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Abstract Endophytes are beneficial microbes that reside
intercellularly inside the plants. Interaction of endophytes
with the host plants and their function within their host are
important to address ecological relevance of endophyte.
Four endophytic bacteria OS-9, OS-10, OS-11, and OS-12
were isolated from healthy leaves of Ocimum sanctum.
These isolated microbes were screened in dual culture
against various phytopathogenic fungi viz. Rhizoctonia
solani, Sclerotium rolfsii, Fusarium solani, Alternaria
solani, and Colletotrichum lindemuthianum. Of these,
strain OS-9 was found to be antagonistic to R. solani, A.
solani, F. solani, and C. lindemuthianum while OS-11 was
found antagonistic against A. solani only. The growth-
promoting benefits of the endophytes were initially evalu-
ated in the glasshouse by inoculated seeds of O. sanctum.
Treatment with endophytes OS-10 and OS-11 resulted in
significant enhancement of growth as revealed by increase
in fresh as well as dry weight. Further, field trials involving
two genotypes OS Purple and CIM-Angana were con-
ducted with strains OS-10 and OS-11. The growth-
promoting effect was visible on both the genotypes tested
as the endophytes significantly enhanced fresh herbage
yield (t/ha). Interestingly, these endophytes increased the
content of essential oil particularly in cultivar OS Purple
and thereby increasing the total oil yields. Molecular
characterization of strain OS-11 indicated the strain to be
highly related to the type strain of Bacillus subtilis.

R. Tiwari - A. Kalra () - M. P. Darokar - M. Chandra -

N. Aggarwal - A. K. Singh - S. P. S. Khanuja

Central Institute of Medicinal and Aromatic Plants (Council
of Scientific and Industrial Research), Lucknow 226-015, India
e-mail: alokkalra@hotmail.com

Introduction

Tulsi (Ocimum sanctum) belonging to family Lamiaceae is
a widely grown and sacred plant of India bearing high
medicinal value. The primary places of origin of O. sanc-
tum is believed to be Central and West Africa [20]. Most of
the species of Ocimum grow throughout the tropical and
subtropical regions of the world [2]. Tulsi leaves contain a
bright yellow volatile oil, reported to possess anti-bacterial
properties and also acts as insecticide. Tulsi leaves are
traditionally used for getting relief from common cold,
bronchitis, cough, and digestive problems.

The number of reports on bacteria being isolated from
inside healthy plant tissues considered as endophytes is
fastly increasing [1, 4, 6, 10, 11, 13, 27]. The internal
tissues of the plants provide a uniform and safe environ-
ment for the endophytes. This advantage envisages the use
of endophytic bacteria for more successful biological
control of plant diseases [7, 8, 17, 18, 24, 26]. Although the
interaction between endophytic bacteria and their host
plants is not fully understood, many strains have been
shown to promote plant growth [5, 6, 11]. Some of endo-
phytes may be producing bioactive substances that may
have applicability in medicine. Therefore, the study of host
colonizing microbes stimulating plant growth either
directly by producing plant hormones, nutrient uptake and
resistance to the stress conditions or indirectly by changing
the microbial balance in the rhizosphere in favor of these
beneficial microbial organisms could open a fascinating
area of research in medicinal plants where only fragmented
information in terms of endophyte occurs. The present
study focuses on the isolation and characterization of some
of the endophytic bacteria from O. sanctum for their yield
enhancing capabilities both in terms of herbage and
essential oil yields.
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Materials and Methods

