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Abstract
Utilization of plant growth-promoting diazotrophic endophytes is ecofriendly alternative technology for diminishing the use
of chemical fertilizer in agriculture. In this study, the endophytic diazotrophic strain RMM20 isolated from roots of wild
Bromus aegyptiacus plant was identified as Novosphingobium nitrogenifigens; based on 16S rRNA gene analysis. The
nitrogen-fixing strain produced significant levels of indoleacetic acid (IAA) and ACC deaminase. Furthermore, the strain
exhibited the capacity for siderophore production, in vitro. The results indicate that RMM20 could function as a plant
growth promoter.
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Introduction
Nitrogen is the macronutrient that commonly limits

the growth and productivity of non-leguminous plants.
Chemical fertilizers are commonly used to supply essential
nutrients to soil-plant systems in various cultivated crops.
Nevertheless, the use of high amounts of chemical
fertilizers, especially nitrogen, has raised environmental
concerns in the current agricultural systems (Kifle and
Laing 2016). Nowadays, the replacement of chemical
fertilizers with biofertilizers is an alternative fertilization
strategy to improve the sustainability of agroecosystems.
This environment-friendly trend includes the use of plant
growth-promoting (PGP) microbes which serve as an
alternative to synthetic fertilizers (Liu et al., 2017; Korir
et al., 2017; Piromyou et al., 2017). Free-living
diazotrophic (nitrogen-fixing) bacteria associated with
non-leguminous plants have tremendous potential in
increasing nitrogen availability to plants by reduction of
atmospheric dinitrogen gas (N2) to biologically available
ammonium (Souza et al., 2017; Gopalakrishnan et al.,
2017; García et al., 2017; Shabanamol et al., 2018; Wang
et al., 2018).

Furthermore, diazotrophs possess an array of plant
growth-promoting traits, such as nutrient solubilization,
uptake and enhanced stress resistance (Batista et al.,

2018). Thus, they have a crucial role in plant nutrition
through non-symbiotic nitrogen fixation, facilitating the
availability of phosphorus and iron in the rhizosphere, and
production of phytohormones (Chauhan et al., 2017;
Thakur et al., 2017; Sarkar et al., 2018). Ethylene (C2H4)
is an important phytohormone which is produced in most
plants and affects various developmental processes.
During abiotic stress such as drought and salinity, the
endogenous ethylene level increases resulting in adverse
effects on root development and plant growth (Kaushal
and Wani 2016). Plant-associated bacteria with 1-
aminocyclopropane-1-carboxylate (ACC) deaminase
activity can metabolize ACC, a precursor to plant ethylene
levels, exerting beneficial effects on the stressed plants.
So, reduce ethylene level leading to better growth of plants
under various stresses such as salt stress, flooding stress,
and heavy metal stress (Hernández et al., 2017;
Chanratana et al., 2017; Farahat et al., 2020). This study
addresses the multiple plant-growth promotion attributes
of the newly isolated diazotrophic endophyte,
Novosphingobium nitrogenifigens RMM20.

Materials and Methods
Isolation of diazotrophic endophytes

Wild Bromus aegyptiacus (Poaceae) plants were
collected from the lake Mariut at the Mediterranean
coastal region, Egypt. To recover the potential*Author for correspondence : E-mail : m.g.farahat@gmail.com



endophytes, roots of the collected plants were subjected
to surface sterilization process (Gupta et al., 2019).
Afterwards, the surface-sterilized root samples were
homogenized in sterile saline and the homogenates were
diluted up to 10-6. For isolation of endophytic diazotrophs,
the diluted root homogenates were spread onto Burk’s
semisolid nitrogen-free medium (de Jesus Santos et al.,
2014) and incubated at 28°C for 72 h. Subsequently, the
developed colonies on the N-free medium were picked
and sub-cultured to obtain pure cultures. According to
colony morphology, the most predominant one designated
RMM20 was selected for further investigations.
Phylogenetic analysis

