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Abstract: Microorganisms are omnipresent they are everywhere; The microorganisms are
minute and invisible with naked eyes But helping mankind in many ways. Not all micro-
organisms causing diseases or causing contaminations they are also helping us in many ways.
The microbes helping in our fields and farms worldwide. How they are helping us in improving
soil health and structure .The integrated approach towards using microbes along with organic
growth enhancers can bring the revolution. Agricultural inputs from fertilizers, pesticides,
herbicides, and other fossil fuels have increased agricultural production. However, growing
awareness and concern about adverse effects on soil and the environment cannot be ignored. So
the world is shifting towards organic approach in farming for sustainable soil health and human
health benefits. Microbes causing nitrogen fixing, Soil bioremediation, Mineral absorption,
Hormonal absorption.
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Introduction:

The microorganisms are minute and invisible with naked eyes But helping mankind in many
ways. Not all micro-organisms causing diseases or causing contaminations. The mutualism
between bacterial species like Rhizo-bacteria with leguminous plants for Nitrogen fixing (Heath
& Grillo 2016). Bacterial node genes are important for Nodule formation. Which further helps in
N fixing. (Kang el at., 2016). Rhizobia are studied for their relationship with legumes, but they
also live as free-living Bacteria and help in absorbing Nitrogen ( Masson, Boivin & Sachs.,
2017). PGPR and its plant-to-plant interactions are booming commercially and have been found
to have applications in sustainable agriculture (Gonzalez et al., 2015). Beneficial soil microbes
have a very diverse and wide group. Among them, arbuscular mycorrhizal fungi (AMF) and
phosphate-soluble bacteria (PSB) are important factors in plant P availability and growth-
promoting activity (Zhang., 2014 & Adnan., 2020). The extent to which these factors affect the
development of commensalism is a hot topic of debate (Sachs et al., 2018). Anyway,
evolutionary changes in rhizobial populations that have observable effects on rhizobial and host
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traits can occur in the course of several short host generations, either by changes in phylogenetic
frequency or by de novo mutations. There is sex (Hollowell et al., 2016). ). Rhizobia are subject
to time-varying choices due to changes in host identity, resource availability, temperature,
humidity, and the entire community. Interspecific and intraspecific interactions (Vuong et al.,
2017; Pahua et al., 2018). To study changes in the susceptibility of Arabidopsis strains to the
Rhizobacteria Pseudomonas simiae WCS417r, which promotes plant growth, to study how plant
genotypes affect functional interactions with rhizobacteria. Best attempt (Wintermans et al.,
2016).

Role of microbes in composting:

Aerobie composting adds much-needed organic matter, sequesters carbon, promotes plant
growth, conserves water, and reduces reliance on artificial pesticides and fertilisers (Platt, 2015).
The breakdown of organic materials releases heat, which raises the temperature, thanks to the
compost pile's high insulating capacity. The temperature rises to the thermophilic zone within a
few days (Anastasia, 2015). The majority of organic matter decomposes into carbon dioxide and
humus, which generates more heat.

Pathogens such as infectious bacteria are unable to survive as temperatures rise to roughly 55"
and 68°C (Trautmann 2015). Fast organie matter digestion takes precedence over providing
perfect conditions for the elimination of viruses and weed seeds (Neklyudov, 2015).

Bacteria: Other microbes, such as bacteria, do the same thing: they break down things to
produce carbon dioxide and heat, which they use to generate energy. Despite their taste in a
variety of chemical substances, they are less likely to adapt efficiently to harsh environments due
to their lack of complexity. Changes in oxygen, moisture, temperature, and acidity are all
harmful to bacteria. Aerobic bacteria require more than 5% oxygen, and each type of bacteria has
a temperature range in which they may thrive. However, they create the most rapid and efficient
composting, excreting nitrogen, phosphate, and magnesium from the plants (Abu-Bakar, 2015).