Endophytic bacteria were isolated from the healthy and
asymptomatic leaves of O. sanctum var. CIM-Angana. The
leaves were kept under running tap water for washing for
10 min and were then placed in 1% sodium hypochlorite
(NaOCl) for 10 min and rinsed 4 times in 0.02 M sterile
potassium phosphate buffer (PB) pH 7.0. A 100 pl of ali-
quot was taken from the final buffer wash and transferred
to 5 ml nutrient broth in the screw cap bottle with the
control as sterility check. Samples were discarded if the
growth was detected in the sterility check samples in
nutrient broth (NB) kept in an incubator shaker (200 rpm at
28°C) after 48 h. Each sample was then macerated in a
sterile pestle and mortar with sterile distilled water. 100 pl
of the extract was taken and serial dilutions upto 10™> of
the titurate were made. Each dilution of the sample was
plated on three different media: nutrient agar (g/l; peptone-
5, Beef extract-2, agar-20, pH 5.0), King’s B medium (g/1
protease peptone-20, K,HPO4-1.5, MgSO,-7H,0-1.5,
glycerol-20 ml, and agar-15, pH 7.0) and potato dextrose
agar (g/l; potato infusion-200, dextrose-20, agar-15, pH
5.6)with three replications each. The plates were incubated
at 28°C for 48-72 h. A population of 6.3 x 10° to
3.7 x 10° was detected on nutrient agar plates while no
colonies appeared on King’s B and potato dextrose agar
media. A representative of each bacterium, as evident from
their colony morphology was transferred to fresh nutrient
agar medium plates to establish pure cultures of endophytic
bacteria. A total of four bacteria apparently looking dif-
ferent by their cultural characteristics were isolated.

In Vitro Antagonism of Endophytes Against Plant
Pathogenic Fungi

A 9 mm PDA culture disc from the plates of Fusarium so-
lani, Rhizoctonia solani, Sclerotium rolfsii, Colletotrichum
lindemuthianum, Alternaria solani, growing in petri dishes
was cut individually from 7-day-old culture. This was placed
on one side of the previously plated sterilized modified PDA
medium (g/500 ml PDA (Hi Media)-19.5, peptone-1, yeast
extract-0.5, agar-2.5) approximately 1.5 cm away from the
edge of the plate. Simultaneously, the endophytic bacteria
were streaked onto the opposite side of the petri plate. Three
replications of each treatment and suitable controls were
maintained. The plates were incubated at 28°C for 7 days.

Glasshouse Study

Nursery of O. sanctum was raised in sterilized soil in earthen
pans (12" diameter). Seeds of Ocimum were surface
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sterilized with 10% NaOCI for 1 min, rinsed twice with
distilled water. Culture of individual isolate of all the four
bacterial endophytes, were grown in nutrient broth for 48 h
on an orbital incubator shaker (200 rpm at 28° C). Bacterial
cells were harvested by centrifuging at 10000 rpm for
10 min in a refrigerated centrifuge. The supernatant was
discarded and pellets were diluted distilled water. The sur-
face sterilized seeds then dipped into the prepared inoculums
(cfu 1.3-2.1 x 10® of endophytes for 1 h. The seeds then
transferred to the pans along with respective culture. The 45-
day-old seedlings were transferred to 9" diameter earthen
pots containing sterilized soil: FYM (2:1). The seedlings
before transplanting were tested (at least 5 from each pans)
for presence of inoculated endophytes. The plants were
maintained and harvested after 60 days at the time of initi-
ation of flowering. Three replications were maintained.

Field Study

Field trials were conducted during 2007-2008 with two
best performing endophytes viz. OS-10 and OS-11 as
observed during glasshouse studies. Two varieties of
O. sanctum viz. OS Purple and CIM-Angana were included
with three replications. The 45-day-old seedlings raised in
sterile soil along with endophytes OS-10 and OS-11 (as
described earlier) were transplanted in field. Each treat-
ment plot (9 m?) consisted of six rows of six plants each.
Data on fresh herbage yield were recorded after 3 months
at harvesting. The herbage was distilled for essential oil in
Clevenger apparatus to determine the content of essential
oil in plants. Data were subjected to analysis of variance
(ANOVA), the least significant difference test was applied
to make comparisons among the means (P < 0.05).

Molecular Characterization of Selected Endophyte
(0S-11) from O. sanctum

The strain OS-11 was sent to Institute of Microbial Tech-
nology, Chandigarh, India for identification based on 16S
rRNA gene sequence. The phylogenetic position was
inferred using the Neighbor-Joining method [23]. The tree
is drawn to scale, with branch lengths in the same units as
those of the evolutionary distances used to infer the phy-
logenetic tree. The evolutionary distances were computed
using the Kimura 2-parameter method and are in the units
of the number of base substitutions per site.