The molecular identification of the strain RMM20
was conducted by amplifying and sequencing of 16S
rRNA gene. Briefly, the genomic DNA was extracted
using was via using Wizard® Genomic DNA Purification
Kit (Promega, USA). The 16S rRNA gene was amplified
polymerase chain reaction (PCR) using 27F and 1492R
universal primers. After agarose gel electrophoresis, the
band of expected size was gel-purified and sequenced in
both directions at Macrogen (Seoul, South Korea). The
obtained sequences were assembled and compared with
similar sequences in GenBank using BLASTn (http://
www.ncbi.nlm.nih.gov), then, aligned by ClustalW using
MEGAX software (Kumar et al., 2018) and a neighbor-
joining (NJ) tree with bootstrap value 1000 was
generated. The 16S rRNA gene sequence of the strain
RMM20 was submitted to GenBank and accession
number was assigned.
Phenotypic characterization

Phenotypic characterization of the strain RMM20
was conducted based on their colony morphology,
microscopic observations, and biochemical tests following
the standard procedures.
Indole acetic acid production

Indole acetic acid (IAA) production was estimated,
in vitro, using Salkowski colorimetric method (Bric et
al., 1991; Goswami et al., 2013). In brief, the bacterial
strain RMM20 was cultivated in Burk’s broth amended
with L-tryptophan (100 µg/ml) for 72 h. Then IAA was
determined in the cell-free supernatant using Salkowski
reagent (50 ml, 35% of perchloric acid, 1 ml 0.5 M FeCl3
solution) at 530 nm against a standard curve constructed
with IAA and was expressed as µg/ml.
ACC deaminase production

For measuring the activity of ACC deaminase, the
strain was grown in LB broth at 28oC for 24 h. Afterwards,
cells were collected by centrifugation, then washed two

times by sterile Tris-HCl (0.1 M, pH 7.5), and resuspended
in modified DF medium (2 ml) supplemented with ACC
(3 mM), then incubated on shaking incubator for 36-72 h
at 28oC. ACC deaminase activity was assayed by
estimation of the released -ketobutyrate from ACC
(Honma and Smmomura 1978; Penrose and Glick 2003).
Phosphate solubilization

The bacterial strain RMM20 was spot inoculated on
Pikovskaya’s medium containing tricalcium phosphate
(Pikovskaya 1948). After 5 days at 28°C the phosphate
solubilizing ability was checked by the presence of a
transparent halo around the colony.
Siderophore production

Siderophore production was assessed using the O-
CAS assay (Pérez-Miranda et al., 2007) with some
modifications. The bacterial strain was spot-inoculated
on Burk’s agar and incubated at 28°C for 72 h.
Afterwards, an overlay of the CAS medium without
nutrients was applied on top of Burk’s agar plates and
checked for the formation of orange-purple halos
surrounding the colonies.

Results and Discussion
Isolation and identification of diazotrophic
endophyte

The nitrogen-fixing bacterial endophyte designated
RMM20 that grown on Burk’s N-free medium, was were
purified and subcultured on the solid nitrogen free
medium. The strain RMM20 showing pale yellow convex
colonies was selected and identified as
Novosphingobium nitrogenifigens, according to 16S
rRNA analysis Fig. 1. The 16S rRNA gene sequence
was submitted to the Genbank under accession number
MT471372. It shared 99.7% similarity with
Novosphingobium nitrogenifigens DSM 19370 strain
Y88 (accession number: NR_043857), 96.6% similarity
with Novosphingobium acidiphilum strain FSW06-204d
(accession number: NR_116278) and 94.3% homology
with Novosphingobium stygium strain IFO 16085
(accession number: NR_040826). The strain RMM20 is
Gram-negative, none spore forming none motile rods. It
exhibited positive response for nitrate reduction, catalase,
and urease and negative response for indole production,
citrate utilization, oxidase, arginine dehydrolase, -
galactosidase, and gelatinase table 1. Isolation and
screening for potential diazotrophic bacteria are key steps
in development of biofertilizers formula. In agreement
with our results, the endophyte Novosphingobium
oryzae was isolated from roots of rice (Zhang et al.,
2016). Also, the rhizosphere-associated

6930 Rana Maher Mostafa et al.



Characterization of Novosphingobium nitrogenifigens RMM20, a diazotrophic endophyte 6931

