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Abstract

Soil is the basic requirement for agriculture crop production and simultane-
ously the microbial activity is important to improve soil health for healthy
crop growth because microbial communities play an important role in
building a complex link between plants and soil. Microbiomes from plants,
soil and extreme environments are naturally gifted with amazing capabili-
ties which play significant roles in the maintenance of global nutrient bal-
ance and ecosystem functions. The microbiomes from diverse niches have
in fact emerged as potential tools for improving the plant growth and
productivity by diverse mechanisms include solubilization of nutrients, ni-
trogen fixation, hormonal stimulation as well as biotic and abiotic stress
tolerance. Further, these microbiomes have an immense potential to main-
tain soil health and fertility. Thus, dependent on their mode of action and
effects, these microbiomes can be used as biofertilizers, biopesticides, plant
strengtheners, and phytostimulators which will play a major role in improv-
ing productivity and achieving sustainability in an eco-friendly, economical
and cost effective manner.

Keywords: biodiversity, biofertilizers, biopesticides, mitigation, plant
growth promotion, soil fertility, sustainability

Currently, production of grains is one of the major concerns of the agricul-
turists as world population is alarming to increase and 33% of agricultural
areas are reducing due to anthropogenic activities of humans. Soil and phy-
tomicrobiomes are the hidden wonders that irrefutably play various roles
for the ecosystem well-being have recognized to fix this one of the major
problems of crop production and land reduction. In crop production, mi-
crobes inhabiting the soil and plant system could be used as bio-inoculants
which naturally fulfil the plant nutritional requirement through chelating,
fixing and solubilizing the nutrients present in soil and in atmosphere. These
beneficial soil and plant microbiomes could be used for migration of diverse
abiotic stress. The use of microbes on the in agricultural sustainability and
other land also helps in the removal of the toxic substances that are major
reason of the land degradation and increases the fertility of soil. The benefi-
cial microbial communities colonize rhizosphere, phyllosphere or may be
inhabitant of internal tissue of plants and also an important community of
soil. The plant-microbe interactions open an opportunity to understand the
interaction among soil microbiomes with plants and other living organisms.
There is need to understand the functioning and potential applications of
these communities in order to tackle the challenges of the future and en-
sure plant health and fitness. The applications of efficient microbes will be
helpful in enhancing and improving sustainable agriculture and environ-
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mental stability (1). Soil is supporter of diversity of life and
microbes have an infinite abundance. In soil eco-system,
different types of micro creatures have been discovered
including bacteria, fungi and archaea. Soil microbial popu-
lation is known to vary with the type, habitat, available
nutrients and light. It is known that the microbial popula-
tion on the topsoil and depth of the soil is also varies
where topsoil have tiny fraction of microbes and depth soil
have more population of microbes. The populations of soil
microbiomes have been explored from past few decades
due to their several beneficial roles in the ecosystem (2-4).

The interface between plant ecosystem and soil is a
region with high interaction among a numerous living mi-
croorganisms that affect plant growth, nutrients uptake,
stress tolerance and biogeochemical cycles (Fig. 1). The
rhizosphere is a complex environment where roots inter-
act with physical, chemical and biological properties of
soil. The specific content of root exudates create a niche
that affects which microbes should colonize the rhizo-
sphere, thus changing the composition and diversity of
microbes that colonize the rhizospheric regions in a plant-
specific way (5). Due to its dynamic nature and complexity,
understanding the rhizosphere biology and activity of the
rhizosphere is key to ensuring improved plant productivity
and protections in the diverse agro-ecosystem. These soil
and plant microbiomes play imperative roles in the growth
and ecological fitness of their host. Microbial communities
within the rhizosphere can affect plant welfare directly/
indirectly by affecting biomass and composition in the
plant's natural ecosystem (6, 7). The study of these ubiqui-
tous microorganisms by discovering their possible poten-
tial relationships with diverse plants has initiated a new
and interesting area of research in rhizosphere microbiolo-
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gy. These microbes increase plant growth and reduce sus-
ceptibility to diseases caused by phytopathogenic micro-
organisms such as nematodes, fungi, bacteria and viruses

(8).

