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Phytomicrobiomes for agro-environmental

sustainability

I\/I icrobes associated with plant and soil plays several
significant roles for the environment and without them the
existence of life is quite impossible. They have been known to
exist in every habitat type of the earth even harsh and interact with
other organism and plant-microbes. Phytomicrobiomes are
microbes allied with plant i.e. epiphytic (above ground plant
surface), endophytic (internal tissues) and rhizospheric (root
associated soil) region tends to benefits its host (Figure 1). The
microbial community associated with plants interacts with them
helps in boosting the growth and development of plant by
controlling the pathogens. Plant growth promoting microbiomes
could be used as bioinoculants in term of biopesticides and
biofertilizers for agro-environmental sustainability. In agriculture
sector they have been known to utilize as bioinoculants, an
alternative source of agro-chemicals. On the other hand, in
environment, phytomicrobiomes could be helpful in the
bioremediation the environmental contaminant caused by the
anthropogenic activities of humans.

The phytomicrobiomes play a noteworthy role in plant
growth promotion, plant protection and nutrient cycling in agro-
environmental systems. The term epiphytic or phyllosphere is used
not only for the leaves of the plants but also used for all aerial
plant parts including stalks, fruits, flower, bark, and pollens. The
phyllosphere harbors diverse and complex microbial community
including bacteria, fungi, yeast, protists, algae, bacteriophages and
among which bacteria is the most dominant colonizer [1]. The
culturable phyllospheric microbial communities with cereal crops
belong to diverse genera such as Bacillus, Exiguobacterium,
Janthinobacterium,  Methylobacterium,  Pseudomonas  and
Staphylococcus [2]. The microbial diversity present on the above
ground parts of plant may be parasitic, commensal or mutualistic.
The colonist of phyllosphere has both deleterious and beneficial
impact on the plants. Plant surface microbiota plays a crucial role
for its host by protecting them from the stresses such as harmful
ultraviolet radiations and oxidative stresses and in return plant
provides the leaf surface, nutrients and minerals.
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Saprophytic microbes play a vital role in the essential
elements cycling, remediation of residual pesticides, and
hydrocarbons pollutants which helps in maintaining the health of
the plants [3]. There are huge and vast varieties of finding as
phytomicrobiomes for agro-environmental sustainability (Figure
2). Phyllospheric microbiomes have been recognized for their
potential applications in the sector of both agriculture and
environment. In agriculture, they are known to be used as
biofertilizer, biopesticides and phytostimulators which help the
growth promotion of the plant by direct (supplying nutrients and
plant growth regulators) and indirect (invading plant pathogens
and alleviating abiotic stress mainly harmful radiations)
mechanism of actions. Diverse species of the epiphytic microbes
associated with different plant parts surface have been reported as
plant growth promoting epiphytic microbes and play significant
role in crop improvement. In environment, the phyllosphere
microbiomes have been recognized for the bioremediation of the
pollutants. In a report, fungi Penicillium oxalicum associated with
the leaves of Amaranthus cruentus was reported for aromatic
hydrocarbons as the strain was reported for exhibiting laccases,
and lignin peroxidases enzyme activity [4]. In another report, two
bacterial strain, Alcaligenes sp. and A. feacalis isolated from the
Ervatamia divaricata, Hibiscus rosa-sinensis, Ixora chinensis, and
Amaranthus cruentus was reported for degradation of naphthalene
and phenanthrene [4].

Endophytes are  microbes that are  present
asymptomatically in plants. Endophytic microbes residing internal
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Figure 1: Phytomicrobiomes (Source-Dastogeer et al. [24]).
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Figure 2: Number of research publications on phytomicrobiomes [Source-PubMed].
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plant tissues could be either transmitted horizontally, via seed from
generation to generation or obtained from the atmosphere which is
known as vertical transmission [5]. Endophytic microbes usually
arise from the rhizosphere or phyllosphere and plant through
natural opening or wounds with uses various enzymes including
cellulases, pectinases and proteinase [6]. Endophytic microbe
benefits by improving its growth under both normal and
challenging conditions. Endophytic microbes are often functional
in transporting nutrients from the soil to plants, regulate plant
growth, increase plant stress tolerance, suppress virulence in
pathogens, and enhance plant disease resistance can increase,
reduce oxidative stress of hosts, deter feeding by herbivores and
suppress the growth of competing plant species [7]. The
endophytic microbes belong to various groups of microbes
including fungi archaea and, bacteria among which bacteria is
predominant followed by fungi and archaea.

