environmental discourse. The most prevalent
natural disasters that influence human society and
the economy are extreme precipitation events, land-
slides, and floods (Coumou and Rahmstorf, 2012;
Crozier, 2010; Roxy et al., 2017). Flood and land-
slides also modify the landscape. Landslides are
under the pressure of gravity. Landslides are de-
fined as the downward movement of a mass of rock,
earth, or debris under the effect of gravity Cruden
(1991). Floods occur worldwide and are caused by
the frequent occurrence of extreme precipitation
events (Fowler et al., 2010), which often happens af-
ter heavy rains. This sudden movement of materials
agitates the soil’s properties in all aspects. Further-
more, Dottori et al. (2018) observed that future flood
damages are anticipated to be unevenly distributed
around the globe, with Asia bearing the brunt of the
losses.

The soil nutrients dissolved in floodwaters are
transported from plain surfaces to rivers and make
soil richer, fertile and productive and the same also
gets reversed back from the soil to rivers (Gallardo,
2003). As a result, flooding can cause both an in-
crease and a loss in the nutritional content of the
soil. Research reports on the soil nutritional status in
the flood-affected soils show these variations. Flood
helps positively to soil qualities by supplying nutri-
ents that may be deficient in the soil, according to
Stephen (1993). After flooding, total porosity, mois-
ture content, pH, and organic carbon in soil were all
higher than before flooding (Njoku and Okoro,
2015). Flood has modified the nutrient status within
soils before and after floods, according to the Indian
Department of Soil Survey and Soil Conservation
(Report No: 1455, 2018), where lack of major and
minor nutrients has been detected in many areas. To
presume from these contradictory reports, the land-
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scape plays a key role, hence, sediments and depos-
its result in nutrient rise whereas, long period water-
logging results in the depletion of nutrients. How-
ever, depending on the nature of nutrients, the aug-
ment and decline may differ. For example, organic
matter, nitrogen, phosphorus, sulphur, iron, manga-
nese, copper, and zinc were much greater in sedi-
ments deposited in agricultural regions following
flooding. However, after the Kerala state flood in
2018, topsoils were considerably lower in potas-
sium, calcium, magnesium, and boron.

The Department of Soil Survey and Soil Conser-
vation conducted a report on the soil flood status in
Kerala (Report No: 1455, 2018) in a post-flood sce-
nario in thirteen districts of Kerala to assess the im-
pact of flood and landslides on soil quality, conclud-
ing that flood has deteriorated soil quality by im-
pairing its physical and chemical properties. Soil
compaction, soil crusting, loss of aggregate stability
have negative impact on the microbes and microf-
lora in the soil. Poor organic matter was seen in soils.
Deficiency in potassium, calcium, magnesium and
boron is widely noticed apart from localized defi-
ciencies of zinc and phosphorous. Researchers dis-
covered a 21% drop in aggregate stability in culti-
vated soils after 14 days of flooding, which they be-
lieve is irreversible (De-Campos et al., 2009). The re-
port specifically mentions the importance of the na-
tive microbial floral change and fortification using
microbial inoculants to improve microbial status is
quite useful and thus improves the nutrient avail-
ability to crops.

Both the calamities, mudflow or debris expose
the subsurface horizon and the topsoils are re-
moved. Hence, both flood and landslides are always
a drop to agricultural output as topsoil is disturbed
or lost, which is the part of the soil horizon and gen-
erally with better structure with a elevated level of
organic matter and nutrients (USDA, 2018). Lal and
Stewart (1990) opines that the left behind soil after
floods and landslides is 1.3 to 5 times less in organic
matter than the soil removed and cease to be suit-
able for crop cultivation. These soils are very hard to
re-vegetate as flooding create anaerobic condition
and washes out natural soil microorganisms which
may impact on the soil organic matter and nutrient
availability as they have strong roles in various nu-
trient cycles. Microbial processes use organic mate-
rials as an energy source (electron donor)
(Stevenson, 1986) and the store and supplier of plant
nutrients, the reduction is disadvantageous for agri-
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cultural soils and important in maintaining soil fer-
tility.

