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area to improved agricultural outcomes.

ABSTRACT

As we all know that the Green Revolution increased the world’s crop output via using different varieties of
cereal which possess high-yielding capacity but these crops required high fertilizers, water supplies along
with synthetic agrochemicals. The positive result of this revolution is the reduction of poverty and hunger
but there are a lot of negative effects including increased soil degradation and chemical runoff. The role of
microbes in benefit of agriculture is not new it is in use since 19" century which is the role of rhizobia in
leguminous crops. Microbes possess various properties e.g. biopesticides, biofertilizers, biocontrol agent.
From this information this review is designed to elaborate multiomics techniques for deeper understanding
in the plant-microbiome association functionally and structurally also highlight the microbiome research
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Introduction

Multiomics approach is the best way to understand
the correlation of plant-microbiomes. This inte-
grated multiomics approaches include the use of
amplicon sequencing and metagenomics to reveal
the composition of microbiomes followed by evalu-
ation of their function via wusing meta
transcriptomics (which revealed kingdom-level dif-
ferences in the active rhizosphere microbiome of
different cereals; e.g. sorghum under drought stress
shows increased transcriptional activity of genes in
root-associated micro biome which involved in car-
bohydrate and amino acid netabolism and their
transport which is due to shifting of function and
activity of actinobacteria) and metaproteomics (pro-
vided direct insights into the molecular phenotypes
of microbial communities from therhizosphereand
phyllosphere of agricultural plants) (Fig. 1) (Xu et

al., 2018; Bona et al., 2019). and lastly with the help of
metabolomics one can study the networks of interac-
tions in which microbes participate (Trivedi et al.,
2021). Hence a mechanistic view can be provided on
how individual microbes and microbial communi-
ties drive plant-microbiome interactions towards
plant health and resilience to environmental stresses.
Core microbiome (Fig. 2) are the common microbes
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Fig. 1. Characterization of microbes using multiomics
approach.
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present in the host microbiome and their integration
helps in the plant growth at different locations.
Phyllogenetically different plants may show over-
lapping in core microbes showed their long associa-
tion among plants (Blaustein et al., 2017; Hamonts et
al., 2018; Compant ef al., 2019). These microbiome
helps in plant colonization and their growth. Hence
these core microbiota may provide a path to evalu-
ate the plant-microbiome interaction and improve
the growth of plants. On the other hand
bioinformatics studies revealed other microbes
“Hub microbes” which connected to other microbes
and may control positively as well as negatively the
abundance and function of other microbes as shown
in attached figure (Hamonts et al., 2018; Roman-
Reyna et al., 2019). Many studies revealed positive
role of hub microbes hence the mechanistic role of
these hub under stress conditions should be evalu-
ated.
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Fig. 2. Core microbiome.

What is the “impact of microbiomes on plant
functions”?

Similar to the roles of microbiome in human gut; the
microbiome of plant roots provide functional roles
e.g. including nutrient uptake, growth promotion
and disease suppression in their host (Berendsen et
al., 2012). These microbione via providing nutrient
mobilization decreased the role of fertilizers; use of
fertilizers causes environmental problems. Hence
the use of microbes leads to a sustainable approach
of agriculture. Also microbes act as biocontrol agent
(Duran et al., 2018).

Translational Phase: After obtaining huge data
from the characterization of microbes we are on a
page where microbiome based approaches are the
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best solution for the in-situ promotion of plant
growth under biotic and abiotic stress along with a
range of environmental conditions.

How can we achieve this “Phase”

A) Host-mediated microbiome engineering: For
this aspect we must choose microbiome which are
best adapted to a particular biome, resistant to ran-
dom invasion, and also provide long-term benefits
i.e. for multiple generation. Artificial selection of a
particular microbiome for a particular plant during
flowering, drought or in salt tolerance condition re-
sults in high production and benefits (Morella et al.,
2020; Gu et al., 2020).

B) Plant engineering: Genes of interest in plants can
be modulated (down-regulation/up-regulation) to
influence rhizosphere/phyllosphere microbiome.
For example mutation in rice nitrate transporter re-
sulted into recruitment of specific microbiota which
are responsible for higher NUE (Zhang et al., 2019;
Geddes et al., 2019).

C) Genetically modified microbes: There are many
genes in microbes which are involved in plant-mi-
crobe interaction and the modification in these genes
may result into disease resistance, N-fixation and
more production in plants which is beneficial for us
and as well as these modification leads to reduction
in the use of fertilizers, hence beneficial for the envi-
ronment as well (Sheth et al., 2010; Goold ef al.,
2018).
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Fig. 3. How does microbes work as biocontrol agent.



SINGH ET AL

D) Management practices to optimize the
microbiome: Use of appropriate microbes is must in
relation to the spatial, temporal factors e.g. few mi-
crobes perform their maximal activity in summer, so
modified management practices and microbiome
engineering leads to more sustainable agricultural
production in the long term (Trivedi et al., 2020).

After getting this much information now the
question comes how to commercialize the prod-
ucts?

The first basic thing is Feature select (Syn Coms
vs individual strains) which states there are more
chances that cocktails of more than one beneficial
microbe will establish properly and provide benefi-
cial functions as compare to single-strain inoculant
(Castrillo et al., 2017; Niu et al., 2017; Carrion et al.,
2019). Then comes the formulation (which is critical
for successful microbial inoculant which is basically
a consortium containing gram-negative, non-spore
forming bacteria determining their stability and vi-
ability during various stages of production until
their appropriate application). Formulation can be of
dry or wettable form and they are important for the
companies which may develop their own propri-
etary formulations (Bashan et al., 2014; Jackson,
2017). For example PUSA decomposer in which mi-
crobes are formulated in capsule and have the capa-
bility to degrade/decompose paddy straw. After
formulation we come to delivery part how to deliver
these beneficial microbes so that their efficacy is
highest with less labour in monitoring. At last ques-
tion comes how and where to store? The delivery
system may vary with respect to the crop some mi-
crobe well established when given to the seed stage
some on the root part so it basically depends on the
plant. Literature shows that the shelf-life of micro-
bial consortium is highest when stored in low tem-
perature and humidity condition. Last but not the
least come the role of regulatory agencies which will
be involved in proper commercialization of the
product designed to establish an early dialogue with
the registered agency to facilitate the registration
process to prevent patent and IPR issues.

Conclusion

Keeping in mind this scenario, i.e. a microbe or mi-
crobial consortia identified by one of the several
approaches outlined earlier was successfully formu-
lated, delivered and shown to have field efficacy.
These microbial consortium not only enhance the
crop productivity but also help the crop to cope up
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with several stresses including biotic and abiotic,
microbes” biocontrol property helps in disaese man-
agement of crops. Clearly, a holistic approach to-
wards the use of microbial products, wherein the
products are targeted for a specific field environ-
ment and cropgenotype.

Future prospective: Before choosing the microbial
species, a proper knowledge of the environment,
genes of plants and microbes should be known.
Then modification should be made in such genes
which will lead to reduction in the use of fertilizers,
water and results into enhances production and this
approach will be environmental friendly. Then the
formulation of this consortium should be eco-
friendly and economic and lastly it should store mi-
crobes so that their efficacy comes out more and we
can store them for longer period. This type of ap-
proach will be resulted into a sustainable agricul-
tural which means it’ll be environment friendly,
easy to use and also economic and is in the approach
of common farmers. Also the production of crops
will be higher and also have no side effects on the
health.
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