The term "endophyte" is a comprehensive topo-
graphic term which includes all organisms that colonize
the living internal tissues of their hosts during the variable
period of their life without symptomlessly. Endophytes
have been reported from both monocotyledonous and
dicotyledonous plants, ranging from woody tree species to
herbaceous crop plants. Endophytes play a major role in
promoting the growth and maintaining the health of the
plants. Further, the endophytes are also known to be an
amazing bioresources for novel bioactive compounds with
anticancer, antifungal, antimicrobial and antiviral capabili-
ties (9). The epiphytic microbiomes have been sorted out
from each and every plant study and play significant role
in plant growth and mobilization of beneficial nutrients
(10). The aerial parts of living plants which include buds,
flowers, fruits leaves and stems provide a habitat for mi-
crobes termed the epiphytic microbiomes. The dominant
microbial inhabitants of the phyllosphere are bacteria
though archaea, yeasts and fungi are also important in-
habitants. The phyllospheric region is considered to be an
important niche with agricultural and environmental sig-
nificance. There is emergent evidence of imperative inter-
actions of microbial inhabitants of the phyllospheric re-
gion that may affect the fitness of plant microbial popula-
tion and that platy role in enhanced crop production (11).

Microbes are an integral part of soil and play major
roles from re-cycling nutrients in the soil to influencing soil
health. There are plant growth promoting (PGP) microbes
which promote growth and maintain health of the plants
by an assortment of mechanisms
such as N; fixation, production of
different phytohormones and solubil-
ization of insoluble minerals in the
soil. There are huge number of publi-
cation on role of soil and phytomicro-
biomes for plant growth and soil fer-
tility (Fig. 2). Nitrogen is vital element
for crop growth and is easily available
in the air. Plants cannot utilize gase-
ous form of N and chemical fertilizers
are applied to fulfill plant require-
ments and enhance the productivity.
The disadvantages of using the
chemical fertilizers have led to search
of biological, cost effective and eco-
friendly strategies. Biological nitro-
gen fixation (BNF) converts atmos-
pheric N, to plants usable forms (12).
BNF is carried out by symbiotic nitro-
gen fixation (Rhizobium, Mesorhizobi-
um, Bradyrhizobium and Azorhizobi-
um), free living nitrogen fixation
(Azotobacter) and associative symbi-
otic nitrogen fixation (Azospirillum).

Fig. 1. Soil and phytomicrobiomes, their plant growth promoting attributes and biotechnological applications
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Fig. 2. Number of research publications on soil and plant microbiomes for plant growth promotion and soil health [Source-PubMed]

Phosphorus (P) is the second important key macronutrient
after nitrogen as a beneficial mineral nutrient for plant
growth and development. Adequate phosphorus supply in
the early stages of plant development is of major im-
portance for development of reproductive parts of plant.
The only alternative to circumvent P-deficiency is use of the
phosphatic fertilizers. The chemical fertilizers presents high
cost and are unsafe for the ecosystem. In order to reduce
the use of phosphatic fertilizers phosphate solubilizing mi-
crobes (PSMs) are an effective and eco-friendly alternative.
PSMs increase the availability of P converting insoluble
forms of P into soluble forms which can be taken up by the
plants (13). Potassium (K), is the 3™ major macronutrient
nutrient vital for plants with significant roles in the activa-
tion of several metabolic processes, including photosynthe-
sis, protein synthesis, and enzymes, as well as in resistance
to diseases (14). Soluble potassium concentrations in the
soil are usually very low and exist in the form of silicate
minerals and insoluble rocks (15). Zinc (Zn) is vital micronu-
trient and important constituent of an array of metabolic
enzymes. It is the second most abundant transition metalin
organisms after iron and the only metal represented in all
six enzyme classes (16). Due to its poor mobility in plants,
there is a need for a constant supply of available Zn to fulfill
plants requirements (17). Zn-solubilization is another po-
tential capability of PGP microbes and thus can enhance
the bioavailability of zinc. Phytohormones producing mi-
crobes are gaining full swing globally. Almost all the com-
munication in plant cells is brought by plant hormones pro-
duced by plant cells or by rhizospheric microbes (18). The
most commonly occurring phytohormones are auxins
(indole acetic acid). Auxins play an essential role in the
different cellular and developmental responses of plants
across their lifespan. Auxins are involved in formation of
vascular tissue, adventitious root initiation, tropistic re-
sponses, apical dominance and development of flowers
and fruits. Auxins also affect cell division, enlargement and
differentiation (19). Gibberellins (GAs) are diterpenes syn-
thesized by the isoprenoid pathway from acetate and

mevalonic acid with major role in the cell elongation, seed
germination, and starch metabolism (20). Cytokinins regu-
late many important aspects of plant development and in
the response to abiotic and biotic stress (21).