Berner et al. (2016) reviewed that exhausted and
damaged soils cannot offer the desired performance
in organic farming. Soil biota performs the most sig-
nificant part in nutrient cycle activities by breaking
down carbon structures and rebuilding new ones or
storing carbon in their biomass, and thus enhances a
soil’s ability to give sufficient nutrients to a crop for
a healthy harvest (Bot and Benites, 2005). Excess
nutrients (N, P, and S) are released into the soil in
plant-useable forms when they break down organic
materials. Organic matter breakdown is mostly a
biological process that occurs naturally. Three key
elements influence its speed: soil organisms, the
physical environment, and the quality of organic
materials (Brussaard, 1994). Various components are
emitted during the breakdown process, including
carbon dioxide (CO2), energy, water, and others. A
more complex organic matter known as humus is
created after the breakdown of dead materials and
altered organic matter (Juma, 1998). Humus has an
impact on soil properties and decomposes slowly,
darkening the soil, increasing soil aggregation and
aggregate stability, increasing the CEC (ability to
attract and retain nutrients), and contributing N, P,
and other nutrients. The presence of organic matter,
particularly more stable humus, increases the poten-
tial to hold water and sequester carbon from the at-
mosphere (Bot and Benites, 2005). Concerns about
soil degradation, soil fertility decline, global warm-
ing and induced CO2 emissions, among other
things, have prompted much research into SOM,
resulting in a better understanding of its structure
and activities. However, extensive research aimed at

Landslide at Munnar

Fig. 1. Report by the Department of Soil Survey and Soil
Conservation, Kerala, India, 2018
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enhancing and restoring SOM in disturbed and un-
disturbed soils remains inhibited. Rao et al. (2019),
Berner et al. (2016) and Lal (2015) suggested that
conserving fertile soils is very important, but has not
received enough attention.

Soil components relevant for the restoration of
agricultural productivity

Soil fertility is a crucial aspect of farming as produc-
tivity depends mostly on it. Soil health depends
upon the sources of available nutrients, agricultural
methods adopted, climatic conditions, etc. which
can be analyzed through various soil health indica-
tors like texture, aggregate stability, water mobility,
etc. Soil fertility can also be defined in terms of the
soil’s ability to increase plant productivity while
staying within budget restrictions (Campbell, 1998).
The three major solid components of soil are miner-
als, organic components, and microbes. They have a
significant impact on terrestrial systems’ physical,
chemical, and biological properties and processes
(Mohammadi et al., 2001).

Soil degradation is a key stumbling block to in-
creasing agricultural output to the levels required.
The parent material, climate, time, organisms and
topography influence the distribution of soil compo-
nents (Jenny, 1941) and all these have a role in con-
firming the suitability of a soil for agriculture
(Parikh and James, 2012). The United States Depart-
ment of Agriculture (USDA, 2018) suggested a num-
ber of predefined indicators to evaluate soil health,
which was chosen through a multi-organizational
collaborative effort. Six major soil physical and bio-
logical processes that must work effectively in a
healthy soil have been identified: General microbial
activity: carbon food source, bioavailable N, and
microbial community diversity; organic matter dy-
namics and carbon sequestration; soil structural sta-
bility (infiltration); general microbial activity: carbon
food source, bioavailable N, and microbial commu-
nity diversity. Many of the factors in the soil health
indicators are well associated to each other, accord-
ing to Aparna et al. (2014, 2016) and Malhotra et al.
(2015). They also claimed that the activity of soil
enzymes are frequently connected.