Novosphingobium pokkalii has been reported to be
poses the nitrogenase gene nifH that responsible for
nitrogen fixation (Krishnan et al., 2017). In addition,
Novosphingobium sp. RFNB21 has been documented
as a powerful nitrogen-fixing bacterium (Islam et al.,
2013). In similar studies, various nitrogen-fixing

endophytes have been isolated and characterized including
bacteria belonging to the genera Azoarcus ,
Pseudomonas, Bacillus, Gluconacetobacter, and
Burkholderia (Reis and Teixeira 2015; Pham et al.,
2017; Shinjo et al., 2018; Zorraquino et al., 2018; Jooste
et al., 2019).
Assessment for plant growth-promoting (PGP)
traits

The strain strain N. nitrogenifigens RMM20 was
evaluated for its various PGP traits, in vitro table 2. It
showed a positive reaction for IAA production by
producing pink to red color. The production of IAA was
quantified (53.66 ± 3.19 µg/ml) by supplementing the
growth media with L-tryptophan. It is worth to mention
that the ability of N. nitrogenifigens RMM20 to produce
IAA is much greater than the strain Novosphingobium
sp. RFNB21 which reported to produce IAA in lower
amount (1.9 µg/ml) (Islam et al., 2013). IAA production
is a common feature of endophytes and its role in
formation of root hair and stimulation of root cell
elongation is well-reported (Verma et al., 2018; Gang et
al., 2018). The endophytic diazotrophic strain N.
nitrogenifigens RMM20 showed a positive reaction for
ACC deaminase (490 ± 25.33 nmol -ketobutyrate /mg
protein/h). In a similar study, Novosphingobium sp. P6W
was reported as ACC deaminase producer (Belimov et

Table 1: Phenotypic characteristics of N. nitrogenifigens
RMM20.

Test Result Test Result
Gram stain - Oxidase -

Spore formation - Catalase +
Motility - Arginine dehydrolase -

Indole production - -Galactosidase -
Nitrate reduction + Urease +
Citrate utilization - Gelatinase -

+represents positive result; - represents negative result.

Table 2: Characterization N. nitrogenifigens RMM20 for plant
growth promoting traits.

Characteristic Result
IAA production (µg/ml) 53.66 ± 3.19

ACC deaminase (nmol/mg protein/h) 490 ± 25.33
Phosphate solubilization (µg/ml) -

Siderophore production (psu) +
± represents standard deviation; + represents positive result;

- represents negative result.

Fig. 1: Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between N.
nitrogenifigens strain RMM20 and the most closely related species.
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al., 2014). The possession of ACC deaminase permits
bacteria to reduce ethylene levels in stressed plants by
cleaving the plant ethylene precursor, ACC, into ammonia
and á-ketobutyrate (Win et al., 2018; Orozco-Mosqueda
et al., 2019; Yoolong et al., 2019). The endophytic
diazotrophic strain N. nitrogenifigens RMM20 did not
show any zone of clearance indicating an absence of
phosphate solubilization ability. In agreement with our
findings, various endophytic strains belonging to the genus
Novosphingobium were found to be unable to solubilize
phosphate (Andreolli et al., 2016). Using the O-CAS
assay, the endophytic diazotrophic strain N.
nitrogenifigens RMM20 formed orange-purple halos
surrounding their colonies exhibiting the potential for
siderophore production. These results agreed with various
investigations reporting Novosphingobium spp. It has
been reported that the endophyte N. resinovorum ZR1
produces significant levels of ACC deaminase (WoŸniak
et al., 2019). Similarly, N. oryzae (Zhang et al., 2016)
and N. pokkalii have been reported to be produce
siderophores. Siderophores are low molecular weight iron
chelators produced by various microorganisms. By
chelating iron, siderophores-producing organisms make
it available for their growth and improve the iron uptake
by the associated plants (Priyanka et al., 2017; Sah et
al., 2017).

Conclusion
The presented work demonstrated isolation and

characterization of the endophytic diazotophic N.
nitrogenifigens RMM20. The results indicate that
RMM20 could function as a plant growth promoter owing
to its ability to nitrogen fixation besides production of IAA,
ACC deaminase, and siderophores.

