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Abstract: The interaction of diverse communities of microorganisms with the plants helps it to cope up with various functions
including growth promotion, yield enhancement and disease management and the microbes derive shelter and nutrients from the host
plants ™ During colonization of the endophytes the microbe resides in almost every internal part of plant ranging from tissues of the
underground roots to stem, leaf, flower, fruit and seed. The endophytesare said to actively or passively trigger the physiological changes
in the plant cell™Since they are superior in growth promotion they tend to give better adaptations against abiotic or biotic stresses .
Most of the endophytes are the common soil bacteria (Pseudomonas, Burkholderia and Bacillus) that produce diverse range of
secondary metabolites, antibiotics and volatile organics which helps reduce the deleterious effects of pathogens by mechanisms in line
with the PGPR M!'According to the phylogenetic view, endophytic bacteria vary between saprophytic bacteria and plant pathogens. They

behave as either obligate or facultativebiotrophicsymbionts.
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1. Introduction

The endophytes are the diverse group of microbial
communities present in the endosphere of the plants which
are said to make significant contributions to plant health.
Endophytes were mentioned first time by Bary in 19"
century ™ and discovered by Darnel Germany (1904).

The term “endophyte” is derived from the Greek words
“endon” meaning within, and “phyton” meaning plant. They
areendosymbionts (bacteria, fungi) found in association with
plants for at least part of their life cycle showing no effect on
the plant. The definition of endophytes has been redefined
tol> * 481 «“Endophytes are microbes including bacteria,
archaea, fungi, and protists that colonize the plant interior
regardless of the outcome of the association”. The
endophytes are found across many phyla like the
Proteobacteria, Actinobacteria, Firmicutes and
Bacteroidetes*” ' The transmission of endophytes takes
place vertically (from parent to offspring) or horizontally
(among individuals).They are ubiquitous and help to
enhance host growth, nutrient acquisition, improve plants
ability to tolerate abiotic stress such as drought and enhance
resistance to insect’s, plant pathogen and mammalian
herbivores. Endophytes have selective host i.e., not all
endophytes grow in all the plants. Some produce antibiotics
against other fungi and bacteria. The infection rate of the
endophytes is high when transmitted via seeds.

Endophytes and their uses

Endophytes may benefit host organisms by preventing
pathogenic or parasitic organisms from colonising them.
Extensive colonizing of the endophytes creates a barrier
effect which out - competes the parasite they also produce
chemicals which prevents the growth of competitors and
pathogenic organisms. They help in the increased expression
of the defence related genes % . The endophytes and host
share a balanced antagonistic relationship with both positive
and negative effects depending on the environmental

conditions. According to the “habitat adapted symbiosis” by
Redman et.al., “Plants are supposed to associate with certain
endophytes that increase resistance and tolerance to the
predominant abiotic and biotic stresses of their habitats®®!”.

Endophytes are also used to combat pathogens and even
cancers in animals and human being ™. A large number of
compounds have been extracted, isolated and characterised
from endophytic microbes*2** The endophytes are also said
to induce insecticidal properties to the host plants!*!.

Endophyte promote plant growth by the production of
phytohormones!***. Root associated endophytes produce
auxins and gibberellins ™. IAA increase colonisation
efficiency 1. Adenine and adenine ribosides are identified
in scot pine as growth promoting compounds 8. Acetoin
and 2,3butanediol which stimulate plant growth are also
produced in some bacterial endophytes™. Root endophytes
likeAcetobacter, Diazotrophicus, Herbaspirillum species
and Azoarcus. Gluconacetobacter, Diazotrophicus which fix
nitrogen also play an important role as nitrogen fixers in a
wide taxonomic range.*”They carry genes which are
necessary for biological nitrogen fixation (BNF) which
enable them to convert dinitrogen gas (N,) into usable forms
of nitrogen like ammonium and nitrate within the host
R

The use of bacterial endophytes in agriculture has immense
potential as it can reduce the environmental impacts caused
by chemical fertilizers, especially N fertilizers. With the use
of natural symbionts such as bacterial endophytes in the
growth of crop plants the use of fertilizers can be reduced
potentially making farming more environmentally
sustainable in the future. Bacterial endophytes releases
antimicrobial compounds helping in developing resistance or
tolerance to the host plant from biotic and abiotic stresses by
producing siderophores, competing for space and nutrients,
and modulating the plant resistance response > 2! They also
relieve plant stress by blocking the pathway of ethylene
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synthesis in plants. The mechanism used by bacterial
endophytes to mitigate abiotic stress remains unclear.