FUNGI: Fungi can handle organic wastes that bacteria can't handle because they're too dry,
acidic, or deficient in nitrogen. Fungi improve aeration and drainage by physically condensing
the compost into smaller clumps. With populations ranging from 0.01 to 1 million per gramme of
soil, they can be found in both the mesophilic and thermophilic stages of acrobie composting
(Kowalik, 2015),

Actinomycetes: They can also break down more resistant substances like carbohydrates and
proteins. As a result, they exhale carbon, nitrogen, and ammonia, which gives compost its earthy
odour (Shukla, 2014). Actinomycetes thrive in the later stages of decomposition, where they aid
in the production of humus beneath the roots of plants. Despite their lack of nuclei, they may
build multicellular spider web-like threads and have enzymes that let them chemically break
down difficult debris such as woody branches, bark, or newspaper (Moset, 2015).
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MUTALISM:

Nitrogen fixing:

Mutualism between rhizobia bacteria and leguminous plants has long been investigated for its
evolutionary ecology and functional genetie basis in biological nitrogen (N) fixing (Heath &
Grillo, 2016). Soil-borne rhizobia colonise the root surface as legume roots grow, but only a
small percentage of these rhizobia will permeate plant tissue via root hairs, causing nodule
formation (Fig. I). As the nodule develops, the invading rhizobia population rises, and it begins
to fix Na into NH3 in exchange for nutrients, mainly photosynthare. The specificity and
functional characteristics of these interactions vary substantially (for example, how rhizobia
enter roots). The extent to which these factors influence mutualism evolution is a contentious
issue (Sachs er al, 2018). Regardless, evolutionary changes in rhizobial populations can occur
during the span of a few brief host generations, either through alterations in lineage frequency or
de novo mutations (Hollowell et al, 2016). Single bacteriophage strains are used in the majority
of rhizobia adaptability testing. However, in soils, many rhizabial species and strains coexist in
one location ( Noundgu et al, 2018). Nodule development is dependent on bacterial DMI and
host Nod genes, as well as host DNF and bacrerinl Nff. Fise genes are necessary for N fixation
(Kang et al., 2016).
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Rhizobia are often studied in the context of legume mutualisms, however each lineage can also
be found in the soil and rhizosphere as free-living bacteria (Masson-Boivin & Sachs, 2017).
Rhizobia are subjected to temporally varied selection as a result of differences in host
identification, resource availability, temperature, moisture, and the overall biotic community.
relationships between species and within species (Vuong et al., 2017; Pahua et al., 2018). When
many bean species or genotypes coexist, host-specific fitness may aid the coexistence of multiple
rhizobial strains. Even minor changes in a single host gene can have a big impact on nodule
strain occupancy and fitness, as well as the frequency of microbial genera in the rhizosphere
(Kim et al, 2015). (Kim et al, 2015). (Zgadzaj et al 2016). Genetic variation in a single rhizobial
gene can induce these effects, which are usually rhizobial lineage specific (Wang et al. 2018).

Phosphate soluble microbes:

Phosphorus (P) is one of the primary growth-limiting macronutrients required for proper plant
growth, particularly in tropical areas, due to its low soil availability (Santana 2016). Examples
include nitrogen fixation in legumes, plant disease resistance, sugar to starch transformation, and
genetic trait trafficking. P is required throughout the early stages of plant development to lay
down the primordia of plant reproductive organs (Satyaprakash 2017). Depending on soil pH, the
bulk of P is absorbed as phosphate anions, primarily HPO or H,PO (kumar 2018, Satyaprakash
2017). Cations like Ca* immobilise P in calcareous or normal soils, forming a compound
calcium phosphate (Ca,(PO2)2), Al'* and Fe™* immobilise P in acidic soils to form aluminium
phosphate (AIPO) and ferrous phosphate (FePO) [kumar 2018, Satyaprakash 2017]. lowering the
pH of the soil The fundamental process for soil P solubilization is lowering soil pH by microbial
production of organic acids or the release of protons (kumar 2018, Satyaprakash 2017). PSB like
Pseudomonas, Bacillus, Rhizobium, Micrococcus, Flavobacterium, Achromobacter, Erwinia, and
Agrobacterium have been proven to promote fixed P solubilization, resulting in increased crop
yields (Satyaprakash 2017). Furthermore, through bio-inoculation experiments, PSMs assist
plant growth by boosting nitrogen fixation efficiency (Hajjam 2017).