References
Andreolli, M., S. Lampis, G. Zapparoli, E. Angelini and G. Vallini

(2016). Diversity of bacterial endophytes in 3 and 15 year-
old grapevines of Vitis vinifera cv. Corvina and their
potential for plant growth promotion and phytopathogen
control. Microbiol. Res., 183: 42–52 . https://doi.org/
10.1016/j.micres.2015.11.009.

Batista, B.D., P.T. Lacava, A. Ferrari, N.S. Teixeira-Silva, M.L.
Bonatelli, S. Tsui, M. Mondin, E.W. Kitajima, J.O. Pereira,
J.L. Azevedo and M.C. Quecine (2018). Screening of
tropically derived, multi-trait plant growth- promoting
rhizobacteria and evaluation of corn and soybean
colonization ability. Microbiol. Res., 206: 33–42 . https://
doi.org/10.1016/j.micres.2017.09.007.

Belimov, A.A., I.C. Dodd, V.I. Safronova, V.A. Dumova, A.I.
Shaposhnikov, A.G. Ladatko and W.J. Davies (2014).
Abscisic acid metabolizing rhizobacteria decrease ABA

concentrations in planta and alter plant growth. Plant
Physiol. Biochem., 74: 84–91 . https://doi.org/10.1016/
j.plaphy.2013.10.032.

Bric, J.M., R.M. Bostock and S.E. Silverstone (1991). Rapid in
situ assay for indoleacetic Acid production by bacteria
immobilized on a nitrocellulose membrane. Appl Environ.
Microbiol., 57: 535–8.

Chanratana, M., G.H. Han, A. Roy Choudhury, S. Sundaram,
M.A. Halim, R. Krishnamoorthy, Y. Kang and T. Sa (2017).
Assessment of Methylobacterium oryzae CBMB20
aggregates for salt tolerance and plant growth promoting
characteristics for bio-inoculant development. AMB
Express, 7: 208 . https://doi.org/10.1186/s13568-017-0518-
7.

Chauhan, A., S. Guleria, P.P. Balgir, A. Walia, R. Mahajan, P.
Mehta and C.K. Shirkot (2017). Tricalcium phosphate
solubilization and nitrogen fixation by newly isolated
Aneurinibacillus aneurinilyticus  CKMV1 from
rhizosphere of Valeriana jatamansi and its growth
promotional effect. Brazilian J. Microbiol., 48: 294–304 .
https://doi.org/10.1016/j.bjm.2016.12.001.

De Jesus Santos, A.F., C.Y.S. Martins, P.O. Santos, E.B. Corrêa,
H.R. Barbosa, A.P.S. Sandoval, L.M. Oliveira, J.T. De Souza
and A.C.F. Soares (2014). Diazotrophic bacteria associated
with sisal (Agave sisalana Perrine ex Engelm): potential
for plant growth promotion. Plant Soil, 385: 37–48 . https:/
/doi.org/10.1007/s11104-014-2202-x.

Farahat, M.G., M.K. Mahmoud, S.H. Youseif, S.A. Saleh and Z.
Kamel (2020). Alleviation of salinity stress in wheat by
ACC deaminase-producing Bacillus aryabhattai EWR29
with multifarious plant growth-promoting attributes. Plant
Arch., 20: 417–429.

Gang, S., M. Saraf, C.J. Waite, M. Buck and J. Schumacher
(2018). Mutualism between Klebsiella SGM 81 and
Dianthus caryophyllus in modulating root plasticity and
rhizospheric bacterial density. Plant Soil, 424: 273–288 .
https://doi.org/10.1007/s11104-017-3440-5.

García, J.E., G. Maroniche, C. Creus, R. Suárez-Rodríguez, J.A.
Ramirez-Trujillo and M.D. Groppa (2017). In vitro PGPR
properties and osmotic tolerance of different Azospirillum
native strains and their effects on growth of maize under
drought stress. Microbiol. Res., 202: 21–29 . https://
doi.org/10.1016/j.micres.2017.04.007.