Organic matter content in surface soils ranges
from 1 to 6%, with SOM decreasing as depth in-
creases (Brady and Weil, 2007). The quantity and
quality of soil organic carbon define the component
of soil (Krupenikov et al., 2011; Manlay et al., 2007)
and is the most accurate way to track soil degrada-
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tion, particularly that induced by rapid erosion
(Rajan et al., 2010). Globally, the depletion of the
SOC pool is the leading driver of soil degradation
(Diacono and Montemurro, 2010), and plant-avail-
able N and other critical nutrients like P and S are
also depleted. Developing measures to ensure that
the SOC pool rises over the threshold or crucial level
of 10 to 15 g/kg (1.0 percent —1.5 percent), which is
critical for minimising soil degradation risks and
reversing trends (Lal, 2015). Restoring the quality of
degraded soils is a difficult task since re-carboniza-
tion of the depleted SOC pool necessitates frequent
inputs of biomass-C and critical elements (i.e., N, P,
and S), all of which are necessary for a variety of
functions (Lal, 2014). Soil organic - C has a strong
association with biological quality indicators such as
microbial biomass and soil enzymes (Bhaduri and
Purakayastha, 2014; Sarkar et al., 2009).

The primary macronutrients are needed in great-
est quantities than the secondary macronutrients
and the micronutrients or trace nutrients are re-
quired in minute quantities (Parikh and James,
2012). The relevant soil characteristics and nutri-
tional elements of soils and their critical limits are
tabulated in Table 1. The critical limits of the nutri-
ents are vital, as, if in excess, can cause negative im-
pacts. The addition of nutrients to promote fertility
can boost agricultural yields, but it’s important to
evaluate the impact on the soil. Artificial fertilizers
are more convenient to use and handle than animal
manures and organic fertilizers, yet they can cause
serious soil issues. Organic fertilizers provide the
added benefit of enhancing soil structure and en-
couraging the growth of beneficial soil organisms.
As aresult, they’re a good choice for proponents of
sustainable agriculture (Mason, 2003).

Living creatures, carbonaceous remains of organ-
isms in the soil, and organic chemicals formed by
current and previous metabolism in the soil are all
part of the organic matter in the soil (Brady and
Weil, 1999). The soil biota plays a vital role in reduc-
ing the risk of degradation and is a chief component
of global terrestrial biodiversity with key ecosystem
functions. Focusing on microbial activity is crucial to
restore and improve soil quality. Managing the soil
microbial quality by either a microbiological quality
index (Moreno et al., 2008) or a microbiological deg-
radation index (Bastida et al., 2006) can help for a
decision. Microbial enzymatic activities such as de-
hydrogenases and other hydrolases in the soil are
relevant in such restorative practices (Bastida et al.,
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Table 1. Essential plant Nutrients with critical limits
Essential Plant Element Critical Limits
Low Medium High
Electrical conductivity <lmmbhos/cm 1-4 mmhos/cm >4mmbhos/cm
CEC <5 cmol/kg 5-16cmol/kg >16cmol/kg
Organic Carbon % <0.76% 0.76-1.5% >1.5%
Available Nitrogen <280kg/h 280-450kg/h >450kg/ h
Available Phosphorous <10 kg ha-1 10-24 kg ha™ >24 kg ha-1
Available Potassium <115 kg ha-1 115-275 kg ha-1 >275 kg ha-1
Available Sulphur <5 mg kg-1 5-10 mg kg-1 >10 mg kg-1
Water holding capacity <30% 30-50% >50%
Deficient Adequate
Available Boron < 0.5ppm >0.5 ppm
Available Copper <0.12 ppm > 0.12 ppm
Available Iron <5ppm >5.0 ppm
Available Manganese < 1.0ppm >1 ppm
Available Zinc < 0.60 ppm > 0.60 ppm

2006). The number of general microorganisms of
soils amended with the organic matter was revealed
by Nishio and Kusano (1980). The abundance and
activity of Actinobacteria are intimately related to
the biological health of the soil (Aparna et al., 2014).
When the biomass of bacteria and fungi, as well as
enzyme activities, were compared to soil organic
matter (Mohammadi et al., 2001) and biochemical
properties (Lynch, 1983), it was discovered that mi-
crobial communities provide essential ecosystem
services such as nutrient cycling, pathogen suppres-
sion, soil aggregate stabilisation, and xenobiotic deg-
radation. Agricultural management approaches
have been demonstrated to affect microbial biomass,
activity, and community structure in the soil.