Soil bioremediation:

Because of their exceptional metabolic capacities and ability to grow under a wide range of
environmental conditions, microorganisms are widely distributed throughout the biosphere.The
nutritional adaptability of microorganisms can potentially be utilised in the biodegradation of
pollutants. This type of technique is known as bioremediation. It is supported by certain bacteria’
ability to transform, adapt, and consume hazardous pollutants in order to get energy and biomass
production (Tang 2007). pH, temperature, moisture, soil structure, water solubility, nutrients, site
features, redox potential, and oxygen content, as well as Physico-chemical bioavailability of
contaminants, are all factors to consider.

Microorganism development and activity are influenced by concentration, type, solubility,
chemical structure, and toxicity. The components stated above determine the kinetics of
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deterioration (Madhavi 2012). P. alcaligenes, P. mendocina, and P. putida release chemicals.
Petrol and diesel polycyclic aromatic hydrocarbons toluene interact with P. veronii,
Achromobacter, Flavobacterium, and Acinetobacterium. [Safiyanu 2015, Sani 2015]

Microbes in oil bioremediation:
*Aspergillus niger, Candida glabrata, Candida kruse and Saccharomyces cerevisiae interact with
crude oil[Burghal 2016]

*B. brevis, P. aeruginosa KH6, B. licheniformis and B. sphaericus interaction with diesel
oil[Borai 2016]

*Pseudomonas aeruginosa, P. putida, Arthobacter sp. and Bacillus sp. interactive compound is
Diesel oil[Kumar 2016]

*Pseudomonas cepacia, Bacillus cereus, Bacillus coagulans, Citrobacter koseri and Serratia
ficaria with diesel and crude oil [Kehinde 2016]

Dyes bioremediation:
*Microorganisms:B. subtilis strain NAP1, NAP2, NAP4
Compound:Qil-based paints (Phulpoto 2016)

*Microorganism: Myrothecium roridum IM 6482

Compound: Industrial dyes (Jasin 2015)

*Microorganisms:Bacillus spp. ETL-2012, Pseudomonas
aeruginosa, Bacillus pumilus HKG212

Compound: Textile Dye (Remazol black B)

Sulfonated di-azo dye Reactive Red HE8B, RNB dye.
(Yogesh 2016, Das 2015)
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*Microorganisms: Exiguobacterium indicum,
Exiguobacterium aurantiacums, Bacillus
cereus and Acinetobacter baumani

Compound: azo dyes effluents [kumar 2016]

*Microorganisms: Bacillus firmus, Bacillus macerans.
Staphylococcus aureus and Klebsiella
oxytoca

Compound: vat dyes, Textile effluents [Adebajo 2017]

Microorganisms in plants mineral nutritions:

Although plant physiologists typically think of soil as simply a source of nutrients for plants, it is
actually a complex ecosystem that contains bacteria, fungi, protists, and animals (Muller et al.,
2016). In recent years, research has focused on assembling rationally designed synthetic
communities (SynComs) made up of strains representing the majority of rhizospheric species
with the goal of duplicating positive microbial behaviours in controlled experimental conditions
(Bushy et al., 2017). Plant growth is aided by microbial activity that manipulates hormonal
signals (Verbon and Liberman, 2016). The majority of modern agricultural systems employ
mineral fertilisers to give macronutrients. Unsustainable fertilisation techniques, on the other
hand, are disrupting large-scale biogeochemical cycles through mechanisms such as soil
deterioration, waterway eutrophication, and greenhouse gas emissions (Amundson et al., 2015,
Steffen et al., 2015). Another factor is that organically bonded nutrients are more permanent in
the soil than mineral fertilisers, making them less prone to leaching and volatilization (Reganold
and Wachter, 2016). Bio-fertilizers are already used in organic agricultural systems, however
there is still a lack of mechanistic understanding of how to choose plant cultivars and microbial
inoculants (Bender et al., 2016; Reganold and Wachter, 2016). We're interested in learning how
microorganisms contribute to plant nutrition and how plants change their microbiome to get the
most nutrition out of this interaction. In this study, we focus on plant and microbe metabolic
capability and discuss recent advances in techniques to unravelling the interdependence of plants
and bacteria in mineral nutrition. It's worth noting that there's a lot of studies on how individual
plants could obtain nutritional benefits from symbiotic partnerships with mycorrhiza and
nodulating bacteria while examining this topic (Kamel et al., 2017).
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To selectively design plants for optimal nutritional interactions with soil microbes, the genetic
components of this characteristic must first be discovered. Plants select for specific bacterial taxa
and so exert some control over their microbiomes, according to sequence analyses ( Zgadzaj et
al., 2016). Arabidopsis accessions varied substantially in their ability to support the growth of the
rhizospheric bacteria Pseudomonas fluorescens in a hydroponic setting (Haney et al., 2015).
Despite the discovery of numerous candidate genes that govern the leaf microbiome, no further
testing of mutants of these genes has been published, therefore the genes' efficacy in shaping the
microbiome has yet to be confirmed. The leaf microbiome GWAS could be very valuable in
understanding rhizosphere processes because the leaf and root microbiomes overlap (Bai et al.,
2015).

Bacteria-Mediated Plant Traits GWAS:

On the other hand, sequence studies only look at the taxonomic mix of the plant microbiome, not
the full bacterial genomes or the jobs that these microbes do. The study of variation in
susceptibility of Arabidopsis accessions to the plant growth-promoting rhizobacterium
Pseudomonas simiae WCS417r is the best attempt yet to investigate how plant genotype
influences functional interaction with rhizobacteria (Wintermans et al., 2016). Statistical GWAS
analysis indicated a number of extremely significant associations, but none of the positive SNPs
were shown to be connected with multiple phenotypes, despite a substantial correlation between
fresh weight and root architecture data. The study revealed several candidate genes, but no
further verification or confirmation tests were undertaken (Wintermans et al., 2016) Nodulation
and mycorrhizal connections serve as model systems for understanding recognition processes in
mutualistic relationships between plants and microbes (Delaux et al., 2015; Lagunas et al., 2015).

The Effects of Plant Genotype and Nutrient on Root Exudates:

If root exudate profiles are to be employed as a breeding target for increasing plant-microbe
nutritional cooperation (Kuijken et al., 2015), it is necessary to first understand how exudate
composition varies between genotypes or in response to food deficit. Recent research has added
to our understanding of this phenomenon, with (Ziegler et al. 2016) looking at the effects of
phosphate limitation and (Micallef et al. 2016) The exudate patterns of glycosylated and sulfated
metabolites, including as flavonoids, glucosinolate breakdown products, salicylic acid
catabolites, and polyamine derivatives, were studied amongst 19 wild Arabidopsis accessions,
demonstrating significant natural variation (Monchgesang et al., 2016). In root exudation
modifications caused by nutrient constraint, phosphorus deficiency appears to result in a higher
abundance of oligolignols and a lower abundance of coumarins (Ziegler et al., 2016). Future
research could focus on a new group of plant genotypes, perhaps those for which phenotypic
differences have been connected to root exudation profiles in previous studies. One possibility is
to compare genotypes with differing proclivity for attracting helpful microorganisms (Haney et
al., 2015). Another technique is to explore the phenotypic impact of mutants discovered through
GWAS investigations using root exudate profiling (Wintermans et al., 2016).
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Microbial Genes Linked to Soil Fertility in Cultivation-Dependent Literature:

It is hypothesised that soils with high rates of microbial N, P, and S cycling will include
microorganisms with specialised genes encoding these characteristics, and that microbial strains
isolated from these soils will have key metabolic attributes for plant feeding. Rhizobia strains
isolated from fertilised soils, on the other hand, displayed a lower ability to stimulate plant
growth than strains derived from surrounding unfertilized plots (Weese et al., 2015), According
to these findings, inocula from sites that favour plant-soil feedbacks, such as unfertilized soils or
organic farms, could be used to launch research programmes looking for "elite™ microbial strains
that can maximise plant nutrition (Xia et al., 2015; Melo et al., 2016).

Modeling Plant-Microbe Interactions: Challenges and Prospects is a growing community:
New opportunities to combine theoretical and computational approaches with experiments are
emerging as a result of the huge volumes of data generated by high-throughput experimental
techniques.Modeling to mechanistically analyse the outputs of high-throughput experiments or
designing hypothesis-driven testing based on the findings of modelled scenarios are examples of
potential synergies (O'Brien et al., 2015). A major effort is currently ongoing in the bacterial
sector to combine genomic sequencing data with computer modelling in order to predict the
function of individual bacterial strains and entire bacterial communities (Blaser et al., 2016).

Microbial engineering, which employs cold putational modelling to optimise strains and
communities for industrial processes like bioremediation and fermentation, is already a well-
established technology (Perez-Garcia et al., 2016). One of the main goals of mathematical
models is to reduce complexity so that the essential principles underlying the phenomena of
interest may be captured. In biology, there is now a favourable trend toward developing
predictive models of the system under study, with certain fields well ahead of others in terms of
integrating theory and experiments. The study of microbial communities is a good example of a
topic where computational methods are critical (Widder et al., 2016).

Under Soil Salinity Induced by Balanced Nutrient Solutions, Beneficial Microorganisms
Affect Tomato Yield, Quality, Mineral Composition, and Antioxidants:

Microbial engineering, which employs cold putational modelling to optimise strains and
communities for industrial processes like bioremediation and fermentation, is already a well-
established technology (Perez-Garcia et al., 2016). One of the main goals of mathematical
models is to reduce complexity so that the essential principles underlying the phenomena of
interest may be captured. In biology, there is now a favourable trend toward developing
predictive models of the system under study, with certain fields well ahead of others in terms of
integrating theory and experiments. The study of microbial communities is a good example of a
topic where computational methods are critical (Widder et al., 2016). Other factors that influence
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the AMF-plant symbiosis include the environment and the ability to utilise resources. The
favourable effects of most AMF, in particular, are heavily reliant on the availability of
phosphorus and nitrogen in the soil; AM fungi have been proven to be beneficial to plants in
phosphorus-limited soils, but have been shown to restrict growth in nitrogen-limited soils. AMF
and other beneficial bacteria from multiple species penetrate plant roots at the same time in
nature, resulting in extraordinarily complex partnerships with significant resource exchange
activity. In this aspect, AMF co-inoculation is beneficial and plant growth boosting bacteria aims
to combine the various benefits supplied by the individual microorganisms to plants, resulting in
increased production and improved fruit quality [Bona; 2017].