Gopalakrishnan, S., V. Srinivas and S. Samineni (2017). Nitrogen
fixation, plant growth and yield enhancements by
diazotrophic growth-promoting bacteria in two cultivars
of chickpea (Cicer arietinum L.). Biocatal. Agric.
Biotechnol., 11: 116–123 . https://doi.org/10.1016/
j.bcab.2017.06.012.

Goswami, D., H. Vaghela, S. Parmar, P. Dhandhukia and J.N.
Thakker (2013). Plant growth promoting potentials of
Pseudomonas spp. strain OG isolated from marine water.
J. Plant Interact., 8: 281–290 . https://doi.org/10.1080/
17429145.2013.768360.



Characterization of Novosphingobium nitrogenifigens RMM20, a diazotrophic endophyte 6933

Gupta, V.V.S.R., B. Zhang, C.R. Penton, J. Yu and J.M. Tiedje
(2019). Diazotroph Diversity and Nitrogen Fixation in
Summer Active Perennial Grasses in a Mediterranean
Region Agricultural Soil. Front Mol Biosci., 6: 115 . https:/
/doi.org/10.3389/fmolb.2019.00115.

Hernández, A.G., G.D. De Moura, R.L. Binati, F.X.I. Nascimento,
D.M. Londoño, A.C.P. Mamede, E.P. Da Silva, R.D. De
Armas, A.J. Giachini, M.J. Rossi and C.R.F.S. Soares (2017).
Selection and characterization of coal mine autochthonous
rhizobia for the inoculation of herbaceous legumes. Arch.
Microbiol., 199: 991–1001 . https://doi.org/10.1007/
s00203-017-1373-2.

Honma, M. and T. Smmomura (1978). Metabolism of 1-
aminocyclopropane-1-carboxylic acid. Agric. Biol. Chem.,
42: 1825–1831 . https://doi.org/10.1080/00021369.
1978.10863261.

Islam, M.R., T. Sultana, M.M. Joe, W. Yim, J.C. Cho and T. Sa
(2013). Nitrogen-fixing bacteria with multiple plant growth-
promoting activities enhance growth of tomato and red
pepper. J. Basic Microbiol., 53: 1004–1015 . https://
doi.org/10.1002/jobm.201200141.

Jooste, M., F. Roets, G.F. Midgley, K.C. Oberlander and L.L.
Dreyer (2019). Nitrogen-fixing bacteria and Oxalis-evidence
for a vertically inherited bacterial symbiosis. BMC Plant
Biol., 19: https://doi.org/10.1186/s12870-019-2049-7.

Kaushal, M. and S.P. Wani (2016). Rhizobacterial-plant
interactions: Strategies ensuring plant growth promotion
under drought and salinity stress. Agric. Ecosyst. Environ.,
231: 68–78.

Kifle, M.H., M.D. Laing (2016). Isolation and Screening of
Bacteria for Their Diazotrophic Potential and Their
Influence on Growth Promotion of Maize Seedlings in
Greenhouses. Front Plant Sci., 6: 1225 . https://doi.org/
10.3389/fpls.2015.01225.

Korir, H., N.W. Mungai, M. Thuita, Y. Hamba and C. Masso
(2017). Co-inoculation Effect of Rhizobia and Plant Growth
Promoting Rhizobacteria on Common Bean Growth in a
Low Phosphorus Soil. Front Plant Sci., 08: 141 . https://
doi.org/10.3389/fpls.2017.00141.

Krishnan, R., R.R. Menon, Likhitha, H.J. Busse, N. Tanaka, S.
Krishnamurthi and N. Rameshkumar (2017).
Novosphingobium pokkalii sp nov, a novel rhizosphere-
associated bacterium with plant beneficial properties
isolated from saline-tolerant pokkali rice. Res. Microbiol.,
168: 113–121 . https://doi.org/10.1016/j.resmic.2016.09.001.

Kumar, S., G. Stecher, M. Li, C. Knyaz and K. Tamura (2018).
MEGA X: Molecular Evolutionary Genetics Analysis across
Computing Platforms. Mol. Biol Evol., 35: 1547–1549 .
https://doi.org/10.1093/molbev/msy096.