The relevance of microbial population in the re-
generation of soil organic matter and other essential
nutrients is evident with research proofs, but still,
the focused research works for such restorative
works by improving the soil organic carbon and the
availability of macro and micronutrients is still neg-
ligible. According to Lal (2015) soil resources must
be used, improved and restored. Hence, restoration
of soil quality seems societal essentiality and neces-
sitates a coordinated approach.

Benefits of soil organic matter to soil characteristics

The single most important indication of soil fertility
and productivity is organic matter, according to
most experts (Rowell, 1994). It is a highly important
soil component made up mostly of dead or decom-
posing plant and animal leftovers. Soil organic mat-
ter provides soil the deep black colors and rich aro-

mas (Parikh and James, 2012), is a fundamental
component of comprehensive soil fertility manage-
ment and plays a critical role in soil processes
(Brady and Weil, 2007). According to Baldock and
Nelson (2000), Mohammadi et al. (2001) and
Wilkinson (2000) the biological, physical and chemi-
cal aspects of the soil are influenced by its organic
matter content. They also suggest that organic mat-
ter can also exert a significant influence on the
ecosystem’s functioning and processes. According to
Ashman and Puri (2002), Mikkuta et al. (2007), and
Parikh and James (2012), the benefits of organic
matter in the soil include holding and supplying
available plant nutrients (N, P, and S), augmenting
the soil’s cation exchange capacity, beneficially in-
fluencing soil structure, pH buffering capacity, and
acting as food for soil organisms ranging from bac-
teria to worms, which are important elements in the
nutrient and carbon cycles.

Organic matter, which tends to deposit as a coat-
ing on the surfaces of crumbs, contributes to the
binding property. Organic matter is a key factor in
soils that holds mineral particles together (Oades,
1993). Miniature microaggregates (53 pm) around a
particulate organic core, materials that have been
physiologically bundled and held together by humi-
fied organic matter form larger microaggregates and
smaller macroaggregates (2,000 pm) (Beare et al.,
1994; Golchin et al., 1994). Roots, fungal hyphae, and
bigger fragments of plant residues, which intercon-
nect soil aggregates by bonding, penetration, and/or
physical enmeshment, stabilise macroaggregates >
2,000 pm (Churchman and Foster, 1994; Foster,
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1994). The crumbs are covered in organic material,
which shields them from excess moisture. In this
manner, there are less instances of crumbs bursting
in the rain, and there is less capping/siltation of the
soil. Crumbs of heavier soils do not hold together as
much on areas rich in organic matter. Soil can be
cultivated at a wider range of humidity levels. With
clay-humus complexes, organic matter not only
helps lighten heavy soils but also strengthens the
cohesiveness of light soils (Berner et al., 2016). Cul-
tivated soils with good organic matter are less sub-
ject to wind and water erosion. The presence of litter
layers or organic horizons (dark color soil) can insu-
late the soil against fluctuations in air temperature
and solar heating (Baldock and Nelson, 2000).

Organic materials can have a direct and indirect
impact on soil water retention. SOM has the ability
to absorb and store large amounts of water, up to
twenty times its own mass (Stevenson, 1994). Or-
ganic matter in the form of surface residues can also
have a direct impact on water retention by lowering
evaporation and enhancing water infiltration. Or-
ganic matter, particularly organic carbon-rich soil,
has a huge water-holding capacity, thus it can hold
a lot of water and help retain it in the soil (Rawls et
al., 2003).

Cation Exchange Capacity is also supplied by or-
ganic substances (CEC). CEC is mostly derived from
clay and organic materials (Peinemann et al., 2000).
Organic matter contributes nearly all of the cation
exchange capacity (CEC) of peats, forest litter, and
humus layers, as well as the CEC of surface layers of
mineral soils (Stevenson, 1994).

