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Abstract

To meet the food demand of ever-growing global human population, agricultural

practices are largely relied on the application of chemical fertilizers. Chemical fertilizers

synthesis higtrly contributes in Global warming through greenhouse gases production. To feed

the overgrowing human population as well as to maintain the global environmental &

agricultural sustainabitity, understanding of soil complex is primarily importurt not only to

supply suffrcient food but also to maintain global environmental sustainability for upcoming

generations. Soil microbial population has imrnense potential in attaining the agricultural

sustainability in present environmental conditions Endophytic microorganisms are ubiquitous in

most plant species, residing latently or actively colonizing plant tissues locally as well as

systemically. Endoptrytes will be defined as those microorganisms that can be isolated from

surface-disinfested plant tissue ttrat do not visibly harm the plant. Historically, endophltic

microorganisms have several beneficial effects on host plants such as plant growth promotion

and increased resistance against plant pathogens and parasites. Phosphdte solubilisation,

biological Nz fixation, production of siderophore & production of plant-growth substances used

by endophytes for growth promotion of crops. Synthesis of antimicrobial compounds are itre

tools of endophytes to use for crop"protection. Hence, it's high time to explore nonconventional

resources for the developmurt of sustainable crop production technologies without damaging the

environmental sustainability.
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1. Introduction

Today's world facing immense challenge in agriculture sector particularly for the
production of environmentally sound and sustainable crops. Large amount of chemical fertilizers
and pesticides are used for enhancing agricultural yield to fulfil the demands of ever-increasing
population Since this has placed a considerable burden on the agriculture, ecologically safe
altematives are required to improve productivity and sustainability in agriculture [l]. one of the
options is the use of microorganisms, .ls they have huge potential, thereby reducing the
consumption of chemical fertilizers [2].

soil microorganisms provide several benefits to agricurture through improving plant
nutrient availability, prant hearttu and soil quarity t3l. Endophytes are defined as
microorganisms' commonly bacteria and fi.rngi which live the whole or some stage of their life
cycle in inner plant cells without expressing any adverse effect. owing to the potentiat rore of
endophytic bacteria in plant-growth promotion and disease management properties, urdophytes
can be used as bioinoculants in agriculture to increase crop productivity. Many reports are
available with regard to the application of endophytic bacteria to enhance the plants resistance to
disease and promotaplant growth. Thus, employing endophytes in agricultural practices would
result in better soil health and sustainable crop production [4].
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2. Divercity & Distribution of Plant Associated Endophytes
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Endophytes may enter the interior of the root through auxin-induced tumors, wounds,
Iateral branching sites by hydrolysing wall boturd cellulose. Many plant species in the globe,
each one hosts several to hundreds ofurdophytes creating an enonnous biodiversity [6].

Distribution of endophytes depends on their ability to colonize ,rra ,uiruulity of host
plant resources' probably isolared endophytic bacteria from plants for the first time and till now,
in 16 phyla more than 200 bacterial genera have been reported as endophytes [7].
3. Important RoIe of Endophytes in Sustainabte Agriculture

Endophytic bacteria play a major role in increasing plant growth through beneficial
effects on host plant' These bacteria enhance plant growth through increase in germination
percentage' Ieaf areq chlorophyll content, biomass production, root & shoot ratio, nitrogen
concentration' protein content, hydraulic activity and stresses torerance against droughq flood,
salinity' etc' These bacteria also enhance plant-growth actively by increasing plant nutrient
availability' reduction in ethylene production, and passivery by deveroping torerance against
myriads of plant pathogens [8].

4. Biological Nitrcgen Fixation

Nitrogen is the most important nutrient for plant growth [g)" 7go/oof the Nz gas present in
the environment but it is unavailable to most of the plants and animars. plants absorb nitrogen in
the form of nitrate and ammonium ions' conversion of gaseous nitrogen into ammonium ion
through bacterial activity is called as biological nitrogen fixation (BNF). The Nitrogenase
elzyme is a key enzqe in this Biological Nitrogen fixation.