Liu, X., X. Li, Y. Li, R. Li and Z. Xie (2017). Plant growth promotion
properties of bacterial strains isolated from the rhizosphere
of the Jerusalem artichoke (Helianthus tuberosus L.)
adapted to saline–alkaline soils and their effect on wheat
growth. Can. J. Microbiol., 63: 228–237 . https://doi.org/

10.1139/cjm-2016-0511.
Orozco-Mosqueda, M. del C., J. Duan, M. DiBernardo, E. Zetter,

J. Campos-García, B.R. Glick and G. Santoyo (2019). The
Production of ACC Deaminase and Trehalose by the Plant
Growth Promoting Bacterium Pseudomonas sp. UW4
Synergistically Protect Tomato Plants Against Salt Stress.
Front Microbiol., 10: 1392 . https://doi.org/10.3389/
fmicb.2019.01392.

Penrose, D.M. and B.R. Glick (2003). Methods for isolating and
characterizing ACC deaminase-containing plant growth-
promoting rhizobacteria. Physiol. Plant, 118: 10–15.

Pérez-Miranda, S., N. Cabirol, R. George-Téllez, L.S. Zamudio-
Rivera and F.J. Fernández (2007). O-CAS, a fast and
universal method for siderophore detection. J. Microbiol.
Methods, 70:  127–131 . https://doi.org/10.1016/
j.mimet.2007.03.023.

Pham, V.T.K., H. Rediers, M.G.K. Ghequire, H.H. Nguyen, R. De
Mot, J. Vanderleyden and S. Spaepen (2017). The plant
growth-promoting effect of the nitrogen-fixing endophyte
Pseudomonas stutzeri A15. Arch. Microbiol., 199: 513–
517 . https://doi.org/10.1007/s00203-016-1332-3.

Pikovskaya, R.I. (1948). Mobilization of phosphorus in soil in
connection with the vital activity of some microbial species.
Microbiologia, 17: 362–370.

Piromyou, P., T. Greetatorn, K. Teamtisong, P. Tittabutr, N.
Boonkerd and N. Teaumroong (2017). Potential of rice
stubble as a reservoir of bradyrhizobial inoculum in rice-
legume crop rotation. Appl Environ. Microbiol., 83: https:/
/doi.org/10.1128/AEM.01488-17.

Priyanka, T. Agrawal, A.S. Kotasthane, A. Kosharia, R.
Kushwah, N.W. Zaidi and U.S. Singh (2017). Crop specific
plant growth promoting effects of ACCd enzyme and
siderophore producing and cynogenic fluorescent
Pseudomonas. 3 Biotech., 7: 27. https://doi.org/10.1007/
s13205-017-0602-3.

Reis, V.M., K.R. Teixeira and S. dos (2015). Nitrogen fixing
bacteria in the family Acetobacteraceae and their role in
agriculture. J. Basic Microbiol., 55: 931–949.

Sah, S., N. Singh and R. Singh (2017). Iron acquisition in maize
(Zea mays L.) using Pseudomonas siderophore. 3 Biotech,
7: 121. https://doi.org/10.1007/s13205-017-0772-z.

Sarkar, A., P.K. Ghosh, K. Pramanik, S. Mitra, T. Soren, S.
Pandey, M.H Mondal and T.K. Maiti (2018). A halotolerant
Enterobacter sp. displaying ACC deaminase activity
promotes rice seedling growth under salt stress. Res.
Microbiol., 169: 20–32 . https://doi.org/10.1016/
j.resmic.2017.08.005.

Shabanamol, S., K. Divya, T.K. George, K.S. Rishad, T.S.
Sreekumar and M.S. Jisha (2018). Characterization and in
planta nitrogen fixation of plant growth promoting
endophytic diazotrophic Lysinibacillus sphaericus
isolated from rice (Oryza sativa). Physiol Mol Plant Pathol,
102: 46–54 . https://doi.org/10.1016/j.pmpp.2017.11.003.



