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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 highly contributes in Global warming through greenhouse gases production. To feed

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

agricultural sustainabiiity, 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 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. Endoptry.tes will be defined as those microorganisms that can be isolated from

surface-disinfested plant tissue that do not visibly harm tre plant. Historically, endophl'tic

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

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

biological Nz fixatiorl production of siderophore & production of plant-growth substances used

by endophytes for groudr 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. .

Peer ReviewedMq&( & UGC listed Joutnal No.'Kevteved t<eJq'Aq

so-q*lt:""-,glk*,Igl:['i1{:'

1,,*e,oaffig$|ffit'tt'u'
s6nGuflffi.Pa{
illi.',u-t*

,--\ ;.t/-,\.'.....-
^ PRIIICIPAL
bUfU BUddhirrrmi r,rn.-;.r..-r-.



t
\
\

voLUME - Xt IssuE _ I _ JANUARY - MARCH _ 2022
AJANTA - rssN 2277 _ s7s0 - rMra-cirlcroR - 6.3e9 (*nw.. cc-4

Key words: chemical fertilizers, Agriculture sustainability, Environmental
sustainability, Endophytic Microorganisms, plant.Growth promoting compounds.
1. Introduction

Today's world facing immense challenge in agriculture sector particularly for the
production of environmentally sound and sustainabre crops. Large arnount 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 [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 benefits to agriculture through improving plant
nutrient availability, prant hearth" and sofl quality t3l. Endophytes Ne defined as
microorganisms' commonly bacteria and fungi which live the whole or some stage of their life
cycle in irurer plant cells without expressing any adverse effect. owing to the potential role of
endophytic bacteria in plant-gowth promotion and disease management properties, endophytes
can be used as bioinoculants in agriculture to increase crop productivity. Many reports are
available with regard io the apptication of endophytic bacteria to enhance the plants resistance to
disease and promote plant growth' Thus, employing endophytes in agricultural practices would
result in better soil health and sustainable crop production [4].
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1. Introduction

Today's world facing immense challenge in agriculture sector particularly for the
production of environmentally sound and sustainabre crops. Large amount of chemical fertilizers
and pesticidm are used for enhancing agricultural yierd to furfir the demands of ever-increasing
population' Since this has placed a considerable burden on the agriculture, ecologically safe
alternatives me required to improve productivity and sustainability 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 benefits to agriculture through improving plant
nutrient availab,ity, plant hearth, and so, quarity t3l. Endophltes are defined as
microorganisms, commonly bacteria and fungi which live the whole or some stage of their life
cycle in inner plant cells without expressing any adverse effect. owing to the potential role of
endophytic bacteria in plant-growth promotion and disease management properties, endophytes
can be used as bioinoculants in agriculfure to increase crop productivity. Many reports are
available with regard io the application of endophl.tic bacteria to enhance the plants resistance to
disease and promote plant growttr. Thus, employing endophytes in agricultura practices would
result in better soil health and sustainable crop production [4].
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2. Divenity & Distribution of Plant Associated Endophytes
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Endophyes may enter the interior of the root through auxin-induced tumors, wounds,
lateral branching sites by hydrolysing r.vall 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 *a ,rituuitrty 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 Role of Endophytes in SustainabteAgriculture

Endophytic bacteria ptay a major role in increasing plant gowth through beneficial
effects on host plant' These bacteria enhance plant growth through increase in germination
percentage' Ieaf are4 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 productio4 and passively by deveroping torerance against
myriads of plant pathogens [g].

4. Biotogical Nitrugen Fixation

Nitrogen is thd most important nutrient for plant grouttr t\.-1g%of the Nz 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 gaseous nitrogen into ammonium ion
through bacterial activity is called as biological nitrogen fixation (BNF). The Nitrogenase
erzyme is a key euyme in this Biological Nitrogen fixation.

Table:'to'otWt*ronfs 
(Name and associated prants) 

[10].
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Endophytes may enter the interior of the root tkough auxin-induced tumors, wounds,
Iateral branching sites by hydrolysing wall bound cellulose. Many plant species in the globe,
each one hosts several to hundreds ofendophyes creating an enornous biodiversity [6].

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

Endopiytic bacteria play a major role in increasing plant growth through beneficial
effects on host plant' These bacteria enhance plant growth through increase in germination
percentagg leaf area, chlorophyll content, biomass production, root & shoot ratio, nitrogen
concentration' protein content, hydraulic activity and stresses tolerance against droughq flood,
salinity' etc' These bacteria also enhance plant-growdr actively by increasing plant nutrient
availability' reduction in ethylene productiorl and passivery by developing tolerance against
myriads of plant pathogens [g].

4. Biological Nitrcgen Fixation

Nitrogen is th6 most important nutrient for plant gror+,ttr lgj.-7s%of the Nz gas present in
the environment but it i5 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 bacteriat activity is called as biological nitrogen fixation (BNF). The Nitrogenase
enzyme is a key enzfne in this Biological Nitrogen fixation.

