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Ahstract

To meet the food demand of ever-growing plobal human population. agricultural
practices are largely relied on the application of chemical fertilizers Chemical fertilizers
synthesis highly contributes in Global warming through greenhouse gases production. To feed
the overgrowing human population as well as to mainfain the plobal environmental &
agricultural sustainability, understanding of soil complex is primarily important not only to
supply sufficient food but also to maintain global environmental sustainability for upcoming
generations. Soil microbial population has immense 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. Endophytes will be defined as those microorganisms that can be isolated from
surface-disinfested plant tissue that do not visibly harm the plant. Historically, endophytic
microorganisms have several beneficial effects on host plants such as plant growth promotion
and increased resistance against plant pathogens and parasites. Phosphate solubilisation,
biological N; fixation, production of siderophore & production of plant-growth substances used
by endophytes for growth promotion of crops. Synthesis of antimicrobial compounds are the
tools of endophytes to use for crop protection. Hence, it's high time to explore nonconventional

resources for the development 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 environﬁentally sound and sustainable crops. Large amount of chemical fertilizers
and pesticides are used for enhancing agriculiural yield to fulfil the demands of ever-increasing
population. Since this has placed a considerable burden on the agriculture, ecologically safe
alternatives are required to improve productivity and suslamability in agriculture [1 ]. One of the
options is the use of microorganisms, as they have huge potential, thereby reducing the
consumption of chemical fertilizers [2].

Soil microorganisms provide several benefils to agriculture through improving plant
nutrient  availability, plant health, and soil quality [3]. Endophytes are defined as
MICTOOTEANISMS, commonly bacteria and fungi which live the whole or some stage of their life
cycle in inner plant cells without expressing any adverse effact. Owing to the potential role of
endophytic bacteria in plant-growth promotion and disease management properties, endophyies
can be used as bioinoculants in agriculture to increase crop productivity. Many reports are
available with regard io the application of endophytic bacteria to enhance the plants resistance fo
disease and promote plant growth. Thus, employing endophytes in agricultural practices would

result in better soil health and sustainable cro p production [4]
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2, Diversity & Distribution of Plant Associated Endephytes
Sr.No | Endophygic Micraorganism Plant Species | Reforence
1 endemanas  putidz,  Baciflus  pumine, | Cottan TChen eral. (1985
Auwreobacterionsaperdae, Burkhgidersa |
solanacearie, and Pintfobacievium
rudiceegrin
2 a-Preteckacterias Erwiiig Ip. | Sovbean Zanmel 2t al (2002
Agrabacterium Ey 2 y-Proteobaciora: Kuklipstw-Schral et &,
Pretidomonar ¢ttroneilelis, (20043
i sricihabitan:, Foseamitnea, X
prewinorice, K oxyiped, Enterohacier ip.,
Panioea 5B P LEEIGMTINS
Fmreutss, Baclilus fostidiosus
3 Aclremshacier xiosoxsdous,  Alcaligeres | Sunfowet i Forchett et al, (2007
3
4 G-Prowodactesia. Bwrilivlderiz cepacia y- | Wheat Balandreau &t ai,
Frofesbacterie Klebsiella tp Fanicutes (2R ) Zamemiat et &l
Baciftus pohnnxa Acttnghacteria {2002y, aed Iniguez et
Myeghacierium sp, i AL (200:4)
5 Baciius and Sphingepnis Strawberry Dhas gl (2009
& v-Protesbaciorty,  Psowdomongs sp, P | Tomawo Pilay  and  Dowzk
Dringug, P apugincsa,  Escrerichia {1297, Yang et al
colt Firmicutes, Brevibactiiuz brovis 12011%, and Pawed et al,
(2012
B Irichoderma cirinoviride Paecilopnces | Aconidia Lueral, {2011}
marguandii,  Acremominy:  furcaium, | macrospanna
Cyimdrocarpeon  pauckesiatum,  and 5
Chagromium globozum
8 Asperghiivs nigar, A flavies. 4 nidulans, | Cannabis Gautam et al {2013}
Penicillium chrizegenum P cirrinem, | sativy
Phoma, Rhezopus, Coliatotrichum,
Cladasporium, and Curvularia
o Ramichioridium cxrophilum Chmese Xz atal, {2016) _i
cabbaze
10 a-Profsobacteriy.  Rhizebiom edli - | Mawze Fisher et al., {15992
Frotephacieria’ Byrkmolderis pickef, B. Mclnroy and Rloepper
cepacla, Achromodarrer, Herbaspirifiom {1993y Palus et al,
seropedicae r-Prowobaciena. Erwinia {1906). Chalius and
sp,  Bumierodgeter sp, E ofoccae Inplett-l’.; QU 1Y, Zinngst et
Steneiraphomonas sp, Klebsialla 5o, X L, {2092, Resznblueth
ferrigeng, K pnowmoniae, § varitcola, and Alariner Romera
Freudomonas 5p., 20043 and Bap et al,
P, qeruginosa, . luorescens Firmicuies: (2007
Bacilluz sp, B mojoensiz. B
thuringiensts,
B mwgaterium 3. subtilis, B puwalys,
Lysintdac s, Pacthas iz i
Aciinobaciaria
Corynedactarivm sp,  ArtArebacter
&5\ B glnatfarmis,
\ J’} >( Mtcrobacrartnm testacsum
s - A'
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Endophytes may enter the interior of the root through auxin-induced tumors, wounds,
lateral branching sites by hydrolysing wall bound cellulose. Many plant species in (he globe,
each one hosts several to hundreds of endophytes creating an enormous biodiversity [6].