Attachment and colonisation of endophytes in plant
tissues:

The release of photosyn that esorexudates including organic
acids, amino acids and proteins from the root of the plants
influences the microbial communities
presentintherhizosphere™. The bacterial quorum sensing
compounds are involved in communication with the plant
root and the subsequent colonization process. The host plant
genotype and soil composition are considered important in
the recruitment of bacterial endophytes by the host plant.
The first step in the colonization process is the attachment of
bacterial cells to the plant surface with the help of the
chemotactic affinities for root exudates, the bacteria in the
vicinity of the roots swim towards them, followed by
attachment to the root surface in the potential entry sites at
lateral root emergence areas or other openings caused by
wounds or mechanical injuries. The bacterial cells produces
exopolysaccharides (EPS) which help in the attachment of
bacterial cells onto the root surface (the early stage of
endophytic colonization).®

The intercellular spaces of the plantin the parts of root, stem
and leaves are rich in carbohydrates, amino acids, and
inorganic nutrients hence the bacterial endophytes tend to
occupy this reagion®!®. Colonization can be at the tissue
level or systemically throughout the plant body!?*??™ They
are first observed in root hairs, and subsequently in the root
cortex ! Bacterial endophytes have been observed in the
intercellular spaces of mesophyll, and xylem tissues and
substomatal areas in leaves and in seeds they are said to
colonise different seed parts including the embryo and is
also said to mobalize and grow in the developing seedlings
during germination and early seedling growth %1,

Curcuma longa as a host plant:

Curcumin, the most important curcuminoid, is used as
antioxidant, antimicrobial anti-inflammatory and is even
effective against cancer and HIV B%31 The underground
turmeric rhizome favours growth of various microbial
communities which modulates plant growth by the synthesis
of biochemicals and secondary metabolites.”. Endophytic
bacteria when associated with the rhizospheric bacteria exert
several beneficial effects on host plants, such as stimulation
of plant growth, nitrogen fixation and resistance to plant
pathogens ¥

Alkaloids, benzopyranones, chinones, flavonoids, phenolic
acids, quinines, steroids, terpenoids, tetralones, xanthones,
etc are few of the bioactive compounds produced by the
endophytes. B4, It has been demonstrated that the
endophytes isolated from medicinal plants are excellent
producers of strong fungicides, bactericidal and cytotoxic
metabolites™!.

2. Conclusion

This review deals with the endophytes, their colonization,
from recruitment, attachment, and entry to the distribution
patterns of bacterial endophytes in the plant endosphere. The
secondary metabolites produced by these endophytes are

beneficial to the plant and can develop resistance to biotic
and abiotic stresses thus helping them cope up with the
environmental changes. Endophyte is one of the most
promising source of natural bioactive compound®** The
structure of bacterial endophyte communities are varied,
dynamic overtime, and attributed to plant source, plant age,
tissue type, time of sampling, season and environment &7

The endophytes can be used in agriculture replacing
fertilizers thus reducing the soil and air pollution.

References

[1] Mitter B, Petric A, Shin MW, Chain PSG, Hauberg-
Lotte L, Reinhold-Hurek B, Nowak J, Sessitsch A.
2013. Comparative genome analysis of
BurkholderiaphytofirmansPsJN  reveals a  wide
spectrum of endophytic lifestyles based on interaction
strategies with host plants.Front Plant Sci 4:120.
d0i:.10.3389/fpls.2013.00120

[2] Conrath U, Beckers GIM, Flors V, Garci ‘a-Agusti ‘n
P, Jakab G, Mauch F (2006) Priming: getting ready for
battle. Mol Plant Microbe Interact 19:1062—-1071

[3] Lodewyckx C, Vangronsveld J, Porteous F, Moore
ERB, Taghavi S, Mezgeay M, van der Lelie D (2002)
Endophytic bacteria and their potential applications.
Crit Rev Plant Sci 21:583-606

[4] Azevedo, J.L., Acheron, W.Jr., Pereira, P.O. and
Araujo, W.L. (2000). Endophytic microorganisms: A
review on insect control and recent advances on
tropical plants, Electronic Journal of Biotechnology
3:1-36.

[5] Schulz, B.; Boyle, C. What are endophytes? In
Microbial Root Endophytes; Schulz, B., Boyle, C.,
Sieber, T., Eds.; Springer: Berlin/Heidelberg,
Germany, 2006; pp. 1-14.