6934 Rana Maher Mostafa et al.

Shinjo, R., K. Uesaka, K. Ihara, S. Sakazaki, K. Yano, M. Kondo
and A. Tanaka (2018). Draft Genome Sequence of
Burkholderia vietnamiensis Strain RS1, a Nitrogen-Fixing
Endophyte Isolated from Sweet Potato. Microbiol Resour
Announc., 7: https://doi.org/10.1128/mra.00820-18.

Souza, M.S.T., V.A. de Baura, S.A. Santos, P.I. Fernandes-Júnior,
F.B. Reis Junior, M.R. Marques, G.M. Paggi and M. da
Silva Brasil (2017). Azospirillum spp. from native forage
grasses in Brazilian Pantanal floodplain: biodiversity and
plant growth promotion potential. World J. Microbiol.
Biotechnol., 33: 1–13 . https://doi.org/10.1007/s11274-017-
2251-4.

Thakur, R., K.C. Sharma, A. Gulati, R.K. Sud and A. Gulati (2017).
Stress-Tolerant Viridibacillus arenosi Strain IHB B 7171
from Tea Rhizosphere as a Potential Broad-Spectrum
Microbial Inoculant. Indian J. Microbiol., 57: 195–200 .
https://doi.org/10.1007/s12088-017-0642-8.

Verma, S.K., K. Kingsley, M. Bergen, C. English, M. Elmore,
R.N. Kharwar and J.F. White (2018). Bacterial endophytes
from rice cut grass (Leersia oryzoides L.) increase growth,
promote root gravitropic response, stimulate root hair
formation and protect rice seedlings from disease. Plant
Soil, 422: 223–238 . https://doi.org/10.1007/s11104-017-
3339-1.

Wang, Q., J. Wang, Y. Li, D. Chen, J. Ao, W. Zhou, D. Shen, Q.
Li, Z. Huang and Y. Jiang (2018). Influence of nitrogen and
phosphorus additions on N2-fixation activity, abundance,
and composition of diazotrophic communities in a Chinese
fir plantation. Sci. Total Environ., 619–620: 1530–1537 .

https://doi.org/10.1016/j.scitotenv.2017.10.064.
Win, K.T., F. Tanaka, K. Okazaki and Y. Ohwaki (2018). The

ACC deaminase expressing endophyte Pseudomonas spp.
Enhances NaCl stress tolerance by reducing stress-related
ethylene production, resulting in improved growth,
photosynthetic performance and ionic balance in tomato
plants. Plant Physiol Biochem., 127: 599–607 . https://
doi.org/10.1016/J.PLAPHY.2018.04.038.

WoŸniak, M., A. Ga³¹zka, R. Tyœkiewicz and J. Jaroszuk-œcise³
(2019). Endophytic bacteria potentially promote plant
growth by synthesizing different metabolites and their
phenotypic/physiological profiles in the biolog gen iii
microplateTM test. Int. J. Mol. Sci., 20: 5283. https://doi.org/
10.3390/ijms20215283.

Yoolong, S., W. Kruasuwan, H.T. Thanh Phm, R. Jaemsaeng, C.
Jantasuriyarat and A. Thamchaipenet (2019). Modulation
of salt tolerance in Thai jasmine rice (Oryza sativa L. cv.
KDML105) by Streptomyces venezuelae ATCC 10712
expressing ACC deaminase. Sci. Rep., 9: 1275 . https://
doi.org/10.1038/s41598-018-37987-5.

Zhang, L., J.S. Gao, S.G. Kim, C.W. Zhang, J.Q. Jiang, X.T. Ma,
J. Zhang and X.X. Zhang (2016). Novosphingobium oryzae
sp. nov., a potential plant-promoting endophytic bacterium
isolated from rice roots. Int. J. Syst. Evol. Microbiol., 66:
302–307 . https://doi.org/10.1099/ijsem.0.000718.

Zorraquino, V., D. Toubiana, D. Yan and E. Blumwald (2018).
Draft Genome Sequence of the Nitrogen-Fixing Endophyte
Azoarcus communis SWub3 . Microbiol. Resour Announc.,
7: https://doi.org/10.1128/mra.01080-18.