Furthermore, organic matter has an impact on
and modifies several soil properties. Wilkinson
(2000) and Mohammadi et al. (2001) illustrate the
importance of organic matter content in the soil
property. Soil structural stability is most closely as-
sociated with total soil organic matter concentration.
Soil organic matter accumulated is due to the bio-
logical contributions, water content, and tempera-
ture, which regulates decomposition and also the
soil texture. The major input is from plants, the pri-
mary producers by seasonal shedding of leaves and
roots and the whole plant on death. In addition, the
humus component of SOM enhances soil structure
by enhancing soil water-holding capacity, infiltra-
tion, and aeration, which results in enhanced shoot,
root length (Chen and Aviad , 1990), and enhanced
enzyme activity (Vaughan and Malcolm, 1985).

It is clear that organic matter provides nutrients
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and environment to living organisms in the soil, or-
ganic matter also attach soils particles into aggre-
gates thus promotes granulation, improve aeration,
improve soil structure, retain moisture, protect
against abrupt temperature or chemical changes,
encourage the activity of beneficial soil organisms,
protect from the effect of rainfall and minimize ero-
sion.

Relevance of microorganisms in restoring SOM /
soil health

Soil fertility decline happens over evolutions due to
natural calamities like flood and soil erosion, human
invasion, and tillage (Berner et al., 2016; Karmakar et
al., 2016; Mohammadi et al., 2001). The soil
microbiome is one of the most sensitive indicators of
soil health because it signals the direction and sever-
ity of changes in ecosystem structure and function
far earlier and better than other markers. The trans-
formation of soil organic matter, nutrients, and most
critical soil activities is mediated by soil microbes.
Microbes were once assumed to be limited to decay-
ing plant and animal waste; however, their function
in the resynthesis of organic matter was later discov-
ered.

On a microbiological level, fertility refers to a
microbial population that releases nutrients quickly
enough to support rapid plant growth while simul-
taneously contributing to soil aggregate production
(Rashid et al., 2016). Microbes play the most critical
function in SOM synthesis, according to Waksman
(1936). Different microbial populations promote the
buildup of chemically varied and stable SOM pro-
duced by soil bacteria (Rao et al., 2019). Because mi-
crobial-derived carbon compounds are the key ele-
ments of stable, long-term organic matter reposito-
ries (Grandy and Neff, 2008), the most widely
recognised mechanism of SOM production is that
soil microorganisms are the primary agents of SOM
creation (Cotrufo et al., 2013; Miltner et al., 2012;
Schmidt et al., 2011). Carbon from plants serves as
the primary substrate for microbial development
and turnover, and so serves as a precursor to the
production of stable SOM (Bradford et al., 2013). Ex
vivo modification and in vivo turnover are two
mechanisms proposed by Liang et al. (2017) to ex-
plain soil C dynamics driven by microbial catabo-
lism and/or anabolism, as well as the quantity of
organic C in soils and microbial involvement. They
introduced the’soil microbial carbon pump’ (MCP)
as a conceptual framework for demonstrating how
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microorganisms play a role in soil C storage. All of
the additional organic components are totally bro-
ken down by bacteria and re-metabolized by them.
SOM should be considered a synonym for all kinds
of microbial biomass in soil, according to Rao et al.
(2019).

Microbial residues and necromass (dead biom-
ass) have been discovered as a substantial source of
SOM (Frey et al., 1999), accounting for 5 to 50% of
total SOM. Using HR-MAS NMR, Spence et al.
(2011) discovered that microbial products account
for 50% of SOM. Bacteria and fungal cell envelopes
are maintained in soil and contribute significantly to
the development of tiny particulate SOM (Miltner et
al., 2012). 50% of the carbon produced from micro-
bial biomass stayed in the soil. Microbial metabo-
lism can cause chemical variability in SOM. Micro-
bial by-products, according to Kallenbach et al.
(2016), are also key drivers of SOM chemical vari-
ability. They further believe that due to significant
physicochemical interactions within the soil matrix,
microbial necromass appears to persist longer than
lignin-rich materials. Despite increased extracellular
enzyme activity, more plant C being diverted into
microbial biomass may eventually result in higher
stable soil C deposition over time (Cotrufo et al.,
2013). The functions of specific microbes in metabo-
lism of plant components and thus in restoring agri-
culture are identified. Febria et al. (2020) recognized
that microbes in sediments could transform organic
matter to electrons. Acidobacteria have designated
important ecological roles in diverse metabolic path-
ways, decomposition of biopolymers
exopolysaccharide secretion, plant growth promo-
tion and regulation of biogeochemical cycles (Kalam
et al., 2020). The microbial interactions between them
and with the soil rhizosphere have crucial functions
in the restoration of agricultural soils affected by
natural calamities.