Under mild salt stress, pot-grown Arundo donax plants showed a reduction in photosynthesis and
growth, even when in symbiosis with AMF such as Funneliformis mossene and Rhizophagus
irregularis, though the AM fungi elicited some plant metabolic changes such as proline and
H202 increases and higher isoprene emission [Pollastri; 2018]. The stomatal density of tomato
leaves, which is connected to the plant's CO2 absorption capacity, photosynthetic rate, and
relative water usage efficiency, improves when AMF is applied. Furthermore, inoculation with
Gloms deserticola, Claroideoglomus etunicatum, and Funneliformis mosseae in dicotyledonous
and monocotyledonous plants resulted in a 24 percent larger effect on stomatal conductance to
water vapour than the non-mycorrhizal (NM) control. When there is a moderate water shortage,
the effect is 100 percent higher, and when there is a severe water shortage, the effect is nearly
400 percent higher. [Augé; 2015]. Indeed, fungi hyphae can capillary explore a larger soil
volume than root hair, allowing plants to uptake water even when there is a severe water deficit;
additionally, as root colonisation increases, stomatal conductance to water vapour increases up to
10 times that of lightly colonised plants [Augé; 2015]. Inoculating tomato plants with
Funneliformis mossene can alter cell wall composition in both roots and fruits [Chialva; 2019].

Extreme water stress conditions (-1.three MPa), as seen by lower ABA concentration in roots
and leaves in colonised plants compared to non-colonized plants. The Pseudomonas chlororaphis
inoculation also improved tomato plant tolerance to moderate water stress by increasing
antioxidant hobby and proline content in the soil and limiting the formation of reactive oxygen
species [Brilli; 2019]. Furthermore, P. chlororaphis increased the amount of ABA in the leaves
of water-focused plants, which improved stomatal closure regulation, water use productivity
(WUE), and biomass accumulation. considered that, depending on the parasite species, tomato
plants inoculated with AMF show diverse forms of transformation to ecological loads: Under
severe water pressure, Funneliformis mossene encouraged the formation of unstable natural
compound  production, while Rhizophagus intraradices increased water usage
effectiveness[Volpe; 2018]. Total phenols, total ascorbic acid, lipophilic and hydrophilic
antioxidant activities, and dry residue, soluble solids, organic acids (malic, oxalic, citric,
isocitric), minerals (K, Ca, Mg, Na, P, S, NOs, C1), lycopene, total phenols, total ascorbic acid,
lipophilic and hydrophilic antioxidant activities were determined using the following procedures:
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Using a Bellingham & Stanley model RFM 81 digital refractometer, the dry residue was
measured at 70°C until it attained a constant weight, and the soluble solids (*Brix) were
measured at 20°C on the supernatant created by centrifuging the raw homogenate. The organic
acids were determined in the same method as before [Golubkina; 2018]: the mineral elements
were evaluated according to Rouphael et al. [Rouphael; 2018]. In the current investigation, the
percentages of colonisation discovered in the roots of tomato plants infected with AMF-based
consortia fell in the middle of a range that comprised data from other authors on the same
species.

In a clay-silty soil in the Mediterranean region of Adana, Turkey, inoculation with Funneliformis
mossene and Claroideoglomus etunicatum resulted in 55.7 percent and 63 percent root
colonisation, respectively [Rafique; 2018]. Mycorrhizal hyphae colonised 84.1 percent and 100
percent of roots, respectively, after AMF inoculation in a silty-loam soil near the Basilicata coast
(southern Italy), compared to 51 percent and 92.6 percent of non-inoculated controls during mid
and end growing seasons [Candido; 2015].

Conclusion

Microorganisms are not just beneficial they are essential for the soil and the nature they are
helping mankind in many ways without microbes there will be no Decomposting which leads to
less fertile soil, microbes helping in absorption of minerals and elements in plants as they help in
nitrogen fixing by breaking ammonia into nitrates and nitrites. They are helpful in nitrogen
signal manipulations in plants. Microorganisms forms mutual bonds with plants which is
beneficial for both plant and organisms as well as beneficial for soil also. There are million of
species worldwide we should follow integrated approach with less or no use of chemical
fertilizers instead use of microbes or living organism in soil to Improve soil fertility and overall
production which results in improving soil health and soil structure.
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