The importance of soil is rapidly increasing at an
alarming rate due to their benefits in the mankind. Food
production is the major benefits which is increasing the soil
importance among the human population. Soil, the repre-
sented of dynamic ecosystem and various resources, make
the humans to think about its health and sustainability.
Currently the health of the soil and ecosystem has been
adversely affected by the anthropogenic activities of the
humans during the period of green revolution (2). As alter-
native, microbes from the diverse habitats including soil as
well as plants have known to fix such problems. Beneficial
soil microbial and plant microbial communities are known
to play key role in ecosystem services which are significant
for our planet (22). They have a myriad of functions which
plays imperative role in nutrients cycling including C, N, P
and S and sustaining the soil fertility and plant growth by
nutrients uptake (4). Beneficial microbes are also known to
filter the waste water and play a noteworthy role in biore-
mediation of various environmental pollutants caused by
different anthropogenic activities if mankind. All these
different microbial ecosystem services have been maintain-
ing and shaping the components of ecosystem (23).

Various microbes from the soil or plant habitat have
been sorted out and known to been known to performs
ecosystem and agronomical functions. Many extreme envi-
ronments are found in nature which is actually too harsh to
sustain a normal life. The diverse range of microbes sur-
vives and grows in the extreme environments and is known
as extremophiles (24). Extremophiles associated with the
plants growing under abiotic stress conditions possess
different mechanisms to support and maintain health of
the plants. The microbes reported from different plants
growing under the harsh environmental conditions of water
deficiency, pH, salinity and temperature are said to be xero-
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philes, acidophiles, halophiles, thermophiles and psychro-
philes respectively (25). The stress adaptive microbiomes
have been reported from different phylum including Prote-
obacteria, Firmicutes, Euryarchaeota, Crenarchaeota, Ba-
sidiomycota, Bacteroidetes, Ascomycota and Actinobacte-
ria (26). Extremophilic microbes with multiple PGP attribute
positively influence the growth and productivity of the
plants and could be used as biobased-microbial consorti-
um under extreme conditions of abiotic stress. Abiotic
stresses including acidity, alkalinity, drought, salinity, low
and high temperature, are the most important limiting fac-
tor for agricultural productivity globally. Microbes are in-
habitants of diverse range of environments and exhibit in-
credible metabolic abilities to mitigate diverse harsh envi-
ronmental stresses (27). PGP microbes exhibit different
mechanisms such as increasing the accumulation of osmo-
lytes, production of ROS scavengers, increasing the availa-
bility of macro and micro nutrients and production of phy-
tohormones to promote growth and improve tolerance of
plants to abiotic stress (28, 29). These mechanisms improve
the biochemical and physiological processes inside the
plant cell and prevent the damage under abiotic stress. The
ability of the microbes to confer plant stress tolerance will
open a new avenue for mitigating the adverse effect of abi-
otic stress on agricultural crop production.

Biotic stress, the stress induced by the microbes and
pests which causes several diseases on crops (30). This
stress is considered as one of the major reason for the crop
production loss up to total 30% worldwide. Usually patho-
gens present in soil are attracted by the root exudates and
other chemical that causes diseases. In nature different
types of plant pathogens are known such as bacteria, fungi,
viruses and pests which can cause massive destruction to
the plant crops by imbalancing the hormonal regulation,
nutrients and physiology. In agriculture fields variety of
pesticides which are chemically synthesized were being
used to combat biotic stress management and food re-
quirement. But their overuse has been known to affect the
environmental health adversely by causing pollution. Soil
and phytomicrobiomes have also recognized as potent bi-
opesticides which combat the biotic stress in a sustainable
way through various mechanisms. Triggering of physiologi-
cal and biochemical changes that induces resistance in
plants and production of ROS are the mechanism that helps
in the management of pathogens and pest.

In conclusion, the major challenges of 21 century
are environmentally sound and sustainable crop produc-
tion. An enhanced production and healthy food is required
to meet the demands of increasing population. To fulfill the
demands and increasing the yield, chemical fertilizers are
used which in turn are unsafe and unhealthy for the envi-
ronment. Additionally the emerging plant pathogens con-
tinue to challenge the ability to safeguard plant growth and
health globally. Abiotic stress is another global issue affect-
ing plant growth and development and ultimately the

productivity. Plant and microbial biotechnology though
contributed to development of novel crop varieties with
enhanced disease resistance, greater ability to tolerate abi-
otic stress and better nutritional value. Unfortunately,
breeding strategies ignored the beneficial plant-microbe
interaction which plays amazing roles in ecosystem func-
tions for plants and soils. The beneficial soil and plant mi-
crobial communities could be used bio-inoculants for plant
growth, enhanced crop production/protection, and mitiga-
tion of biotic and abiotic stresses for agro-environmental
sustainability.
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