Results

The isolated endophytic bacteria were also tested for
antagonism. Of these, strain OS-9 was found to be
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antagonistic to R. solani, A. solani, C. lindemuthianum, and
F. solani while OS-11 was found to be antagonistic to A.
solani only. The other endophytic bacteria were not
antagonistic to any of the fungus tested.

Potential of Isolated Endophytes for Their Growth
Enhancing Capabilities in Ocimum (Glasshouse Study)

The results of the glasshouse experiment conducted to
assess the potential of the endophytic bacteria for their
yield enhancement showed that strains OS-10 and OS-11
significantly improved the fresh weight as well as dry
weight over control (Table 1), an increase of about 27 and
24%, respectively (Fig. 1). The other two endophytes could
not increase the total herb and therefore only OS-10 and
OS-11 were included for field trials. The endophytes could
be reisolated from the inoculated seedlings; their popula-
tion ranging from 5.7 x 10° to 3.1 x 10°/g leaf tissue after
45 days of inoculation.

Table 1 Determining the potential of isolated endophytes for their
growth enhancing capabilities in Ocimum sanctum (glasshouse
experiment)

Endophyte Fresh weight Dry weight

(g/plant) (g/plant)
0S-9 15.1 33
0S-10 21.7 4.8
0S-11 21.2 4.5
0S-12 17.1 34
Control 17.1 3.8
LSD (P = 0.05) 291 0.61
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Fig. 1 Herb yields of endophyte inoculated Ocimum plants relative
to uninoculated control (glasshouse experiment)

Potential of Isolated Endophytes for Their Yield
Enhancing Capabilities in O. sanctum (Field Study)

Field experiment conducted to evaluate the performance of
0OS-10 and OS-11 on growth and yield of O. sanctum
clearly indicated that the endophytes OS-10 and OS-11
have potential to increase the total herb yields. This effect
was visible on both the cultivars OS Purple and CIM-
Angana. Interestingly, the endophyte OS-11 also increased
the content of essential oil in both the cultivars more
markedly in OS Purple and thereby increasing the total oil
yields (Table 2). The effects being more pronounced in the
cultivar OS Purple with the endophyte OS-11 (Fig. 2). On
the other hand endophyte OS-10 was more effective in
improving yields in OS Purple. No significant differences
were observed in the severity of leaf blight, which although
did not appear in severe form between endophyte inocu-
lated and uninoculated treatments.

Molecular Characterization of Selected Endophytes
(0S-11) from O. sanctum

The endophyte was subjected to molecular characterization
for the purpose of identification based on 16S rRNA gene
sequence. It was observed that strain OS-11 showed 100%
similarity with the sequence of 16S rRNA gene of Bacillus
subtilis (AJ 276351). The sequence of OS-11 has been
deposited to NCBI databank (QG461751). The culture has
been deposited with Microbial Type Culture Collection,
Chandigarh, India (MTCC 10010) and is available to public.

Discussion

This study determines the useful effects of endophytes in
O. sanctum, an important medicinal plant. Endophytes
were isolated from the leaves of the naturally soil grown
Ocimum plants and the attempts to reisolate endophytic
bacteria from surface sterilized seeds were unsuccessful
thus indicating the need of reinoculating it with isolated
endophytic cultures. The present study has shown that an
endophyte OS-11 isolated from O. sanctum and identified
as Bacillus subtilis showed significant enhancement in the
herb yields. Endophytes may promote plant growth by a
number of mechanisms such as phosphate solubilization
activity [14, 26, 27], nitrogen fixation [16, 22], and the
production of siderophore [9]. Endophytes have also been
shown to perform antagonistic activity against phytopath-
ogen [3, 5, 6, 11, 19, 21] and are known control plant
disease by induction of systemic resistance and other
defense responses including the production of phytoalex-
ins, accumulation of pathogenesis related proteins,
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Table 2 In vivo determining the potential of isolated endophytes for their yield enhancing capacity in Ocimum sanctum

Endophyte Fresh herbage yield (t/ha) Oil content (%) Oil yield(kg/ha)
OS Purple CIM-Angana OS Purple CIM-Angana OS Purple CIM-Angana