Table: Biological Nitrogen Fixation by Endophytes (Name and associated plants) 
[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 biological 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

medranisms such as hydrolysis or processes involving enzyrnes like phosphatases. Phosphatases

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

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

generaRhizobium [13] Agrobacterium, Pseudomonas, Burlcltolderia, Erwin, Paenibacillus,

Bacillus and Lysinibacillus sp. |41.

6. Potassium Solubilisation

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

actinomycete [6]. There are strong evidences that soil bacteria are capable of transforming 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 KSB from insoluble

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

icate

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

Sr.No Microorganisms Features References

1 Serratia fttarcesence 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)

3 Enterobacter

asplomerans

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

Kim et al., (1997)

4 Pseudomoias

cenacia

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

Babu-Khan et al.,

(1ee5)

) Erwinia herbicola Solubilize P and produce gluconic acid

E. coli HB 101, probably involve

svnthesis of POO

ln
in

Goldstein and Liu
(1e87)

6 Bacillus subtilis

CBBA

Solubilise P and produce gluconic acid Mehta et al.,

Q013\

rocks by B. mucilaginous, B. circulanscan, B. edaphicus, Burkholderia, A. 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 B. mucilaginosus, B. edaphicus and B.

circulanscan have been described as effective K solubilizers [r7].
Table- classification of potassium-solubilizing microorganisms (KSM) tlsl

7. Antimicrobial Activity

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

Table- Examples of the endophytic activities against microbes tzo) Izrl

VOLUME - XI, ISST]E - I - JANUARY - MARCH - 2022

Sr.No Isolation Source Closes related
Species

Referrcnces

I Weathered materials of denatured
rock mountain in Vietnam

A. tumefaciens Diep and Hieu (2013)

,|
Soil in India B. metallica Saiyad et al., (2015)
Wheat in India A. piechaudii Yerma et al., (2015)

4 Tea soil in India P. putida Bagyalakshmi et al.,

_Qot2+b)
5 Agricultural soils in India F. aurantia Ramarethinam and

Chandra (2006)
6 Mica mine in India B

amvloliauc{nripn c

Gundala et at., (2013)

Sukumaran and
Janarthanam (2007)

7 Soil in India B. mucilaginosus

Sr.

No
Endophytic
isolates

PIants Pathogenic fungi/bacteria

I Phomopsis sp Excoecaria

agallocha
Candida albicans and Fusarium
orysporum

2 Penicillium sp. Acrostichum

aureurm
Staphylococcus aureus, Candida a lb icani

J Nodulisporium
sp

Juniperus cedre 6 a cj I lus megaterium, Mi crob otryum
violaceum, Septoria tritici, Chtoreila
lit.tan

4 Bacillus pumilus Pea F {
5 Bacillus cereus A. thaliana Psp.trlnmnnnc tttviv
6 P. fluorescens Tomato 1,. oxysporum.f. sp. radicislycopersici
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8. Conclusion

Large use of chemical pesticides and fertilizers for increasing agriculture productivity hasdisturbed the ecological balance which has led to the buildup of pesticide resistance amongpathogens' The application of endophytic bacteria for sustainabre agriculture is an economicalry
sound' attractive' and eco-friendly approach. These bacteria have shown many beneficiar impactson their host plant and contribute significantly to maintain sustainabre agricurture. They havebeen documented for'promoting plant growttr through several functional attributes viz., increasein nutrient availability to the plants through fixation and sorubilization of nutrients in soil and byproducing planrgrowth regulators' The major impact regarding apprication of endophyticbacteria in the agrioulture is the significant reduction in the indiscriminate application ofagrochemicals like pesticides, inorganic fertilizers, other artificiar chemicals, etc. successfurutilization of endophytes would make crop production eco-friendlier and sustainabre. In thefuture' researchers would be able to engineer microbial endophytes for increasing their potentialto be used as microbial inoculants, after fury understanding their function.
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Abstract: P/{B producing bacterium was isolatedfi-om tlairy indushy soil. Identificafion was performed
by Sudanblack B andNile blueA staining. PHB production was performedbyusingwhey as sole carbon
source with minimal medium. Comparative production using pure sugars as carbon source was also
cmried out. Molecular characlerization of most fficient producer was done by I dS rRNA sequencing.
the strtin was identified as Bacillus cercus (NCBI Accession numbet'- M2605010)- Effect of different

Parameters on production was also caried a* and it was found that maximum proihtction (54yo) takes
place wilh 3ok of whey ot pH 7 and tempet'ature 35"C afier 18 hours. On camparison with pure sugars,
eficient production was observed with whey. The formed PHB was initially confirmed by W-WS
spectrophotometry with mmimum absorbance at 235nm confirmed by FTIR, GCMS, LCMS, H|LC,
DSC, l3C- lVlI4R, IH-NMR. Biodegradation studies of produced polymer were also carrietl out and the
polymer was found to be completely biodegradable in both in vivo rmd in vitro contlitions- The pr.esenl
investigation aims to isolate and identify patent PHB producers on a cheap and easily available cmbon
source that is whe1t.