Microbial Interactions in restoring the soil organic
matter/soil fertility

The significance of microorganisms in the biological
fertility of the soil is evident. Their interaction with
other soil components depends upon varying condi-
tions. Johns (2017) opined that these complex and
dynamic interactions of soil microorganisms are the
least understood fertility component, and exploring
such interactions and comparing with the influenc-
ing factors is most vital if agricultural production is
to meet the requirements of the growing population.
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He also suggested that fertile soils always teem with
microorganisms.

Healthy soils will contain microbiomes that help
to avoid disease, improve nutrient cycling and to
reduce plant stress by swiftly and efficiently con-
verting dead plant components into soil organic
matter. Profitable and effective farming is possible
in healthy soils, with minimum inputs. The rel-
evance of feed microorganisms to create new soils
was also explained by Wallenstein (2017). He de-
scribed microbial complex interactions, in which soil
microorganisms work together in teams to execute
biochemical activities like converting nitrogen from
an inert gas to plant-usable forms and recycling it
back into dissolved forms from dead plant compo-
nents.

Co-metabolism is a illustrious system of valuable
interaction between microorganisms of different
types. There are complex resources in soils which
the microorganisms are unable to catabolize alone,
and hence many microorganisms assist as a consor-
tium to produce all the enzymes essential for the
catabolic pathway and are called co-metabolism
(Bouchez et al., 1999). According to Loccos et al.
(2014), such a consortium contains strains that de-
grade metabolic intermediates to correct for inhibi-
tion, as well as when a strain’s product is used as a
substrate by other strains. Haseena et al. (2016) have
used a consortium of thermophilic microorganisms
for aerobic composting and increased efficiency of
composting different raw materials. Employing
such consortium as feed microbes into the soil for
sustaining agriculture in flood and landslide de-
pleted soils may bring out better yield in quantity
and quality.

Plant and animal matter can be broken down into
its fundamental components by millions of micro-
bial species in the soil (bacteria and fungi). Bacteria
and fungi are involved in practically all soil miner-
alization processes. Minerals and organic matter are
closely associated with microorganisms in the soil
environment, and they are also closely associated
with each other. These components’ interactions
have a huge impact on terrestrial processes that are
crucial to environmental quality and ecosystem
health (Mohammadi et al., 2001).

A crop-based integrated nutrient management
plan for degraded soils could make use of organic
additions with bacteria and fungus consortiums and
other techniques (Medina et al., 2010; Chaer et al.,
2011). These inoculations can be used to exploit,
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translocate, mineralize, and mobilise soil P, K, and
Fe reserves, as well as enhance organic matter and
fix nitrogen from the atmosphere. (Figueiredo et al.,
2011; Ahemad and Kibret, 2014; Leifheit et al., 2014;
Nguyen and Bruns, 2015; Owen et al., 2015). Rao et
al. (2019) used a mixed microbial consortium com-
prising Arthrobacter, Streptomyces, and
Lysinibacillus to boost soil biological activity, carbon
mineralization, and soil organic matter synthesis.
Bacillus subtilis and Azospirillum brasilense could
improve wheat growth, morphological and physi-
ological characteristics, osmolytes production, and
antioxidant enzymes by conferring drought toler-
ance and increasing antioxidant enzymes (Ilyas et
al., 2020). Mycorrhizae (root fungi) create a symbi-
otic relationship with plants, infecting the root and
allowing the latter to grow in a larger region of soil
(Surendra, 2010). Mycorrhizal fungi add to the soil
structure’s beneficial characteristics. They allow sub-
stances to be exchanged between plants that are at-
tached to them (Berner et al., 2016), have symbiotic
associations with the majority of the crops and are
even used as biocontrol agents to control wilt in to-
matoes (Surendra, 2010). PGPR can be used to man-
age plant disease in an environmentally responsible
manner while also promoting plant growth and
crop yield (Shaikh et al., 2016). Rice plant yield effi-
ciency was improved with three PGPR consortia
and selected a best one (Kalani et al., 2021).