0OS-10 10.28 9.67 0.03 0.04 3.45 3.52
0OS-11 9.26 9.16 0.04 0.03 4.96 3.09
Control 7.22 6.56 0.02 0.03 1.67 1.77
LSD (P = 0.05) 1.03 1.12 0.01 0.01 1.13 1.21
Fig. 2 Crop yields of = S Purple == CIM-Angna
endophyte inoculated Ocimum
plants relative to uninoculated %‘ 200 Fresh Herbages 0il Content 0il Yield
control (field experiment) ]

8 5 150

e 8

22 100

=9

=

S§ 50

o

LA mM

s

0510

deposition of structural barriers in the cell wall of the host
plant, and by the production of antimicrobial compounds
and siderophore [15]. However, endophytic microorgan-
isms were not selected on the basis of their antagonistic
potential but because of their growth-promoting potential
as no significant damage to Ocimum are generally observed
at this place. During the present field studies also, leaf
blight generally affecting Ocimum in India [25] did not
appear in severe form, during the period of study (2007-
2008). The present study has also demonstrated that the
endophytic bacteria may play a major role in secondary
metabolite production as these endophytes especially OS-
11 in OS Purple could significantly enhance the content of
essential oil and hence oil yields. Although no serious
diseases were observed both in endophyte inoculated and
uninoculated plants, these endophytes may provide sub-
stantial protection against plant pathogen in areas with
records of epidemics. This may be particularly important in
case of medicinal plants where application of pesticides is
not desirable. The characterization of endophytes through
molecular means indicated its close homology to B. sub-
tilis. Bacillus subtilis and B. licheniformis have been
reported as plant endophytes [12, 28].

Acknowledgment The authors are grateful to Director CIMAP
(CSIR), Lucknow, India for providing necessary facilities and MTCC,
Chandigarh, India for identification of cultures.

References

1. Azevedo JL, Walter MJ, Pereira JD, de Araujo WL (2000)
Endophytic micro organism: a review on insect control and recent
advances on tropical plants. Electron J Biotechnol 3:40-65

@ Springer

0s 11

10.

11.

12.

13.

14.

0S 11
Isolates

0S5 10 0s10 os 1

. Balyan SS, Pushpangadan P (1988) A study on the taxonomical

status and geographic distribution of genus Ocimum. Pafai J
10:13-19

. Berg G, Hallmann J (2006) Control of plant pathogenic fungi

with bacterial endophyte. Springer, Berlin, pp 53-69

. Carroll GC (1988) Fungal endophyte in stems and leaves: from

latent pathogen to mutualistic symbiont. Ecology 69:2-9

. Chanway CP (1996) Endophytes: they are not just fungi. Can J

Bot 74:321-322

. Chanway CP (1998) Bacterial endophytes: ecological and prac-

tical implications. Sydowia 50:149-170

. Chen C (1995) Biological control of Fusarium wilt on cotton by

use of endophytic bacteria. Biol control 5:83-91

. Compant S, Duffy B, Nowak J, Barka EA (2005) Use of plant

growth promoting bacteria for biocontrol of plant diseases:
principles, mechanisms of action and future prospects. Appl
Environ Microbiol 71:4951-4959

. Costa JM, Loper JE (1994) Characterization of siderophore

production by the biological control agent Enterobacter cloacae.
Mol Plant Microbe Interact 7:440-448

Elvira-Recuenco M, Vuurde JWL (2000) Natural incidence of
endophytic bacteria in pea cultivars under field conditions. Can J
Microbiol 46:1036-1041

Hallmann J, Quadt-Hallmann A, Mahaffee WF, Kloepper JW
(1997) Bacterial endophytes in agricultural crops. Can J Micro-
biol 43(10):895-914

Izumi H, Anderson IC, Killham K, Moore ERB (2008) Diversity
of predominant endophytic bacteria in European deciduous and
coniferous trees. Can J Microbiol 54(3):173-179

Kuc J (2001) Concept and direction of induced systemic
resistance in plants and its application. Eur J Plant Pathol 107:
7-12

Lee S, Flores-Encarnacion M, Contreras-Zentella M, Garcia
Flores L, Escamilla JE, Kennedy C (2004) Indole-3-acetic acid
biosynthesis is deficient in Gluconacetobacter diazotrophicus
strains with mutation in cytochrome C biogenesis genes. J Bac-
teriol 186:5384-5391

. Manjula K, Singh SD, Kishore KG (2002) Role of endophytic

bacteria in biological control of plant diseases. Ann Rev Plant
Pathol 1:231-252



R. Tiwari et al.: Endophytic Bacteria from Ocimum sanctum

171

16.