Table:*,o,ohfies(NameandassociatedPlants)[10].

u\
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7. Rhizobium t"guitnosarum b". Trifolii

2.Burkholderia

3.Azospirillum

4. G. diazotrophicus, H. seropedicae, H.
rubiisubatb icans, A. amazonense and

Riq"

Rice

Rice

Sugarcane
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Endophytes may enter the interior of the root through auxin-induced tumors, wounds,
lateral branching sites by hydrolysing wall bomd cellulose. Many plant species in the globe,
each one hosts several to hundreds of endophltes creating an enormous biodiversity [6].

Distribution of endophytes depends on their ability to colonize and suitabilrty of host
plant resources, probably isolated endophytic bacteria from plants for the first time and till now,
in 16 phyla more than 200 bacterial genera have been reported as endophytes [7].
3. Important RoIe of Endophytes in Sustainable Agriculture

Endophytic bacteria play a major role in increasing plant growth through beneficial
effects on host plant' These bacteria enhance plant grow*r through increase in germination
percentage' Ieaf area, chlorophyll content, biomass production, root & shoot ratio, nitrogen
concentration' protein content, hydraulic activity and stresses tolerance against drought, flood,
salinity' etc' These bacteria also enhance plant-growth actively by increasing plant nutrient
availability' reduction in ethylene production, and passively by developing tolerance against
myriads of plant pathogens [g].

4. Biological Nitrngen Fixation

Nitrogen is th6 most important nutrient for plant growth tgJ. 7g%of the Nz gas present in
the environment but iqis unavailable to most of the plants and animals. plants absorb nitrogen in
the form of nitrate and ammonium ions. conversion of gaseous nitrogen into ammonium ion
through bacterial activity is called as biological nitrogen fixation (BNF). The Nitrogenase
enzyme is a key erz),me in this Biological Nitrogen fixation.

Table: Biologicat Nitrogen Fixation by Endophytes (Name and associated prants) 
[r0].
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5. Phosphorus Solubilisation

The use of endophytic microorganisms.in agriculture has increased in recent years. Such

microbes promote the growth of plants and facilitate the control of biologrcal pests and

phytopathogens, as well as the production of metabolites of pharmaceutical interest [11]. Several

soil microorganisms, including bacteria and fungi are able to mineralize organic phosphates and

solubilize inorganic phosphates. Phosphate solubilization might be achieved via several

mechanisms such as hydrolysis or processes involving enzymes like phosphatases. Phosphatases

produce organic and inorganic acids through pH reduction, carbon dioxide formation and the

erzymatic reduction of metals [12]. Among the bacteria able to solubilize phosphatg the

generaRhizobium fl3) Agrobacterium, Pseudofttonas, Burl&olderia, Erwin, Paenibacillus,

Bacillus and Lysinibaeillus sp. |41.

6. Potassium Solubilisation

K solubilisation is done by a wide range of saprophytic bacteria, fungal strains and

actinomycete [16]. There are strong evidences that soil bacteria are capable of trarxforming soil

K to the forms available to plant effectively. There is considerable population of KSB in soil and

in plant rhizosphere. These include both aerobic and anaerobic isolates that the most frequently

KSB in soil are aerobic. A considerably higher concentration of KSB is commonly found in the

rhizosphere in comparison with non-rhizosphere soil. Solubilization of K by t$B from insoluble

and fixed forms is an import aspect regarding K availability in soils. The ability to solubilize the

(licate rocks by B. mucilaginous, B. circulanscan, B. ednphicus, Burkholderia, A. ferrooridans,
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Table: Mechanisms in Microorganisms for P-Solubilisation [15]

Sr.No Microorqanisms Feafures References

I Serratia marcesence Produce gluconic acid and solubilizes P Krishnaraj and

Goldstein (2001)