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

3. Important Role 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 growth through increase in germination
percentage, leaf 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 againgt
myriads of plant pathogens [B].

4. Biological Nitrogen Fixation

Nitrogen is thé most important nutrient for plant growth |9], 78% of the N2z gas present in
the environment but it is unavailable to most of the plants and animals. Plants absorb nitrogen in
the form of nitrate and ammonium ions. Conversion of Baseous mitrogen into ammonium ion
through bacterial activity is called as biclogical nitrogen fixation (BNF), The Nitrogenase
enzyme 1s @ key enzyme in this Biological Nitrogen (ixation,

Table: Biological Nitrogen Fixation by Endophytes (Name and associated Plants) [10),

@ndnphytes L | Associated Plants |
L. Rhizobium leguminosarum by. Trifolii .I Rice —[
2 Burkholderia | Rice
3. Azospirillum | Rice
4. G. diazotrophicus, H. seropedicae, H. | Sugarcane
rubrisubalbicans, A amazonense and |

| Burkholderia sp

s TS

.-"/ '

of 75 .f':‘,g 4, \\-In'i
Otd‘“" R g 7. 933 | ol B | ; .
a2 \ i !_’.: . .
Feer @ f&WﬁM Wﬁﬁ‘ listed .&\u\o\eqlko _4_0_?;3;'; Pt Shet G;m ‘al.lflfn"-i;nl \ ﬂ‘p.mhugg

and thwmaf;;ist. pasonan! -



VOLUME - X, ISSUE - I- JANUARY - MARCH - 2022
AJANTA - ISSN 2277 - 5730 - IMPACT FACTOR - 6.399 (www.sjifactor.com) CC-4

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

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

3. Important Role 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 growth through increase in germination
bercentage, leaf area, chlorophyll content, biomass production, root & shoot ratio, nitrogen
concentration, protein content, hydraulic activity and stresses tolerance aganst drought, fload,
salinity, etc. These bacteria also enhance plani-growth actively by increasing plant nutrient
availability, reduction in ethylene production, and passively by developing tolerance againsl
myriads of plant pathogens [8],

4. Biological Nitrogen Fixation

Nitrogen is thé most important nutrient for plant growth [9]. 78% of the N; gas present in
the environment but it is unavailable to most of the plants and animals. Plants absorb nitrogen 1n
the form of nitrate and ammonium ions Conversion of gaseous nitrogen mnio ammonium ion
through bacterial activity is called as biological nitrogen fixation (BNF}, The Nitrogenase
enzyme is a key enzvme in this Biological Nitrogen fixation.

Table: Biological Nitrogen Fixation by Endophyles (Name and associated Plants) [10],

Endophytes L L ! Associated Plants
\. Rhizobium leguminosarum by Trifolii | Rice
|

2 Burkholderia ‘ Rice
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5. Phosphorns Selubilisation

The use of endophytic microorganisms in agriculture has increased in recent vears. Such
microbes promote the growth of plants and facilitate the control of biological pests and
phytopathogens, as well as the production of metabolites ol pharmaceutical inlerest [11]. Several
soil migroorganisms, including bacteria and fungi are able to mineralize organic phosphates and
solubilize inorganic phosphates. Phosphate solubilization might be achieved wvia 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
enzymatic reduction of metals [12], Among the bacteria able to solubilize phosphate, the
genera Rhizobium [13] Agrobacterium, Pseudomonas, Burkholderia, Erwin, Paenibacilius.
Bacillus and Lysinibacillus sp. [14]. '