17.

18.

19.

20.

21.

22.

Martinez L, Caballero-Mellado J, Orozco J, Martinez-Romero E
(2003) Diazotrophic bacteria associated with banana (Musa spp.).
Plant Soil 257:35-47

Nejed P, Johnson PA (2000) Endophytic bacteria induced growth
promotion and wilt disease suppression in oil seed rape and
tomato. Biol Control 18:208-215

Pillay VK, Nowak J (1997) Inoculum density, temperature and
genotype effects on in vitro growth promotion and epiphytic and
endophytic colonization of tomato (Lycopersicon esculentum L.)
seedlings inoculated with a pseudomonad bacterium. Can. J.
Microbiol 43:354-361

Pleben S, Ingel F, Chet I (1995) Control of Rhizoctonia solani
and Sclerotium rolfsii in the green house using endophytic bac-
teria. Euro J Plant Pathol 101:665-672

Pushpangadan P, Bradu BL (1995) Basil. In: Chadha KL, Gupta
R (eds) Advances in horticulture—medicinal and aromatic plants,
vol 11. Malhotra Publishing House, New Delhi, pp 627-657
Rangeshwaran R, Wasnikar AR, Prasad RD, Anjula N, Sunanda
CR (2002) Isolation of endophytic bacteria for biological control
of wilt pathogens. J Biol Control 16:125-134

Rosenblueth M, Martinez-Romero E (2004) Rhizobium etli maize
populations and their competitiveness for root colonization. Arch
Microbiol 181:337-344

23.

24.

25.

26.

217.

28.

Saitou N, Nei M (1987) The neighbour joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol
4:406-425

Sturtz AV, Christie BR, Nowak J (2000) Bacterial endophytes:
potential endophytes: potential role in developing sustainable
systems of crop production. Crit Rev Plant Sci 19:1-30
Upadhyay DN, Bordoloi DN, Bhagat SD, Ganguly D (1976)
Studies on blight disease of Ocimum basilicum L. caused by
Cercospora ocimicola Petrak et Ciferri. Herba Hungarica 15:
81-86

Verma SC, Singh A, Chowdhury SP, Tripathi AK (2004) Endo-
phytic colonization ability of two deep water rice endophytes.
Pantoea sp. and Ochrobacterium sp. using green fluorescent
protein reporter. Biotechnol Lett 26:425-429

Wakelin S, Warren R, Harvey P, Ryder M (2004) Phosphate
solubilization by Penicillium spp. closely associated with wheat
roots. Biol Fertil Soils 40:36—43

Wilhelm E, Arthofer W, Schafleitner R, Krebs B (1998) Bacillus
subtilis an endophyte of chestnut (Castanea sativa) as antagonist
against chestnut blight (Cryphonectria parasitica). Plant Cell,
Tissue Organ Cult 52:105-108

@ Springer



	Endophytic Bacteria from Ocimum sanctum and Their Yield Enhancing Capabilities
	Abstract
	Introduction
	Materials and Methods
	In Vitro Antagonism of Endophytes Against Plant Pathogenic Fungi
	Glasshouse Study
	Field Study
	Molecular Characterization of Selected Endophyte (OS-11) from O. sanctum
	Results
	Potential of Isolated Endophytes for Their Growth Enhancing Capabilities in Ocimum (Glasshouse Study)
	Potential of Isolated Endophytes for Their Yield Enhancing Capabilities in O. sanctum (Field Study)
	Molecular Characterization of Selected Endophytes (OS-11) from O. sanctum
	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