2 Rahnella aquatilis Solubilize P and produce gluconic acid in
E. coli DH5a

Kim et al., (1998)

J Enterobacter

asslomerans

Solubilize P in E. coli 109, does not lower
oH

Kim et al, (1997)

4 Pseudomonas

cepacia

Solubilize P and produce gluconic acid in
E. coli JM 109

Babu-Khan eI al.,

099s)
5 Erwinia herbicola Solubilize P and produce gluconic acid

E. coli HB 101, probably involve

svnthesis of POO

1n

in
Goldstein and Liu
(1e87)

6 Bacillus subtilis

CBSA

Solubilise P and produce gluconic acid Mehta et a7.,
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Arthrobacter sp., Enterobacter hormaechei, Paenibacillus mucilaginosus, p. 
frequentans,

cladosporium, Aminabacter, Sphingomonas, Burhtolderia, and paenibacillus glucanolyticus
has been reported. Among the soil bacterial communities B. mucilaginosus, B. edaphicus and B.
circulanscan have been described as effective K solubilizers [r7].

Table- classification of potassium-solubilizing microo rganisms (KSM) 
t 1g J

7. Antimicrobial Activity

Application ofendophytic bacteriafor suppression ofdiseases (biological control) can be
an eco-friendly approach in sustainable agricultural practices [19]. Application of endophytes
and their metabolites were fourd to have promising potential in control of plant & human
pathogens and diseases.

Table'Examples of the endophytic activities against microbes lzor tzrl

Sr'.No Isolation Source Closes related
Species

References

t Weathered materials of denatured

lgqk mountain in Vietnam
A. tumefaciens Diep and Hieu (2013)

!qy4d; ,Zots)
2 Soil in India B. metallicn
l
4

Wheat in India A. piechaudii Verma et al.. (2015)
Tea soil in India P. putida Bagyalakshmi et al-

Q012a,b)
5 Agricultural soils in India F. aurantia Ramarethinam and

Chan4ra Q006)6 Mica mine in India B.

amvlo/i nup fn ri on
Gundala et al., (2013)

7 Soil in India B. mucilaginosus Sukumaran and
Janarthanam (2007\

Sr.

No
Endophytic
isolates

Plants Pathogenic fungi/bacteria

I Phomopsis sp Excoecaria

agallocha
L:andida albicans and Fusarium
oxysDon)m

2 Penicillium sp. Acrostichum

aureurrn
Staphltlococcus aureus, Candiaaihians

J Nodulisporium

sp
Juniperus cedre 6ac] I tus me gate rium, Mi cr ob otryum

violaceum, Septoria tritici, Chlire lta
.fusca!

5

Bacillus pumilus Pea 1.. oxysporumf sp. pisi
Bacillus cereus A. thaliana Pseudomonas syringae

6 P. fluorescens Tomato b'. oxysporum f. sp. radicislycopersici
/1..*B
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8. Conclusion

Large use of chemical pesticides and fertilieers for increasing agriculture productivity has
disturbed the ecological balance which has led to the buildup of pestrcide resistance among
pathogens' The application of endophytic bacteria for sustainabre agriculture is an economically
sourd' attractivg and eco-friendly approach- These bacteria have shown many beneficial impacts
on their host plant and contribute significantly to maintain sustainable agriculture. They have
been documented for'promoting plant growth through several functional attributes viz., increase
in nutrient availability to the plants through fixation and solubilization of nutrients in soil and byproducing plant-growth regulators. The major impact regarding application of endophytic
bacteria in the agrioulture is the significant reduction in the indiscriminate application of
agrochemicals like pesticides, inorganic fertilizers, other artificial chemicals, etc. successful
utilization of endophytes would make crop production eco-friendlier and sustainable. In the
future' researchers would be able to engineer microbial endophytes for increasing their potential
to be used as microbial inoculants, after fully understanding their function.
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