Table: Mechanisms in Microorganisms for P-Solubilisation [15]

Sr.No | Microorganisms Features References
1 Serratia marcesence | Produce gluconic acid and solubilizes P Krishnargj and
Coldstemn (2001)
2 Rahmella aquatilis Solubilize P and produce gluconic acid in | Kim et al., (1998)
E. coli DHSa
3 Ernterpbacter Solubilize P in E, coli 109, does not lower | Kim et al., (1997)
agglomerans pH ;
4 Pseudomonas Solubilize P and produce gluconic acid in | Babu-Khan el al,
cepacia E. coli IM 109 laeesy
5 Erwinia herbicola Solubilize P and produce gluconic acid in | Goldstein and Liu
E. coli HB 101, probably invelve in | (1987)
synthesis of PQQ
6 Baciilus subiilis | Solubilise P and produce gluconic acid Mehta et al,|
CB8A (2013)

6. Poetassium Solubilisation

K solubilisation is done by a wide range of saprophytic bacleria, fungal siraing and
actinomycete [16]. There are strong evidences that soil bacteria are capable ol transforming soil
K to the forms available to plant effectively. There 15 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 KSB from insoluble
and fixed forms is an import aspect regarding K availability in soils. The abilily lo solubilize the

silicate rocks by B. mucilaginous, B. circulanscan, B. edaphicus, Burkholderia, 4. ferrooxidans,
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Arthrobacter sp., Enterobacter hormaechei, Paenibacillus mucilaginosus, P. frequentans,

Cladosporium, Aminobacter, Sphingomonas, Burkholderia, and Paenibacillus glucanolyticus

has been reported. Among the soil bacterial communities 2 muctiaginosus, B. edaphicus and B.

circulanscan have been described as effective K solubilizers [17].

Table- Classification of potassium-selubilizing microorganisms (KSM) [18]

| $r.No | Isolation Source | Closes related | References ]
Species
1 Weathered materials of denatured | 4 tumefaciens Diep and Hieu (2013)
rock mountain in Vietnam '
2 S01l in India | B. metallica Saivad et al,, (2015)
3 Wheat in India '\ A_piechandii Verma et al, (2015)
4 Tea soil in India | F. putida Bagyalakshmi et  al
(2012a, b)
5 Agricultural soils in India F. aurantin Ramarethinam and
Chandra (2006) =
6 Mica mine in India B Gundala et al., (2013)
| amyvioligueiaciens
7 Soil in India B. mucilaginosus Sukumaran and
| ‘ Janarthanam (2007) |

7. Antimicrobial Activity

*

Application of endophytic bacteria for suppression of diseases (biological control) can be

an eco-friendly approach in sustainable agricultural practices [19], Application of endophyles

and their metabolites were found to have promising potential in control of

pathogens and diseases.

plant & human

Table- Examples of the endophytic activities against microbes [ 20| [21]

Sr. Endophytic Plants Pathogenic fungi/bacteria —‘
No isolates
1 Phomopsis sp Excoecaria Candida  albicans and  Fusarium
agallocha OXYSPOTUmM
2 Penicillium sp. Acrastichum Staphylococeus aurens, Candida albicans
aureurm
3 Nodulisporivm Juniperus cedre Bacillus megaterium, Microbonryum
sp violaceum, Septoria tritici. Chiorells
. Jisca
4 Bacillius pumilus Pea F. oxysporum f. sp. Pist
5 Bacilius cereus A. thaliana Pseudomonas syrinpae
6 P. fluorescens Tomato = £ oxysporum . sp. radicislycopersici ]
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8. Conclusion
Large use of chemical pesticides and fertilizers for increasing agriculture productivity has
disturbed the ecological balance which has led to the buildup of pesticide resistance among
pathogens. The application of endophytic bacteria for sustainable agriculture is an economically
sound, attractive, 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 alinbutes viz., ingrease
in nutrient availability to the plants through fixation and solubilization of nutrients in soil and by
producing plant-growth regulators. The major impact regarding application of endophytic
bacteria in the agriculture is the significant reduction in the mdiscriminate application of
agrochemicals like pesticides, inorganic fertilizers, other artificial chemicals, etc. Successiul
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 noculants, after fully understanding their function,
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