[6] Hardoim, P.R.; van Overbeek, L.S.; Berg, G.; Pirttilg,
AM.; Compant, S.; Campisano, A.; Doring, M.;
Sessitsch, A. The hidden world within Plants:
Ecological and evolutionary considerations for
defining functioning of microbial endophytes.
Microbiol. Mol. Biol. Rev. 2015, 79, 293-320.

[71 Bulgarelli, D.; Rott, M.; Schlaeppi, K.; Ver Loren van
Themaat, E.; Ahmadinejad, N.; Assenza, F.; Rauf, P.;
Huettel, B.; Reinhardt, R.; Schmelzer, E.; et al.
Revealing structure and assembly cues for Arabidopsis
root-inhabiting bacterial microbiota. Nature 2012, 488,

91-95.
[8] Wemheuer, F.; Kaiser, K.; Karlovsky, P.; Daniel, R.;
Vidal, S.; Wemheuer, B. Bacterial endophyte

communities of three agricultural important grass
species differ in their response towards management
regimes. Sci. Rep. 2017, 7, 40914.

[91 Mohammad Shoeb (2006). Anticancer agents from
medicinal plants, Bangladesh. J. Pharmacol, 1: 35-41.

[10] shi Y, Lou K, Li C. 2009. Promotion of plant growth
by phytohormone-producing endophytic microbes of
sugar beet. BiolFertil Soils 45:645-653.

[11] Khan AL, Hamayun M, Kang S-M, Kim Y-H, Jung H-
Y, Lee J-H, Lee I1-J. 2012.Endophytic fungal
association via gibberellins and indole acetic acid can
improve plant growth under abiotic stress: an example

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20322175925

DOI: 10.21275/SR20322175925

1332



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of Paecilomycesformosus LHL10. BMC
Microbiol 12:3. doi:.10.1186/1471-2180-1112-1183
Long HH, Schmidt DD, Baldwin IT. 2008. Native
bacterial endophytes promote host growth in a species-
specific manner; phytohormone manipulations do not
result in  common growth responses. PLoS
One 3:¢2702. doi:.10.1371/journal.pone.0002702

Feng, Y., Shen, D.; Song, W. Rice
endophytePantoeaagglomerans YS19 promotes host
plant growth and affects allocations of host
photosynthates. J. Appl. Microbiol. 2006, 100, 938-
945.

Botta, A.L.; Santacecilia, A.; Ercole, C.; Cacchio, P.;
Del Gallo, M. In vitro and in vivo inoculation of four
endophytic bacteria on Lycopersiconesculentum. N.
Biotechnol. 2013, 30, 666-674.

Kandel, S.L.; Herschberger, N.; Kim, S.H.; Doty, S.L.
Diazotrophicendophytes of poplar and willow for
growth promotion of rice plants in nitrogen-limited
conditions. Crop Sci. 2015, 55, 1765-1772.

Knoth, J.L.; Kim, S.-H.; Ettl, G.J.; Doty, S.L. Effects
of cross host species inoculation of nitrogen-fixing
endophytes on growth and leaf physiology of maize.
GCB Bioenergy 2012, 5, 408-418

Gaiero, J.R.; McCall, C.A.; Thompson, K.A.; Day,
N.J.; Best, A.S.; Dunfield, K.E. Inside the root
microbiome: Bacterial root endophytes and plant
growth promotion. Am. J. Bot. 2013, 100, 1738-1750.
Santi, C.; Bogusz, D.; Franche, C. Biological nitrogen
fixation in non-legume plants. Ann. Bot. 2013, 111,
743-767.

Momose, A.; Ohtake, N.; Sueyoshi, K.; Sato, T
Nakanishi, Y.; Akao, S.; Ohyama, T. Nitrogen Fixation
and Translocation in Young Sugarcane
(Saccharumofficinarum L.) Plants Associated with
Endophytic  Nitrogen-Fixing Bacteria. Microbes
Environ. 2009, 24, 224-230.

Bhattacharjee, R.B.; Singh, A.; Mukhopadhyay, S.N.
Use of nitrogen-fixing bacteria as biofertiliser for non-
legumes: Prospects and challenges. Appl. Microbiol.
Biotechnol. 2008, 80, 199-209.

Santi, C.; Bogusz, D.; Franche, C. Biological nitrogen
fixation in non-legume plants. Ann. Bot. 2013, 111,
743-767.

Shukla S T, Habbu P V,V H, Kulkarni, K S, Aprajita R
Pandey and V N Sutariya (2014). Endophytic
microbes: A novel source for
biologically/pharmacologically  active  secondary
metabolites. Asian journal of Pharmacology and
Toxicology. 02 (03); 01-16.