The microbial interactions also benefit the soil by
confiscating the floods and landslide-borne contami-
nations. The efficient function of microbial inocu-
lants (bio-inoculant) in bioremediation is one of the
latest known outputs from soil research.
Bioremediation using potential microbes to clean up
contaminated environments is a promising technol-
ogy (Kour et al., 2021). Sayyed et al. (2015) identified
an Enterobacter isolate with high binding affinity and
root colonization capability as an efficient bio-inocu-
lant in the bioremediation in heavy metal contami-
nated soil. Co-inoculation of bacteria and fungi, with
or without organic fertilizer, is more effective than a
single inoculum in restoring soil fertility and organic
matter content. (Rashid et al., 2016). To explore these
results and to utilize it for the rejuvenation of the
depleted agricultural soils due to floods and land-
slides, the current microbial status and the nutrient
analysis of the disturbed agricultural soils has to be
examined to identify potential multifunctional con-
sortium of microorganisms. The efficiency of these
isolates has to tested on pot cultures and field which
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confirms their efficiency to restore the soil organic
matter or soil fertility to sustain agriculture in flood
and landlside depleted agriculture plots.

Social impact and relevance of synergistic microbes
in the present scenario

The expected growth in world population between
8 and 10 billion people in the next 50 years
(Bongaarts, 2009; Lutz, 2001) demands an enhance
in provisions (Alexandratos, 1999; Tilman et al.,
2002), therefore mitigating soil degradation must be
prioritised in global society (Parikh and James,
2012). Soil organic matter accounts for a significant
component of the terrestrial biosphere’s organic car-
bon. The buildup of organic matter is helpful to ag-
ricultural soil functions. In contrast, management
techniques and natural disasters that cause a de-
crease in soil organic matter content emit CO2, a
major greenhouse gas, in addition to having a nega-
tive influence on agricultural productivity and soil
resilience in general (Lal, 1998).

Soil organic matter, like soil microbial biomass,
soil biological activity, and all other soil health indi-
ces, is highly connected. SOM and soil microbial bio-
mass are thus two sides of the same coin that form a
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Flood and Landslide
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Screen their ability to ]
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with inert substances like talc

v
To society - Farmers
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Fig. 2. Illustrating the steps for restoring SOM in flood
and landslide depleted soils
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continuum. Farmers and producers can retain atmo-
spheric carbon while improving soil quality and
possibly lowering input costs by adding SOM con-
servation into management strategies (McCauley,
2017). A comparative investigation on less produc-
tive and productive agricultural fields, which can
develop a hand full of productive microbial consor-
tiums may bring back the soil fertility, can benefit
agriculture, farmers, and society and thus sustain
agriculture by protecting the precious and essential
pillar “SOM/Soil fertility”. The steps for restoration
of depleted SOM in soils are depicted in Figure 2.

Conclusions

The blow of flood and landslides in the agricultural
soils affect the yield of the crop in the later years as
flood deteriorated the soil quality by weakening its
physical, chemical and biological elements. The soil
organic matter remained a major loss in the soil
along with nutritional deficiencies, soil acidity, soil
compaction, loss of aggregate stability, structural
variation, etc. Analyzing the soils will show the cur-
rent state of native microorganisms that have been
harmed by flooding, as well as appropriate remedial
treatments; supplementation of organic manures
with biofertilizers and microbial inoculants is par-
ticularly effective in reviving the soil’s microbial sta-
tus. This will boost microbial activity in the soil and
increase crop nutrient availability.
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