Endophytic microbes are agriculturally imperative
because they have capability to enhance growth and development
of plant by utilizing various PGP characteristics and mechanisms.
Microbial endophytes stimulate the plant growth via initiating
solubilization of macro and micronutrients including phosphorus,
potassium and zinc, fixation of nitrogen, production of plant
growth regulators such as gibberellins, auxin, and ethylene and
triggering host plant defense responses against phytopathogens by
various mechanisms including production of siderophores,
hydrogen cyanide, ACC deaminase, the supply of vigorous
vitamins to plants, and via competition, antibiosis, parasitism.
These microbes could be used as an alternative source to
traditional agricultural techniques [8, 9].

Rhizosphere is the biologically active zone of the soil
which is associated with the roots of the plant. This zone contains
several type of soil borne microbes which could be bacteria and
fungi. Among the all group of microbes bacteria also dominate the
rhizospheric region like epiphytic and endophytic region. The
microbes inhibiting in the active zone of soil is attracted by the
wide variety of chemical compounds released by the roots of the
plant. The interaction between the plant and microbes could be
beneficial to the both plant and the microbes or neither of the two.
The interaction study between the soil microbes in plant i.e.
rhizospheric region is important for the understanding of the
intrinsic processes such as cycling of nutrients, functioning of
ecosystem and sequestration of carbon [10]. The study of
interaction between these two is also important for the
development of sustainable management practices and products
including biofertilizer and biopesticides [11].

The dominant microbial group, bacteria are mostly
known and recommended for the development of the biofertilizer
as it has been known that 2.5% of the population of bacteria
promotes the plant growth and they have referred as plant growth
promoting rhizobacteria . These plant associated microorganisms
as well as soil microbiomes, via different mechanisms, enhance
plant growth and soil health. Disease suppression, nutrient
availability, increased immunity to abiotic stress and biotic
stresses are each of which leads to enhance the plant productivity.

Rhizospheric microbial communities can be used as bioinoculants
as biopesticides and biofertilizers, they promote plant growth
through P and K solubilization, nitrogen fixation,
exopolysaccharide secretion, antagonistic activity, organic matter
decomposition, and Fe-chelating compounds production [12;13].
Phosphorus is one of essential nutrient required in large quantity
for production of ATP, phospholipids, and increases the
photosynthesis in plant [14]. It is well know that a huge proportion
of P in the soil is not in a soluble forms, that’s why plant are
unable to uptake the P present in soil [15]. P-solubilizers posess
the capability of solubilizing insoluble forms of P and make it
available to the plants for its use. P-solubilizing microbes reported
from rhizosphere of diverse crops include Acinetobacter,
Aspergillus, Bacillus, Burkholderia, Enterobacter, Erwinia,
Halococcus, Flavobacterium, Penicillium, Rhodococcus, and
Serratia [16]. Production of plant growth hormons is widespread
among rhizospheric bacteria. The most commonly occurring
phytohormone is auxin (indole acetic acid) produced by huge
number of microbes. Gibberellins are another plant growth
promoting hormones produced by number of microbes including
bacteria and fungi. Indole acetic acid, and gibberellins are involved
in a number of developmental and physiological processes
including seed germination, seedling emergence, stem and leaf
growth, floral induction and flower or/and fruit growth, regulation
of vegetative and delay of senescence and reproductive (bud)
dormancy [17, 18]. Cytokinin, is also important phyto-hormones
produced by microbes. This plant growth regulator mediates the
responses to various extrinsic factors, such as nutrients and water
availability in plants [19]. Siderophores, the compound of low
molecular weight which chelated the soil iron is produced by
several rhizospheric bacteria and fungi and their number is
increasing as new siderophores are being identified [20, 21]. 1-
aminocyclopropane-1-carboxylate (ACC) deaminase production is
an important mechanism which plays a vital role in providing
tolerance under abiotic stress conditions. ACC deaminase present
in PGP microbes regulates the ethylene production under the stress
condition by metabolizing ACC to a-ketobutyrate and ammonia
[22, 23]. PGP rhizobacteria could also be utilized to mitigate the
biotic stresses for sustainable agriculture. The rhizospheric
microbes also an important plant associated microbes which helps
in sustaining the environmental health. The environmental
sustainability needs to create the balance between the future’s need
and resources. In this scenario, PGP microbes for restoration of
agro-environment to their original shape are gaining much
attention of both environmentalists as well as agronomists. PGP
microbiomes could be used as bioinoculants (biopesticides and
biofertilizers) for agricultural sustainability. These beneficial
microbiomes could be helpful in the bioremediation the
environmental contaminant caused by the anthropogenic activities
of humans.
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