Kawasaki, A.; Donn, S.; Ryan, P.R.; Mathesius, U.;
Devilla, R.; Jones, A.; Watt, M. Microbiome and
exudates of the root and rhizosphere of
brachypodiumdistachyon, a model for wheat. PL0S
ONE 2016, 11, e0164533.

Pétriacq, P.; Williams, A.; Cotton, A.; McFarlane,
A.E.; Rolfe, S.A.; Ton, J. Metabolite profiling of non-
sterile rhizosphere soil. Plant J. 2017, 1-16.

Mitter, B.; Pfaffenbichler, N.; Flavell, R.; Compant, S.;
Antonielli, L.; Petric, A.; Berninger, T.; Naveed, M.;
Sheibani-Tezerji, R.; von Maltzahn, G.; et al. A new
approach to modify plant microbiomes and traits by

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

introducing beneficial bacteria at flowering into
progeny seeds. Front. Microbiol. 2017, 8, 1-10.
Zudiga, A.; Poupin, M.J.; Donoso, R.; Ledger, T.;
Guiliani, N.; Gutiérrez, R.A.; Gonzalez, B. Quorum
sensing and indole-3-acetic acid degradation play a
role in colonization and plant growth promotion of
Arabidopsis
thalianabyBurkholderiaphytofirmansPsJN.Mol.
PlantMicrobelnteract. 2013,26,546-553.

Glassner, H.; Zchori-Fein, E.; Yaron, S.; Sessitsch, A,;
Sauer, U.; Compant, S. Bacterial niches inside seeds of
Cucumismelo L. Plant Soil 2017.

Rangjaroen, C.; Sungthong, R.; Rerkasem, B
Teaumroong, N.; Noisangiam, R.; Lumyong, S.
Untapped Endophytic Colonization and Plant Growth-
Promoting Potential of the Genus Novosphingobium to
Optimize Rice Cultivation. Microbes Environ. 2017,
32, 84-87.

Prieto, P.; Schilird, E.; Maldonado-Gonzalez, M.M.;
Valderrama, R.; Barroso-Albarracin, J.B.; Mercado-
Blanco, J. Root hairs play a key role in the endophytic
colonization of olive roots by Pseudomonas spp. with
biocontrol activity. Microb. Ecol. 2011, 62, 435-445.
Nelson, E.B. The seed microbiome: Origins,
interactions, and impacts. Plant Soil 2017, 1-28
Compant, S.; Clément, C.; Sessitsch, A. Plant growth-
promoting bacteria in the rhizo- and endosphere of
plants: Their role, colonization, mechanisms involved
and prospects for utilization. Soil Biol. Biochem. 2010,
42, 669-678.9

Aggarwal BB, Sung B (2009) Pharmacological basis
for the role of curcumin in chronic diseases: an age-old
spice with modern targets. Trends PharmacolSci
30:85-94

Aggarwal BB, Sundaram C, Malani N, Ichikawa H
(2007) Curcumin: the Indian solid gold. AdvExp Med
Biol 595:1-75

R.E. Jalgaonwala and R.T. Mahajan (2011) Evaluation
of hydrolytic enzyme activities of endophytes from
some indigenous medicinal plants. Journal of
Agricultural Technology 7(6): 1733-1741.

Pundir RK, Rana S, Kaur A, Kashyap N and Jain P:
Bioprospecting potential of endophytic bacteria
isolated from indigenous plants of Ambala (Haryana,
India). Int J Pharm Sci Res 2014; 5(6): 2309-19.doi:
10.13040/1JPSR.0975-8232.5(6).2309-19

Prieto, P.; Schiliro, E.; Maldonado-Gonzalez, M.M.;
Valderrama, R.; Barroso-Albarracin, J.B.; Mercado-
Blanco, J. Root hairs play a key role in the endophytic
colonization of olive roots by Pseudomonas spp. with
biocontrol activity. Microb. Ecol. 2011, 62, 435-445.
Rangel de Souza, A.L.S.; De Souza, S.A.; De Oliveira,
M.V.V.; Ferraz, T.M.; Figueiredo, FA.M.M.A.; Da
Silva, N.D.; Rangel, P.L.; Panisset, C.R.S.; Olivares,
F.L.; Campostrini, E.; et al. Endophytic colonization of
Arabidopsis thaliana by Gluconacetobacter
diazotrophicus and its effect on plant growth
promotion, plant physiology, and activation of plant
defense. Plant Soil 2016, 399, 257-270

Volume 9 Issue 3, March 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20322175925

DOI: 10.21275/SR20322175925

1333