Keywords: PIIB, 16s rRNA Sequenoing, Bacillus cereus, F"rI& GCMS, LCMS, Dsg r3c- NMR, ,H-NMR

I.INTRODUCTION
PHA is polyestors that are naturally or artifioially accumulated as watrer insoluble granules $.irhin a variety of
microorganiws, subject to specific conditions- PHAs. are regarded as a renowablo resourcos-based alternative to
petrochemical polymers. The advantageous chracter of PHAs lies in its environmontal biodegradabilit-v and bio
oompatibility. PHAs cover a large soale of biological polyesters having properties in the range from tlermoplastio to
elastomers. The frst identifred and still most investigated pHA is poll-3-hydroxy but-wate @HB) (Kovalcik et al. 2019,
Devi et al. 2015 anil Mohapaffa et al. 2015).

Poly-Lhydroxybutyrate (PHB) is thermoplastic polyester. It is biocompatible and biodegradable, and therefore, of
itdrrstrial inllorest.In the cell, PHB -is aaiahacel hrlar storagematerial synllssized during utrbalanced growfi conditions- r

All bacteria which are cqable of PHB synthesis accumulate PHB during ttre stationar-v phase of growth when the cells
beoome limited for an essential nukient but have an excess for carbon souroes (Aslim et al. 1998, Ghate et al. 201 I and
Reddy & Thirumala 2012.).

II. MATERIALS AND METEOI}S
2.1: Collection of Samples

The soil semples w€re collected froao Naded Dairy'sihrafod in the MDC area.

2.2: Isolation of Bacteria

fhe samples were serially diluted and used aS inoculum for steaking on nukient agar plates. The colonies showing
positive results for Suilan black ! staining anil Nile blue staining were takea forward for pHB produotion and
identification by microbiological iests according to Bergey's Manual (Abdel Kareem et al. 20lT).
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2.3: Screening for pHB production
After incubation' the colonies were subjected to Sudan black B and Nile blue A staining. The coronies showing the
fiffiffi;fulation 

of granules we'e used to proceed ft*dil; et at.2,t3,Bhuwar et at. z,t4,Reddy &

2.4: pUBproduction 
with pure Sugars

For pure sugars' the strains were lnicurated in minimal media supplemented with 2o/o la.,oseand for crude sourcqmediumwassupplementedwith2o/owtte,tt"n*t,*r"i;;;;;;24hrs,4ghrs,and72hrs 

at3?oc.
2.5: pHB extraction & Confirmation
pHB extraction was ca*ied out by Abder Karlm-et ar. 200g and Agui*e et ar.2017method.The ce,s were Ilred with NaoH digestionmethod and centrifuged ut oooo.p* for 20min.The exrracted pHB-was ronfi'mei oy w-vrs spe.toptotim;;;";, this method, the plIB was acidified withconcentrated sulphuric acid to form crotonic acid which was measured at 235nm.

2.6: Molccular bharacterization

ffi ;'f#ffi11TT,ffitr*'T* oioflf techniques FrrR. rH-NMR 
and,3G-NMR, H.LC, ccMS, LCMS

2.7: Biodegradation studies
A. In-vitro biodegradation ofpIIB
The PHB degrading ability of fungal and bacterial culhres in solid medium was determined by over layer plate assay,and in liquid medium was determined by measuring turbidify -g.;r;.ifture having pHB as sole carbon source.

B. In-vivo biodegradation of pHB

il1tfl:fff.",1'ffi::"lt[:,"1.T;:tfi#[::preparedusingchrorororma,soru"ntasp",themethoddescribed

itffiHllr"Jfj i'Jl#il,%1;1r."'c";1,' 
Kumaraver et ar. 20re Artaee et at. zot.,Singh et ar. 2013, ransengco

3.1: Identification of prrB producing Bacteria 
Irr' RESULTS

In Sudan black B uTl'g:-l'{pre io uract sanures were observed intracellular wirh pink background in pHB

filffifl,T: ffi",1+ #;.n**t"'*ulating 
iolonies, after Nile utu" a stuirrns showed. strong brilht fluorescence

3.2: PHB production

The bacterial strains that showed positive results for sudan black B and Nile blue A staining were selected for pHB

ffi*tJ'r:;il:production 
media were supplemented Jth cr;;;;;**.es and a comparative set with pure sugars

Wry#ffi:l:tr
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o Effect ofsubstrate concentration on PHB production
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